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Earth and Live Institute, Georges Lemaı̂tre Centre for Earth and Climate Research, 3Université de Nantes, Nantes
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Introduction: By measuring Mars’ deformational

response to the tidal forcing of the Sun it has been de-

duced that Mars has at least a partially liquid core [1].

Whether at this stage of Mars’ evolution the core is

completely molten or whether it contains a solid in-

ner core depends mainly on the thermal state of the

mantle and on the concentration of light elements in

the core like sulfur that reduce the melting tempera-

ture of iron. Unfortunately, we have a poor knowledge

of the thermal state of the mantle and the core’s con-

centration of light elements. One important clue is the

absence of a planetary magnetic field what suggests a

completely molten core. Tidal deformations are not

only dependent on the state of the core but are also

a strong function of the outer core’s radius and de-

pend on the planet’s composition through its density

and elastic properties. In this work, we use geodesy

data about Mars to infer knowledge about its interior

structure. As data we use the mass and the most recent

estimates of the normalized average moment of iner-

tia (MOI = 0.3645± 0.0005) and tidal Love number

(k2 = 0.159± 0.009) [2].

Method: The aim of our study is to constrain with

geodesy data the thickness and density of the crust,

the mineralogical composition of the mantle, and the

radius, and sulfur concentration of the core. We do

not infer the temperature of the mantle from the data

since very different pairs of mantle composition and

temperature result in almost identical geodesy data.

Therefore, we use two end-member temperature pro-

files that have been deduced from studies dedicated

to the thermal evolution of Mars [3]. In our model

the mineralogical composition of the whole mantle is

determined by the mantle temperature, the bulk man-

tle iron concentration, and by the volume fractions

of upper mantle minerals (olivine, orthopyroxene, Ca-

pyroxene, and garnet). The depth dependent mineral-

ogy is computed by using experimentally determined

phase diagrams [4, 5]. The thermoelastic properties at

each depth inside the mantle are calculated by using

equations of state [6]. We calculate the pressure- and

temperature-dependent thermoelastic properties of the

core constituents by using equations of state and recent

data about reference thermoelastic properties of liq-

uid iron, liquid iron-sulfur, and solid iron [7, 8, 9, 10].

To determine the size of a possible inner core we use

recent data on the melting temperature of iron-sulfur

[11, 12, 13, 14, 15, 16, 17, 18].

In order to infer knowledge about the model pa-

rameters from the geodesy data we use a Bayesian in-

version method [19]. The result of this method is a

probability density functions on the parameters of the

model. From the probability density function we cal-

culate marginal densities and estimate parameter val-

ues and regions of occurrence.

Results: Fig.[1] represents the inferred relation be-

tween k2 and the core radius if only the mass and the

MOI are used as data and the core sulfur concentra-

tion is below 25wt%. Within our model assumptions

this result shows that for the k2 value of [2] Mars has

no inner core (at 3σ). A result that is in agreement

with the absence of a global magnetic field. For the
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Figure 1: Inferred probability density function on core

radius rcmb and tidal Love number k2 from mass and

MOI. The red colored areas delimit 0.997, 0.955, and

0.683 regions of occurrence for hot mantle models.

The blue dotted contours delimit the 0.997 regions of

occurrence for cold mantle models. The gray bands

represent the k2 value of [2] at 1, 2, and 3σ. The in-

sets correspond to the individual 0.997 contours of the

models and the gray bands represent k2 at 3σ .

full geodesy data set we estimate the radius of the core

to be 1794 ± 65km and its sulfur concentration to be

16 ± 2wt% (uncertainties are at 0.683). The correla-

tion between core radius and core sulfur concentration

is made explicit in Fig.[2].

The data is compatible with Mars’s having a thin

layer of perovskite at the bottom of the mantle if the

mantle follows a hot temperature profile. Moreover, a

chondritic Fe/Si ratio is shown to be consistent with

the geodesy data, although significantly different val-

ues are also possible.
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Our results demonstrate that geodesy data alone

give few constraints on the mineralogy of the mantle

and the density and thickness of the crust. In order to

obtain stronger constraints on the mantle mineralogy

bulk properties, like a fixed Fe/Si ratio, have to be as-

sumed.
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Figure 2: Inferred probability density function on core

radius rcmb and core sulfur concentration xS from

mass, MOI, and k2. The red colored areas (blue dot-

ted contours) delimit 0.997, 0.955, and 0.683 regions

of occurrence for hot (cold) mantle models.
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