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Introduction: High pressure melting experiments on 

basalts analyzed near the Spirit landing site at Gusev 
Crater were first presented by Monders et al. [1].  After 
our study was completed, it was discovered that the sen-
sor heads had been inadvertently switched at the launch 
site, requiring recalibration and recalculation of new 
compositions for Humphrey, Adirondack, and Mazatzal. 
High-pressure phase relations on these recalibrated 
Gusev basalt compositions are reported here, and we find 
no significant change. In addition, the results of low- 
pressure crystallization experiments are discussed.   

 The rocks described from the Spirit landing site at 
Gusev Crater are dark, fine-grained vesicular basalts, 
containing <25% olivine phenocrysts [2,3]. Alpha-
Particle X-Ray Spectrometer (APXS) analyses of 
abraded samples indicate they are primitive basalts, with 
an average of 11% MgO. Orbital spectroscopy of broad 
areas of the surface of Mars suggests that similar olivine-
rich basalts are a widespread component of the Southern 
Highlands crust [4, 5]. 

High-pressure, high-temperature liquidus experiments 
that were performed on the preliminary Gusev composi-
tion have been redone using the recalibrated data (Table 
1) [2]. The phase relations have been investigated be-
tween 1 atm and 1.5 GPa at temperatures of 1240 to 
1400 °C. One atmosphere experiments were performed 
using the FePt wire-loop technique at an fO2 of QFM; 
high-pressure experiments were performed in a ½-inch 
piston cylinder, using Pt-graphite capsules. 

High-pressure phase relations: The high-pressure 
phase relations were not changed significantly by the 
recalibration of the data. Olivine remains the first silicate 
phase to crystallize at pressures up to 1.0 GPa; above this 
pressure, orthopyroxene becomes the first silicate phase 
to crystallize. The Gusev Crater basalt composition is 
multiply saturated with olivine + orthopyroxene + spinel 
near the liquidus at 1.0 GPa and 1310 °C (Figure 1). The 
previous experiments had a slightly higher pressure (1.1 
GPa) and somewhat higher temperature (1360 °C) at the 
multiple saturation point.  

The conclusion that the Gusev basalt is a primary or 
near-primary mantle melt remains quite robust. Melts 
segregated at shallow depths (1.0 GPa - 85 km), placing 
an upper limit on the thickness of the Martian 
lithosphere below Gusev Crater at the time of eruption. 
Based on anhydrous melting experiments [6] on a 
primitive Martian mantle composition [7], the melt 
fraction necessary to produce the Gusev basalts would 
be about 20 percent. 

Figure 1. Experimental phase diagram for Gusev Crater 
basalt. An olivine + orthopyroxene + spinel multiple 
saturation point was found on the liquidus near 1.0 GPa 
and 1310 °C. Dashed lines indicate the experimental 
phase relations of the preliminary Gusev composition. 
 

The 3.65 Ga age [8] and widespread distribution of 
Gusev-type olivine-rich basalts would suggest that they 
are an important part of the primitive Martian crust that 
forms most of the Southern Highlands. The high 
temperature of multiple saturation is in agreement with 
generation taking place early in Martian history and 
suggests that significant shallow mantle melting 
processes were still occurring at this stage of Martian 
history. 

 
Oxide (wt%) preliminary Recalibrated 
SiO2 45.73 45.57 
TiO2 0.49 0.55 
Al2O3 11.07 10.51 
Cr2O3 0.58 0.63 
FeO* 17.82 19.48 
MnO 0.39 0.42 
MgO 12.20 10.97 
CaO 7.63 8.05 
Na2O 2.89 2.35 
K2O 0.06 0.08 
P2O5 0.59 0.59 
Total 99.91 99.64 

 
Table 1.Composition used in the Gusev experiments has been 
averaged from the compositions reported for Adirondack, 
Humphrey, and Mazatzal. Preliminary compositions were 
reported in [3], recalibrated compositions used in the new 
experiments were reported in [2]. 
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Low-pressure crystallization: At 1 atm, the first 
phase to crystallize is Cr-rich spinel, immediately fol-
lowed by olivine. Olivine and Cr-rich spinel co-
crystallize until about 25 weight percent (about 20 vol-
ume %) olivine is formed, then plagioclase and pigeonite 
join the crystallizing assemblage. Experimental results 
thus suggest that low-pressure crystallization will lead to 
early crystallization of about 20 volume % of olivine 
phenocrysts before crystallization of a pyroxene + pla-
gioclase + olivine groundmass. Point-counting on micro-
scopic images of the least altered of Gusev crater basalts 
(Humphrey) indicates the presence of ~25 vol. % olivine 
megacrysts and pixels counts of grayscale images indi-
cate ~20 volume % olivine megacrysts in a groundmass 
formed of pyroxene, plagioclase, chromite and phos-
phates [2]. This is in agreement with experimental results 
and supports the idea that olivine crystals in Gusev crater 
basalts are actual phenocrysts, rather than xenocrysts. 
This idea is also supported by the similar composition of 
the three analyzed rocks, despite their wide range of 
megacrysts contents (9-25%). Furthermore, the composi-
tion of the olivine crystals at the point where pyroxene 
and plagioclase join the crystallizing assemblage is Fo63, 
close to the Fo60 suggested by Mössbauer spectroscopy 
of Gusev crater basalts [9]. 

Experimental liquids obtained by low-pressure crys-
tallization of Gusev basalts follow a tholeiitic different-
tiation trend (Figure 2) similar to that observed in Ice-
land or the Galapagos [10]. When compared to spectro-
scopically determined compositions of the Martian sur-
face (Surface Types 1 and 2), differentiated Gusev ba-
salts have lower silica contents and show a characteristic 
iron enrichment. This suggests that, under anhydrous 
conditions, Gusev-type basalts are not the parental mag-
mas of basaltic-andesitic and andesitic Type 1 and 2 
surface compositions. 

 

 
 
Figure 2.  Low pressure experiments on the preliminary Gusev 
composition are indicated by X's. Gusev basalts will not 
produce Suface Type 1 or Surface Type 2 liquids by any low 
temperature fractional crystallization path. Diagram modified 
from [11]. 

When compared to shergottites, Gusev Crater basalts 
are enriched in Al2O3 and Na2O, and have low Ca/Al 
ratios. Low-pressure crystallization of the Gusev Crater 
basalts slightly modifies the Al2O3 content, but the 
residual liquids still do not evolve to the compositions of 
shergottites (Figure 3). This indicates that shergottites 
are probably not related to the Gusev basalt by fractional 
crystallization, suggesting a different mantle source 
and/or different genetic processes.  
 

 
Figure 3. Low-pressure fractional crystallization of the 
Gusev composition (arrow) does not produce residual 
liquids similar to Shergottites (triangles).   
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