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Introduction:  The martian crust, once thought to 

be composed of tholeiitic basalt, has proven to be 
compositionally diverse [1,2]. Recent findings of felsic 
(>55 wt.% SiO2) targets at Gale crater likely result from 
fractional crystallization [2-5]. Although fractional 
crystallization alone can account for these felsic 
compositions [2], some felsic targets might only form 
under high degrees of fractionation (>60%), when 
residual melt is difficult to remove. One process 
common to Earth that has yet to be investigated in this 
context for Mars is assimilation and fractional 
crystallization (AFC). Here we discuss the role of 
assimilation in the formation of felsic rocks on Mars, 
and of the diversification of the Mars crust. 

Methods:  We used the Magma Chamber Simulator 
(MCS) to conduct AFC models. The MCS models the 
interactions between a chemically evolving magma, a 
cumulate pile, and a wallrock (assimilating crust) [6]. In 
MCS AFC models, magma intrudes the colder wallrock. 
The exothermic process of fractional crystallization 
heats the wallrock, which may partially melt, change 
composition through melting, and mix into the magma 
body (Fig. 1) [6]. All MCS models rely on a MELTS-
family algorithm, and here we selected Rhyolite-
MELTS v.1.0.2 to approximate a hydrous, silica-
enriched magma in low-pressure environments [7]. 

Model parameters and starting compositions. We 
calculated isobaric models at varying pressures (1, 2, 4, 
and 6 kbar) to represent depths of the shallow 
subsurface to the base of the average thickness of the 
Mars crust [2,8]. The oxygen fugacity (fO2) in each 
model was constrained at the Fayalite-Magnetite-Quartz 
(FMQ) buffer. We used the near-primary compositions 
of Fastball and an average of the Adirondack basalts 
(both observed in Gusev crater) as the initial magmatic 
composition, to which we added initial water contents 
of 0.07, 0.5, and 1.0 wt.% [9,10]. For wallrock, we used 
the bulk rock composition of regolith breccia meteorite 
Northwest Africa (NWA) 7034 and an estimate for the 
average Mars crust [11,12]. Wallrock starting 
temperatures were calculated along a 15°C/km 
areotherm (martian geothermal gradient) [13]. These 
parameters and all additional parameters (not presented 
here) are detailed in Fig. 1. 

 

 
Fig. 1: Model parameters used in this project listed by relevant 
subsystem. Schematic depicts MCS model of AFC. 

 
Model Results: Assimilation in 1 kbar pressure 

systems occasionally begins late during crystallization 
(~60% solid cumulates), and lasts for shorter overall 
duration. The duration of assimilation lasts longer and 
begins earlier for deep-seated, high pressure systems 
(4–6 kbar). Melts in higher pressure models (4–6 kbar) 
are more alkaline-enriched than melts in lower pressure 
models. In all models, increasing the water content (to 
1.0 wt.% H2O) decreases the melt alkalinity relative to 
water-depleted (0.07 wt.% H2O) models, but this effect 
is less pronounced as pressure increases. 

The melting temperature of NWA 7034 was ~50° C 
lower than that of the average Mars crust, causing it to 
melt earlier and for longer duration in models where it 
is the wallrock subsystem. Fastball starting composition 
has a slightly more alkaline starting composition than 
the averaged Adirondack-class basalts, and the former 
evolves to be more alkaline throughout the models. 
Assimilation of NWA 7034 wallrock resulted in slightly 
more alkaline compositions overall than did 
assimilation of the average Mars crust. 

Model Fits: Best model fits are presented against 
evolved Gale crater targets, the compositions of which 
are found in [14,15]. Overall, felsic targets were better 
reproduced by lower pressure (1–2 kbar) and more 
hydrous (0.5–1.0 wt.% H2O) magmas. Alkaline targets 
were better reproduced by higher pressure (4–6 kbar) 
systems with less hydrous (0.07 wt.% H2O) 
compositions (Fig. 2).  
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Fastball starting composition. Fastball assimilating 
NWA 7034 wallrock at fits alkaline target Harrison 
(basaltic trachyandesite) at 54% crystallinity (Fig. 2a). 
Similarly, Fastball assimilating the average Mars crust 
at 2 kbar and with 0.50 wt.% H2O fits Harrison within 
57% crystallinity (Fig. 2b). 

Adirondack basalt starting composition. The 
Adirondack class basalt assimilating NWA 7034 
wallrock at 1 kbar and 1.0 wt.% H2O fits an andesitic 
Gale crater target (Sparkle) at 57% crystallinity. At 4 
kbar and 1.0 wt.% H2O, the model fits Harrison at 55% 
crystallinity (Fig. 2c). 

 

 

 

 
Fig. 2: (a) Fastball magma assimilating NWA 7034. (b) Fastball 
magma assimilating average Mars crust. (c) Adirondack-class basalt 
assimilating NWA 7034. (d) Adirondack-class basalt assimilating 
average Mars crust. Dashed line is from [17]. 

Discussion: Higher pressures and higher initial 
temperatures of wallrock result in more assimilation, as 
the wallrock closer to its solidus melts more readily and 
for longer throughout the model. In the case of lower 
pressure models (1–2 kbar), where there is less 
assimilation overall, target evolved compositions are 
achieved within low degrees of crystallinity because of 
the addition of liquid at later stages of magmatic 
evolution via wallrock melting. Higher pressures 
typically result in increased alkalinity in fractional 
crystallization, but highly alkaline compositions are 
feasible at 4–6 kbar with significant additions of 
incompatible elements from the melting wallrock. 

The controlling factor overall on assimilation using 
Mars-relevant compositions and magmatic conditions is 
the initial temperature of the wallrock, which is dictated 
by the aerothermal gradient temperatures. Thus, 
assimilation was likely a more common process on early 
Mars, which was hotter than it is today [16]. 
Assimilation would have become a less prevalent 
process, or was restricted to high pressures, as the planet 
cooled. These observations may help to resolve the 
temporal contrasts in martian crustal diversity, whereby 
older terrain tends to contain more diverse (and 
evolved) igneous compositions than does younger 
terrain and young martian meteorites. 
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