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WHY IS MARTIAN SOIL MAGNETIC?; R V. Morris, NASA Johnson Space Center, 
Houston, TX 77058. 

Summary. An iron ore which contains iron-bearing carbonates was calcined in air at temperatures 
up to 1000°C to study changes in mintralogy, particularly with respect to the carbonates. Mbssbauer, 
reflectivity, and magnetic data show that by 800°C the iron-bearing carbonate decomposed to a hi&- 
magnetic phase (probably maghemite). The presence of iron-bearing carbonate in martian meteorite 
ALH84001 suggests that the highly-magnetic component in martian soil could be maghemite produced 
fiom an iron carbonate precursor during meteoritic impact. 

INTRODUCTION. The results of the magnetic properties experiment on the two Viking landers 
indicate that Martian soil is magnetic and contains 1-7 wt % of a highly-magnetic material which is 
probably dispersed throughout the volume of individual soil particles [1,2]. The identity of the highly- 
magnetic phase is not known, although arguments for maghemite (y-F%03) [I-5],6-FeOOH [6], 
nanophase hematite (a-F%03) [4,7], titanomagnetite [8], and titanornaghemite [9] have been made. 
Identification of the highly-magnetic phase might permit determination of whether it is formed by primary 
igneous processes or is a product of weathering. If a weathering product, it might also be possible to infer 
its precursors. Identification of the highly magnetic phase is thus important for understanding weathering 
processes on and the climate history of Mars. 

A recent study [lo] of antarctic meteorite mH84001 shows that it is likely a martian meteorite. 
The meteorite contains carbonate minerals whose average composition is Ccl 1.5Mg58.0Sd29.4Rd111 [lo]. 
Because thermal decomposition of siderite (FeC03) is known to yield a strongly magnetic phase [e.g., 111, 
it is possible that the strongly magnetic phase in martian soil is a thermal decomposition product of iron- 
bearing carbonate. Reported here are initial results of a Miissbauer, visible and near-IR reflectance, and 
magnetic study of the effect of calcination on carbonate-bearing materials. 

SAMPLE AND METHODS. 
Lincolnshire iron ore (British Chemical Standard 
No. 30111; 4 8 0  pm powder) was used as the 
starting material for the calcination experiments. 
The certificate of analysis gives the chemical 
composition reported in Table 1. Calcinations 
were done in air at 400,800, and 1000°C for 3- 
40 hr. 

Table 1. Composition of B.C.S. 30 111. 
Total iron reported as F%03. 

Si02 7.40 Na20 0.07 
Ti02 0.16 K20  0.32 
4 0 3  4.26 S 0.40 
F q 0 3  34.03 P 0.35 
MnO 1.25 C02 22.2 
MgO 1.73 H20 5.2 
CaO 22.6 Total 99.97 

RESULTS AND DISCUSSION. Miissbauer and reflectivity spectra are shown in Figures 1 and 
2. The spectra for uncalcined BCS#301/1 are consistent with the presence of a ferrous carbonate (siderite) 
and g a t e  (a-FeOOH) at a particle diameter small enough that its magnetic sextet is highly relaxed [e.g., 
12, 13, 141. By 400°C, the spectra show that the siderite is still present and that g d t e  has undergone 
thermal decomposition to hematite. The uncalcined and 400°C samples are not magnetic (not attracted by 
a hand magnet). The two samples calcined at 800 and 1000°C are magnetic (attracted by a hand magnet). 
Although the Miissbauer spectrum of the 800°C sample is not yet available, its reflectivity spectrum shows 
clear evidence for hematite. The Miissbauer spectrum for the 1000°C sample shows no evidence for the 
siderite doublet. Because siderite is known to thermally decompose to a strongly magnetic material [e.g., 
11,151, it is likely that the magnetic material in both 800 and 1000°C samples is a result of the thermal 
decomposition of iron-bearing carbonate. Miissbauer data fiom calcination experiments on pure siderite 
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[15] show that its magnetic decomposition product is maghemite. This phase is probably the unresolved 
sextet present in the 1000°C sample. 

The results of [lo] show that iron-bearing carbonate is present on the martian surface. If present 
in suflicient amounts integrated over the history of Mars, iron-bearing carbonates (siderite solid solutions) 
could be the precursor for the 1-7 wt % highly magnetic material found in martian soil by the Viking 
magnetic properties experiment [1,2]. A siderite precursor implies that the highly magnetic material is 
maghemite. Decomposition of 1-7 wt. % siderite integrated over the history of Mars would be required to 
give martian soil the magnetic properties observed by the Viking landers. Based on laboratory experiments 
[e.g., 161, meteoritic impact is a possible way to decompose iron-bearing carbonates on Mars. 
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