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a. Ice-silica mixtures in the solar system
Various flow features related to water ice mixed with silicate materials are found on Mars and
icy satellites.

PURPOSES

We focused our attention on the rate dependent strength, and carried out deformation experiments of the

ice-silicate mixtures. We studied

[Polar layered depos1ts on Mars] [Ganymede (Jovian icy satellite)]

1) Dependence of silicates content and 2) temperature on the strength, and
3) Brittle-ductile transition, at which the deformation type changes from ductile to brittle, of the mixtures.
Mean density: 1.94 g/cm3

—> ice-rock mixture

cpertmentat Mernoas;

a. Samples
Materials: ice grains (0.3-1mm in the diameter)

[Photograph of thin section]
The content is 10wt.%.

(bright zone = ice-rich)

5
On the south polar cap at 87°(s) and 10° (w) |

(by NASA/Malin Space Science Systems)

dark zone = rock-rich

silica beads (1um in the diameter) white area: ice grain
Silica contents: 0, 1, 10, 30, 50, 70, and 80wt.%

Preparation methods’

al.gmamy ice grams mi silica beads
by Jie nnd little /

black area: beads and frozen liquid
water (ice matrix)
—> Rheology of ice-silicates mixture is important to study the formation condition of these

features, particularly, dependence of silicates content should be studied.

Ice matrix is distributed among ice
grain boundaries evenly.

b. Tests

Tests: uniaxial compression tests
under constant strain rates

Strain rates: 8.6x107 - 2.9x103 g1
Temperatures: -10, -15, -20, -25°C

b. Importance of temperature
Surface temperatures of Mars and icy satellites
have a wide range.

‘When temperature is low,
brittle failure may occur.

fault

suspension of
silica beads

Temp.
20~-140°C
-120~-220°C
~-160°C
~-180°C

—> We must examine the

Mars
Europa

—> Brittle-ductile tran
-sition may be affected
by silicate inclusions.

d

of tempe

Ganymede -rature.

Titan

# The samples were kept in a cold room at -10°C for more than one day. Sample on the apparatus

(10wL.% sample)

L1 Kesults,
a. Stress-strain curves

b. Rate dependent strength c. Effect of silica content at -10°C
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d. Effect of temperature
i) 30wt.%
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for 50wt.% n is about 7.0, and
for 80wt.% n is about 6.4.

SUMMARY
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To calculate Q, we

use the average values of Sand n,

2.67x103 and 6.22, respectively.

O | deformation mechanism
30wt.% (this study) | 138 [grain boundary sliding?
pure ice (>-8°C) 120 | grain boundary sliding

pure ice(<-8°C) 80 dislocation creep

(Data of pure ice by Barnes et al.[1971])
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Avd (s1)

Epd (kJ/mol)

mixtures (this study) | 1.62x1015

95.6

pure ice 1.59x106
x1013
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-mation — 109~10-10 s°1

pure ice:
Ductile deformation
region

mixture:
Brittle failure region

deformation to brittle failure
below -20°C
n: Not change (only ductile deformation)

iii) Brittle-ductile transition (50 & 80wt.%)

The b-d boundary of mixtures is 30-50°C

higher than that of pure ice in the temp.



