
LPSC XXIII 153 

MINERALOGY OF FINE-GRAINED MATRIX IN THE IVUNA CI CARBONACEOUS 
CHONDRITE Adrian J. Brearley, Institute of Meteoritics, Department of Geology, University 
of New Mexico, Albuquerque, New Mexico 87 13 1 - 1 126, USA. 

Cosmochemically, the CI carbonaceous chondrites are regarded as the most primitive 
examples of meteoritic material, because their compositions correlate closely with that of the 
photosphere of the sun [I]. Despite their unfractionated compositions, it is now widely 
recognized that the minerals present in CI chondrites are not primitive condensation products, 
but are the result of complex processes which probably involved the interaction of a water-rich 
fluid phase with an anhydrous precursor material on the CI parent body [2]. These mineral-fluid 
reactions resulted in the formation of sulfides, oxides, carbonates, sulfates and ultrafine- 
grained phyllosilicates [3]. Until recently the exact nature of the fine-grained minerals in the 
matrix of CI chondrites was poorly understood and as a result the conditions of alteration and 
the mechanisms of the alteration reactions were not well-defined. Recent TEM studies of CI 
matrix [4,5,6] have begun to reveal differences in the fine-scale mineralogy of CI chondrites, 
which provide important insights into alteration processes which occurred on the CI chondrite 
parent body. To expand the database of well-characterized CI matrices I have carried out a 
detail SEM, microprobe and TEM study of matrix in the Ivuna CI chondrite, in a continuing 
effort to understand the evolution of these complex meteorites. Although several aspects of the 
mineralogy and petrology of Ivuna have been described [7,8,9,10], no detailed study of the fine- 
grained mineralogy of the matrix has been undertaken to date. 

Broad beam (10 pm diameter) electron microprobe analyses and SEM studies of Ivuna 
matrix were performed on a thin section which was subsequently studied by TEM. The matrix 
composition obtained by electron microprobe is in excellent agreement with the data of 
McSween and Richardson [7]. Elemental ratio patterns, normalized to Si and CI bulk values, 
show the characteristic depletions in Ca, Ti, Mn, Na and S and an enrichment in K, typical of 
CI chondrite matrices [6]. Both electron microprobe data and BSE images indicate that, at least 
in the sample studied, the matrix is compositionally relatively homogeneous. No clasts with high 
bulk Fe, such as those found in Orgueil [4] were found, although Ivuna is also a breccia [ l l ] .  
Disseminated throughout the matrix are sulfides, oxides and carbonates. Like Orgueil, magnetite 
with several different morphologies occurs in Ivuna matrix, including platelet and framboidal 
morphologies. Sulfides (pyrihotite and pentlandite) tend to have subhedral morphologies. Grain 
sizes are typically <10pm, but rare, large grains up to 100pm in size also occur. In comparison 
with Orgueil matrix, which contains a myriad of fine-grained magnetite particles <1pm in 
diameter throughout the matrix, Ivuna matrix contains relatively few fine-grained magnetites. 

TEM studies of Ivuna have confirmed that fine-grained magnetite is sparsely distributed 
in the matrix. The matrix is predominated by large regions of phyllosilicate minerals with two 
distinct overall morphologies. Comparable morphologies have been observed in Orgueil [4]. The 
bulk of the matrix in Ivuna consists of randomly oriented, very fine-grained (<30nm wide), 
poorly crystalline phyllosilicates. High resolution TEM imaging and analytical electron 
microscopy of these fine-grained phyllosilicates shows that they consist largely of serpentine 
(0.7 nm basal spacing) interlayered with minor saponitic smectite (1.1-1.3 nm basal spacing). 
This type of intergrowth appears to be a unique characteristic of CI matrix phyllosilicates [4,6]. 
The fine-grained serpentines typically have platy or slightly curved morphologies, although 
rolled and cylindrical types have also been observed. Unlike Orgueil, there is no evidence of 
iron oxide phases, such as ferrihydrite, occurring intimately intergrown with these fine-grained 
phyllosilicates. The second group of phyllosilicates occurs as discrete, irregularly-shaped clusters 
(1-4 pm in size), which consist of radiating or subparallel platy phyllosilicate crystals. These 
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crystals are relatively coarse-grained with grain sizes (parallel to their c-axes) of 50 to 100 nm, 
and appear to be relatively well-crystallized. These larger grains are also coherent, disordered 
intergrowths of serpentine and saponite, but in comparison with their fine-grained counterparts, 
saponite is the dominant phase and serpentine interlayers are rare. Occasionally, textural 
relationships are observed which provide evidence as to how the coarse-grained phyllosilicates 
form. Narrow (<2pm) vein-like features occur which crosscut the regions of fine-grained 
phyllosilicates. Coarse-grained phyllosilicates fill these veins or fractures and appear to have 
nucleated on either side of the fracture and have grown symmetrically on both fracture surfaces 
into the vein. Similar textures, but on a much larger scale (10-20 pm) have been reported in 
the Yamato-82162 CI carbonaceous chondrite [12] and have been attributed to phyllosilicate 
growth during parent body brecciation. In Ivuna, the veining occurs on a much finer scale and 
indicates that the coarser-grained phyllosilicates may have grown from fluids as they moved 
through fine fractures or channels. 

The compositions of both coarse and fine-grained phyllosilicates were determined by 
analytical TEM using a liquid nitrogen-cooled cold stage at -150°C to minimize elemental 
volatilization. The resultant data are plotted in Figure 1 in atom%. The coarse-grained 
phyllosilicates have compositions which are consistent with intergrowths of saponite and 
serpentine and lie along a relatively well-defined mixing line with an Fe/(Mg+Fe) ratio of 
-0.20. In contrast the fine-grained phyllosilicate compositions lie close to the serpentine solid 
solution line, but have a wide range of Fe/(Mg+Fe) ratios from 0.4-0.20. The departure from 
the ideal serpentine solid solution line is clearly due to the presence of minor saponite 
interlayered with serpentine. 

Mineralogically and texturally, there are clear, but subtle, differences between Ivuna and 
Orgueil, which further underscore the fact that CI chondrites have suffered somewhat different 
alteration histories. The absence of ferrihydrite in Ivuna indicates that it did not suffer the late 
stage period of oxidation which affected Orgueil. This is also supported by the Fe/(Mg+Fe) 
ratios of serpentine and saponite in Ivuna, which are intermediate between compositions 
observed in CI matrix clasts in Nilpena (0.28) [6] and those in Orgueil (0.15) [4]. Mg-rich 
phyllosilicates in Orgueil probably formed by the breakdown of Fe-saponite and serpentine 
under oxidizing conditions [6]. The wide range of Fe/(Mg+Fe) ratios observed in the fine- 
grained serpentines indicates that they may have undergone partial equilibration with an Mg- 
rich fluid from which the coarse-grained saponites grew in microfractures. 
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