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Introduction:  Understanding the thermal history 
of the terrestrial planets is a key part of understanding 
the entirety of their formation and evolution. One nec-
essary parameter to address this aspect of planetary 
evolution is the solidus of the silicate part of the body. 
In particular, Mars is an ideal planet to constrain ther-
mal history as, due to its small size, the entire mantle 
can be reached with large volume experimental tech-
niques (i.e., piston cylinder and multi-anvil). By con-
ducting experiments over a range of pressures (P) and 
temperatures (T) for a model bulk silicate Mars com-
position, we can constrain not only the solidus in P-T 
space, but also the mineral and mineral-melt assem-
blages and compositions. Doing so allows us to make 
predictions of magma ocean crystallization and ongo-
ing magmatic processes that will affect mantle dynam-
ics. Combined with mass and moment of inertia infor-
mation we can also infer mantle rheology and density 
structure that allow us to make predictions of seismic 
wave propagation as well. 

Methods:  We conducted multi-anvil experiments 
on a bulk Mars composition (DW85) [1,2] from 8 to 
25 GPa over a range of temperatures designed to lo-
cate the solidus. The starting powder was loaded into 
rhenium capsules, and held at the desired P and T be-
tween 1 and 6 hours, depending on the pressure and 
stability of the experiment. 

After the experiment, the presence of melt was pri-
marily determined visually as small, bright phases in 
BSE images that occurred at triple junctions and along 
 

 
Figure 1. BSE image of experiment LO159, 20 GPa, 
2100 °C. Orange arrows indicate melt. Both wadsleyite and 
ringwoodite are present due to a thermal gradient across the 
capsule. 

grain boundaries (Fig. 1). Mineral and melt composi-
tions were measured with the electron microprobe and 
phases were further located and identified with SEM 
and Raman spectroscopy.  

Results:  The mineral assemblages are consistent 
with those seen in previous experiments using the 
same bulk composition [8]. These include olivine (ol), 
orthopyroxene (opx), clinopyroxene (pigeonite; cpx), 
and garnet (gt) at 10 GPa; olivine, wadsleyite (wad), or 
ringwoodite (ring), depending on pressure, with py-
roxene (up to 16.5 GPa), majorite (maj), and minor 
magnesiowüstite (mw) between 16.5 and 23 GPa; and 
majorite, bridgmanite (bg), and magnesiowüstite at 25 
GPa (Fig. 2a).  

Melt compositions were difficult to measure in the 
experiments between 16 and 20 GPa as the melt pock-
ets were ~1 μm in size. Based on the measured compo-
sitions at 10 and 23 GPa and SEM composition maps 
of all experiments, the low degree melt compositions 
tend to have high FeO (20–25 wt.%), Na2O (~1 wt.%), 
and CaO and low Al2O3 contents, particularly with 
respect to the surrounding majorite. 
Combining our solidus data with previous experi-

ments conducted on the same, or very similar, bulk 
composition [2-5], we parameterized the solidus of 
Mars (Fig. 2b) from the surface to the potential core-
mantle boundary (CMB). Based on the experimental 
data and the method used to parameterize the peri-
dotite solidus, we implemented a three-part parame-
terization that best fits the data with sections between 0 
and 10 GPa, 10 and 23 GPa, and above 23 GPa. 

Previous estimates of the martian solidus deter-
mined from the low pressure experiments [9], under-
standably deviates from our solidus above ~5 GPa, 
particularly due to the experiments at 10 GPa that be-
gin melting ~1800 °C. It is also due to these experi-
ments that the martian solidus deviates significantly 
from the peridotite solidus [10,11] above ~6 GPa and 
remains 50 to 75 °C cooler up to 24 GPa. When com-
pared to the more Fe-rich MORB solidus [12], the 
martian solidus is hotter up to ~15 GPa, at which point 
the MORB solidus is warmer. 

Implications:  Our solidus for Mars allows for bet-
ter prediction of the crystallization and location of melt 
throughout the mantle. If Mars had a global magma 
ocean, crystallization would begin at the base, particu-
larly in the case of a no or low S core where a bridg-
manite-bearing layer would crystallize first, potentially 
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insulating the core from the above magma ocean. De-
pending on the exact S content of the core (i.e., core 
radius), there is also the potential for a near-basal melt 
layer around 23 GPa that would affect early mantle 
dynamics. For a more modern scenario, we can com-
pare the location of adiabats for Mars that are based on 
calculated mantle potential temperatures determined 
from meteorites and surface basalts [13], we predict 
melting begins around 2.6 to 4 GPa (~220–340 km) for 
the majority of Mars’ mantle. However, based on the 
mantle potential temperature calculated for the Sher-
gottite source region (~1710 °C), melting begins 
around 13 GPa (~1100 km), potentially generating 
high degrees of melt that could match the primary melt 
compositions of the Shergottites, based on our experi-
mental melt compositions at 10 GPa. 

We also calculated preliminary areotherms from 
fully spherical 3D solid state convection models in 
CitcomS [14], with constant boundary temperatures 
(surface T = 220 K, CMB T = 1820 K; converted to 
adiabatic T assuming a gradient of 0.18 K/km [15]), 
Rayleigh number (Ra = 3x106), and internal heating (Q 
= 45; a ~66% depletion in radiogenics from chondritic 
values), but variable core fractions of 0.45 (S-bearing) 
and 0.4 (S-free) of the total planet radius. With every-

thing else constant, for a smaller core (less S) melting 
begins deeper in the mantle (~12 GPa for 0.4), similar 
to the adiabat determined for the Shergottites. Decreas-
ing the core to a fraction of 0.45, similar to a core with 
~14wt.% S, melting begins around 10.5 GPa. Depend-
ing on the size of the core and the amount of heat gen-
erated from the decay of radioactive elements, Mars’ 
mantle would likely have large degrees of melting 
early in its history, and potentially in the more recent 
past. 
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Figure 2. a) P-T conditions and results of experiments for the DW85 composition (circles and stars), and the Homestead compo-
sition (squares): subsolidus: dark fill, supersolidus: light fill, superliquidus: white fill. Also shown are previous subsolidus ex-
periments that used the same starting composition as this study (diamonds), estimated phase assemblages (thin black lines), and 
the estimated solidus of this study based on the DW85 experiments (orange line). b) Comparison of solidi for Mars (solid lines) 
and Earth (dashed lines), along with estimated adiabats based on primary magma calculations from martian meteorites (triangles) 
and surface basalts (inverted triangles). c) Model-derived mantle areotherms (dashed lines) for different core fractions, hatched 
region indicates approximate zones of melting based on the intersections of the areotherms and the solidus. 
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