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Summary. Recent observations of fractionated, igneous inclusions in chondrites have raised important 
questions concerning the timing of melting of the parental melts relative to chondrite accretion, and the 
mechanism by which mixing of chondritic and basaltic components is achieved. Kurat and Kracher (1980) 
reported the occurrence of several pyroxene-plagioclase, basaltic inclusions in Land and suggested that 
they were derived from differentiated melts. We have studied a hrther three, similar inclusions in Land, 
and one in Kainsaz, in order to reexamine the genesis of such objects. Based on preliminary electron 
microprobe data, we suggest that these inclusions are better described as Al-rich chondrules. Metammatic 
introduction of Fe, Na and K into the inclusions altered silica to ferrosalite and phgmclase to nepheline. 
This process may have taken place in the nebula before chondrite accretion. 
Introduction. Three basaltic inclusions in the Land C03 chondrite have been described previously [I]. 
These authors suggested that the inclusions are differentiated melts, possibly formed by impact melting, 
and that a secondary metasomatic event introduced Fey Na and K into the system in a water-fiee 
environment. Several questions remain to be answered, including the nature and origin of the basaltic melts, 
and the timing and location of Na and Fe mestasomatism. It is also important to assess how widespread the 
occurrence of such inclusions may be, by searching for similar objects in other C03 chondrites. 
Observations. In this study we found three further, similar inclusions in Land (LBI, LB2, LB3) in a 
search of 3 thin sections. We also searched a total of 9 thin sections of other C03 chondrites (ALH 
A77307, ALH A77003, Kainsaz, Ornans, Isna, Warrenton) and found only one similar, plagioclase- 
bearing object in Kainsaz (KB1). These four inclusions are 250-350 pm in size and have several properties 
in common. Three are strikingly round in thin section, and the fourth (LB2) has a rounded, pear-shaped 
morphology. LBl has a clearly defined, fine-grained, complete rim and the other inclusions have partial 
rims. All the inclusions were clearly identified in an optical microscope, by the presence of laths of 
plagioclase occurring in an ophitic texture with pyroxene phenocrysts. 
Mineralow. The predominant phenocryst assemblage in all four inclusions consists of an intergrowth of 
low-Ca orthopyroxene (Wo3_g), augite and plagioclase. Augite commonly occurs as rims on 
orthopyroxene. In LBl and LB2, assemblages of clinoenstatite (Wolm2) are present with small olivine 
chadocrysts enclosed, and these are located near the edges of the inclusions. LB3 contains abundant olivine 
but no clinoenstatite, and neither of these minerals is present in KB1. Mean compositions of olivines and 
pyroxenes are shown in Fig. 1. Clinoenstatite, orthopyroxene and augite are all extremely low in FeO 
(FsC2). Minor element concentrations (Ti, Al, Mn, Cr) are high, similar to those reported by [I]. Olivine is 
strongly zoned (Fa342 in LBl), with Fe enrichments at grain edges and around cracks. Mean olivine 
compositions are correspondingly higher in FeO than the associated pyroxenes (Fa15-31). Plagioclase 
grains are altered to varying extents by a Na-rich phase that we infer to be nepheline (Fig. 2). Nepheline 
occurs as thin (<I pm) parallel lamellae that propagate through the crystal, suggesting that replacement is 
crystallographically controlled by the host plagioclase. Unaltered plagioclase compositions are in the range 
Anso-Ango. The Naf(Na+K) ratio of the nepheline is around 0.93 in Lanai and 0.98 in Kainsaz. Alteration 
is considerably less pronounced in KB1 than in the Land inclusions (Fig. 2). Fe,Ni metal and Fe sulfide 
blebs are present as a minor component in all the inclusions. The groundmass of the inclusions consists of a 
fine-grained intergrowth of several phases, including an FeO-poor Ca-rich pyroxene and an FeO-rich, Ca- 
rich pyroxene. The latter was described previously by [I], and termed ferrosalite. Compositions of this 
phase in LB2 and KB1 are included in Fig. 1. In KB1, the ferrosalite is present as a lacy network 
surrounding islands of silica, and appears to be a reaction product of Fe and primary SOZ. This texture is 
not as well defined in any of the Land inclusions studied, where the reaction appears to be nearer 
completion. The primary assemblage is evidently silica-bearing, which was not noted by [I]. 
Discussion. Several features of the inclusions suggest that they formed by a process similar to that which 
formed ferromagnesian chondrules. These include their round shapes, the presence of rims, and their clearly 
igneous textures. Rapid cooling rates are indicated by the presence of twinned clinoenstatite. The presence 
of both olivine and silica indicates disequilibrium conditions. The primary assemblage crystallized in a 
reducing environment, as indicated by the Mg-rich compositions of the silicates and the presence of Fe,Ni 
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metal. We suggest that these inclusions are more closely related to Al-rich chondrules [2] than to 
differentiated melts formed by igneous processes. The apparently high concentration of these inclusions in 
Land relative to the other C03 chondrites indicates that formation of these objects was rather localized. 

The presence of nepheline replacing plagioclase, and ferrosalite replacing silica, shows that these 
inclusions have experienced secondary alteration in which Na, K and Fe were added to the system, as 
suggested by [I]. Two different environments for this process are possible: 1) reaction with Fe-Na-K-rich 
vapors in the nebula, after crystallization, and 2) solid-state exchange during parent body metamorphism. 
The C03 chondrites appear to have experienced an episode of metamorphism after accretion [3], so that 
any earlier alteration may be partially overprinted by this later event. The major characteristic of parent 
body alteration is elemental exchange of Fe and Mg between chondrules and matrix, but there is little 
evidence for major redistribution of alkalis. The style of alteration involving alkalis and Fe observed in the 
inclusions is very similar to that commonly observed in CAIs in CV3 and C03 meteorites [4]. In these 
cases, alteration is attributed to low-temperature gas-solid exchange, probably in a nebular environment, 
and nepheline is a common replacement mineral. Several observations in our study lead us to believe that 
the principal characteristics of the inclusions were established during a period of metasomatism prior to 
accretion, and that the effect of parent body metamorphism is relatively minor. A similar history has been 
proposed for CAI in Ornans [5]. These observations include: i) The FeO enrichment in olivines in the 
Land inclusions (means is more pronounced than enrichments observed in comparable primary 
Mg-rich olivine from type I chondrules in the same chondrite (mean Fa5, [3]), ii) The F a g  ratio of the 
pyroxene produced by reaction with silica in KB1 is considerably higher than that expected in a chondrite 
of subtype 3.1, iii) There is no evidence that other chondrules or matrix in Land or Kainsaz have been 
affected by alkali metasomatism, although Land matrix has been incipiently altered by aqueous fluids [6], 
iv) The low Na abundance in bulk chondritic C03 compositions appears to preclude the internal generation 
and transport of Na-rich fluids which could cause the observed style of alteration. We suggest that these 
Al-rich inclusions have been a f f i  by similar pre-accretionary processes to CAI in the same chondrites. 

This prelmrmy study shows that the Kainsaz inclusion, KB 1, is less altered than any of the Land 
inclusions. This difference may be associated with parent body metamorphism, because Kainsaz (subtype 
3.1) is less equilibrated than Land (subtype 3.4). However, it is not clear to what extent metasomatism and 
metamorphism are related, on the basis of the limited number of inclusions studied. 
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Fig. 1. Mean pyroxene and olivine Fig. 2. Analyses of altered feldspar 
compositions in the four inclusions in LB 1 and KB 1, 10 pn electron beam. 
studied. Alteration product appears to be nepheline. 
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