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Introduction: Ca-Al-rich inclusions (CAIs) are high temperature nebular condensates and represent the first sol-

ids to condense in the cooling solar nebula. Although these refractory objects are thought to have formed close to the 
young Sun [1, 2], they are most commonly found in carbonaceous chondrites, which are generally assumed to have 
formed in more remote orbits [e.g. 3]. Whereas it is apparent that CAIs and bulk chondrites formed in separate res-
ervoirs, the petrogenetic relationship of CAIs and their host rocks remains enigmatic. If connections between refrac-
tory inclusions and bulk chondritic meteorites exist, they would be recognized using nucleosynthetic isotope signa-
tures. To this point, the CV3 chondrite Allende is the only meteorite for which nucleosynthetic isotope studies exist 
for both the bulk meteorite and refractory inclusions contained therein.  

For the vast majority of elements, normal (non-FUN) CAIs show uniform nucleosynthetic isotope anomalies for 
CAIs in a variety of meteorites, hinting at their formation in an isotopically homogeneous reservoir [4-6]. However, 
variations in the non-radiogenic isotopic composition between coarse-grained and fine-grained CAIs have been 
reported for the refractory siderophile elements W and Mo [7, 8], complicating the previous interpretation. Molyb-
denum has seven stable isotopes, which are produced by varying proportions of the s-, r- and p-processes of nucleo-
synthesis and provide the capability to distinguish excesses and deficits in each of these three nucleosynthetic com-
ponents, making Mo a useful element for cosmochemical studies.  

In this work, we aim to shed light on the genetic affiliation of CAIs and their host rocks by analyzing Mo isotop-
ic compositions of two CV3 and two CK carbonaceous chondrites and four individual CAIs that were physically 
separated from the aforementioned chondrites prior to their digestion. 

Samples and Methods: Two separate CK and two separate CV meteorite slices were found to each contain 
large individual CAIs. These four CAIs were removed from the chondrite samples and digested in Parr bombs [9]. 
Pieces of the surrounding material of each chondrite were crushed and dissolved in HF-HNO3-HClO4 acids. The 
resulting eight samples were then chemically processed in a three-stage ion exchange procedure to purify Mo [8]. 
Isotope measurements were performed using the ThermoScientific Neptune Plus MC-ICP-MS at the University of 
Münster and internally normalized to 98Mo/96Mo = 1.453171 [10].  

Results and Discussion: Of the four analyzed bulk carbonaceous chondrites, three samples exhibit Mo isotopic 
compositions that reflect a deficit in s-process nuclides combined with a slight r-excess. These patterns resemble 
isotopic compositions seen for carbonaceous chondrites in previous research [8, 11-13]. We attribute the small ex-
cesses in r-process Mo observed in these patterns to reflect the nucleosynthetic fingerprint of either CAI material or 
another presolar r-process carrier.  

In contrast to the nucleosynthetic patterns seen in other samples, the CV3 chondrite NWA 6991 has an excess in 
s-process isotopes relative to terrestrial Mo. This represents the first reported s-excess for any chondritic sample to 
date, although one CAI from Allende has been reported with very large deficits in s-process Mo [8]. Our data 
demonstrate the presence of heterogeneities in Mo isotope compositions of carbonaceous chondrites at the sampling 
scale of this study. The nature of the nucleosynthetic isotope anomalies of CAIs and their heterogeneous distribution 
throughout carbonaceous chondrite samples may be the primary reason for the observed bulk rock heterogeneities. 
Further information about the character of the Mo isotope anomalies in refractory inclusions and their relationship to 
their host chondrites will be discussed at the meeting when Mo isotopic compositions of the CAIs are available.  
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