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Introduction: The CV carbonaceous chondrites 
have nearly CI chondritic Ca/Al-ratios (Fig. 1). The 
two major components of Allende and Efremovka,
chondrules and matrix, have different Ca/Al-ratios.
Chondrules are subchondritic and matrix is superchon-
dritic ([1], Fig. 1). This is sometimes interpreted as 
post-accretionary aqueous redistribution of Ca on the 
meteorite parent body. Ca was leached from the chon-
drules and enriched in matrix phases [e.g. 2]. Alterna-
tively, it was suggested by [3] that Ca was removed 
from chondrules in the nebula. 

The CV chondrite Y-86751 is a member of the oxi-
dized subgroup of CV-chondrites with similar miner-
alogy, texture and nearly identical bulk composition as 
Allende [1,4]. Both meteorites have a chondritic 
Ca/Al-ratio (Fig. 1). The analyses of [4] indicated that 
the Ca/Al-ratios of matrix and chondrules in Y-86751 
are opposite to those of matrix and chondrules in Al-
lende [1]. This finding is in conflict with preferred
models of Ca removal in the parent body or in the 
nebula, in particular as Allende and Y-86751 experi-
enced a similar degree of alteration. 

We performed additional measurements of matrix 
and chondrules in the Y-86751 CV chondrite to con-
firm the results of [1] and compare our results to Al-
lende and Efremovka. We will show that the aqueous
Ca-redistribution on the meteorite parent body can not 
account for the low Ca/Al ratios of chondrules. The 
variable and complementary Ca/Al-ratio of matrix and 
chondrules must be a pre- and not a post-accretionary 
feature. Nebular alteration can also be excluded.

Method: Both matrix and chondrule analyses have 
been performed with a JEOL8900 electron microprobe. 
Matrix was analyzed in 71 different spots using a defo-
cused beam with a spot size of 30 µm. Seventeen 
chondrules have been analyzed using modal recombi-
nation. The error of this technique is small as Ca and 
Al are minor elements [5].

Results: All matrix analyses of Y-86751 have sub-
chondritic Ca/Al-ratios (Fig. 1). The average Al-
concentration of the matrix is between 1.2 and 3.0 wt%
with a peak at around 2.4 wt%. This is higher than in 
Efremovka or Allende (Fig. 2). Most chondrules of Y-
86751 have superchondritic Ca/Al-ratios with only 
three having subchondritic Ca/Al-ratios (Fig. 1). The 
chondrules have lower Al-concentrations than in Efre-
movka and Allende, mostly below ~1 wt% (Fig. 3). 

The Ca/Al-ratios of Efremovka and Allende matri-
ces extend from subchondritic to highly superchon-
dritic. Efremovka chondrules have about CI chondritic 
chondrule compositions. Allende chondrules range 
from about CI chondritic to CI sub-chondritic Ca/Al-
ratios (Fig. 1). We currently produce more Allende 
bulk chondrule data to confirm this. Al-concentrations 
of Efremovka and Allende matrix analyses peak 
around 1 wt% with a range from 0.4 to 2.8 wt%. This 
is lower than in Y-86751 (Fig. 2). In contrast the Al-
concentrations in Efremovka and Allende chondrules 
are higher than in Y-86751 chondrules, usually above 
1 wt% (Fig. 3).

The range of absolute Ca-concentrations in matrix 
and chondrules of Y-86751, Efremovka and Allende 
are rather similar, the different Ca/Al ratios are pro-
duced by variations in Al.

Fig 1: Ca- and Al-composition of matrix, chondrules and 
bulk meteorite of (a) Y-86751 and Allende and (b) Y-86751 
and Efremovka. Data for Efremovka are taken from [6] and 
from Allende chondrules from [7].
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Fig 2: Histogram showing the Al-content of matrix in Y-
86751, Efremovka and Allende. Data for Efremovka are
taken from [6].
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Fig 3: Histogram showing the Al-content of chondrules in Y-
86751, Efremovka and Allende. Data for Efremovka are
taken from [6] and for Allende from [7].

Conclusions: The CV meteorite group contains 
samples from both subgroups CVox (Y-86751, Al-
lende) and CVred (Efremovka) with the same bulk 
composition, but variable distributions of Ca and Al 
between matrix and chondrules. Any explanation for 
elemental variations among meteoritic components 
involving parent body mechanisms should affect sam-
ples from the same group in the same way. As this is 
not the case, parent body processes explaining the 
difference in Ca/Al-ratio between matrix and chon-
drules must be excluded. Preferred reaction of chon-
drules with a gas phase may produce Ca-depletion, but 
cannot account for the opposite. Differences in the pre-
accretionary history of CV-chondrites must account for 
all observed variations. As Ca and Al contents in bulk 
meteorites are similar, closed system redistribution 
during formation of matrix and chondrules is required.

Many tiny spinel crystals were found by [1] in the 
matrix of Y-86751. They can explain the high concen-

trations of Al in the matrix and the lack of Al in chon-
drules, leading to sub-chondritic Ca/Al-ratios in the 
matrix and super-chondritic Ca/Al-ratios in the chon-
drules. In consequence, the spinels have not been in-
corporated into Y-86751 chondrule precursor prior to 
chondrule formation and must have formed either after 
chondrule formation or have been prevented from 
being incorporated into chondrule precursors by an 
unknown process. The opposite is true for Efremovka 
and Allende. Here spinels have been apparently incor-
porated into chondrule precursors, producing chon-
drules with high Al-concentrations and subchondritic 
Ca/Al-ratios.

Variable temporal supply of Ca,Al-rich inclusions 
(CAIs) cannot account for the observed variations as 
the total Ca and Al contribution of CAIs to the bulk 
meteorite inventory of these two elements is minor.

The bulk Ca/Al-ratio of Y-86751, Efremovka and 
Allende is close to the CI ratio (Fig. 1). The difference
of the Ca/Al-ratio between matrix and chondrules is 
therefore complementary in the sense that the Ca/Al-
ratio of the matrix balances exactly the Ca/Al-ratio of 
the chondrules to reach the CI level. This is valid for 
all three meteorites studied, independent of the differ-
ent Ca/Al-ratios of matrix and chondrules. This sus-
tains the idea that matrix and chondrules must have 
formed in the same nebula compartment [8,9]. Matrix 
and chondrules cannot have formed independently of 
each other and mixed together after chondrule forma-
tion. Chemical complementarity between matrix and 
chondrules has been postulated earlier by [10].
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