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MINERALOGY VERSUS BULK COMPOSITION OF THE CARBONACEOUS 
CHONDRITE CLAST KAIDUN 11. F. Brandstatter and G. Kurat, Naturhistorisches Museum, 
Postfach 417, A-1014 Vienna, Austria, A.V. Ivanov, Vernadsky Institute of Geochemistry and 
Analytical Chemistry, Moscow 117975, Russia, H. Palme and B. Spettel, Max-Plank-Institute fiir 
Chemie, D-65 Mainz, Germany. 

Kaidun is an unusual chondritic meteorite. Its main mass is of CR-type (Kaidun I) and contains CI- 
like (Kaidun 11), EL, and EH clasts [1,2]. As already noticed in [2] the classification of Kaidun I1 
based on mineralogy and bulk chemical criteria does not allow an unarnbigious assignment to CI. Here 
we report on the bulk chemical composition and the mineralogy of the Kaidun I1 clasts. The results of 
our investigation show that Kaidun I1 has some characteristics of both CI and CM chondrites. A 
possible relationship to the texture and composition of micrometeorites is indicated. 
Mineralogy Kaidun I1 consists mainly of matrix dominated by phyllosilicates (serpentine and saponite, 
[3] ) and variable ,amounts of opaque phases (mostly magnetite and pyrrhotite) with morphologies 
typical of CIS. Less abundant, but not rare are isolated grains (< lOpm - 30 pm) of anhydrous 
silicates and carbonates [4]. Among the silicates forsteritic olivine (Fo96 - Fo99) is most abundant 
followed by enstatite. In addition, a few grains of Fe-rich olivine (down to Fo42) and Ca-rich 
pyroxene have been encountered. Calcite is the dominant carbonate, less common is dolomite. 
Mineral composition The Mg-rich olivines have generally high minor element contents. CaO, MnO 
and Cr203 vary from <0.02-0.62, < 0.02-2.5 and 0.13-1.30 wt.-%, respectively. The contents of 
A1203 and Ti02 are on average C0.05 wt.-%. Enstatites (0.80-3.50 wt.-% FeO) are also rich in 
minor elements. The ranges for CaO, MnO, Cr203, A1203 and Ti02 are 0.37-2.15, 0.05-0.51, 0.02- 
0.97, 0.10-1.86 and 0.05-0.18 wt.-%, respectively. Calcites are relatively rich in FeO ( 1.1-1.3 wt.- 
%) and poor in MnO (<0.02-0.05, whereas the dolomites are rich in FeO (4.1-4.7 wt.-%) and in 
MnO (2.1-4.5 wt.-%). 
Matrix composition The bulk composition of the matrix in Kaidun I1 has been determined by electron 
microprobe defocussed beam technique. Normalized elemental abundances (average of 54 analyses) 
and averaged analyses of CI and CM matrices as given by [5] are listed below. 

Bulk composition Three samples of Kaidun MKD2, MKD7 (compact type) and MKD8 (fluffy type) 
which were assumed to be of CI-type composition have been analyzed by neutron activation analysis. 
MKD2 corresponds to the sample previously described as Kaidun I1 [ I ,  21. CI-normalized abundances 
of lithophile and siderophile elements are shown in Figures 1 and 2, respectively. 
Discussion Except for the generally high MnO contents forsteritic olivines in Kaidun I1 are similar in 
their minor element contents to forsterites in CI chondrites (e.g., [6]). Low-Fe, Mn-enriched olivines 
(and pyroxenes) are not known to occur in CI and CM chondrites. However, they have been described 
from chondritic porous IDPs and UOCs [7] and micrometeorites [8]. The abundance and chemical 
composition of carbonates in Kaidun I1 shows some distinct differences to carbonates previously 
described from CIS and CMs [9,10,11]. In Kaidun 11, like in CMs, calcite is the most abundant 
carbonate. In contrast, dolomite [9] or subequal amounts of dolomite and ferroan magnesite [lo] are 
most abundant carbonates in CIS. The Kaidun calcites are clearly richer in Fe and poorer in Mn when 
compared to calcites from CIS as well as to those from CMs [9]. The bulk matrix composition of 
Kaidun I1 (Table) shows some significant similarities with CM matrices. Si-normalized abundances of 
Fe, Mn, Cr, Ti, Ca, and K closely match the corresponding CM abundances. For A1 and Mg the 
relation Kaidun I1 < CI < CM holds, whereas S abundances are definitely higher when compared to CI 
and CM matrices. The NiISi ratio is similar to the CI matrix average. The NaJSi ratio is intermediate 
between that of CI and CM matrices.A comparison of bulk elemental abundances of the MKD2 
(Kaidun 11), MKD7 and MKD8 (Fig. l,2) reveals some significant differences among these samples. 
MKD2: Refractory lithophile elements are slightly enriched ( 1.07-1.3xCI), a feature typical for CM 
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chondrites. Moderately volatile lithophiles show an inconsistent abundance pattern. Cr, Mn, and K are 
close to CI, while Zn is depleted (.75xCI). Sodium and the highly volatile Br are enriched by 1.4 and 
1.6XC1, respectively. Siderophile elements show an almost unfractionated overall pattern. The 
moderately volatiles Fe, Ni and Co are slightly enriched. MKD8 exhibits an abundance pattern which 
is essentially identical with MKD2 being slightly higher in the refractory REE La, Sm and Eu. MKD7 
is clearly distinct from MKD2 and MKD8 having lower abundances of volatile lithophiles and 
siderophiles. The abundances of the element pairs Fe,Mn and Se,Zn which are used to discriminate 
between carbonaceous chondrite classes also reveal some inconsistences. According to Se,Zn MKD2 
and MKD8 fall between CI and CM, MKD7 is close to C3. In a Fe vs. Mn plot MKD7 again plots 
near C3 whereas MKD2 lies between CM and C3, MKD8 is closer to CM. Samples MKD2 and 
MKD8 are similar to the Yamato-82042 carbonaceous chondrite which was described as the first CM1 
meteorite [12]. 
Summary The Kaidun I1 clast shows some conflicting mineralogical and chemical characteristics that 
do not allow an unarnbigious assignment to the well established carbonaceous chondrite classes. The 
overall texture of the matrix-rich clast and morphology of opaques are typical for CIS. Bulk matrix and 
bulk sample compositions reveal similarities with CMs. In addition, the presence of low-Fe Mn- 
enriched olivines and the relatively high abundance of enstatite resembles some micrometeorites. 
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