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INTRODUCTION: Without seismic data, models of the internal structure of Mars are 
dependent on density profiles determined from the phase equilibrium relations of model mantle 
compositions and the equations of state of the phase assemblages stable at high pressure and 
temperature. The density profiles are constrained by the mass and moment of inertia of Mars. 
Whether a model mantle composition is consistent with the physical properties of Mars depends 
on the density profiles of the mantle and core and the depth of the mantle-core boundary. The 
purpose of our study is to provide the experimental data necessary to investigate the internal 
structure of Mars. Our recent study on structure and density of FeS (I) provides accurate density 
measurements of FeS at high pressure and temperature, eliminating one of the major 
uncertainties in determining density profiles of a sulfur-bearing Martian core. In this study we 
evaluate the relationship between the depth of the Martian core-mantle boundary and the sulfur 
content of the core using our density measurements of FeS at high pressure and temperature and 
a mantle density profile obtained by Kamaya et al. (2) for a Morgan and Anders model Martian 
mantle composition (3). We have also begun an experimental determination of the high-pressure 
mineralogy of a Dreibus and Wanke model Martian mantle composition (4) up to core-mantle 
boundary pressures. The effect of the density profiles of the mantle and core on the internal 
structure of Mars will be discussed. 

EXPERIMENTAL APPROACH: The densities of FeS at high pressure and temperature 
were determined by in situ synchrotron x-ray diffraction, using an externally-heated high- 
temperature diamond-anvil cell (5). The FeS powder samples were loaded in the sample chamber 
with a hydrostatic neon pressure medium between the two diamond anvils. High pressures were 
generated in Mao-Bell type diamond-anvil cell. While at high pressure, samples were heated by a 
small molybdenum-wire resistance heater around the diamond anvils and a large heater fitted 
around the protruding portion of the piston-cylinder. X-ray diffraction data collected at high 
pressure and temperature were analyzed to obtain the P-V-T equation of state for FeS. 

The model mantle composition chosen for study, MB, is listed in Table 1. The MB 
composition is similar to the Dreibus and Wanke estimate of Martian mantle composition (4). 
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 13 GPa in a split- 
cylinder multi-anvil device, using a sectioned graphite furnace assembly with a 18 mm-edged 
octahedra up to 8 GPa, and a straight walled LaCr03 furnace assembly with a 10 mm-edged 
octahedra above 8 GPa. Experiments have been performed at temperatures appropriate for a 
model liquid core Martian geotherm (6). Backscattered electron images of the experimental 
charges are used to determine phase relations, and quantitative chemical analyses are obtained 
with an electron microprobe. Micro-Raman spectroscopy is also used for the identification of 
high-pressure phases (7). 

RESULTS: In situ x-ray diffraction measurements revealed that FeS has a hexagonal NiAs 
superstructure under Martian core conditions (I). The least-squares fit of the Birch-Murnaghan 
equation of state to the experimental compression data up to 25 GPa at 800 K yielded a zero- 
pressure density p,  = 4.94 (fl.05) g/cm3 and isothermal bulk modulus KT = 54 (k6) GPa with its 
pressure derivative (aKTIaP)T = 4 for the high-pressure-temperature phase of FeS. The 
compression data suggest that the high-pressure-temperature phase of FeS is much more 
compressible than the high-pressure phase identified previously at room temperature (8). From 
density data collected at different temperatures, we also obtained the thermal pressure Pth (GPa) 
= PSooK + 3.7~10-3 (T - 800) for the high-pressure-temperature phase of FeS. Based on the new 
density measurements of FeS combined with the mantle density profile determined by Karnaya et 
al. (2), we calculated the depth of the Martian core-mantle boundary for the pure FeS core by 
satisfying simultaneously the mass ( 6 . 4 3 ~ 1 0 ~ ~  g) and the moment of inertia factor (0.365) of the 
planet. Our calculated depth of the Martian core-mantle boundary is about 1720 km 
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(corresponding approximately to a pressure of 20 GPa) for the pure FeS core, deeper than any 
previous calculation (2, 9). Using the thermal expansivity at high pressures recently determined 
for fcc-Fe (1 0), the calculated depth of the Martian core-mantle boundary is about 2134 km for a 
pure Fe core. For a model composition of Mars (2) with 13.9 wt% sulfur in the core, the Martian 
core-mantle boundary is located at a depth of 2000 krn (about 24 GPa), deeper than the silicate 
perovskite stability field (Fig. 1). 

The phase assemblage stable along a model liquid core geotherm from 5 to 8 GPa for both 
the Morgan and Anders (MA) and Dreibus and Wanke (MB) mantle compositions is 
clinopyroxene + orthopyroxene + olivine + garnet. In this pressure range the modal abundance 
of olivine and garnet are similar in both compositions but the ratio of opxlcpx is larger for the 
MB composition. By 10 GPa orthopyroxene is absent from both the MA and MB compositions. 
Kamaya et al. (2) report that the transformation of pyroxene to garnet begins at around 10 GPa in 
the MA mantle but we see no evidence of this transformation in the MB composition at either 10 
or 13 GPa. Our 13 GPa experiment contains two clinopyroxenes suggesting that orthopyroxene 
may have transformed to a high-pressure clinoenstatite structure as suggested by Pacalo and 
Gasparik (1 1). 

DISCUSSION: Providing that the densities of Fe and FeS and of the model mantle 
composition are well determined under conditions of the Martian interior, then the only 
uncertainty in calculating the core radius is the sulfur content of the core. Assuming a MA 
Martian mantle composition, a core with at least 30 wt% sulfur is required to eliminate a silicate 
perovskite lower mantle in Mars (Fig. 1). However, a variation of the mantle density profile may 
affect the calculation of the core radius. A variation in mantle density profile may result from the 
compositional dependence of the phase transition pressures. Careful determination of phase 
transitions and changes in modal abundance for model mantle compositions along a geotherm is 
crucial for evaluating such effects. Our experimental study of the model mantle composition of 
Dreibus and Wanke at high pressure and temperature will provide a direct comparison with the 
study of Kamaya et al(2) on the model mantle composition of Morgan and Anders. 

TABLE 1. Model mantle 
composition 

Si02 42.1 43.7 
A1203 6.5 3.1 
FeO 16.0 18.7 
MgO 30.2 31.5 
CaO 5.3 2.5 
Na7O - 0.5 
a Morgan and Anders, Dreibus and Wanke 
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Fig. 1. Calculated relationship between the depth of the Martian core- 
mantle boundary and the sulfur content, based on our experimentally 
determined density data of FeS. Dashed line indicates the depth for 
Mg-silicate perovskite becoming stable. 
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