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INTRODUCTION: 

Primary melts are liquid compositions in equilibrium with their mantle source region. 
Models that attempt to predict the diversity of lavas on a planet or outline the petrogenetic history 
of lavas require information about the chemical and physical properties of primary melts. These 
properties are determined by the bulk composition, modal assemblage, volatile content, and 
oxygen fugacity of the source region and by the degree of partial melting. 

Most estimates of the bulk composition of the Martian mantle rely on calculations of mantle 
density. These calculations suggest that the Martian mantle is denser than the Earth's mantle, a 
difference that is attributed to an iron-enrichment of the Martian mantle(e.g.,1,2,3). Calculations 
of mantle density depend on knowledge of the mean moment of inertia of Mars. This value is 
poorly constrained and recently a bwer estimate, which woukl result in a more Earth-like mantle 
iron abundance, has been proposed (4). However, if Mars is the parent body of SNC 
meteorites(5) then these samples help constrain the mantle composition independent of 
estimates of mantle density. Wanke and Dreibus (6) used element correlations between 
measured ratios in SNCs and chondritic abundances to predict a SNC parent body with a mantle 
enriched in iron relative to the earth. The purpose of this paper is to present our experimental 
melting phase equilibria data for an anhydrous Dreibus and Wanke mantle composition at 10, 20 
and 30 kb. 
EXPERIMENTAL TECHNIQUE: 

Experiments were performed in an end-loaded piston cylinder apparatus with a 0.5" 
diameter solid-media pyrex-NaCI-AISiMag 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 in a carbide 
container to less than 5utn. Approximately 10 mgs of the starting composition was sealed in 
graphite-lined platinum capsules. Run duration varied from 48 hours at near solidus temperatures 
to 1 hour at near liquidus temperatures. 
RESULTS: 

Phase equilibria data for the Dreibus and Wanke, (DW) mantle composition at 10, 20 and 
30 kb are shown in Figure 1. Experimental Fe/Mg distribution coefficients for ol / opx and gt / cpx 
pairs in the subsolidus mns are in good agreement with previously determined values (7,8). A 
spinel lherzolite assemblage is stable to at least 20kb, but the subsolidus spinel phases are less 
than 10um in size and exhibit variations of up to 7 wPh in aluminum and chrome contents. Mass 
balance calculations to express the DW mantle composition as proportions of the analyzed 
subsolidus phases were performed with a least squares fit technique. In all cases the calculated 
modes duplicate the starting composition with a total error of less than 1.5 wt%, most of which can 
be attributed to poor spinel analysis. . Enough melt accumulated at the top of some of the charges mn in the opx+ol+liq and the 
ol+liq fields that the resulting quench crystals + glass material could be analyzed by rastering a 2- 
urn beam across a 20-um x 20-um area. The analyzed melts are kornatiitic. Experimental Fe/Mg 
oVmelt and oVopx distribution coefficients also compare favorably with previously determined 
values (97) and mass balance calculations duplicate the starting composition with a total error of 
less than 2.5wt%. 
DISCUSSION: 

Compared to the earlier model Martian mantle bulk compositions, (i.e. Morgan and 
Anders(2), Goettel(3) ), and the proposed terrestrial undepleted mantle samples, (PHN 161 1 
(lo), KLB-1(1 I)), the DW composition has a greater modal abundance of orthopyroxene (12) 
largely at the expense of olivine or clinopyroxene. Partial melting of a DW lherzolite assemblage 
produces a larger temperature interval of primary melts in equilibrium with only olivine and 
orthopyroxene. Our data indicates a minimum interval of 200" C at 10kb and 120" C at 20 kb. 
Experimental data for KLB-1 at 15kb (13) and PHN1611 at 20kb (14) indicate maximum olivine + 
orthopyroxene + melt intervals of 100°C. The primary melt compositions produced in this interval 
will be picritic to komatiitic. Tholeiitic and alkali basalt melts are expected to be produced at lower 
degrees of partial melting, before clinopyroxene or the aluminous phase are exhausted. 
However, the relative abundance of these primary magma types compared to the komatiitic 
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melts can not be evaluated without additional data. Although clinopyroxene is present in 
subsolidus experimental assemblages it is absent above the solidus except in two experimental 
charges from the spinel lhetzolite field at 15 and 20kb. These charges were equilibrated at 
temperatures well above the solidus then lowered in temperature to the solidus. Their 
clinopyroxene compositions are very similar to those found in the subsolidus runs. This data 
suggest that clinopyroxene may melt out of the spinel lherzolite assemblage within 20° C of the 
solidus. Our previous experimental.work (1 2) suggested that an iron-rich lherzolite assemblage 
would yield a picritic alkali basalt at small degrees of melting. 

The surface features of Martian lava flows are often attn'buted to high eruption rates andlor 
low viscosity magmas (e.g.,16 ). Our previous work (17) suggested that the picritic alkali basalt 
produced at low degrees of partial melting at 23kb has a viscosity of 3 poise at source region 
pressure; similar in magnitude to its calculated latm. values at the same temperature. This 
viscosity is much smaller than that measured for a terrestrial tholeiite composition at 20kb and 
near liquidus temperatures, 25 poise(l8) but similar in magnitude to latm. calculated values for a 
terrestrial alkali basalt at its 30kb liquidus temperature. Magma ascent rates or crystal fractionation 
processes in the two planets for any given primary melt type (i.e, atkali basalt, tholeiite,komatiite) 
may be more sensitive to gravitational differences between the two planets than to viscosity 
differences between the melts at their respective liquidus temperatures. Additional near solidus 
phase equilibria data for the model DW Mars mantle should reveal whether or not the bulk 
composition and resulting modal mineralogy favor the production of low viscosity pictitic and 
kornatiitic primary melts. 
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Figure 1. DW Anhydrous Experimental Phase Assemblages 
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