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In the light of contemporary studies of Antarctica and Greenland (1:2), it may be
asserted that regions of recent glaciations—Canada, Fennoscandia, and Spitsber-
gen—can be used to estimate the rate of the process of restoration of equilibrium.
Estimates of the viscosity of the substratum from the rate of postglacial uplift
of Fennoscandia have been made by various researchers (37%), both under the
assumption that the earth’ s crust does not impede the restoration of equilib-
rium and under the assumption that the crust is an elastic shell. As a result
of these estimates, the value p = 102'-—10%2 poise was obtained. However, as
was pointed out in (®), this conclusion is insufficiently substantiated, since re-
laxation processes in the crust are not taken into account in it. Moreover, in
these estimates no account is taken of the circumstance that the flow occurs
not in a semi-infinite space but, apparently, in a rather thin subcrustal layer—a
waveguide. Neglect of the latter circumstance leads to a solution in which the
long waves of the anomalous gravitational field must decay much faster than
the short ones, which contradicts the available information on the figure of the
Earth (7). Therefore it becomes necessary to consider the case of uplift of the
earth’ s crust under the condition that flow occurs in a thin subcrustal layer
(asthenosphere), which is the Gutenberg waveguide (>19).

If it is assumed that: 1) the earth’ s crust does not impede the restoration of
equilibrium; 2) the flow of the asthenosphere is close to the flow of a viscous
fluid; 3) the flow of mantle material below the asthenospheric layer of finite
thickness may be neglected, then the problem of uplift of the earth’ s crust after
deglaciation reduces to the problem of uplift of a depression pressed into a layer
of viscous fluid of finite thickness and infinite extent resting on a rigid base.
The shape of glaciation regions is usually close to a circle; the shape of the daily
surface of the ice along the diameter of the continental glaciation is close to a
semiellipse (%), strongly elongated along the major axis (a/b = 1/100 = 1/450).
We shall therefore consider the axisymmetric case of the uplift of a depression
whose initial form is a disk of thickness a.
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Figure 1: Fig. 1. Decay of a disturbed surface at k = 0.3 and k& = 1.0

Thus, it is assumed that a layer of viscous fluid of infinite extent and thickness
h floats on a rigid base. The initial disturbance of the free surface of this layer
(Fig. 1), in cylindrical coordinates under the condition that the z-axis is directed
downward, is

C(r,0) = {“’ r<fo (1)

It is required to determine the formula of the free surface at any time ¢.

As is known (?), the components of the stress tensor (of which we need only
two) for a viscous incompressible fluid in cylindrical coordinates have the form

0,,=—Dp+ 2[1481)2/82, Ory = M(avr/az - avz/ar)ﬂ (2)

where p is the pressure of the liquid at the given point in space; u is the coefficient
of dynamic viscosity; v,., v, are the velocity projections.

For the case of large values of the kinematic viscosity 7 = u/p that is of interest
to us, i.e., small values of the Reynolds number Re, as an estimate of the terms of
the Navier—Stokes equations shows when they are reduced to dimensionless form,
the inertial terms may be discarded while retaining a high degree of accuracy.
Then the system of Navier—Stokes equations without inertial terms takes the
form

2 (D) v P _10m
ror \' or r2 022 por

7] ( (“)vz> 9*v, 10p

e ar )T a2 ~ e (A)

where p = p — pygz; Py is the specific density of the viscous fluid (in our case,
the Earth’ s mantle). Adding to system (A) the continuity equation:

Fig. 1. Decay of a disturbed surface at £k = 0.3 and k = 1.0

Ov, 0. (3)

o)+ T

ror

we obtain a system of three differential equations for the unknown functions

p’ vT‘?”Z'
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The boundary conditions of our problem are as follows:
1. On the free surface the components of the stress tensor are equal to zero:

0, (4)

ocl gy =

aTZ|Z:£<T’t) =0. (5)
2. On the rigid base—the no-slip condition:

=0, (6)

J_, =o. (7)

Since the depth of the step a <« h, to a first approximation one may assume
that the equation of the free surface is z = 0. Therefore, with a high degree of
accuracy, equalities (4) and (5) may be replaced by

zz’z:O

UTZ|z:O =0. (5")
To solve the problem we shall also assume that the particle remains on the
surface of the moving fluid, which, by virtue of the reasons indicated above,

may be written in the form

0
Sern=u._, (8)
Solving system (A), (3), using the boundary conditions (4")—(7) with allowance
for (1), (2), and (8), and also reducing the formula for the free surface to dimen-
sionless form, introducing for this purpose the dimensionless quantities u = AR;
T =1t/Ty; 21/ pgRy = Ty—the relaxation time; 5 =r/Ry; k = h/Ry;

(B, ) =&(r,t)/ Ry, we obtain

&pr)=a / eI 7, (u) Jy (Bu) du, (9)

where a = a/Ry;
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114y, 2(2ku — kv — 2k%y2 — 1)

f(u)_ul—’yl’ = 2672ku_~_1+(1_~_2ku)2 ’

Since f(u) < 0, the exponential character of the decay of the surface uplift is
evident from (9), which agrees with the factual data for Fennoscandia.

The integral in expression (9) was computed on an electronic computer with an
absolute accuracy of 1074 for two values of k (0.3 and 1.0). For each value of
7, the parameter 8 was varied with a variable step from 0.15 to 3.5 (Fig. 1).
As was to be expected, with increasing k the decay of the disturbed surface
intensifies. Thus, at k = 1 it proceeds about an order of magnitude faster than
at k = 0.3, from which it follows that, for one and the same h (the thickness of
the asthenospheric layer), those anomalies whose radius of initial disturbance is
smaller will decay faster.

For Fennoscandia one may take k ~ 0.3, since R, ~ 700 km, and h ~ 100—150
km (+10). Therefore, in all calculations performed without taking into account
the finite thickness of the asthenospheric layer (i.e., based on the solution of the
equation for the spreading of a viscous fluid in a semi-infinite space), the value
of the dynamic coefficient of viscosity was overestimated, at least by an order of
magnitude. It is therefore most probable that for the asthenosphere p = 1020—
102! poise.
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