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Introduction: Mars’ primitive mantle is 3 

times more enriched in iron concentration than 
that of Earth, and 10 times more enriched in 
phosphorus [1]. Preliminary thermodynamical 
partial melting models based on a martian mantle 
composition using pMELTS software [2] showed 
that such differences  likely have implications in 
terms of resulting magma compositions. Moreo-
ver, crystallization experiments on Fe-rich terres-
trial evolved basalts demonstrated significant im-
pacts of addition of phosphorus, including an in-
crease of SiO2 activity, stabilization of low-Ca 
pyroxene in favor of olivine, especially at low 
fugacity [3]. Lower silica contents and super-
chondritic Ca/Al ratio of martian mafic rocks in 
comparison with terrestrial basalts are still enig-
matic, and may be related to higher P2O5 in mar-
tian primitive mantle than that of Earth. Such ef-
fects have not been experimentally investigated 
on martian systems, which contain more elevated 
Fe concentrations contents than those from Earth. 
Here we explore these questions through partial 
melting experiments on one primitive, martian 
mantle composition. 

Methods: Phosphorus concentrations within 
the martian primitive mantle has been estimated 
within the range P2O5 = ~0.15-0.2 wt.% [1,4-6]. 
Because partial melting experiments have been 
run based on mantle composition from [4] with 
P2O5 = 0.2 wt.% using the same piston-cylinder 
apparatus and conditions as this study [7], we 
chose composition from [4] with P2O5 = 0 wt.% 
and P2O5 = 0.5 wt.%. All our results are compared 
with those obtained from [7] with P2O5 = 0.2 wt. 
%  .  

Similar to [7], experiments were performed us-
ing a piston-cylinder apparatus at Rice University 
at a pressure of 2 GPa and temperatures from 
1210 to 1450 °C. Experimental duration varied 
from 48 to 72 h. The homogeneous starting mate-
rial was placed within a graphite capsule inside a 
platinum outer capsule in order to reach an oxy-
gen fugacity below the fayalite-magnetite-quartz 
buffer, and preventing any water contamination 
during the experiment, respectively. The cell as-
sembly consists of BaCO3 pressure sleeves, cylin-
drical graphite furnaces, and spacers of crushable 

MgO, the whole assembly being wrapped within a 
Pb-foil. Before welding shut the platinum capsule, 
the graphite capsule, the starting material, and the 
platinum capsule are kept at 300 °C for 24 h, and 
the graphite furnaces and BaCO3 sleeves are kept 
at 110 °C at least overnight in order to minimize 
any water contamination. 

The composition of glasses, quenched melt 
matrix, and residual minerals have been analyzed 
with the field emission electron probe JEOL JXA 
8530F at Rice University. Phase proportions of 
each experiments have been calculated by mass 
balance calculations from the chemical composi-
tion of each phase. 

Effects of Phosphorus on Melt Composi-
tions: At 2 GPa and without any phosphorus, 
low-degree melts are enriched in SiO2, which de-
creases at higher melting degree as long as pi-
geonite is present in the system (Figure 1a).  

 
Figure 1. SiO2 concentration of experimental 
melts versus degree of partial melting of primitive 
mantle composition with P2O5 = 0 - 0.5 wt. %. 
P2O5 = 0.2 wt. % is from [7]. 
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Although this behavior is well-known for terres-
trial magmas, the addition of phosphorus leads to 
a decrease of SiO2 at low melting degrees, effect 
being enhanced at the smallest melting degrees 
(Figure 1a). The presence of only 0.2 wt.% bulk 
P2O5, leads to a significant SiO2 decrease in the 
lowest degree melts, by up to 5-10 wt.%. Evi-
denced with pMELTS modeling, this effect can 
be explained by the enhancement of Si-O-Si po-
lymerization leading to a decrease of SiO2 con-
centration in the liquid with the addition of poly-
valent phosphorus [8].  

Moreover, CaO/Al2O3 ratio is also affected by 
the addition of phosphorus (Figure 1b). Indeed, 
the increase of P2O5 leads to a slight enhancement 
of CaO and a depletion of Al2O3 in low-degree 
melts implying and enhancement of CaO/Al2O3 
ratio by ~2.  

Effects of Phosphorus on Mineral Assem-
blage: In addition to significant impacts on partial 
melt compositions, phosphorus influences the 
phase proportions of residual minerals (Fig.2). 

 
Figure 2. Residual (a) olivine and (b) orthopyrox-
ene abundances at various melt fractions. 

 
The increasing abundance of phosphorus in 

the bulk stabilizes orthopyroxene and tends to 
lower the abundance of residual olivine. The in-
crease of polymerization related to the enhance-

ment of silica activity explains the increased sta-
bilization of orthopyroxene in favor of olivine as 
also demonstrated during crystallization experi-
ments on basaltic composition [3].  

Mass balance calculations revealed an excess 
of phosphorus and calcium content in low-degree 
melts (melt fraction < 7%). Although not ob-
served with scanning electron microprobe, the 
consideration of small amounts of apatite (< 1%) 
resolves this issue, implying subsolidus or the 
near solidus assemblage potentially includes a 
residual P-bearing phase such as apatite.  

Discussion: The occurrence of 10 times more 
phosphorus in the martian mantle relative to the 
terrestrial mantle has dramatic effects on the 
composition and crystallization sequence of 
magmas. The increase of Si-O-Si polymerization 
related to phosphorus results in the depletion of 
silica contents and the stabilization of residual 
polymerized silicate minerals (orthopyroxene) in 
favor of less polymerized phases (likely olivine) 
in low-degree melts. The depletion of silica con-
tents in low-degree magmas likely have a 
straightforward effect on their viscosity. In addi-
tion, stabilization of low-Ca pyroxene may lead to 
an enhancement of orthopyroxene cumulates 
within the martian crust. Finally, partial melting 
of a mantle composition with P2O5 =	 0.2 wt. % 
leads to the formation of P-rich liquids at low 
melting degrees (P2O5 >	 1 wt. % [7]), likely ex-
plaining the elevated P2O5 concentrations of mar-
tian basalts including those analyzed by Mars Ex-
ploration Rover (MER) at Columbia Hills, and the 
large amount of apatite likely detected by the 
ChemCam instrument onboard the Curiosity rover 
in Gale crater [9-10]. At the end, although low in 
concentration within the martian primitive mantle, 
phosphorus has first order impacts on the petrolo-
gy of martian magmas. 
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