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A PROFILE OF MARTIAN MANTLE MINERALOGY AND DENSITY UP TO 
CORE-MANTLE BOUNDARY PRESSURES; C. M. Bertka and Y. Fei, Geophysical 
Laboratory and Center for High-Pressure Research, Carnegie Institution of Washington, 5251 
Broad Branch Rd., N.W., Washington, DC 20015 

INTRODUCTION: We have experimentally determined the mineralogy of a Martian 
mantle composition along a model marstherm up to core-mantle boundary pressures. 
Experiments were performed in a multi-anvil apparatus with a starting composition similar to the 
Dreibus and W W e  (I)  estimate of Martian mantle composition. The marstherm chosen for study 
was derived from the assumption of a liquid core (2). The modal abundance of the minerals 
present in the experimental run products was estimated with mass balance calculations. A density 
profile of the Martian mantle was calculated from the modal abundance and the equations of 
state of the minerals stable at high pressure and temperature. Combined with the constraint of the 
mass of the planet, and an estimate of the moment of inertia factor for Mars, the mantle density 
profile can be used to calculate the depth to the core-mantle boundary for a given core 
composition. 

EXPERIMENTAL APPROACH: The model mantle composition chosen for study, 
MB, is listed in Table 1. The MB composition is similar to the Dreibus and Wsnke estimate of 
Martian mantle composition (1). The MB composition was synthesized from spectroscopically 
pure oxides and carbonates reduced in a 1 atmosphere gas mixing furnace. Data have been 
collected up to 24 GPa in a multi-anvil apparatus, using a sectioned graphite furnace assembly 
with a 18-mm-edged octahedrdll-mm TEL (truncation edge length) up to 9 GPa, a straight 
walled LaCr03 furnace assembly with a 10-mm-edged octahedrd5-mm TEL up to 17 GPa, and a 
Re furnace assembly with a 8-mm-edged octahedrd3-mm TEL up to 24 GPa. All of our furnace 
assemblies were designed to minimize the temperature gradient across the sample length, -25OC 
for the largest assemblies and -50°C for the smallest assembly . The starting material was 
contained in a graphite-lined Pt capsule up to 9 GPa and a Mo capsule at pressures greater than 9 
GPa. Backscattered electron images of the experimental charges were used to determine phase 
relations, and quantitative chemical analyses were obtained with an electron microprobe. Micro- 
Raman spectroscopy was also used for the identification of high-pressure phases (3). 

RESULTS: The phase assemblage stable along a model liquid core marstherm from 2 to 9 
GPa for the Dreibus and W W e  (MB) mantle compositions is olivine + clinopyroxene + 
orthopyroxene + garnet. By 10 GPa orthopyroxene is absent from the assemblage. Olivine + 
clinopyroxene + garnet coexist up to 13 GPa. The 13-GPa experiment contains two 
clinopyroxenes. In the transition zone, the olivine-spinel phase relations progress with increasing 
pressure from olivine + gamma-spinel at 13.5 GPa, to beta-phase at 14 GPa, to beta-phase + 
gamma spinel at 15 GPa. Magnesiowustite is stable throughout the transition zone in Mars. Up 
to 15 GPa majorite, garnet and clinopyroxene are also present. At 17 GPa clinopyroxene is 
absent and majorite + gamma-spinel coexist with minor magnesiowustite. Above 17 GPa the 
stable assemblage is magnesiowustite + gamma-spinel + majorite + garnet + stishovite. At 19 
GPa CaSi03-perovskite is also present. By 24 GPa, in the Martian lower mantle, 
magnesiowustite, majorite, garnet and stishovite coexist with CaSi03- and (Mg,Fe)Si03- 
perovskite. The density profile calculated from these assemblages is shown in Figure 1. 

DISCUSSION: Kamaya et. al(4) also determined a density profile for the Martian mantle 
based on a limited number of high-pressure experiments with the Morgan and Anders (5) 
Martian mantle composition (MA). Our experiments extend to higher pressures, and over the 
same P-T range are more numerous, than this previous work. Mineral phases reported to be 
present in the upper mantle and transition zone by Kamaya et al. (4) are similar to those reported 
in our study, although modal abundance varies and we report the presence of stishovite in the 
transition zone. The Kamaya et al. (4) density profile is also shown in Figure 1. The slightly 
greater density of the Morgan and Anders (5) upper mantle compared to the Dreibus and W u e  
(I) upper mantle can be attributed to the greater modal abundance of garnet in the Morgan and 
Anders (5) upper mantle at the expense of pyroxene. The Morgan and Anders (5) composition 
has twice as much CaO and A1203 as the Dreibus and W W e  ( 1 )  composition (Table 1). 
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Likewise, the sharper increase in density at the beginning of the transition zone in the Dreibus 
and W a k e  (I)  mantle is due to the greater proportion of olivine, gamma-spinel and beta-phase, 
relative to majorite and garnet, in the Dreibus and W2nke ( I )  mantle than in the Morgan and 
Anders (5) mantle. Above 17 GPa, where clinopyroxene is no longer stable, the two profiles are 
very similar although density increases marking the appearance of gamma-spinel and CaSiOg- 
perovskite or stishovite do not directly coincide in pressure. 

We calculated the depth of the Martian core-mantle boundary for a Martian core with 14 
wt% sulfur ( I )  by combining recent measurements of FeS density at high pressure (6) with both 
the Morgan and Anders (5) mantle density profile, determined by Kamaya et al. (4), and the 

Dreibus and Wiinke ( I )  mantle density profile 
TABLE 1. Model mantle determined in this work. By satisfying 
compositions simultaneously the mass ( 6 . 4 3 ~ 1 0 ~ ~  g) and the 

moment of inertia factor (0.365) of the planet, we 

wt% MAa M B ~  calculate that the Martian core-mantle boundary is 
located at a depth of 2000 km (about 24 GPa) for 

SiO2 42.1 43.7 
both the Morgan and Anders (5) and the Dreibus 

A1203 3.1 
and Wiinke ( I )  mantles. The calculation is 

6.5 
FeO 16.0 18.7 

insensitive to the variations between these two 

MgO 30.2 31.5 
density profiles. Both profiles yield a similar result, 

CaO 5.3 2.5 
the core-mantle boundary is deeper than the silicate 

Na20 - 0.5 
perovskite stability field. Differences between the 
density profiles may prove to be more significant 

a Morgan and Anden, Dreibus and W M e  when interpreting future seismic data for Mars. 
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Fig. 1. Martian mantle density profiles. This study (solid line), Dreibus and Wac (1)  mantle; 
Kamaya et al. (4) (dashed line), Morgan and Anders (5) mantle. 
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