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Fe/Mn CONSTRAINT ON PRECURSORS of BASALTIC ACHONDRITES. 
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Most achondritic meteorites have Fe/Mn ratios that are lower than those of carbonaceous 
chondrites and of course are lower than the solar system abundance ratio of these elements [I]. 
Models of the origin of achondritic assemblages must therefore account for these ratios. Fe/Mn 

ratios are suggested to be distinctive for samples from each achondrite parent body [2] and for  the 
Earth and Moon, but the correspondence between the Fe/Mn systematics of achondrites and 
chondritic precursors is unclear. Most models of achondrite genesis involve magmatic differentiation 
of chondritic precursors. The Fe/Mn difference between achondrites and chondrites is particularly 
significant since Fe and Mn are geochemically similar elements with similar partitioning behavior in 
familiar magmatic systems and are generally coupled during crystal-liquid fractionation. In contrast, 
however, Mn is more volatile than Fe  in a nebular setting. Variation of Fe/Mn ratios based on the 
relative volatility of these elements in the early nebula provides a constraint for models by which the 
basaltic achondrites (with Fe/Mn ratios = 25-50) are derived from mixtures of nebular components 
that were enriched in volatile components such as Mn [3]. However, such volatile enriched 
components have not been identified in chondrites. When the abundance in achondrites of elements 
of similar volatility is examined, anomalies appear [4,5]. For example, Na is massively depleted in 
basaltic achondrites when compared to Mn. These anomalies might be explained using current 
models but the alternative hypothesis, that Fe/Mn ratio is controlled not by nebular volatility 
constraints, but by planetary differentiation should be explored. 

REDOX DRIVEN FRACTIONATION: Source region,crystal-liquid fractionation models for 
achondrites are  based on indirect evidence that oxygen fugacities were close to the iron-wiistite buffer, 
enabling the production of both FeO-bearing silicates and limited metallic iron. At oxygen fugacities 
below iron-wiistite, however, conventional magmatic processes are modified by the effect of metal 
fractionation. If metal occurs at, or above, the solidus of an achondrite precursor system, then metal- 
silicate fractionation will drastically modify the oxidized Fe content of the silicate fraction and hence 
the Fe/Mn ratio of the silicates. Thus redox driven removal of metal will reduce the Fe/Mn ratio of a 
silicate assemblage. Although redox modification of Fe/Mn is recognised in ureilites [6] the 
application of redox exchange models to other achondrite suites has been limited. In carbonaceous 
chondrites typical Fe/Mn ratios are 90 to  150 similar to, or higher than, the solar system value of 97 
[I]. Eucrites, howardites and diogenites have Fe/Mn ratios between 30 and 45. If basaltic 
achondrites ultimately evolved from a precursor material with solar system average composition then 
Fe-Mn fractionation occurred. Partial melting experiments using a CM-chondrite composition [7] 
carried out at f02 slightly below the iron-wiistite buffer, produced little difference between the 
precursor Fe/Mn and that of the coexisting 'achondritic' magma, presumably because relatively little 
iron metal was produced. If, however, melting of a carbonaceous chondrite occurred under more 
reducing conditions, fractionation of metallic iron could alter these results. Murchison contains 
1.85%wt of elemental C [8]. Initial melting of such material may therefore be buffered by the reaction 
C + FeO = CO t Fe, rather than the iron-wiistite buffer, at least until the carbon is exhaustcd. If all the 
carbon present reacted to reduce FeO, about l l%wt  FeO in Murchison would be reduced to Fe. This 
is almost half the FeO in Murchison and is equivalent to reduction of Fe/Mn from about 110 to about 
55-60. Reduction of FeO to Fe by the reaction C + FeO = CO + Fe can theref ore reduce the Fe/Mn of 
the silicate fraction dramatically. If the reaction involved the production of CO:! as well, even greater 
reduction of Fe and the Fe/Mn ratio would occur. Preliminary experiments on a CM analogue system 
[Boesenberg; in progress] indicate that melting of high Fe/Mn material under very reducing 
conditions produces low ratios (5-60) at all temperatures from 1180 to 1550'~. 

Reduction of a CM precursor does not alter any cosmochemically significant ratios except those 
ratios involving Fe (and Ni). Thus Mg/Si, Ca/A1 and refractory/volatile ratios remain at generally 
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solar system values. Of course, the Fe/(Fe t Mg) ratio is significantly reduced. Reduction of a CM 
host provides a better match for the eucrite source region than the H-chondrite model of [4]. 
Reduction of metal from a CM bulk composition, leaves the Mg/Si ratio unaffected although the 
silicate portion becomes more pyroxene normative. This is of particular importance for the basaltic 
achondrite suite as they are comprised of basalts approximating the peritectic point in the olivine- 
plagioclase-Si0z system [9] and orthopyroxenites. Olivine in basaltic achondrites is rare, either 
because it was seldom excavated by the impacts that sampled the basaltic achondrite parent body, or 
because olivine was not as abundant as would be expected for simple melting of a chondritic precursor. 
Reduction of metal from a CM-like precursor reduces the amount of FeO available to form olivine, 
increasing the normative pyroxene content of the silicates and also reduces the discrepancy between 
the Fe-Mn systematics of the most plausible chondritic precursors and the observed achondrites (Fig. 
1). Source region compositions that are capable of yielding both diogenitic assemblages and eucritic 
assemblages in the abundance seen in the basaltic achondrite suite are  much more tightly constrained 
than those capable of yielding only eucrites. Source regions that are more silica normative than C- 
chondrites are required. Clearly this reduction model provides a potentially powerful means to 
generate the required compositions. The main anomaly of this model lies in the Fe/(Fe + Mg) ratio of 
the silicate portion (=0.25), but this might be controlled by crystal-liquid fractionation at higher 
oxygen fugacities 

Bulk compositions estimates of the source region of basaltic achondrites are typically more SiOz 
normative than bulk CM chondrites [4,5] and are also more appropriate for the production of 
abundant diogenites and eucrites with relatively minor intermediate compositions that are typical of 
howardites and polymict eucrites. Remarkably the model compositions of the EPB compositions 
based on trace elements are almost colinear with the reduction trend for CM chondrites when 
projected into the 01-plag-SiO2 pseudoternary [9]. Reduction of a Murchison-like precursor, implies 
the presence of at least 8.5% metallic Fe in the parent body if all C were oxidized as described. 

CONCLUSIONS: If partial melting of CM-composition material is buffered by C-CO or C-COZ 
reactions until the original C content of the CM material is exhausted, removal of abundant metal 
from the melts will reduce the Fe/Mn of the silicate fraction from the original high solar system ratio 
(= 100) down to values that are compatible with the compositions needed in the eucrite source regions. 
This reduction also increases the normative SiOz of the silicate and produces a bulk silicate 
composition similar to independent EPB estimates. The melt fraction may then act as the source 
region for eucritic/diogenitic assemblages with melt buffering probably close to the iron-wiistite 
buffer. Achondrite and some planetary Fe/Mn ratios, therefore, need not reflect nebular 
volatile/refractory fractionation, but are probably a consequence of early metal-silicate fractionation 
caused by oxidation of all or part of the parent body's carbon budget 
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FIGURE 1: Detail of 01-plag-Si02 
pseudoternary diagram [9] showing 
composition change of bulk CM-silicate (M b) 
after reduction by C to form CO (M-R1) or- 
C02 (M R2). EPB estimates by [4] "H" and [5]  
"D-b" and the eucrite peritectic composition 
are also shown. 
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