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Introduction:  Chemical differentiation on plane-

tesimals is known to strongly affect the final composi-

tions of asteroidal bodies. It is still unclear how these 

igneous processes occur on planetary bodies. These 

could have been caused by small-scale melting or the 

presence of a deep magma ocean. Oxygen isotopic 

studies suggest however that magma oceans were pre-

sent on all the differentiated Solar System bodies [1]. 

In addition, recent geodynamical models showed that 

planetary bodies with a radius >200 km formed ~1.5 

Ma after the CAIs formation are likely composed of a 

differentiated interior [2]. The effects of partial melting 

are therefore essential to understand chemical hetero-

geneities among differentiated bodies. The aim of this 

study is to constrain experimentally the evolution of the 

compositions of partials melts with pressure. We will 

also discuss the implications of our results and that of 

previous studies on the structural, chemical and ther-

mal evolution of reduced differentiated bodies.   

Methods:  High pressure experiments were con-

ducted using multi anvil press apparatus at pressures 

ranging 5 to 25 GPa using synthesized Enstatite chon-

drites. We performed fractional crystallization experi-

ments close to the solidus to extract the chemical com-

positions of the melts at the eutectic (first melts). Mass 

balance calculations allowed us the estimation of the 

degree of melting in our charges. 

Results:  Our experiments provided us the chemi-

cal compositions of the eutectic melts at 5, 10, and 25 

GPa. We used these data together with previous avail-

able data [3, 4, 5] to investigate the phase relations in 

reduced differenciated bodies as a function of pressure.  

Our results combined with previous studies of par-

tial melting of Enstatite Chondrites at 1 bar [3] and 1 

GPa [4] show that the ratio (Mg+Fe+Ca)/Si of the eu-

tectic melts increases progressively when the pressure 

is increased from 1 bar to 25 GPa. The ratio 

(Al+K+Na)/(Si+Mg+Fe+Ca) in these melts decreases 

also progressively in the same range of pressure. In-

deed, the first melts become more and more enriched in 

compatible elements Fe, Mg and Ca and depleted in 

incompatible elements (Na and K), Al and Si with in-

creasing pressure.  

As a result the silicate melts produced by low de-

gree of melting of Enstatite Chondrites become more 

and more depolymerized with increasing pressure. The 

number of non bridging oxygen per tetrahedron (nbo/t) 

is increased of two orders of magnituede from 1 bar to 

25 GPa. Therefore at low degrees of melting the pro-

duced melts are likely to become less and less viscous 

with increasing pressure. 

Implications for the dynamics and structures of 

partially molten asteroids:  Our results suggest that 

close to the surface the silicate liquids formed at low 

degree of melting are expected to be more viscous and 

less dense than at higher depths. Such high density and 

viscosity gradients are likely to enhance convection in 

partially molten silicate mantles of reduced asteroids. 

Implications of collisional erosion for chemical 

and thermal evolution of planetary bodies:  At early 

energetic stages of planetary accretion, significant ero-

sion of outer protocrusts of planetary bodies is likely to 

have occurred. It could induce major modifications of 

their chemical compositions [6,7]. The erosion of a 

silica-rich protocrust would increase the final Mg/Si 

ratio of the planetesimals. In view of our present re-

sults, this process is expected to be more important if 

the size of the accreting body is small, whereby differ-

enciated crusts are more enriched in silica. Further-

more, the extraction of an outer crust enriched in high-

ly incompatible elements would lead to a depletion in 

heat-producing elements as Th, U, K and an increase of 

the Sm/Nd ratio. These processes have been already 

argued as solving several geochemical paradoxes on 

Earth as the super-chondritic Sm/Nd ratio, the ob-

served depletion in 
40

Ar [8], the high Mg/Si ratio of the 

mantle and the high whole-Earth Fe/Mg [7]. Our re-

sults suggest that all these processes are expected to be 

enhanced on reduced small bodies at very early stages 

of Earth accretion.  
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