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Chemically, CIchondrites are regarded to be the most primitive chondrites; however, texturally and rninera- 
logically they are strongly brecciated and altered. In a previous study it was demonstrated that distinct lithologies 
exist in the CIchondrite Ivuna [I]. Many investigators already reported on the occurrence, mineral chemistry, 
and formation of carbonates and sulfates in CI-chondrites [2-6, and references therein]. In this course we 
examined two thin sections of Ivuna in order to find a relationship between the compositions of carbonates and 
the distinct lithic units. As a main result of this investigation we will demonstrate that each lithology has a 
characteristic carbonate composition. 

Results: As mentioned above, among others several distinct lithologies were identified in the CI-chondrite 
Ivuna [I] (lithology I: carbonate-rich, up to 10 vol% carbonates; lithology 11: sulfate-rich, no carbonates; 
lithology IU: rich in coarse-grained phyllosilicate fragments). Recently, we discovered a fourth lithology (IV), 
which is characterized by a high abundance of olivine grains. 

For this study we analysed 63 carbonate grains in Ivuna in order to shed light on the textural and 
compositional variability of carbonates in different lithologies. Carbonates in Ivuna are usually 10-70 pn in size. 
Two exceptions are (1) polycrystalline carbonate chunks intergrown with some magnetite in Ivuna described by 
[I], ranging in size from 60-300 pm (in the following referred to as carbonate fragments; Fig.l), and (2) 
carbonates in lithology IV, which are in general 4 5  pn in size. Magnetites (pure Fe304) within the carbonate 
fragments show typical morphologies known from CIS: platelets, spherules, framboids. The magnetites occur as 
inclusions or as lineaments (Fig. 1), as also recently described by [7]. In contrast, carbonates in lithology I rarely 
show magnetite inclusions, but often are intergrown with nearly pure Ca-phosphates apparently evidence for a 
contemporaneous precipitation of carbonates and phosphates from the same fluid. Except for carbonate 
fragments, a common feature throughout the studied Ivuna sections is a small sulfate-rim around carbonate 
grains. 

In general, dolomites (with up to 12 &YO MnO) are the dominant phase in the studied sections of Ivuna. 
Usually they exhibit a wide range of MnC03-contents, but only a limited range of FeC0,-contents, as recently 
reported by [7] for dolomites in Orgueil and Ivuna as well. In addition to dolomite we obsemed minor amounts of 
calcite and breunnerite. 

Dolomites within lithologies I, 111, and IV exhibit very similar W g - r a t i o  (Fig.2a,b,c); however, important 
differences are obvious in a M n  vs. Fe-diagram based on formula units (Fig.3). The Mn-contents of carbonates in 
lithology I never exceed 0.20, whereas all carbonates analyzed in lithology I11 have Mn-contents above 0.20 (with 
both lithologies having generally low Fe-contents <0.30). Carbonates in lithology IV show either very low Mn- 
contents (<0.02) combined with intermediate Fe-contents (0.18-0.28) or intermediate Mn-contents (up to 0.20) 
with very high Fecontents (0.62-0.73). 

In contrast to the wide compositional range of carbonates in Ivuna, the carbonates in the carbonate fragments 
are quite homogeneous (Fig.2d). 

Discussion: The observation that Ivuna carbonate compositions are linked to the lithologies in which they 
occur has strong implications for aqueous alteration processes generated on the CI-parent body(ies). It is 
suggested that distinct layers or units of the parent body were affected by aqueous alteration processes prior to 
brecciation and mixing of various rock types. Alternatively, but less probable in our view, the formation of 
carbonates with different compositions in distinct lithic units occurred after brecciation in the parent body 
regolith. McSween et al. [3] and Richardson [4] also proposed that fluids circulating in the CI-regolith must have 
experienced compositional changes locally and temporally, as also indicated by sulfate rims around carbonate 
grains. In general, our observations are in good agreement with most previous studies [4,6,7, and references 
therein] and match the predicted precipitation sequence of [4] with first crystallizing carbonates and then 
crystallizing Ca- and Mg-sulfates, respectively. Kemdge and Bunch [2] and Richardson [4] also stated that 
carbonate precipitation in CIS overlapped with a period of impact gardening, mainly based on the occurrence of 
"freshn mafic minerals and the wide distribution of carbonate fkgments, which [4] attributed to be remnants of 
former carbonate veins. Our observations in Ivuna are consistent with these suggestions. The homogeneous 
distribution of carbonate fragments throughout the studied sections, each up to several mm apart, and their small 
compositional variability compared to carbonates in distinct lithologies strongly implicates that all carbonate 
fragments share a common origin (e.g. precipitated from the same fluid) and were distributed by impact-related 
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processes. The possibility that carbonate fragments in CIS could represent debris of former carbonate veins is 
evidenced by their fragmental appearance and shapes in Ivuna (comp. Fig.1). The elongated shape of the 
carbonate fragment as well as the partly fibrous texture of the outer rim implicates crystal growth perpendicular 
to a vein surface. Due to textural evidence we suggest that carbonate fragments in Ivuna originate from former 
carbonate veins subsequently destroyed during regolith processes. 
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Fig. 1: An elongated carbonate fragment (light Fig. 3: Mn-contents vs. Fe-contents of carbonates 
grey) in Ivuna indicating crystal growth perpen- (based on formula units; CCa+Mg+Mn+Fe=2) from 
dicular to a vein surface. The inner part of the different lithologies in the CIchondrite Ivuna. 
fragment contains abundant magnetite (bright), 
showing all morphologies known from CIS. 
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Fig. 2: Chemical composition of carbonates from distinct lithologies and carbonate fragments within the CI- 
chondrite Ivuna. 
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