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Introduction: Understanding the compositional 

diversity of igneous rocks is the key to investigate 
conditions of melting and sources within the martian 
interior. Meteorites, our only martian samples, can be 
analyzed with the most advanced laboratory analytical 
techniques and thus has dominated our knowledge of 
martian igneous chemistry. Most martian meteorites 
are classified into three major categories, shergottite, 
nakhlite, and chassignite (SNC). As a type of olivine 
cumulates with abundant melt inclusions, chassignites 
can provide key information on the compositions of 
parental magmas, volatile budgets, and early crystalli-
zation processes. Chassigny, Northwest Africa (NWA) 
2737 and Northwest Africa (NWA) 8694 are the only 
members of the chassignites that have been recovered. 

 The proposed parental magma composition calcu-
lated from Chassigny and NWA 2737 melt inclusions 
are similar [1-3]. The parental magma calculated based 
on chassignites has been suggested to have a connec-
tion with the surface Gusev crater basalts [2,4]. This 
possible linkage between chassignites and Gusev crater 
on Mars provides a connection between meteorites and 
in situ compositions collected on the martian surface. 

The Mars Science Laboratory (MSL) Curiosity 
rover discovered diverse evolved rock compositions at 
Gale Crater [5]. This led to the hypothesis that some of 
the Gale felsic rocks may be analogous to the felsic 
building blocks of continental crust on Earth [5]. How-
ever, thermodynamic modeling shows that the felsic 
compositions discovered at Gale Crater could be 
formed by fractional crystallization of a Gusev basalt 
starting composition [6]. The Gusev basalts show a 
connection with both the chassignites and the Gale 
evolved rocks [2,4,6], which suggests a possible link 
between the chassignites and the evolved rocks. 

Here we attempt to model the target felsic compo-
sitions through fractional crystallization of the parental 
magma composition proposed based on NWA 2737 
bulk melt inclusions compositions. We used MELTS, a 
thermodynamic modeling software [7], to model frac-
tional crystallization paths. A wide range of parameter 
variables were applied. Our models suggest that the 
Gale felsic compositions, Sparkle and Angmaat, which 
are interpreted as “early continental crust” can be ob-
tained from NWA 2737 parental melt compositions 
through fractional crystallization.  

 

Methods:  We used six parental magma composi-
tions calculated from NWA 2737 melt inclusions by 
He et al. [3] as starting compositions for the modeling. 
He et al. [3] analyzed nine melt inclusions in a single 
thin section of NWA 2737. Measured phase composi-
tions and phase abundances are used to calculate the 
bulk composition of inclusions [3].  

Among the nine melt inclusions, olivine, low-Ca 
pyroxene, kaersutitic amphibole, augite, apatite, chro-
mite, sulfide, alkali-rich glass, and some Ti-biotite 
were identified [3]. Since MI-4 and MI-5 are likely 
off-center cuts and MI-6 includes some biotite and 
may represent composite grains, we excluded MI-4, 
MI-5, and MI-6 from our study. We recalculated the 
bulk compositions of MI-7 and MI-9 by removing 
chromites, which are located, at the edge of the inclu-
sions, which are likely primary minerals co-trapped in 
the inclusion [8]. 

We first used Petrolog3 [9] to reconstruct the six 
melt inclusion bulk compositions. We used the same 
FeO content of the parental magma (19 wt%) as He et 
al. [3], which is the average FeO content of the paren-
tal melt of Chassigny and the Gusev basalts Humphrey 
[2, 10] and a KDFe/MgOl/melt of 0.35 [11]. The new recon-
structed melt inclusion compositions agree well with 
the NWA 2737 parental magma composition proposed 
by He et al. [3]. 

We used alphaMELTS to perform fractional crys-
tallization models from the six reconstructed melt in-
clusion bulk compositions. The MELTS algorithms 
facilitates thermodynamic modeling of equilibrium 
phase relations for magmatic systems by calculating 
the abundances of components among all known phas-
es. The goal is to find the phase assemblage with the 
lowest thermodynamic potential at each temperature [7, 
12]. We used alphaMELTS as a front end, and run the 
MELTS algorithm [12] with the Rhyolite-MELTS 
1.2.0 calibration [13]. Rhyolite-MELTS is calibrated 
on various bulk compositions and is appropriate for 
modeling fluid-bearing silicic magmas. Rhyolite-
MELTS is suitable for quartz and feldspar saturations 
and works better at pressures below 1 GPa [13]. The 
algorithm first calculated the liquidus temperature. 
With a cooling interval of 10 °C, Models stop at 
600 °C. We assessed pressures from 5 to 9 kbar in our 
isobaric models. We evaluated the effect of water by 
normalizing the bulk compositions to various water 
contents ranging from dry to 2 wt%. We applied oxy-
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gen fugacity values near the Fayalite-Magnetite-Quartz 
buffer. 

Results:  Liquid lines of descent starting from 2 se-
lected melt inclusions are plotted under the same pres-
sure and fO2 (5 kbar, FMQ) with various water content 
in Fig. 1. Overall, crystallization paths are similar and 
most of them evolved toward the andesite and dacite 
fields. MI-9 started with a higher value of Na2O and is 
the only starting composition evolving toward the 
trachy-dacite field and reached the Na2O value of the 
Gale felsic rocks. None of the starting compositions 
reached the high Al2O3, K2O, and low CaO values of 
the Gale felsic rocks. The lower Al2O3 and higher CaO 
values in our models suggest that feldspar such as pla-
gioclase were possibly accumulated in the Gale felsic 
rocks during crystallization [7]. Among all the parame-
ters examined, fO2 shows the greatest effect for the 
total alkali paths (Fig.2). For silicic liquid with 65% of 
SiO2, plagioclase, spinel, and clinopyroxene are the 
dominant phases (Fig. 3). 

Fig. 1 Modeled liquid lines of descent for total alkali versus silica. 
Water content from dry to 2 wt.% were applied. The two felsic rocks 
proposed as “early continental crust”, Sparkle and Angmaat, are 
labeled. Data sources: Gale crater felsic rocks [5]. 

Fig. 2 Modeled liquid lines of descent for total alkali versus silica. 
Effect of fO2 is shown. 

Fig. 3 Modeled phase abundances for liquid lines of descent at 65% 
SiO2. Models are calculated at 5kbar, FMQ, and 1wt.% water. 

Discussion: We suggest a system containing two 
types of magma ascending mechanisms. A mantle-
derived magma can either be trapped at the base of the 
crust or ascend directly to the surface with low-degree 
fractionation on it’s way up. The trapped melt cools 
down and starts to crystallize, forming the cumulus 
assemblage of chassignites. Trapped melt inclusions 
preserve the parental magma compositions. The resid-
ual liquid would contain high silica and alkali due to 
the fractionation of cumulus grains. When residual 
liquid leaves the system and ascends to the surface, the 
base of the crust will be enriched in cumulus minerals 
low in SiO2 and high in MgO, and the felsic composi-
tions will reach the surface (Gale felsic-like composi-
tion). Nevertheless, it is also possible that the parental 
liquid ascended to the surface without significant frac-
tionation. In this scenario, the basaltic composition can 
also rise to the surface. The fact that evolved composi-
tions are obtained after higher degrees of fractional 
crystallization implies that the volume of the felsic 
compositions is relatively small compared to the vol-
ume of the basaltic composition. 
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