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Bright terrain formed as a consequence of global tectonic activi-
ty on Ganymede (1). Variations in crater densities suggest that
bright terrain formed over extended periods (1,2), but the cause
of its formation remains unresolved. Expansion due to differen-
tiation is one possible explanation (3), however it is important
to determine whether bright terrain formation can be accounted
for by radiogenic heating alone. Therefore it is necessary to
determine the stress history at the satellite’'s surface and the
variation of stress with depth for thermal histories which cor-
respond to both a differentiated and undifferentiated interior.

Here we consider lithospheric stresses assuming that Gany-
mede has remained undifferentiated. The thermal history was det-
ermined for cold accretion, with heating due to chondritic abun-
dances of U, Th, and K. The internal temperature (Ti) as a
function of time was calculated using parameterized convection
relationships (4) for a homogeneous, internally heated sphere.
The variation of viscosity with temperature was described by
= um exp(A(Tm/Ti - 1)) where um and Tm are the viscosity and
temperature at the melting point, and A is a constant related to
the activation energy of creep.

The variation of near-surface horizontal stress (0) with
time and depth within a viscoelastic 1ithosphere due to volume
change of the viscous interior and thermal stresses within the
lithosphere was determined from
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where T = 6 U (1 - V)/E is the viscoelastic relaxation time, q is
the heat flow, K is the thermal conductivity, z is depth, o is
the volumetric coefficient of thermal expansion, E is Young’'s mo-
dulus and Vv is Poisson’s ratio.

The time-varying internal temperature is shown in Fig. 1 for
a range of ice melting viscosities with A=22. The melting vis-
cosity of high pressure ice was taken to be 10'¢ P (5). The
presence of silicate mixed with the ice increases um. From stu-
dies of particulates in viscous fluids (6), the expected viscosi-
ty increase for a silicate volume fraction of 0.5 is approximate-
ly a factor of 3. An increase 1in um raises the temperature of
:?e interior and causes the peak temperature to occur at a later

me.

The variation of surface stress with time is shown in Fig.
2. The value of the surface stress is strongly dependent on the
surface viscosity, taken here as 102¢ P (7) for a surface temper-
ature of 120K and um of 10'4 P. The stresses at early times for
each value of um exceed the tensile failure strength for ice of
a few bars (8). These stresses are valid only until fajlure oc-
curs on the surface. After failure occurs, the progressive frag-
mentation of the lithosphere will lead to the development of mem-
brane stresses in unbroken 1ithospheric shells (9,10,11).
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The variation of stress with depth during Ganymede’'s early
history is shown Fig. 3. Stresses are initially tensional and
penetrate to considerable depths, but become confined to progres-
sively shallower depths as the internal temperature increases.
If the lithosphere is defined as the region which stores elastic
stresses, and the width of bright terrain bands reflects the 1i-
thosphere thickness at the time of formation, then a knowledge of
the stress distribution with depth may help correlate the width
of bright bands with their age.

We are currently examining the case in which Ganymede’'s in-
terior differentiated at the melting temperature of ice into a
silicate core and icy mantle. In the core, the higher viscosity
would be expected to result 1in higher temperatures. This would
produce greater thermal expansion and surface stresses than in
the undifferentiated case. However the time required for inter-
nal heating to higher temperatures would be longer, so that vis-
cous relaxation of stresses would be of greater importance.
Therefore, it is not clear whether stresses would be greater or
less than for an und1fferent1ated .interior, but the peak stress
would occur later in time.
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