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Introduction: The limited number of martian 
meteorites [1] makes it difficult to estimate how the 
water content within the martian mantle evolved 
through time. Rover and orbital missions attempt to 
provide additional data regarding the water content in 
the martian mantle, but the major loss of the atmosphere 
early in martian history limits their capacity to do this 
accurately. This data gap limits our understanding of 
how the planet evolved, including the compositional 
variation of primary melts that partly built up the 
martian crust. Experiments have demonstrated that 
water increases the liquidus depression, delays the 
crystallization of plagioclase (e.g., [2]) while favoring 
the early crystallization of Fe-rich phases (e.g., [3]). 
Promoting the expansion of the liquidus field of poorly 
polymerized phases over that of polymerized phases [4], 
water has significant effects on the magma 
compositions. This work aims to estimate the evolution 
of the water content within the martian mantle through 
a new method based on the thermal history of Mars. 
From these calculations, thermodynamical modeling 
will show how the primary magma composition likely 
evolved through time. 
 
Methods: Although the number of martian samples is 
small, two key data sources, i.e., meteorites and flexure 
studies, provide insights into how Mars has cooled over 
its history. Age dated Martian meteorites provide 
estimates of the planet’s thermal history. [5] compiled 
these estimates and fit them to provide a thermal history 
for the Martian mantle. Flexure studies have constrained 
the effective elastic thickness of the Martian 
lithosphere, estimating that it has varied by hundreds of 
kilometers over its lifetime [6]. The thermal history for 
the martian mantle differs from Earth in part because it 
is a single plate planet. A thick, intact lid overlays the 
convecting mantle. The difference in temperature 
between the base of the lid and the mantle drives the 
convective process. The mantle temperature changes 
based on the balance of heat produced within from the 
decay of radiogenic elements and the heat lost through 
the lid. The heat loss depends on how vigorously the 
mantle convects. This primarily depends on the 
thickness of the convecting layer, temperature, and 
viscosity. The viscosity of the mantle depends on both 
temperature and water content. Generally, warmer or 
wetter mantle convects more vigorously, increasing the 
heat flux out of the mantle. 
Here we use a new method for constraining how the 
water content within the Martian mantle evolved over 

its lifetime. We invert for the mantle water content using 
a parameterized thermal history model of Mars. To do 
this, we use the effective elastic thickness [6] and mantle 
temperature data [5] as constraints, considering the 
uncertainties. The method rearranges the thermal 
history model to isolate mantle viscosity, and then finds 
the required mantle viscosity to produce the mantle 
temperature and effective elastic thickness throughout 
the lifetime of Mars. From this calculated viscosity and 
knowing the associated mantle temperature, we can 
calculate the water content of the mantle.  
 
Water Contents in the Mantle: As expected from the 
water content within martian meteorites (e.g., [7]), we 
found that the martian mantle has been in a state of 
water loss over its history. The water content varies by 
a few hundred ppm over its lifetime (Figure 1) 
decreasing from ~600 to ~400 ppm +/- 200 ppm when 
considering the uncertainties of the thermal history.  
These estimations are of the same order of magnitude of 
the water amount in the mantle estimated from the 
kaersutitic amphibole in Chassigny [8] and one order of 
magnitude higher than the water content of the depleted 
and enriched shergottite mantle source. Note that the 
shergottite sampled two mantle reservoirs that might 
contain distinct water content from the overall mantle. 

 
Figure 1. Evolution of the water content over time in a 
dry (green lines) and wet (red lines) peridotite. Dashed 
lines correspond to the minimum and maximum water 
content when considering the uncertainties from [5]. 
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Composition of Primary Melts: Based on the water 
content evolution (Fig. 1), we calculated the 
composition of mantle-derived primary melts using 
pMELTS software [9]. At 500 million year intervals, we 
ran a batch adiabatic ascent of a primitive mantle 
composition [10] with the water content previously 
estimated using the equation relating the potential 
temperature and time [5] (Fig. 2). 

 
Figure 2. Evolution of (top) SiO2 versus MgO contents 
and (bottom) Na2O versus SiO2 contents through time of 
primary melts experiencing an adiabatic ascent. 
Elemental variations considering the water content of a 
wet peridotite are shown by filled lines and those of a 
dry peridotite are displayed by dashed lines. 
 
The degree of meting is increasing with the decrease of 
MgO contents, and SiO2 contents increase with the 
degree of melting. At a given MgO content, SiO2 

decreases with time suggesting more Si-rich magmas in 
Noachian time as suggested by [11] (Fig. 2). Large 
melting degrees favor the depletion of incompatible 
elements in the liquid as an effect of dilution with other 
elements, and subalkaline liquids are generated at high 
degree of melting when SiO2 is the most elevated (Fig. 
2). Relatively low-Na liquids are produced in Noachian 

time compared to relatively Na-rich liquids in more 
recent times. The CaO/Al2O3 is also more elevated in 
Noachian liquids with superchondritic values (up to 1.2) 
at low extent of melting, similar to CaO/Al2O3 ratio 
measured within shergottites (0.9-2.5, [1]). 
 
Discussion : Based on the thermal evolution inferred 
from measurements of martian samples [5], we 
calculated the water content needed within the mantle to 
provide the correct convective vigor. Previous 1D 
numerical simulations calculating the thermal evolution 
of Mars predicted water contents between 500 and 700 
ppm [12], in agreement with our results. Therefore, 
Mars mantle might have been wetter than what is 
currently thought from shergottite, as suggested by 
nakhlites and chassignites water measurements. Such 
water content and the decrease of the potential 
temperature over time (almost 100°C in 4.5 Gyr) do 
have significant effects on the composition of primary 
melts and therefore on magmas that undergo fractional 
crystallization and crustal assimilation at crustal depths. 
The existence of several mantle reservoirs with various 
water content might explain the widespread CaO/Al2O3 
ratio of martian meteorites. According to the models, a 
relatively silica-rich and subalkaline crust could have 
been formed early in martian history from water-bearing 
primary magmas ascending through the crust, which 
would be in agreement with the extraction of “an 
enriched basaltic or andesitic” crust [13] as soon as 20 
Myr after the solar system formation. Such a crust 
would explain the geoid-to-topographic ratio inferred 
from orbital data supporting the existence of light 
differentiated crustal components. Future work will 
compare our results to measurements from rover 
missions and martian meteorite data. 
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