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Introduction: It is possible construct 1D seismic ve-
locity and density profiles for Mars that can be used to 
model seismic data from InSight using geophysical 
constraints (e.g., mass, gravity, moment of inertia, tidal 
response) and assumed compositions for the crust, 
mantle (for example from SNC meteorites) and core, 
coupled with equation of state modeling. Previous 
studies have explored the effects of composition and 
temperature [1.2]. Here we present a complimentary 
study illustrating the tradeoffs between thermal struc-
ture and composition. 

Modeling Approach: Starting with crust, mantle, 
and core compositions, we used Perple_X [3] to calcu-
late stable mineral assemblages for a range of pres-
sures and temperatures for the silicate crust and man-
tle.  We calculated a range of geotherms using an error 
function profile with an additional linear adiabatic gra-
dient. The crust, mantle, and core equations of state 
(EoS) were input into Burnman [4] and the total planet 
mass and moment of inertia coefficient were moni-
tored. For each mantle compositions and each geo-
therm, the radius of the core-mantle boundary was 
varied from 1650-1800 km in 10 km increments and 
the crustal thickness was varied from 50-120 km in 5 
km increments. A model was considered successful if 
the total planet mass was within 0.02% of the planetary 
mass (6.4185x1023) and 0.02% of the moment of iner-
tia coefficient (0.36379) [5]. 

Crustal composition. For the crust, a shergottite 
composition was found to be too dense. A crustal 
composition was created using the oxide weight per-
cent values for a bulk rhyolite.  While we don’t believe 
this represents the bulk composition of the Martian 
crust, this composition produced velocities and densi-
ties that were in line with previous results [1,2].  Per-
ple_X [3] was used to calculate the stable mineral as-
semblages using the 2002 update to the mineral prop-
erties in [5] for the thermodynamic data. Because the 
method does not account for porosity, the properties 
within the top 3 km of the crust were linearly interpo-
lated from the thermodynamically calculated values at 
3 km to surface values (density=1750 kg m-3, Vp=3750 
m s-1; Vs=1800 m s-1) to be consistent with expected 
properties assuming near surface properties similar to 
the lunar regolith. 

Mantle composition. Five different mantle compo-
sitions were explored [7-11]. As the primary goal here 
was to explore a range of geotherms, these sample 

compositions were sufficient to provide a representa-
tive range in composition. Stable mineral assemblages 
were calculated from the oxide weight percent values 
in Table 1 using Perple_X [3] with the thermodynamic 
data in [12].  

 
mantle SiO2 Al2O3 MgO CaO Na2O FeO 

[7] 44.40 3.02 30.10 2.45 0.50 17.90 
[8] 45.49 2.89 29.71 2.35 0.98 17.22 
[9] 43.68 3.13 31.50 2.49 0.50 18.71 

[10] 38.46 1.57 39.17 1.06 n.a. 10.31 
[11] 45.00 4.45 37.80 3.55 0.36 8.05 

Table 1: Weight percent oxides for the five mantle composi-
tions. 

 
Core composition. The core composition was con-

structed using the EPOC core model, which fits an 
isentropic Vinet EoS for the core to the Earth's normal 
mode data [13]. A molar mass of 42.5 kg/mole was 
used for the Martian core for the mantle models [7-9] 
and a molar mass of 44 kg/mole was used for the Mar-
tian core for the mantle models [10-11].  For reference, 
a molar mass of 50 kg/mole was used for Earth's core 
[13]. The core densities were in the middle of the range 
of previous models [1,2]. Varying the core molar mass 
increases or decreases the core density and has a more 
significant impact on density than temperature. 

Geotherms. The EoS models were calculated along 
geotherms created using an error function profile with 
an additional linear adiabatic gradient, 

T (z) = To +Tmerf
z
κt

⎡

⎣⎢
⎤

⎦⎥
+
dT
dz

⎛

⎝
⎜

⎞

⎠
⎟
adiabatic

’ 

where z is depth in meters, To was set to 205 K, Tm 
took the values 1100—1700 K (in steps of 100 K), t 
took the values 2.5x109, 3.5x109, and 4.25x109 years, 
(dT/dz)adiabatic took the values 0.125, 0.150, and 0.175 
K/km and κ was fixed at 10-6 m2/s. This produced 63 
unique geotherms all with surface heat flow values less 
than 15 mW/m2.  All parameters other than tempera-
ture and pressure were held constant through the crust, 
mantle, and core. 

Results: The successful models are shown in the 
figure below.  Models using [7] are shown in black; 
models using [8] are shown in green;  models using [9] 
are shown in red; models using [10] are shown in or-
ange; and models using [11] are shown in pink.  
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There are several general trends from the resulting 

models that can be observed.  First, the high-Fe (Mar-
tian) mantle models [7-9] (black, red, green) are almost 
0.5 km/s slower in wavespeed throughout the mantle 
(for both Vs and Vp) than the low-Fe (Earth-based) 
mantle models (pink, orange) [10-11] while for all 
models the difference in density between the models is 
small throughout the mantle. Second, the low-Fe man-
tle models (black, red, green) require a slightly less 
dense and larger core than the high-Fe models (pink, 
orange).  Third, the high-Fe mantle models required a 
thicker crust (>60 km) and warmer mantle (1600-1700 
K) while the low-Fe mantle models require a thinner 
crust (<50 km) and colder mantle (1100-1300 K).  The 
impact of temperature is significant enough that it is 
difficult to distinguish between the different high-Fe 
mantle models although the difference between the 
low-Fe and high-Fe mantle models are greater than the 
range of each model spanned by temperature varia-
tions. Finally, in this modeling approach, there is a 
significant trade-off between the crustal thickness and 
size of the core.  With the present uncertainty in core 
radius of ± 120 km and core density of ± 500 kg/m3 
and the uncertainty in crustal thickness of ± 35 km [2], 
it is difficult to rule out even the low-Fe compositions 
[10-11] with with a high degree of confidence. Crustal 
thickness models span a similar range of crustal thick-
ness variations as in the models shown here, offering 
no additional constraint on the internal structure. 

Implications for Insight: The InSight mission sci-
ence requirements for crustal thickness (± 10 km) and 
crustal layering (0.5 km in constant velocity layers) [1] 
will be sufficient to distinguish between low-Fe and 
high-Fe mantle structures; however, these uncertainties 
will not be sufficient to distinguish between the vari-
ous Martian mantle models [7-9] given the expected 
uncertainty in thermal structure.    
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