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Introduction:  The study of the tidal response of 

Mars provides insights into the interior properties of the 

planet, and especially its deep structure [1,2]. In this 

work, we match existing interior models of Mars to the 

most recent observations of the tidal response of Mars. 

We produce a comparative study of the obtained models 

and evaluate how the interior and dissipation of Mars 

are impacted by the tidal constraints provided by the 

Love number 𝑘2  and the secular acceleration in 

longitude s of its main moon, Phobos. 

Tidal constraints:  The tidal forcing from Phobos 

distorts the shape of Mars into a tidal bulge and creates 

displacements, changes in gravitational potential, and 

variations of surface gravity. The changes in the 

gravitational potential can be measured by tracking the 

position of an orbiter to constrain the Love number 𝑘2
𝑠 

of Mars for the degree-2 Solar tide [3].  

Anelastic dissipation in the Martian interior causes 

the tidal bulge of Mars to be misaligned with Phobos by 

the geometric lag angle [4]. This angle depends on the 

internal dissipation in Mars and creates a braking effect 

on the Martian moon from which the secular 

acceleration of Phobos can be obtained [5]. The values 

used for this study are given in Table 1. 

 

Tidal parameter Values Source 

Love number 𝑘2
𝑠 of Mars  0.174 ± 0.08 [3] 

Secular acceleration 𝑠 of 

Phobos (mdeg.yr-2) 

1.273 ± 0.003 [5] 

Table 1:  Tidal constraints to be satisfied by all models.  

 

Derivation of the secular acceleration of Phobos:  

Because of the proximity of Phobos to Mars, higher-

degree tides must be considered in the calculation of the 

secular acceleration 𝑠. Based on the works of [6], given 

the negligible inclination and eccentricity of Phobos and 

our focus on the equatorial tidal bulge of Mars, the 

expression for the secular acceleration is (1): 
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where 𝑚∗  and 𝑚  are the mass of Phobos and Mars, 

respectively, 𝑟  is the radius of Mars, 𝑎∗  is the 

semimajor axis of Phobos, and 𝑘𝑙𝑚𝑝𝑞  and 𝑄𝑙𝑚𝑝𝑞  are the 

Love number and the tidal quality factor for the Phobos 

tide of degree 𝑙  and order 𝑚 , respectively. The Love 

numbers and tidal quality factor are frequency 

dependent and must be calculated for 𝑇𝑙𝑚 = 𝑇1/𝑚 

where 𝑇1 = 11h 06min is the synodic period of Phobos.  

Martian models: We study 5 families of models: 

the FN models based on [7], the AB models based on 

[8,9], the HS models based on [10], the TG models 

based on [11], and the AR models based on [12-15]. 

Except for the AB models constructed by inverting 

geophysical parameters to match the data, we adjust 

several parameters (core size, temperature…) to match 

Table 1. Core size estimates are summarized in Fig. 1. 

 
Figure 1:  Core ranges for each of our models matching 

the parameters in Table 1. Most models show good 

compatibility with seismic observations of the Martian 

core in [16], except the AR and AB Burgers models 

where only the largest core sizes match them. 

 

Temperature and lithosphere thickness: We 

compare our temperature profiles with estimations of 

the lithosphere thickness. To fit the elastic thickness of 
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the lithosphere 𝑇𝑒 at the poles from [17-18], an average 

𝑇𝑒 of 275±10 km is needed, corresponding to the green 

box in Fig. 2. This is compatible with seismic 

observations of the upper mantle in [19] and geotherms 

in [20] and favor models assuming colder mantle 

temperatures. 

 
Figure 2:  Temperature profiles for our models, 

compared to the inverted geotherms from [19] and the 

elastic thickness of the lithosphere estimations from 

[17-18] represented by the green box. Colder mantle 

temperatures are favored. 

 

Synergy with seismic measurements: From the 

measurements of 𝑘2
𝑠 and 𝑠, the tidal bulk attenuation of 

Mars 𝑄2200 is strongly constrained with Eq. (1) at the 

frequencies of the Phobos tides (between 11.1hr and 

2.2hr). However, due to the different rheology models 

and temperature profiles, the models yield distinct 𝑄𝜇 

profiles at seismic frequencies, as illustrated in Fig. 3. 

Measurements of the seismic shear attenuation in the 

deepest part of the mantle with an accuracy better than 

± 500 would be able to distinguish between models.  

 
Figure 3:  Shear attenuation 𝑄𝜇 profiles at 1s for our 

models. An accuracy better than ± 500  on the 

attenuation in the lower mantle of Mars would be 

sufficient to distinguish between our models. 

 

Chandler Wobble: Predictions of the Chandler 

Wobble period are shown in Fig. 4 for our models, 

compared to the measurements from [3]. While all our 

models match 𝑘2
𝑠 for the Solar tide, they do not match 

𝑃𝐶𝑊 at 206.9 days. However, while 𝑃𝐶𝑊 is sensitive to 

the frequency dependency α of 𝑄𝜇, there are also other 

influences at play. Fig. 4 therefore only indicates likely 

values rather than a direct determination of α. 

 

 
Figure 4:  Comparison of the 𝑘2

𝑠 and 𝑃𝐶𝑊 values (left 

and right, respectively) for our models. Left areas are 

based on Table 1, while the right orange area is from the 

𝑃𝐶𝑊  estimation of [3]. 
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