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part of the Ross Ice Shelf. These profiles differ from each other only at short electrode
spacings (less than 10 m) indicating no measurable horizontal anisotropy below the upper-
most firn zone. The shape of the apparent resistivity curves is similar to that found by
Hochstein on the Ross Ice Shelf near Roosevelt Island, but is displaced toward lower resistivi-
ties despite the colder 10 m temperature (—29°C instead of —26°C) at the more southerly
site. Some factor other than temperature must therefore be effective in determining the
overall magnitude of the resistivities in the shelf, although the variation with depth can still
be expected to be primarily a temperature phenomenon.

A computer program has been written to calculate apparent resistivities based on Crary’s
analysis of temperatures in an ice shelf. Results are not yet available; when completed they
should indicate the sensitivity of the resistivity measurements to differences in the temperature-
depth profile, and hence their usefulness in estimating bottom melt/freeze rates.
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ABSTRACT. In the case of a non-isothermal glacier it is necessary to integrate the equations
of dynamics together with the equation of heat conduction, heat transfer, and heat generation
because of the interdependence (1) of strain-rate of ice on its temperature, and (2) of ice
temperature on the rate of heat transfer by moving ice and on the intensity of heat generation
in its strain. In view of the complexity of the whole system of equations, simplified mathe-
matical models have been constructed for dynamically different glaciers. The present model
concerns land glaciers with thicknesses much less than their horizontal dimensions and radii
of curvature of large bottom irregularities, so that the method of a thin boundary layer may
be used. The principal assumption is the validity of averaging over a distance of the order of
magnitude of ice thickness.

Two component shear stresses parallel to the bottom in glaciers of this type considerably
exceed the normal stresses and the third shear stress, so the dynamics are described by a
statically determined system of equations. For the general case, expressions for the stresses
have been obtained in dimensionless affine orthogonal curvilinear coordinates, parallel and
normal to the glacier bottom, and taking into account the geometry of the lower and upper
surfaces. The statically undetermined problem for ice divides is solved using the equations
of continuity and rheology, so the result for stresses depends considerably on temperature
distribution. In the case of a flat bottom the dynamics of an ice divide is determined by the
curvature of the upper surface.

The calculation of the interrelating velocity and temperature distributions is made by
means of the iteration of solutions (1) for the components of velocity from the stress expressions
using the rheological equations (a power law or the more precise hyberbolic one) with the
assigned temperature distribution, and (2) for the temperature with the assigned velocity
distribution. The temperature distribution in the coordinate system used is determined by
a parabolic equation with a small parameter at the principal derivative. Its solution is
reduced to the solution of a system of recurrent non-uniform differential equations of the first
order by means of a series expansion of the small parameter: the right part for the largest term

https://doi.org/10.3189/50022143000031737 Published online by Cambridge University Press


https://doi.org/10.3189/S0022143000031737

ABSTRACTS OF PAPERS ACCEPTED 309

of the expansion contains a function of the heat sources, and for the other terms it contains the
second derivative along the vertical coordinate from the previous expansion term.

Thus advection makes the main contribution to the heat transfer, and temperature in a
glacier is distributed along the particle paths, changing simultaneously under the influence of
heat generation. A relatively thin conducting boundary layer adjoins the upper and lower
surfaces of a glacier, playing the role of a temperature damper in the ablation area. The equa-
tion of heat conduction (at the free surface) or of heat conduction and heat transfer (at the
bottom) with the boundary conditions, and with the condition of the connection with the
solution of the problem for the internal temperature distribution, is being solved for the
boundary layer because of its small thickness. Beyond the limits of the boundary layer, heat
conduction makes a small change in the temperature distribution, which can be calculated
with any degree of accuracy.
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AgstrAcT. In sub-isothermal glaciers heat conduction plays the main role in the formation
of the temperature field, and the contribution of advection is relatively small. The dependence
of the strain-rate on the temperature is simplified by a linear approximation. If the whole
range of the temperature change in a glacier does not exceed ~ 3 deg, with the power rheo-
logical law the quasi-steady temperature distribution is described by a simple analytical
dependence. In the upper part of the ice, the temperature varies with depth almost linearly;
the deflection from the linear distribution is essentially in the lower part.

THERMAL CONSEQUENCES OF THE PRESSURE
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AsstracT. Recent measurements of the water level (pressure head) in drill holes and
natural moulins on two glacier tongues in Switzerland (Oberaletschgletscher and Gorner-
gletscher) have confirmed that in those holes which link up to a well developed subglacial
drainage system the daily piezometric fluctuations are in the order of 100 m (10 bar) and
more. From the fact that it is relatively easy to establish such links (in our experiments at ice
depths between 150 and 300 m), it is implied that an extended network of subglacial channels
and cavities will be subjected to equally large pressure fluctuations with a mean water pressure
considerably below the mean ice pressure at the bed. The scope of the present paper is to
discuss some of the thermal effects of the low water pressure and its fluctuations.
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