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As part of a consortium formed to investigate genetic links between achondrites and ordinary 
chondrites we have studied the mineral chemistries of three igneous inclusions and their host Antarctic 
ordinary chondrites from the following PTS: Y 75097, 86-4 (L6 chondrite host and igneous inclusion); and 
Y 7!?3241,91-1 (L6 host) and ,94-2 (inclusion); Y 794046,714 (H host) and ,53-3 (inclusion). The igneous 
inclusions of Y 75097 and Y 793241 are troctolites with achondritic textures and minor amounts of chromite, 
memllite, and trace secondary ilmenite intimately intergrown with chromite. The igneous inclusion in Y 
75097,86-4, which resembles Brachina [I], is about 70% olivine, 22% plagioclase, 6% memllite, and 2% 
chromite, and Y 793241,94-2 is about 82% olivine and 16% plagioclase, with about 2% chromite and 
merrillite. Olivine compositions in these inclusions 121 are nearly identical to those in their hosts (Fig. I), 
while plagioclases in the inclusions, particularly in Y 793241,94-2, are more Ca-rich than in their hosts (Fig. 
2). Pyroxenes in the L6 hosts are primarily orthopyroxenes, with minor fine-grained and lamellar high-Ca 
clinopyroxenes (Fig. 3): the compositions of coexisting olivine, pyroxenes, and chromites [2] are consistent 
with equilibration temperatures between 700 and 900°C according to Fe-Mg and Ca-Mg exchange 
geothermometers [3-51. Although differences in spinel and feldspar compositions, and rare earth elements 
(REE) and phosphorous contents [6], provide convincing evidence that Y 75097 and Y 793241, in particular, 
are not paired with each other, it appears that the inclusions from these two L6 chondrites originated by a 
similar genetic process involving magma formation elsewhere in the parent body. The magma formed by 
melting of chondritic parent, together with some alkali-rich material. The resultant magma crystallized 
olivine, chromite, and feldspars more Ca-rich than L6 hosts, and these residues accumulated to form the 
igneous inclusions. 

Y 794046,53-3 differs from the igneous inclusions of Y 75097 and Y 793241 texturally and in mineral 
assemblage and chemistry. From microprobe modal analysis (n=875), the igneous inclusion in Y 794046,53-3 
is 44.7 % olivine, 40.6 % pyroxene, 14.4 % plagioclase, and 0.34 % chromite, with minor to trace amounts 
of Fe-metal, troilite, and secondary ilmenite and rutile: the remaining portion of Y 79404633-3 contains 
several coarse grains of Fe-metal and troilite, and distinctly less Ca-pyroxene. In the main portion of Y 
794046,53-3, coarse pyroxene laths up to about 1 mm in length poikolitically enclose olivine. These laths 
have cores of Ca-poor orthopyroxene, rims of subcalcic augite (andlor pigeonite?), which are set in a matrix 
of medium to fine-grained olivine, and ophitic to sub-ophitic feldspar. The feldspars of this inclusion are 
substantially poorer in calcium than its H host and the igneous inclusions and L6 hosts of Y 75097 and Y 
793241 (Fig. 2). The olivines of this inclusion are slightly more ferroan than its host (Fig. I), and its clino- 
and orthopyroxene pyroxenes are respectively more Ca-poor, and more variable in Ca- and Mg-contents than 
those in its H host or the M hosts of Y 75097 and Y 793241. The mineral chemical data for Y 794046,53-3 
indicate that the inclusion crystallized rapidly, under disequilibrium conditions, with various mineral-pair 
thermometers indicating temperatures of 1200 to 800°C [2-5, Figs. 1,3]. This conclusion is consistent with 
results of calculations obtained with the MELTS program of Ghiorso and Sack [7]. These calculations 
demonstrate that under equilibrium conditions, the high-Ca pyroxenes which would crystallize would have 
Ca-contents significantly greater than those observed (Fig. 4). In situ fractionation (with consequent Fe- 
enrichment of liquids) must have occurred to produce pyroxenes with the Ca/(Ca+Fe+Mg) ratios observed. 
Secondary Fe-Mg exchange during subsolidus annealing must also have occurred to reequilibrate the 
Fe/(Fe+Mg) ratios of these pyroxenes. The chondrite host is strongly brecciated, and its mineral 
compositions suggest derivation of the igneous inclusion from its host, given severe heating and the reactions 
consequent therefrom. Hence, the igneous inclusion Y 794046,53-3 formed in situ from a melt produced by 
severe shock heating of the host. This melting was accompanied by loss of metal and sulfide, presumably in 
Fe-FeS eutectic with a threshold temperature of -988°C. Compositional data for siderophiles and 
chalcophiles [6] accord with this conclusion. Cooling times for the inclusion Y 794046,53-3 can be estimated 
as days to months, demonstrating that the shock-heated assemblage now represented by Y 794046, was near 
the surface of a breccia regolith, but was insulated by overburden on the meter-scale. 
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These three meteorites have brought to Earth samples of three parent regions. The inclusions in 
Y 75097 and Y 793241 sample at least two parts of the same magma pool or two pools, each of which was 
on the path to producing achondrites. These meteorites, like the LL7 chondrite Y 74160 [8], contain 
important clues to parent body processes that converted chondritelike parent material to achondrites. 
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Fig. 1. Molar Fe/(Fe+Mg) ratios of olivines and 
low-Ca pyroxenes in Y 75097, Y 793241, and Y 
794046 compared with the calibration for the 
Fe-Mg exchange reaction between orthopyroxenes 
with Ca/(Ca+Fe+Mg) = 0.16 and Fe-Mg olivines 
given by Sack and Ghiorso [4-51. 

Fig. 3. Molar CaFe and Ca/Mg ratios of Y 75097, 
Y 793241, and selected Y 794046 pyroxenes 
compared with the 1 atm calibration for stable 
and metastable phase relations between Pbca and 
C2/c pyroxenes in the Mg2Si206 (En) - 
CaMgSi,06 (Di) - CaFeSi20, (Hd) - Fe2Si206 
(Fs) system of Sack and Ghiorso [5] .  
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Fig. 2. Molar CaNa and CaK ratios of feldspars 
in Y 75097, Y 793241, and Y 794046 compared 
with a portion of the composition triangle defined 
by NaAlSi308 (Ab), CaA12Si208 (An), and 
KAlSi308 (Or) components. 

Fig. 4. Relationships between temperature, grams 
of minerals crystallized, and mineral composition 
variables for 100 grams of Y 794046 igneous 
inclusion bulk composition calculated for 
equilibrium crystallization from the MELTS 
program [7]. 
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