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Introduction: Sub-surface lava tubes, cavities and 
caves have been found on Mars. Past volcanism and its 
gradual interactions with aeolian processes have played 
a vital role in Martian landscape evolution and possible 
cave formations. With the possibility that future Mars 
missions might be focussing more on the subsurface ex-
ploration, Martian lava fields and associated caves ap-
pear to be interesting targets for astrobiological, geo-
morphological, and in-situ resource utilization (ISRU) 
research. However, as their detection presently relies on 
multiple observations from orbiters, there is limited 
knowledge about their environmental conditions. At 
most, only the temperature and thermal inertia are the 
two vital environmental parameters which can be in-
ferred from remote sensing observations. Furthermore, 
when the cave openings are small, their detection may 
not be possible due to the resolution limitation of visual 
camera observations.  Their size, extension and struc-
tural durability is generally difficult to predict. How-
ever, caves are an interesting region for the future hu-
man exploration of Mars, as they provide a natural shel-
ter from the very harsh UV, cosmic, and solar radiation. 
Thus caves display steady environmental, geophysical, 
and geochemical conditions supporting possible habita-
tion in extreme extraterrestrial conditions.   

 
Caves as Special Region :  

The Committee on Space Research (COSPAR) Plane-
tary Protection Panel has defined as Special Regions on 
Mars, those environments where the water activity may 
be above 0.5 and the Temperature above -25°C.  These 
two environmental parameters are taken as reference to 
make large scale parametrizations on the planet and dis-
tinguish those regions where terrestrial microbial life 
may proliferate and thus where planetary protection 
measurements for landed missions should be more strin-
gent. So far the environment of Martian subsurface 
caves has not been taken into account for these consid-
erations.  Given the perennially shaded character of sub-
surface caves their temperatures are expected to vary in 
a different way thus allowing for different relative hu-
midity and temperature values. The relative humidity 
(RH%) is a critical environmental parameter, as in equi-
librium, it defines the water activity of the regolith 
(a.w.=RH/100). Furthermore, the RH% is important to 
evaluate the potential of certain salts to hydrate or deli-
quesce and allow for brine formation. 

 
Figure 1. A typical Martin day on Mars as measured by the 
Rover Environmental and Monitoring Station (REMS) on the 
Curiosity rover. Ta: air temperature; Tg: grounf temperature: 
P: pressure; RHa: Air Relative Humidity; RHg: Ground Rela-
tive Humidity; UVABC: UV radiation [1]. 
 
Main Results: In the present work we present a study 
of the environmental conditions in Martian subsurface 
cavities such as caves and how it can be considered as 
Special Regions. For the calculations, we have used lava 
tubes observations made by Cushing and Titus [2] , and 
the environmental, near-surface observations of the Cu-
riosity rover, at Gale crater (Fig. 1). Physical parameters 
considered in the model include size, shape, inclination, 
and composition of the walls of the caves.  

 
Figure 2. Computed Ground thermal wave penetration depth 
cross section for different materials inside the cave. 
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Some of the results are presented in Figures 2 and 3. 
One of the interesting results is that a cave roof with a 
thickness greater than 1-2 m reduces the amplitude of 
the ground temperature variation during the day and has 
a significant impact on the air temperature in the cave.  
 
 

 
 
Figure 3. Top panels: Temperature; Lower panels: Rel-
ative Humidity at 3LMST (left) and 7LMST (right)  
 
The average temperature and RH% throughout the en-
tire models resulted in unfavorable conditions (relative 
humidity under 20% RH) to allow for brine formation. 
The most interesting results were found in smaller cave 
simulations where higher relative humidity was found 
for several hours during the same day. This happened at 
certain times during the day (LMST 7 and 17) when the 
inlet temperature surpassed the average temperature in 
the cave and resulted in relative humidity of up to 90% 
RH which potentially could allow Martian salts to form 
brines, or could at least keep them in a hydrated state 
throughout the day. On the other hand, while the low 
temperatures in today's Martian caves may be too harsh 
for life forms to exist, a previous warmer climate might 
have allowed for extremophiles to thrive in highly saline 
solutions within such caves, thus highlighting them as 
the potential astrobiological targets. As a future scope, 
we plan to model brine scenarios within caves using 
more combinations of environmental and physical pa-
rameters. The presence or absence of overlying dust or 
its thickness can also have significant effects on the sub-
surface environmental conditions and we plan to include 
this in future modelling attempts. 
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