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Introduction: Lithium (Li) is present, in the range 

of ppm, in almost all primary minerals of basalt, be-

cause of its small ionic radius, similar to Mg. The two 

stable isotopes of Li – 7Li and 6Li – have a relatively 

large mass difference that results in significant frac-

tionation between water and solid phases providing 

important information on chemical weathering pro-

cesses [1, 2, 3]. 

Li incorporation into secondary minerals lattices is 

a solvent-mediated process that can provide infor-

mation about the duration, extent and conditions of 

aqueous interaction between primary minerals and 

water. But analyses of Li isotope signatures could pro-

vide more information than Li abundances alone. The 

selective incorporation of the lighter isotope to sec-

ondary minerals, and consequently the evolution 

through time of the Li isotopic signature, reflects the 

interaction between chemical and physical weathering 

processes that are unequally affected by changes on 

pH and temperature. On Earth’s oceans, the actual 

steady-state for δ7Lisw physically represents the bal-

ance between the amount of Li dissolved and amount 

of Li hosted on the secondary mineral lattices. 

     In this work we discuss the different ways in which 

martian aqueous processes could lead to Li isotope 

fractionation, and their eventual incorporation into 

secondary minerals. Secondary minerals are abundant 

on Mars, and several thousands of phyllosilicate-rich 

outcrops have been identified exposed in the Noachian 

terrains of the martian southern highlands, including 

Fe/Mg-smectites (hectorite, nontronite, saponite), Al-

smectites (montmorillonite, beidellite), vermiculite, 

illite, chlorite and kaolinite. Coupling of field meas-

urements with geochemical modelling and analyses of 

selected samples by high resolution techniques form 

return mission could be a useful procedure. Field 

measurements may provide information on lithium 

isotope variations on time, as reflected on solid sam-

ples, through the analysis of sediment column (Wal-

ter´s law). Development of techniques capable to per-

form isotopic analyses from a distance and in real time 

is rapidly growing. This is the case of the various mod-

ifications of the conventional Laser-Induced Break-

down Spectroscopy (LIBS) able to perform spectrally 

resolved measurements of Li isotopes as are Laser 

Ablation Molecular Isotopic Spectrometry (LAMIS)  

[4] or laser-excited atomic fluorescence [5] employed 

to measure the isotope ratio of lithium by deconvolu-

tion of  the Li doublet at 670 nm,  leading to an isotop-

ic shift of 15 pm in the fine structure and  using a 

probe distance of 1 cm from the sample surface. The 

rapid development of these techniques combined with 

new high-resolution spectrometers (λ/Δλ∼75000) may 

have the potential to meet field-based analysis needs. 

Modeling Li isotope fractionation: For modelling 

purposes, we assume an initial value of δ7Li=5‰ (the 

average isotopic signature of unweathered MORB bas-

alts [6]). To perform the geochemical calculations 

concerning the dissolution of primary minerals we 

consider volcanic glass as a single phase (i.e.: a multi-

oxide amorphous phase) which is present in sediments, 

together with a crystalline basalt, the latter being rep-

resented by a mineral assemblage composed by a set of 

individual crystalline phases. Each individual phase, 

either crystalline or amorphous is allowed to dissolve 

at a particular rate depending on its specific rate con-

stant, activation energies, pH dependencies and reac-

tive surfaces. In such a way that  the net supply of lith-

ium from each mineral phase to the solution or net  

uptake of lithium by secondary minerals is treated in 

an individual form for each mineral phase which is 

dissolving or precipitating according with the system 

evolution. A flow diagram of modelling set-up is 

shown in figure 1. 

 
Fig.1. Flow chart of the modeling procedures. 

 

The total amount of Li in solution depends on the 

equilibrium between the dissolution rate of primary 

silicates and the formation of secondary minerals. 

These can act as a sink for lithium, controlling both the 

remaining fraction of Li in solution and the process of 

isotope fractionation mediated by the preferential in-

corporation of the 6Li into some of the secondary min-
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erals, especially clays. Significant fractionation also 

occurs after the formation of oxihydroxides and hy-

droxides, like ferrihydrite or gibbsite.  

The incorporation of Li into clays and other sec-

ondary phases entails a complicated process, involving 

either reversible adsorption or irreversible incorpora-

tion within the vacant sites of the mineral structural 

framework. 

For our geochemical models we used the Phreeqc 

[7], specifically a specific algorithm that splits the total 

amount of sorbed Li between 6Li and 7Li isotopes un-

der the assumption that fractionation occurs following 

a Rayleigh distillation process. 

Results: Through geochemical modeling we have 

identified particular trends concerning the evolution of 

δ7Li during basalt weathering as a function of the driv-

ing mechanisms that interact to create supersaturation 

(evaporation and/or cooling), together with those rele-

vant to modify the pH (CO2 or other volatiles), thus 

influencing the balance between silicate dissolution 

and secondary mineral precipitation. 

On Mars the basalt weathering might have been the 

specific role played by simultaneous evaporation and 

cooling over the number and type of secondary miner-

als forming. Assuming that dissolved CO2 was the 

most relevant factor triggering pH changes in the early 

Martian environments [8], we have analyzed the influ-

ence of a CO2 atmosphere on the rates of silicate disso-

lution. In the absence of CO2, the pH is controlled by 

silica alkalinity through the precipitation of clays. But 

if CO2 is present, the pH is controlled by carbonate 

alkalinity through the interplay between CO2, HCO3
- 

and CO3
= species.  

Our results are shown in figures 2 and 3, we as-

sume a hypotetical scenario where early water bodies 

on Mars decrease as result of freezing and evaporation 

under continuous supply of CO2 from volcan-

ic/hydrothermal outgassing. 

Fig.2. Evolution of Li isotopes in an hypothetical scenario were the 

mass of  H2O mass decreased as results of  simultaneous freezing and 

evaporation processes under episodic CO2 outgassing. 

 
Fig.3. Time course of δ7Li in water under continuous CO2 outgassing 

and evaporation and freezing conditions. 

 

Conclusions: The models presented here can be 

used to describe possible paths of Li isotopic fractiona-

tion and the extent of basalt weathering on early Mars 

conditions, as a function of supersaturation, tempera-

ture and evaporation rates. They are useful to under-

stand future ground data on Li isotopic fractionation 

on the surface of Mars, obtained by landers and/or 

rovers and they will contribute to deciphering the his-

tory of water and climate on Mars. 
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