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Introduction: The synthesis of phyllosilicates early 

on Mars resulted in a substantial overload of cations 

that must exist in additional contemporaneous sedimen-

tary salts, which are mostly missing in the Noachian 

rock record [1]. To help solve this conundrum, we pro-

pose that an important proportion of these cations were 

buried under the surface by diffusion mechanisms, 

therefore inhibiting the precipitation of salts. 

 

Methods: The starting point of our model is a ba-

salt/water equilibrium solution, from which phyllosili-

cates have precipitated as solid phases. As the solubili-

ty of the salts is much higher than that of clays and 

other low-temperature silicates [2], the ionic excess 

remains in solution, where it can be remobilized 

downwards into the subsurface by means of a concen-

trations gradient generated by the differential saturation 

state between surface and subsurface layers.  

To model the migration of cations downward into 

the subsurface, we used the Phreeqc software [3], im-

plementing an algorithm of ionic transport through 

vertical diffusion in n cells (representing n solutions). 

The model considers multidiffusion, and the specific 

diffusion coefficients utilized for each ion are those 

included in the Phreeqc database. The composition of 

martian basalts has been extracted from recent observa-

tions [4,5]. As mean values, we have used a mineralogy 

consistent of 65% volume plagioclase (andesite), 27% 

pyroxenes (orto- and clinopyroxenes), 6% olivine 

(forsterite and fayalite) and 2% of other components. 

Sediment porosity (cm
3 

water/cm
3 

sediment) of 0.3 

represents a mixture of minerals and water consistent in 

0.5 cm
3
 water per 1 cm

3
 basalt. Initial conditions were 

fixed as pH=7, Eh=4, and T=273 K, leading to the 

mineral composition shown in Table 1. The equili-

brium of water with these mineral phases conduces to 

the emergence of a number of ions in solution and to 

the synthesis of phyllosilicates reported to exist on 

Mars [6], including kaolinite, chamosite and smectites.  

 

 

 

 

 

 

 

Mineral Moles/l H2O 

Anorthite 12 

Diopside 6 

Enstatite 2 

Fayalite 1.378 

Forsterite 1.376 

Ilmenite 0.3 

Spinel 0.01 

Troilite 0.01 

Hydroxylapatite 0.001 

Magnesite 0.001 

 
Table 1: Mineral phase composition used to ex-

amine the downward migration of salts. 

 

We have modeled the diffusion of water in a set of 

20 identical cells of 1 cm each, representing different 

layers of solutions in the subsurface. At t=0, the condi-

tions are the same in all cells, representing the wa-

ter/basalt mixture before the beginning of any process 

of auto-organization. The model starts with a process 

of evaporation + freezing in the upper part of the sys-

tem (the upper cell), representing the surface solution, 

conducing to a rise in the ionic concentration as the 

water is lost. This will result in a net vertical concentra-

tions gradient promoting the diffusion of salts to the 

lower cells, as the engine of diffusion is the difference 

between concentrations. The overall process is go-

verned by the Fick’s laws of diffusion. The evolution 

of the solution through time in the upper layers will be 

dependent upon the velocity of evaporation + freezing, 

the diffusion coefficient of each ion, and the temporal 

relationships between the processes of evaporation + 

freezing and diffusion.  

 

Results: Our results are presented in Figure 1. Our 

model predicts that soluble salts would have moved to 

deeper layers shortly after formation or throughout the 

history of the planet due to downward migration of 

water and differential salt mobility.  
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Fig. 1: Evolution of concentration in depth for for 

the case of Ca
2+

 during 1 month. 

 

The internal consistency of the model is tested by 

introducing variations concerning boundary conditions 

and soil porosity: the final results are similar, as shown 

in Figure 2, strengthening our conclusions.  

 

 
Fig. 2: Downward diffusion of Ca

2+
 varying the con-

tour conditions in the lower cell, allowing flux towards 
deeper layers. 

Discussion: Our simulation is strongly dependent 

on time and on the initial concentration gradient. Our 

results are expressed in centimeters because we have 

considered very short time periods (months), so we can 

show that even in this extreme case the proposed me-

chanism is able to induce undersaturation in a solution 

initially in equilibrium with the basalt. Of course, if the 

initial concentration at the surface and/or the selected 

time interval are greater, the length of the diffusion 

gradient will be also greater, but the main conclusions 

will remain the same. That is the actual case for the 

surface of Mars, where diffusion processes should have 

been acting on very concentrated evapo-

rated/sublimated ponds, and for extended time periods.  

Even a short length of the diffusion gradient does 

not preclude the existence of either sediment advention 

or erosion. Diffusion, when taking place on a diagenet-

ic environment, is usually considered as occurring in a 

framework with continuous burial and/or denudation of 

sediments. In this context, our model shows precisely 

the diffusion behavior in the upper layer. This behavior 

is stationary on time, in what concerns cations migra-

tion, but the particular sediments involved are not the 

same all the time, allowing sedimentation and denuda-

tion to occur.  

 

Conclusions: Our results suggest that the salts 

needed to balance the stoichiometry of the Noachian 

sediments characterized by the presence of clays [1] 

never precipitated on early Mars, and the cations that 

could have formed these salts are mostly buried below 

the phyllosilicate layer. Our model results, implying no 

widespread formation of salts on Mars during the Noa-

chian, explain why no pervasive exposed subsurface 

reservoir of salt minerals in cross-sections in craters, 

canyon walls or fractures has been detected by orbital 

means. 
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