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Introduction:  Mars’ bulk structure consists of an 

iron-rich metallic core surrounded by a  mantle and 
crust of silicate minerals. The ongoing InSight mission 
will make the first seismic observations of these layers 
[1], but interpreting these requires robust models of the 
deep Martian interior. Previous studies have construct-
ed models of Mars’ structure by attempting to match 
geophysical parameters such as the planet’s moment of 
inertia factor (MOI) and tidal responses [2,3,4], but 
such models vary in their best fit to available con-
straints, especially with regard to the size of the core.  

We have created a new suite of models to help re-
fine our understanding of how specific geochemical 
and geophysical properties impact the Martian bulk 
structure. A multi-stage model of core formation suc-
cessfully matches the Martian mantle composition [5]; 
from this, we constructed density and seismic velocity 
profiles corresponding to a range of Martian interior 
properties. These were used to calculate seismic veloci-
ty profiles, body wave arrival times, and planetary 
normal modes. Variations across the ranges of such 
properties provide insight into the links between poten-
tial seismic observations and the conditions of Mars’ 
deep interior. 

Core formation:  Compositions for the Martian 
core and mantle were calculated using a multi-stage 
model of core formation [6], which was parameterized 
by high-pressure metal-silicate partitioning data [7,8]. 
The best match to the previously-determined mantle 
composition [5] implies that Mars accreted from mate-
rial initially 0.7–1.5 log units below the iron–wüstite 
buffer, and equilibrated >85% of accreted metal and 
>30% of the mantle in a deep magma ocean.  

The core composition implied by these formational 
conditions is poor in O and Si (<1 wt%), but rich in S 
(16–20 wt%) relative to Earth [7]. These compositions, 
and the conditions they imply, are consistent with con-
clusions from simpler single stage models of core for-
mation [9,10]. Changing Mars’ bulk S abundance to 
encompass the range of chondritic compositions [11] 
shows that core S for a chondritic bulk Mars lies in the 
range of 12–21 wt%. 

Physical structure:  Using the best fit mantle 
composition calculated by the core formation model, 
and temperatures based on [2], we constructed a min-
eral phase assemblage for the Martian mantle using 
Perple_X  [12] and the thermophysical dataset of [13]. 
This allows for calculation of the mantle’s density and 
seismic velocity profiles.  

The corresponding profiles for the core were calcu-
lated by assuming a homogenous liquid Fe–S alloy 
with an adiabatic temperature profile. Properties of the 
core alloy at high pressure and temperature (P-T) were 
calculated by interpolating between published solid Fe-
S alloy equations of state [14-18] and then correcting 
for a volume change of melting (ΔV). Equations of 
state for liquid alloys are scarce for the pertinent P-T 
conditions, so attempting to use these limited data may 
lead to misrepresenting the alloy density.  

We have evaluated the influence of five properties 
on the Martian physical structure. For each combina-
tion of these there is a unique solution for core radius 
that matches Mars’ planetary radius and mass. The 
following properties were considered: 

Crustal thickness.  Thickening the layer of low-
density crustal minerals requires enlarging the dense 
core in order to match bulk planetary  properties. Vary-
ing crustal thickness from 25–85 km [19] can change 
the core’s radius by ~90 km. 

Mantle temperature.  The interior temperature of 
Mars is not well constrained, owing to uncertainties 
concerning its heat production and thermal evolution. 
Varying mantle potential temperature in the range 
1500–1800 K [2] changes the core radius by ~120 km. 

Core temperature.  Like Earth, Mars may have a 
thermal boundary layer (TBL) at the base of the man-
tle, leading to a core that is hotter than the adiabatic 
lowermost mantle temperature. A hotter core is less 
dense, and must be larger. Varying the TBL tempera-
ture contrast from 0-600 K changes the core radius by 
~100 km. 

Core composition.  A core rich in light elements 
will be less dense and thus larger. We have quantified 
the S content of the core with the aforementioned mod-
el of core formation. Varying S content over our pre-
ferred range of 16–20 wt% changes the core size by 
~65 km. Varying S content over the chondritic range of 
12–21 wt% changes the core radius by ~140 km. 

Volume change of melting.  Since our core compo-
sition is intermediate between Fe and FeS, we vary 
between the ΔV of these endmembers (2-5%). Impos-
ing fixed ΔV over this range changes the core radius by 
~60 km. 

Discussion:  Selecting conservative values for the 
parameters above (55 km thick crust, 1600 K mantle 
potential temperature, no TBL, 18 wt% S core, ΔV = 
4%) returns a core radius of 1640 km. This size is with-
in the range of previously suggested cores [e.g. 4], but 
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is generally smaller than preferred by recent studies 
[2,3]. Figure 1 shows the effect of some of the parame-
ters considered above on core radius. Unless bulk Mars 
contains a super-chondritic S abundance (>21 wt% in 
the core), a large core likely implies a hot interior.  

However, the MOI is highly sensitive to the crust 
[20], so essentially any core size can be made to match 
the MOI by slightly varying the crustal thickness or 
density, properties which are known to be spatially 
variable on Mars. The tidal Love number k2 is also 
subject to some uncertainty, since the mantle could be 
“softened” by the presence of water or partial melts 
[21]. If the spherically symmetric, anhydrous, melt free 
approximation holds, k2 requires the core to be 1740 – 
1820 km in radius. The parameter combinations re-
quired to produce cores on the larger end of this range 
are relatively extreme (Figure 1); this may imply that 
such non idealities are in fact present within Mars.  

It may be possible to distinguish which parameter 
combinations best reflect the Martian interior by exam-
ining Mars’ seismic properties. We have considered the 
effect of varying the properties above on Mars’ veloci-
ty structure (Figure 2) and the propagation of seismic 
body waves. Those parameters which directly alter the 
density of the core alloy (S content, core temperature, 
ΔV) may be difficult to disentangle. Altering the tem-
perature of the mantle, however, changes the density 
structure of the whole planet, and thus has a distinctive 
effect on body wave arrival times. For example, the 
mantle temperature influences the thermal gradient in 
Mars’ conductive lid, and thus the magnitude of the 
near-surface low-velocity zone. As visible in Figure 2, 
this zone may be a significant feature in Mars, and its 
detection could help constrain the mantle temperature. 
Crustal thickness should be resolved by InSight obser-
vations [1], which will help constrain the potential 
ranges of other properties, and thus the core size as 
well. If sufficient seismic data is collected to constrain 
Mars’ bulk structure, our parameterizations may be 
able to help determine the most realistic set of condi-
tions for the Marian interior.  
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Figure 1: The effect of core composition and thermal 
boundary layer temperature contrast on core radius for 
one particular combination of parameters (55 km thick 
crust, 1600 K mantle potential temperature, ΔV = 4%). 
Increasing any of these parameters increases the core 
radius.  

 
Figure 2: Compressional (Vp) and shear (Vs) wave ve-
locity profiles for one set of properties (55 km thick 
crust, 1600 K mantle potential temperature, 300 K 
TBL, 18 wt% S core, ΔV = 4%)  from this study (solid 
line) and previous models [22] (dashed line), [23] (dot-
ted line), and [24] (dashed-dotted line). Differences 
include the magnitude of the low velocity zone and the 
depths of mantle phase transitions. 
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