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ABSTRACT BODY: Deformation from magma chambers can be modeled by an elastic half-space with an embedded cavity subject to
uniform pressure change along its interior surface. For a small number of cavity shapes, such as a sphere or a prolate spheroid, closed-
form, analytical expressions for deformation have been derived, although these only approximate the uniform-pressure-change
boundary condition, with the approximation becoming more accurate as the ratio of source depth to source dimension increases.

Using the method of Elshelby [1957] and Yang [1988], which consists of a distribution of double forces and centers of dilatation along
the vertical axis, | have derived expressions for displacement from a finite spheroid of arbitrary orientation and aspect ratio that are
exact in an infinite elastic medium and approximate in a half-space. The approximation, like those for other cavity shapes, becomes
increasingly accurate as the depth to source ratio grows larger, and is accurate to within a few percent in most real-world cases. | have
also derived expressions for the deformation-gradient tensor, i.e., the derivatives of each component of displacement with respect to
each coordinate direction. These can be transformed easily into the strain and stress tensors. The expressions give deformation both at
the surface and at any point within the half-space, and include conditional statements that account for limiting cases that would
otherwise prove singular.

| have developed MATLAB code for these expressions (and their derivatives), which | use to demonstrate the accuracy of the
approximation by showing how well the uniform-pressure-change boundary condition is satisfied in a variety of cases. | also show that
a vertical, oblate spheroid with a zero-length vertical axis is equivalent to the penny-shaped crack of Fialko [2001] in an infinite medium
and an excellent approximation in a half-space. Finally, because, in many cases, volume change is more tangible than pressure change, |
have derived an equation that relates these two quantities for the spheroid: volume change equals pressure change x 2/3 xi/ux a
constant that depends on Poisson’s ratio and the spheroid geometry.
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