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Introduction:  Estimation of the summer day-

average surface temperature on inclined surfaces on 
Mars has been done in [1] with a global climate model 
(GCM) for different obliquities. These calculations 
showed that starting from ~35° obliquity, the maximal 
day-average temperature reaches the ice melting point 
at high latitudes; for even higher obliquity, the day-
average temperature exceeds 0°C at lower latitudes, up 
to 40° latitude at 45° obliquity, but only at 20-30°-
steep pole-facing slopes. In [1, 2] this fact was used to 
explain formation of the recent gullies as debris flows 
formed at the periods of high obliquity, when melting 
of snow and a permafrost layer could occur. High day-
average temperatures suggest that summer thawing / 
winter freezing cycle can occur on Mars during some 
periods of geological history, which could lead to the 
existence of an active layer and formation of a number 
of geomorphological features characteristic of terres-
trial permafrost regions. 
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Fig. 1. Abundance of N- and S- facing slopes relative to that 
of the typical equatorial highlands plotted against latitude for 
Terra Cimmeria (180-220°W). Actually plotted quantity is 
the proportion of MOLA profile segments of proper steep-
ness and slope direction within narrow latitudinal zone nor-
malized by the same proportion for 10°S - 20°S zone repre-
senting "typical equatorial highland". Different curves corre-
spond to different ranges of slopes in degrees, as shown; 
black curves, N-facing slopes, gray curves, S-facing slopes. 

We have found a strong latitudinal trend of occur-
rence of steep slopes on Mars [3, 4]. The frequency of 
steep (>20°) slopes drops more than 3 orders of magni-
tude from equatorial to high-latitude regions (Fig. 1). 
The boundary between preserved and removed steep 
slopes occurs at higher latitudes for pole-facing slopes 
and at lower latitudes for equator-facing slopes (Fig. 
1). This produces a strong asymmetry of steep slopes 
in the midlatitude zone around 45° latitude in both 
hemispheres (Fig. 2).  

We explained these observations [3,4] with active-
layer-assisted erosion at high latitudes and at pole-
facing slopes at midlatitudes. This relatively intensive 
erosion acted during geologically short repeating peri-
ods of high obliquity during the Amazonian. 
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Fig. 2. Asymmetry of differential slopes calculated within 
150-km wide latitudinal zones in Terra Cimmeria (180-
220°W) and plotted against latitude. The measure of 
asymmetry is A = (NN–NS) / (NN+NS), where NN and NS are 
numbers of steep N- and S-facing segments in all MOLA 
profiles. Different curves corresponds to different ranges 
of differential slopes in degrees, as shown. 

Here we analyze the calculated history of 
spin/orbital parameters of Mars [5] to identify the most 
recent periods in the geologic history of Mars when 
active layer could occur. 

Onset of active layer formation:  Calculations of 
the summer day-average surface temperature based on 
the GCMs have an essential shortcoming: they do not 
allow an overview of influence of all model parame-
ters. We apply an empirical approach, which is less 
precise, but is free of this shortcoming.  

During the daytime the temperature of the martian 
surface is controlled primarily by insolation. Thus for 
zone and season when the sun is permanently above 
the horizon, the day-average surface temperature top a 
great extent is controlled by the insolation regime. 
(Clouds introduce much uncertainty in this depend-
ence, but still the higher the summer insolation, the 
higher the summer temperatures). Our approach is to 
define the onset day-average insolation required to 
initiate active layer formation, and then to look for 
proper periods in the recent insolation history. 

The low-latitude onset of slope asymmetry occurs 
at ~35° latitude for 20° steep slopes and at ~42° lati-
tude for 10° steep slopes (Fig. 2). This suggests the 
onset for active layer formation corresponds to the 
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insolation that occurs on these steep pole-facing slopes 
at these latitudes under the most favorable but still 
repeatedly occurring spin/orbital conditions. Favorable 
conditions are: high eccentricity (= close sun at perihe-
lion), high obliquity, and the perihelion close to the 
solstice. The latter occurs regularly. The recent calcu-
lations of the Mars spin/orbit parameters [5] showed 
that for the 1 Ga time span, the maximal frequent value 
of eccentricity is ~0.12, and that for obliquity is 
~54.5°. These characteristic maximal values are higher 
for longer time spans in the chaotic diffusion calcula-
tions [5], but the Sun luminosity is thought to be lower 
in the past, and the use of 1 Ga time scale is reason-
able. We calculated that these values correspond to the 
onset day-average insolation of ~83%. (We measure 
insolation in percents of the solar constant at the dis-
tance from the Sun equal to the semimajor axis of 
Mars orbit.). The results presented in [1] correspond to 
somewhat lower values of insolation at 0°C isotherm, 
within 68-75%. This difference is not surprising, be-
cause intensive active layer processes demand some-
what warmer conditions than 0°C at the hottest day in 
the summer. 

Active layer in the last 10 Ma:  We used J. 
Laskar's calculations [5] of the spin/orbital parameters 
for the last 10 Ma to find when and where the day av-
erage insolation exceeded the 83% onset of the forma-
tion of the active layer.  

During the last 10 Ma period this has never hap-
pened in the southern hemisphere. The maximal inso-
lation in the southern hemisphere, however, was very 
close to our inferred onset. It reached  82.3% at the 
south pole 5.303 Ma ago (Fig. 3). 

In the northern hemisphere the onset insolation was 
reached for the last time much earlier than it was ap-
proached in the south. Four peaks of summer insola-

tion exceeded 83% for the period from 7.75 to 8.09 
Ma ago (Fig. 3), the second of them (7.863 Ma ago) 
was the highest, 86.6% maximal insolation. Five more 
peaks occurred from 9.12 to 9.57 Ma ago (Fig. 3), the 
4th of them gave the absolute summer-time insolation 
maximum (87.2%) on Mars for the last 10 Ma. This 
happened 9.455 Ma ago. For this highest peak, the 
summer insolation at the pole exceeded the onset limit 
during 17 ka (~9000 summers). At the very maximum, 
the insolation exceded the onset value down to 74°N at 
horizontal surfaces. For 10° steep pole-facing slopes 
this zone extended down to 63°N. For 20° steep pole-
facing slopes, the active layer is expected in 87°N - 
52°N zone.  

Discussion:  Our estimations are very generalized. 
The actual onset of the active layer formation depends 
on particular climate conditions during the favorable 
periods. It can vary regionally, depending on the sur-
face albedo, cloudiness, etc. Local environment condi-
tions probably can lead to active layer processes at a 
noticeably lower insolation level. Formation of the 
active layer depends not only on the summer surface 
temperature, but also on the presence of water in the 
soil [6]. Thus, our calculations cannot be considered as 
firm predictions for the space and time occurrence of 
active layer. However, they are useful to understand 
regions and times when the most recent active-layer-
related features could form. 
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Fig. 3.  Year-maximum day-average insolation at the poles of Mars calculated with spin/orbital evolution data from 
[5] for the last 10 Ma. Orange arrow, the 10 Ma maximum insolation at the south pole. Other arrows, insolation 
maxima exceeded the inferred onset of the active layer formation; red bold arrow, the absolute maximum. 
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