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Introduction:  Recently published reports on 
chemical and physical properties of Mars sediments 
indicate that diagenetically altered volcanic rocks were 
reworked by sedimentary processes [1]. Furthermore, 
compositional and petrographic aspects of sediments 
show varying degrees of elemental enrichment as well 
as complex interaction between the minerals in par-
tially saturated or saturated conditions [2,3]. 

Two types of mechanisms have been proposed to 
address the volcanic rock alteration and iron-sulfate 
mineral precipitation. The first mechanism invokes 
direct interaction of volcanic vapor and gases with 
Martian basalt [4], whereas the second mechanism 
attempts to explain the formation of iron-sulfates in an 
evaporative basin condition [5].  Although both proc-
esses address certain aspects of how volcanic rocks 
may alter and sulfate salts precipitate, neither mecha-
nism sufficiently identifies the network of water-rock 
interaction and mass-transfer processes that must be 
considered together to explain the observed sediment 
alteration trends. Thus, a new comprehensive chemical 
model is proposed here that addresses a much broader 
spectrum of processes. 

 
Model: Early (and present-day) out-gassing of vol-

canic gases and steam is an accepted feature of Earth, 
Mars, and other neighboring planets. Thus, sulfur 
found in the sediments of Mars is undoubtedly of vol-
canic origin. Because of its affinity for dissolving in 
water, sulfuric gas is very effective in producing acids, 
which, in turn, can significantly promote corrosion of 
glass and mafic minerals in volcanic rocks. Therefore, 
it is prudent to assume that volcanic gas and vol-
canic/volcaniclastic rock interaction, as well as altera-
tion are undeniably important components of the Mar-
tian processes and history. 

Observed sedimentologic features of the Burns 
formation at Meridiani Planum, Mars [1,2] and inter-
preted compositions of Martian sediments [3] suggest 
some strikingly peculiar conditions that must have 
existed when water was present on the surface of Mars. 
Sediment compositions point to an apparent pervasive 
evaporative regime that must have existed, even as the 
stratigraphic record of the Burns formation indicates 
there were periods of standing body of water. This 
condition may have a strong correlation with the con-
ditions of Martian atmosphere, however. 

Rate of evaporation of water on Mars surface can 
be expected to be significantly higher than that of 

Earth, simply due to the difference in the atmospheric 
conditions of Mars. In addition, partial pressures of 
various gases cannot be expected to have been similar 
to that of Earth. Therefore, it is also reasonable to ex-
pect that water on Mars could have experienced rapid 
evaporation (loss of water), as well as equilibration 
with other gases. 
 

In the model presented in this paper, the volcanic 
gas-water-rock interaction and the evaporation-driven 
chemical reactions compose two end-regimes of one 
continuous water-rock interaction and mass-transfer 
system. Throughout the entire domain, rock alteration 
and salt precipitation follow kinetic reaction rate law, 
while solute speciation follows equilibrium thermody-
namics. As a first guess, only diffusive mass-transfer is 
used to address movement of solutes within the Mar-
tian sediment column. Advective or convective flow of 
water could also be important but are not modeled 
herein because of the lack of data that can be used to 
derive proper hydraulic boundary conditions. 

Chemical boundary conditions of this model that 
control in- and out-fluxes of mass are the addition of 
volcanic gases at the deeper end, and evaporation of 
water and atmospheric equilibration of volatiles at the 
shallow end. Addition and escape of gases at both 
boundaries are imposed as partial pressures, or equiva-
lent dissolved concentrations, of gases. The sediment 
column is assumed saturated throughout the entire do-
main. 

A proprietary water-rock interaction simulator 
Sym.8 is used to simulate the evolution the Martian 
sediment column. Sym.8 is a process-oriented quanti-
tative computer-simulator that implements nonlinear 
interactions of kinetic and thermodynamic reactions 
between minerals and water, advective and diffusive 
mass-transfer processes, and dynamic evolution of 
sediment composition and matrix properties in one-
dimensional porous medium[6]. 

 
Discussion: The driving force of the complex reac-

tion network of this model is the state of chemical 
disequilibrium that persists within the system. This is 
induced primarily by the introduction of gases along 
the bottom boundary and the escape of volatiles along 
the top boundary. Injection of sulfuric and chlorine 
gases along the bottom boundary introduces sulfuric 
and hydrochloric acids into the region, which greatly 
enhance the alteration of volcanic minerals olivine, 
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pyroxene, and glass. Along the top boundary, evapora-
tion of water and gases can increase the activity of 
solutes, thus increasing saturation states of various 
minerals. 

The mechanism that connects these two extreme 
regions of the sediment column is the diffusive mass-
transfer. As the reactions progress, their seemingly 
disassociated chemical reactions result in divergent 
behaviors of solute concentrations, i.e., a particular 
solute may become concentrated in the deeper region 
while it may become depleted in the shallower region. 
The net result of this divergence is the chemical gradi-
ents of solutes across the sediment column, which re-
sults in mobilization of mass through diffusive mass-
transfer mechanism. 

The extent of separation of the two reaction re-
gimes depends on the rate of influx of volcanic gases, 
loss of gases and water along the surface (therefore the 
atmospheric condition), and temperature. Due to a lack 
of consensus on these properties, a range of conditions 
is used in the simulations based on terrestrial records, 
and early estimates of Mars atmospheric conditions[7]. 

The ultimate goal of this study is to simulate the 
enrichments of certain chemical elements observed in 
surface sediments, as well as the sequence of sulfate 
and hematite mineralization in shallow sediments. The 
chemical reaction network and the boundary condi-
tions implemented in this model will evolve to reflect 
forthcoming data and observations from other mem-
bers of the research community. The model is based on 
the principles of chemical process, thus it allows con-
venient modification of reactions network and chang-
ing variations in boundary conditions. Therefore, this 
model is expected to evolve as the observations and 
understanding of the Martian processes evolve. 
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