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INTRODUCTION: 
Mantle compositions derived from cosmochemical arguments for the Earth, Venus and 

Mars, share a similarity to chondritic compositions. If a carbonaceous chondrite MgISi atomic 
ratio is assumed, then the largest major element difference between the mantles of these 
terrestrial planets can be described by variations in their mg#, the atomic ratio 
Mg/(Fe+Mg)*lOO (1). Earth and Venus models are iron-poor, mg# 76 to 99, relative to Mars, mg# 
67 to 78 (1,2,3). The Earth's mantle composition has also been predicted from the composition of 
peridotite nodules. The mg# of these samples fall largely within 87 to 92, but their atomic 
Mg/Si is higher than chondritic, -1.3-1.4 vs. 1.1 and their atomic Al/Ca is lower than 
chondritic, -1.2 vs. 1.3-1.4 (4,5). Previous experimental studies to determine the mineralogy 
and melting phase relations of an iron-rich Martian mantle have been performed with the 
Dreibus and Wanke (3) SNC (shergottites, nakhlites, chassignites ) parent body composition 
(DW) (6). The DW composition has chondritic ratios of Mg/Si and Al/Ca and mg# 75. In this 
study the subsolidus mineralogy and partial melting phase relations of four iron-rich bulk 
mantle compositions in the system CMASNF have been experimentally determined at 15 kbar. 
Peridotitic (atomic ratio Mg/Si=1.3, Al/Ca=1.2) and chondritic (Mg/Si=l.l, Al/Ca=1.3) 
compositions with mg#s of both 75 and 85 and Na20=0.5 wt% were studied (Table 1). The 
composition of a partial melt produced at 15 kbar and near solidus temperatures from the most 
iron-rich peridotite composition studied was also determined. 
EXPERIMENTAL TECHNIQUE: 

Experiments were performed in an end-loaded piston cylinder apparatus with a 0.5" 
diameter solid-media pyrex-NaC1-AlSiMag cell assembly. Starting materials were 
synthesized from spec pure oxides ground under ethanol in an agate mortar for one hour, reduced 
in a gas mixing furnace (1000" C, f02 at one log unit below QFM) for 24 hours, and reground under 
ethanol in an agate mortar to less than 5um. Approximately 10 mgs of a starting composition 
was sealed in graphite-lined platinum capsules. Run duration varied from 48 hours at near 
solidus temperatures to 3 hours at near liquidus temperatures. The partial melt composition of 
the iron-rich peridotite was determined using the diamond technique (7). A sintered diamond 
chip weighing 0.14 mgs was placed in the center of the peridotite mix and sealed in a graphite- 
lined platinum capsule. Run duration for this experiment was 48 hours. 
RESULTS: 

The mg# 75 compositions ME3 and PB have solidus temperatures at 15 kbar that are 
-20°C lower than the solidus temperatures of the mg# 85 compositions MA and PA. The mineral 
assemblage at the 15 kbar solidii of the chondritic compositions MA and MI3 and at the solidus 
of the mg# 85 peridotite composition PA is a lherzolite, clinopyroxene + orthopyroxene + 
olivine. The clinopyroxene stable at the solidus of the MA, MI3 and PA compositions is 
pigeonite with a CaSi03 component (Wo) of <20 mole%. The mineral assemblage at the 15 
kbar solidus of the mg# 75 peridotitic composition PB is a spinel wehrlite, spinel + 
clinopyroxene + olivine. The clinopyroxene stable at the solidus of the PB composition is 
augte  with Wo >25 mole%. Clinopyroxene melts out of all of the assemblages at 40 to 60 "C 
above the solidus. Like the melt produced at -20°C above the solidus of the DW mantle 
composition, the partial melt composition produced at 40°C above the solidus of the mg# 75 
peridotite composition PB (in equilibrium with a spinel wehrlite assemblage), is a picritic 
alkali basalt. However, the PB partial melt has a higher mg# (54.5) and is richer in CaO 
(11.5 wt%) and A1203 (15.0 wt%) than the DW partial melt (mg# 47.8, CaO 9.6 wt%, A1203 
13.0 wt%). 
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DISCUSSION: 
The calculated STP densities of the mg# 75 compositions MB and PB fall within the 

range of Martian mantle density proposed by Goettel(2), 3.44 0.06 g/cc. The calculated STP 
densities of the mg# 85 compositions MA and PA fall slightly below Goettel's estimate, by 
0.027 and 0.013 g/cc respectively. If the Goettel density estimate is accepted, then these results 
imply that the Martian mantle has an mg# <85. However, the mineral assemblages produced 
in this study bracket feasible 15 kbar Martian mantle assemblages. The absence of spinel from 
the lherzolite assemblages PA, MA and MB may be attributed to the high Na20 abundance of 
the bulk mantle compositions which results in the stability of aluminous-rich pyroxenes. The 
addition of Cr2O3 to these mantle compositions or the reduction of Na2O abundance will 
stabilize spinel. 

The melting reaction that takes place at the 15 kbar solidii of the model mantle 
compositions is determined by their stable mineral assemblages. Recent work at mantle 
pressures in both iron-free and iron-rich, mg#<90, systems has shown that a melting reaction 
that produces orthopyroxene occurs when the stable clinopyroxene is pigeonite with Wo <20 
mole% (8-12). All of the model mantle compositions studied have pigeonite stable at their 15 
kbar solidus except the mg# 75 peridotite composition PB. We may predict that a melting 
reaction that produces orthopyroxene is present in the spinel stability field of the Martian 
interior unless the interior has an iron-rich, mg#<85, peridotite composition. The PB melting 
reaction at 15 kbar is augite + spinel = olivine + liquid. Orthopyroxene is absent below the 
solidus and is not produced above the solidus by the melting reaction. Preliminary experiments 
with the PB composition in the garnet stability field at 25 and 30 kbar indicate that 
orthopyroxene is absent from the subsolidus assemblage, but pigeonite is stable. Therefore, 
orthopyroxene may be produced above the solidus by the melting reaction. If the Martian 
mantle has an iron-rich peridotite composition, then orthopyroxene may only be present in 
residual source regions that have experienced partial melting in the garnet stability field. 

References: 1) BVSP (1981) in Basaltic Volcanism on the Terrestrial Planets, Pergamon Press. 2) 
Goettel K.A. (1981) Geophys. Res. Lett., 8, 497. 3) Dreibus G. and Wanke H. (1985) Meteoritics 
20, 367. 4) Jagoutz E. et al. (1979) Proc. Lunar Planet. Sci. Conf. loth, 2031. 5) Maaloe S. and 
Aoki K. (1977) Contrib. Mineral. Petrol., 63, 161. 6) Bertka C.M. and Holloway J.R. (1994) 
Contrib. Mineral. Petrol., in press. 7) Johnson K.T.M. and Kushiro I. (1992) Geophys. Res. Lett., 
19, 1703. 8) Herzberg C. et al. (1990) J.  Geophys. Res., B95, 15,779. 9) Bertka C.M. et al. (1991) 
abst. EOS, 72, 317. 10) Kinzler K.J. and Grove T.L. (1992) J. Geophys. Res., B97, 6,885. 11) 
Bertka C.M. and Holloway J.R. (1993) 1. Geophys. Res., B98, 19,755. 12) Longhi J. and Kinzler 
K.J. (1993) abst. EOS, 74, 658. 

Table 1. Starting Compositions 

Chondritic Peridotitic 

model mantle MA MB PA PB 

oxide (wt%) 
SiO, 
A1203 

FeO 
MgO 
CaO 
NazO 
Mg/Si 
Al/Ca 
mg# 
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