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Introduction: Ice Penetrating Radar (IPR) is 

planed to be one of the key-instruments on-board fu-

ture missions designed to investigate Jupiter and the 

Galilean satellites. The surfaces of icy satellites are 

characterized by a complex geomorphology of ridges, 

bands and chaotic terrains. The subsurface is hypothe-

sized to retain ice-liquid ocean composed of sulphuric 

acid and salt hydrates [1, 2]. Radar waves propagating 

through the surface and the subsurface of icy satellites 

can be significantly constrained by the attenuation 

through absorption and scattering due to the 

geoelectrical and geomorphological and structural 

complexities of the icy crust underlying the hypothet-

ical global ocean [3, 4]. The mechanical properties of 

the ice has a substantial influence on understanding the 

thermal and tectonics evolutions of these bodies [5], on 

the origin and shape of landforms [6], on the maximum 

height of topography [7], on the rate of viscous relaxa-

tion of craters [8], on diapirism [9] and cryovolcanism 

[10].  

One of the main objectives of (IPR) is to explore 

and characterize the subsurface icy shells of both Gan-

ymede and Europa. Of a particular interest is mapping 

and characterizing the depth and shape of the brittle-

ductile interface as it is a record of the thermal evolu-

tion of these bodies. A pre-knowledge of the mechani-

cal properties of ice and how they impact the dielectric 

ones measured by the sounding radars will allow IPR 

to characterize the brittle-ductile interface. Therefore, 

the main purpose of this research is to try to  correlate 

the dielectric permittivity and the failure stress of ice 

and its implication for detecting the above mentioned 

interface. 

 

Mecanical properties of ice: [11] conducted some 

mechanical strength measurements of polycrystalline 

ice Ih using a uniaxial compression tests under differ-

ent ranges of temperature, - 10 to - 173º C, and under a 

strain rate of 4 × 10
-4

 to 4 x 10
-6

 S
-1 

in order to deter-

mine the brittle – ductile relationship and their effect 

on temperature and strain rate. Ice samples, 20 ± 0.1 

mm in diameter and 40 ± 0.1 mm in length, were pre-

pared by compacting fine ice particles with an average 

grain size of 0.9 ± 0.4 mm at – 10º C for a week to 

allow remaining stress to relax [11].  Figure 1 shows 

the failure stress (σ) of ice as a function of tempera-

tures (T) at different strain rates. During ice defor-

mation, stress increased gradually until the sample no 

longer can support and fail as brittle or ductile depend-

ing on the temperature and strain rates. Strength of ice 

increases with decreasing temperature and increasing 

of strain rate (Fig.1). The effect of varying strain rates 

was clearly observable on deformation stress at differ-

ent temperatures. Going from the lowest strain rate (4 

× 10 
-6

 S
-1

) to the highest (4 × 10 
-4

 S
-1

) at temperature 

of – 50º C corresponded to an increase in the defor-

mation stress of 8 to 26 MPa respectively. Equation 1 

represents the relation between the failure stress and 

temperature at a strain rate of 4 × 10 
-5

 S
-1

. 

σ = -0.7139 T - 9.5723   (1) 

 
Figure 1. Failure stress versus temperature at different 

strain rates [11]. 

 

 
Figure 2. Failure stress as a function of temperature 

for brittle and ductile failure under different strain 

rates. 

 

Figure 2 shows the failure stress as a function of tem-

peratures at strain rates of (4 × 10 
-6

 S
-1

) and (4 × 10 
-5

 

S
-1

). The transition between ductile and brittle defor-

mations was observed, at the shown strain rates, duc-

tile deformations observed at temperatures below 65º 
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C while brittle deformation observed at temperatures 

higher than 70º C at the represented strain rates [11]. 

 

Electrical properties of ice: [12] measured the 

dielectric constant of ice samples down to a tempera-

ture of  – 54º C at a frequency range from 1 MHz to 

1GHz.  Figure 3 shows the extrapolation of the real 

part of the dielectric constant as a function of different 

temperatures where έ decreased from 3 at – 20º C to 

1.4 at - 200º C. 

 
Figure 3. The real part of the dielectric constant of ice 

versus temperatures [12]. 

 

Therefore, an linear decrease in the real part of the 

dielectric  constant is observed along with a decrease 

in the temperatures. The realtion between the real part 

of the dielectric constant and temperature can be ex-

pressed in equation 2: 

έ = (0.008 × T) + 3   (2) 

Implication for icy satellites: Estimation of the 

brittle – ductile transition and their thickness on icy 

satellites is of high importance because it could en-

hance interpretation of the thermal, geological features 

that have been on observed on these planetary bodies 

and their internal evolution. In order to estimate the 

brittle – ductile transition of Ganymede and Europa, 

we applied equation 1 and 2 to  the thermal profile 

provided by [13, 3]. Figure 4 A and B show calculated 

dielectric constant and calculated failure stress as a 

function of the subsurface depth for Ganymede and 

Europa. 

A decrease in failure stress and increase in the dielec-

tric constant of ice is observed along with the increase 

in depth. The brittle – ductile transition of ice for Gan-

ymede and Europa is estimated at a depth of 60 – 100 

km for Ganymede and 5 – 6 km for Europa respective-

ly.   

 

Conclusion: Correlating between the mechanical 

properties of ice which is in terms of its failure stress 

and ice electrical properties in the form of dielectric 

constant as a function of temperature could be possible 

and may be used for estimating the thickness and struc-

ture of the brittle-ductile interface. Therefore, any vari-

ation in the ice mechanical properties, due to thermal 

or paleo-thermal conditions, engender measurable die-

lectric constant that can be detected by radar. 

 

 
Figure 4. Calculated dielectric constant, calculated 

failure stress as a function of depth for: A. Ganymede, 

B. Europa. 
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