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Introduction: The geological history of Mars can be 
split into three primary periods: Noachian (4.5Gyr ago 
to 3.5Gyr ago), Hesperian (3.5 Gyr ago to 2.9–3.3 Gyr 
ago), and Amazonian (2.9–3.3 Gyr ago to present). To 
understand paleoclimate and to correctly interpret the 
Mars meteorite record we need to understand two 
types of atmospheric conditions that may have oc-
curred throught the history of Mars: a dry, dusty situa-
tion similar to the current Mars and a warmer, wetter 
climate unlike any recent Martian conditions. For the 
dry, dusty conditions, the key difference between the 
current and the climate and paleoclimate is the possi-
bility of a much thicker atmosphere. A thicker atmos-
phere leads to an increase in the atmospheric heat ca-
pacity, a change in the transmission of insolation and 
infrared energy through the atmosphere, and, therefore, 
a change in the general circulation and behaviour of 
the atmosphere. For a warmer, wetter climate, the dif-
ferences are more drastic. To achieve globally “wet” 
conditions on ancient Mars requires a larger global 
water inventory. To better understand the two possible 
paleoclimate states mentioned above we have conduct-
ed several studies to examine the evolution of the Mars 
atmosphere bearing in mind these factors and deriving 
the expected mass, pressure, and temperature of the 
Mars atmosphere as a function of time. This evolution 
will have an impact on the correct interpretation of the 
Mars meteorite record as will affect the environmental 
conditions in Mars. For example large atmospheric 
pressures in early Martian atmosphere would imply the 
existence of higher temperatures (through greenhouse 
effect with atmospheric CO2) and, possibly, the exist-
ence of liquid water on the surface. This view agrees 
with evidences of liquid water in past, like valley net-
works and outflow channels [1, 2]. This also fits with 
the only current evidence available of the oldest Mar-
tian meteorite known: ALH 84001 with secondary 
minerals produced by aqueous alteration and even a 
highly debated hosting of fossils of bacteria [3]. 
    Mass Atmosphere Modeling: The amount of mass 
in Martian atmosphere at time t, m(t) depends of two 
variables: the degassed mass, md(t), since the begin-
ning of secondary atmosphere (around 3.5 Gyr ago), 
and the mass lost, ml(t) by the atmosphere during the 
same period, i.e.: 

m(t) = md(t) - ml(t)         (1) 

The rate of degassing was not continuous in time with 
periods of volcanism and calm but we know that since 
the end of the accretion period (Noachian epoch) Mars 

was cooling. It is expected that the rate of degassing 
diminished as the planet aged and we assume that the 
degassing rate could be computed as: 

md(t) = (A/B)[exp[B(t - t0)] - 1]    (2) 

where A is the degassing rate at time t0 (1Gyr) and B is 
a constant that controls the velocity of degassing.  
 
The mechanisms of atmospheric mass loss are various: 
drag of ions by the solar wind (mi(t)), dissociative re-
combination (mdr(t)), oxidation of the surface rocks 
(mox(t) ): 

ml(t) = mi(t) + mdr (t) + mox(t)   (3) 

The three mass terms contributing to the mass loss are 
computed as follows: 

a) Material dragged by solar wind, mi(t): We assume 
that the mass loss rate of ions is: 

dmi/dt = A ⋅ ρS ⋅ v2 ⋅ L/2,      (4) 

where a is a constant, ρS is the solar wind density, L is 
the solar ultraviolet irradiance normalized to current 
values, and v is the solar wind velocity. Using current 
values of the solar ultraviolet irradiance (L= 1), a value 
of v= 4x105 m/s, and ρS=7.15x10-21 kg m-3, A should 
have a value between -4.37x108 s m and -1.75x109 s 
m. After [4]:  

L = C tm     (5) 

where C = 1.898x1021 s1.24 and m is an adimensional 
constant with value -1.24; and [5] stablished that: 

v = D tr      (6) 

where D = 5.27x1012 m s-0.585 and r is an adimensional 
constant with a value of -0.415. With equations (5) and 
(6) it is possible to find the solution of equation (4): 

mi(t) = A⋅r⋅C⋅D2 ⋅ (tm+2r+1 - t0
m+2r+1)/[2(m+2r+1)]     (7) 

b) Dissociative recombination, mdr (t): Dissociative 
recombination is a mechanism by which an ionized 
molecule is recombined with an electron and then dis-
sociated, producing fragments that may acquire veloci-
ties larger than planetary escape velocity. We assume 
that the dissociative recombination rate is proportional 
to the magnitude of the flux of incident solar ultravio-
let radiation [6]: 
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dMdr/dt = b ⋅ L         (8) 

so that with equation (5) we obtain: 

mdr(t) = b ⋅ C⋅ (tm+1 - t0
m+1)/(m + 1)       (9) 

c) Surface oxidation: As argumented in [5] the rate 
(dmox/dt) at which oxygen atoms may be immobilized 
at the surface could be as large as 1.3x1012 atoms m-2 s-

1, this is equivalent to a total mass loss of 5 kg/s around 
the planet. Assuming this rate as constant in time we 
get that: 

mox(t) = 5(t - t0)     (10) 

Total mass: From previous equations (1), (3), (7), (9) 
and (10) the equation that describes the evolution of 
total atmospheric mass in time is: 

M(t) = (A/B)[exp[B(t - t0)] - 1] - A⋅r⋅C⋅D2 ⋅ (tm+2r+1 - 
t0

m+2r+1)/[2(m + 2r + 1)] - bC(tm+1 - t0
m+1)/(m + 1) -     

5(t - t0)           (11) 

This equation depends on parameters A and B. Taking 
t = tP, in which tP = 4.6 Ga (present time), we can find 
A in function of B: 

A = B[M(tP) + A⋅r⋅C⋅D2(tP
m+2r+1 - t0

m+2r+1)/[2(m + 2r + 
1)] + bC(tP

m+1 - t0
m+1)/(m + 1) + 5(tP - t0)]/exp[B(tP - 
t0)] - 1}        (12) 

where B (parameter controling the velocity of degas-
sing of the planet in time) is a free parameter of the 
model. 

Near Surface Temperature Modeling: At the plane-
tary surface the temperature produced by the green-
house effect is: 

T4(t) = Te
4[1 + 3⋅τ/4]          (13) 

(Chamberlain and Hunten, 1987) where Te is the mean 
planetary black body temperature and τ is the atmos-
phere optical thickness. After [7], [8], and [9], Te can 
be written as: 

Te(t) = TP[1 + 0.4(1 - t/tP)]-1/4        (14) 

where TP is the present value of Te, t is time, and tP is 
the age of the Sun. After the value of the total mass 
obtained in (11) the atmospheric temperature at the 
surface becomes: 

T(t) =TP[1+3tPM(t)/4MP]1/4[1 + 0.4(1-t/tP)]-1/4      (15) 

Surface Pressure Modeling: The atmospheric pres-
sure P as function of time through the perfect gas equa-

tion normalized with respect to the present values (PP, 
MP, Ta) is given by 

P(t) = M(t)T(t)PP/MPTP         (16) 

Using equations (11), and (16) we evaluate P(t). 

 

Figure 1. Near surface T as a function of time for 
different set of free parameters in the model. The melt-
ing point temperature is plotted for reference. 

Results and discussion: We have developed a 1D 
model of the evolution of Martian mass, near surface 
temperature and pressure considering the main produc-
tion and loss processes of Mars atmosphere and the 
radiative conditions on Mars. As concluded in [10] 
SNC meteorites are martian rocks that provide valua-
ble information about the atmospheric composition of 
Mars over time. They provide a complementary tool 
for atmospheric modeling and a straightforward meth-
od for model validation. Our next step will be validate 
our model with martian meteorites and tune the free 
parameters in our model.  
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