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Introduction 
Conceptions of thickness of frost rock and 

cryolithosphere of Mars were considered by R.Kuzmin 
[1], M. Krass, V.Merzlikin [2], S.M.Clifford, 
T.J.Parker [3]. Mostly the evaluations of martian cryo-
lithosphere thickness were carried out on the base of 
model of stable temperature field. The thickness of 
frost rock massive Нм was found by the profile of sta-
tionary distribution of temperature with the depth for 
one and two-layer lithological model. We input aver-
age annual temperature of surface, temperature of 
phase change of Н2О and temperature of heat transfer 
and value of heat flux to the lower boarder of perma-
frost. The difference was in the choosing of parame-
ters: average values of heat conductivity coefficient of 
upper layers, values of heat flux from inside, average 
temperature of surface, profile model. In the result 
M.Krass and M. Merzlikin received value of average 
thickness of frost rocks 2.7 km; R.Kuzmin has deter-
minates it from 5 km under the polar caps to 1.5 km in 
equatorial areas, with average value 3,23 km; 
S.M.Clifford  and T.J.Parker have found this values  
from 2.3-4.7 km on equator to 6,5-13 km on poles. 

Discussion. 
We have considered that it is possible to cor-

rect value of thickness of frost rocks by taking in ac-
count following notes: 

Influence of pressure of upper layer on the lo-
cation of the low boarder of frost rocks; presence of 
the dry layer of regolith on the surface with extremely 
low heat conductivity; mineralization of pore solutions 
in the rock massifs (based on the theory of existence of 
high mineralization solutions in the Mars lithosphere). 
Configuration of cryolithosphere and frost rock zone 
are in the [4] and calculated data are in the table 1.  

During calculation we consider following 
ideas: 

1. Difference in freezing of free volume water 
and freezing of water in the rock medium needs appli-
cation of  Klaiperon-Klauzis generalized equation. It 
allows to calculate  the influence of pressure of upper 
layers (P) on the temperature of phase change water-
ice (Tph) with the ability of equilibrium of different 
phase under different pressure. Other words it means 
that Н2О ice will formed under martian atmospheric 
pressure, and water will be stay under rock layer pres-
sure. This correction is more actual for Mars there are 
fractured rock massifs  on the surface [5]. We also 
taking in account the difference in gravitation force on 
Mars in cooperation with Earth.  

  2.  Existence of regolith layer on the surface 
with thickness from 30 cm to 1.8 m. It possess  ex-
tremely low heat conductivity level, which we evaluate 
on the data from maps of thermal inertia of surface and 
experimental data of heat capacity of earth rock-
analogues in the low negative temperature diapason. 
The thermal resistance of this layer is very high and 
could be compared with resistance of fresh snow on 
the Earth with thickness 3-5 m. ; 

  3.  The hypothesis of high mineralization so-
lutions in upper horizons of martian rocks is confirmed 
by existence of “salt crust” which were find out by 
landing Viking 1, Viking 2, Mars Pathfinder. It are 
characterized by higher maintenance of chlorine and 
sulfur in comparison with surrounding rock (Cl con-
tent is 2 times more, S content is 2/3 more)/ The sur-
rounding rocks have Cl and S contents increasing on 
tens time their contents in earth rocks. Data of  Path-
finder  and Spirit rovers (APXS data and Mössbauer 
spectrometer) testify to high mineralization in research 
sites. Indirect witnesses are results of observations on 
the season changes of radar reflection activity of sur-
face in the area of Solar Gulf. R. Kusmin connected 
the “salt crust” formation with capillary leak-in of so-
lution to the surface in the layer of summer tempera-
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ture fluctuations. We could consider another mecha-
nism of “salt crust” formation specified by irregular 
freezing and following formation of close volume of 
water with higher hydrostatic pressure; by fracturing 
of rocks under mechanical stress which accompanied 
by injection of solution on the surface and their fast 
dehydration.  It looks like earth analogues – cryopegs 
in Central Yakutia regions. There are considerable 
cryogenic concentrations of pore solutions which are 
taking place after strong evaporation from the rock 
surface. The piston mechanism ejects salts down in 
profile during the freezing. It follows to cryopeg for-
mations there concentration of readily soluble salt ex-
ceed 250-300 g/l. 

Possible areas of solution existence in martian 
cryolithosphere were firstly study by R.Kuzmin and 
E.Zabalueva [6]. They based on suggestion of mag-
nesial-chlorine and sulfate composition of these solu-
tions. We have used data of R.Kuzmin but our inter-
pretations have some differences:  the temperature on 
the low boarder of frost rock  zone was taken as not 
equal Тph= 0оС=273,15 К,  our temperature value is 
equal Тph which taking in account the influence of 
pressure of upper rock layers  and decreasing of freez-
ing temperature for above meaning solutions;  the re-
gion situated inside the region between isotherm Тph= 
0оС=273,15 К  and the isotherm of our value of Тph 

was determinate by us as the region of cooled rocks; 
The boarder on the isotherm 252 К (-21°С) was not 
definite because this temperature in that solutions is 
corresponding to the start of NaCl crystallization, and 
it is not eutectic temperature as it is fixing for binary 
solution Н2О+ NaCl  (it is the same as for other solu-
tions, for example  binary solution eutectic tempera-
ture for KCl + H2O is equal –11,2°С, at the same time 
its value is equal -30°С in the sea water in the point of 
salt crystallization); the isotherm  -57 °С is corre-
sponding to the eutectic crystallization of solutions in 
volume (look like mechanical conglomerate of Н2О ice 
with crystal salt inclusions, and we propose to consider 
this layer as a boarder between the region of frost ice-
containing rocks and cryohydrate-containing rocks. 

We don’t have the analogues of last region on the 
Earth [4].  

Tab. 1. Evaluated values of thickness of re-
gions of frost, frosty and cooled rocks. 
 90 N 60N 30N 0 30S 60S 90S 

Average 
annual 
tempera-
ture of 
surface, 
ºС 
 

-119 -94 -62 -55 -63 -96 -123 

Average 
thickness 
of re-
golith, m 

0 0,6 1,5 1,8 1,5 0,6 0 

Average 
thickness 
of frosty 
rocks, m 

0 0 150 300 150 0 0 

 Evaluated 
thickness 
of frosty 
rocks 
(evalua-
tion from 
thermal 
resistance 
meaning), 
m 

0 25 210 370 210 25 0 

Average 
thickness 
of frost 
cryohyd-
rate rocks, 
m 

252
0 

147
0 

0 0 0 155
0 

268
0 

Average 
thickness 
of frost 
ice-
containing 
rocks, m 

125
0 

125
0 

110
0 

570 114
0 

125
0 

125
0 
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Average 
summable 
thickness 
of frost  
rocks, m 

377
0 

272
0 

110
0 

570 114
0 

280
0 

393
0 

Average 
thickness 
of cryo-
litho-
sphere 
(with 
additions 
of average 
thickness 
of cooled 
rocks 
equal 600 
m), m  

437
0 

332
0 

185
0 

147
0 

189
0 

340
0 

453
0 

 
Values of average temperature on the martian 

surface were taken from data base of  MCD [7]. The 
values of heat conductivity coefficient (λice) taken by 
S.M.Clifford, on our opinion are considerably higher 
as it is when the temperature influence of heat conduc-
tivity of ice is taking in account. The value of λice  is 
increasing in times with cooling process. This process 
fixes by experiment for hexagonal polycrystalline ice 
in volume. Our experimental data for definition of heat 
conductivity and heat capacity of rocks for negative 
temperature down to -125С by adiabatic and differen-
tial scanning calorimetric methods and of coefficient 
of linear expansion down to -75C (by low temperature 
dilatometer Sinko-Rikko) shows that even in ice-rich 
rocks  the value of  λice is decreasing [5, 8]. The causes 
of it phenomena are: the lost of pore ice the plastic 
characteristics and formation micro cracks inside of ice 
massif when the temperature decrease lower –12оС; 
the difference in the coefficient of linear expansion (α) 
of ice and organic-mineral skeleton is  beginning to 
play role under the temperature is lower –12оС, and it 
follows to formation of micro cracks on the  surface of 
boarder rock particle - ice; the difference of linear ex-
pansion (α) of different minerals is beginning to play 
role under the temperatures comparable to the average 
martian temperatures of surface and it is follow to the 
formation of micro cracks inside rock massif. The ef-

fect of micro cracks formation decrease the total value 
of value of coefficient of heat conductivity.  

From the above mentions we supposed that 
average thickness of martian frost rocks is 2300 m 
without variation of value of heat flux from inside of 
planet (Tab.1). This value exceeds the earth analogues 
but is considerable less as it was evaluated in early 
works. 
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