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Introduction: The isotopic characteristics of the SNC meteorites suggest the presence of various compositional 

resevoirs that formed very early in the evolution of Mars and did not mix since then [1, 2]. The formation of these 
reservoirs and their preservation is controversially discussed. It is for instance assumed that these reservoirs formed 
as a consequence of fractional crystallization of a magma ocean [3, 4]. Alternatively, reservoirs can form as a result 
of partial melting and depletion of the mantle [5, 6]. In this study, we compare different thermochemical evolution 
scenarios for the formation and preservation of mantle reservoirs and compare model predictions with the available 
data. 

Geodynamic Models:  We have investigated the consequences of a fractionally crystallized magma ocean and 
its overturn on the subsequent thermo-chemical evolution of Mars. Our results show that the style of the overturn as 
well as the resulting density stratification are of extreme importance for the subsequent thermo-chemical evolution 
of the interior and may have a major impact on the later surface tectonics and volcanic history. The rapid formation 
of a stagnant lid that traps the uppermost dense cumulates close to the surface and prevents them from sinking into 
the mantle together with the difficulty to initiate thermal convection because of the stable compositional gradient 
established after the overturn are difficult to reconcile with observations [3, 4]. Albeit capable to provide stable 
reservoirs, the scenario involving a purely fractionally crystallized magma ocean suggests a conductive mantle after 
the overturn, which on the one hand fails to sample deep regions of the mantle, and on the other hand is clearly at 
odds with the long-lasting volcanic activity of Mars. This is best explained by assuming a convective mantle and 
partial melting as the principal agents responsible for the generation and evolution of the Martian volcanism. More-
over recent results show that the compositional distribution achieved upon solidification of a liquid magma ocean 
may be considerably more complex than previously assumed. In fact, the onset of vigorous solid-state convection 
prior to complete solidification of the mantle can efficiently act to mix chemical heterogeneities [7].  

In an alternative scenario for the formation of early stable geochemical reservoirs we consider complete homo-
geneization of mantle during the crystallization of the magma ocean but account for intial heterogeneities associated 
with partial melting caused either by large scale impacts or by mantle plumes. When melt is extracted to form crust, 
the mantle material left behind is more buoyant than its parent material and depleted in radioactive heat sources. The 
extracted heat-producing elements are then enriched in the crust, which also has an insulating effect due to its lower 
thermal conductivity compared to the mantle. In addition, partial melting can influence the rheology of mantle rocks 
by promoting their dehydration. The viscosity of water-depleted regions, in fact, can increase by more than two 
orders of magnitude compared to water-saturated rocks resulting in turn in slower cooling rates. The most important 
parameter influencing the thermo-chemical evolution is the assumed density difference between the primitive and 
depleted mantle material (i.e., between peridotite and harzburgite). With small values of compositional buoyancy, 
crust formation and subsequent delamination are very efficient and also result in an efficient processing and degas-
sing of the mantle, which is continuously with time. In contrast, with increasing compositional buoyancy, crust for-
mation and mantle degassing are strongly suppressed although partial melting is substantially prolonged in the ther-
mal evolution. The crust shows strong lateral variations in thickness; crustal delamination is reduced and occurs only 
locally. Furthermore, depending on the initial temperature distribution two to four different mantle reservoirs can 
form, of which some can be sustained during the entire evolution whereas others change with time [6].  

Conclusions: We conclude that mantle mixing may partly or even completely erase the effects of fractional 
crystallization well before complete solidification. Nevertheless, the subsequent differentiation caused by impacts  
and partial melting, may introduce additional heterogeneities between residual and primitive mantle that may ex-
plain the isotope characteristic of the Martian meteorites. 
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