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Introduction: Short-lived radionuclides (SRs) are 

radioactive elements with half-lives of ~ 1 Myr. Some 
SRs were present in the protoplanetary disk at abun-
dances substantially higher than the levels expected for 
average interstellar medium [1]. The origin of SRs is 
highly debated, because it has important consequences 
for early solar system chronology, planetesimal heat-
ing and the astrophysical environment in which our 
solar system was born. Among SRs, 10Be (which de-
cays to 10B with an half-life T1/2 = 1.5 Myr) plays a 
special role because, unlike i.e. 26Al (T1/2 = 0.74 Myr), 
it cannot be produced by stellar processes [2]. To ac-
count for the high abundance of 10Be in the solar sys-
tem, two kinds of models exist. Desch et al. [3] sug-
gested that it was produced within the dense core pro-
genitor of our solar system through the interaction of 
Galactic Cosmic Rays (GCRs) with ambient oxygen 
gas. Alternatively, 10Be was produced within the solar 
system via the interaction of solar energetic particles 
with gas and/or dust in the protoplanetary disk [2, 4-6]. 

The abundance of 10Be in the early solar system is 
poorly known. In Calcium-, Aluminium-rich Inclu-
sions (CAIs) from the CV3 meteorites (having a "ca-
nonical" 26Al abundance), the ratio 10Be/9Be was ~ 0.8 
x 10-3 [7-10]. In the refractory hibonites (which lack 
26Al) from the CM2 chondrite Murchison, the ratio 
10Be/9Be was ~ 0.5 x 10-3 [11, 12]. These pioneering 
data seem to suggest that 10Be abundance in the early 
solar system is decoupled from that of 26Al [11, 12]. 

CH and CB chondrites are related puzzling rocks 
[13]. They are made of several populations of chon-
drules, some of which might have been generated in an 
impact between planetary embryos [14], while others 
might have been formed in the solar protoplanetary 
disk [15, 16]. While CB chondrites contain very few 
CAIs [17], CH chondrites contain a relatively large 
amount of CAIs which are ultra-refractory compared 
to CAIs in other chondrites’ groups [18, 19]. Most 
CAIs from CH chondrites contain 26Al at abundances 
well below the canonical ratio 26Al/27Al ~ 4.5 x 10-5 
[18, 19]. To account for the absence of 26Al in CH 
chondrites, four models were proposed [18, 19]: 1) 
CAIs formed late, after the decay of 26Al ; 2) CAIs 
experienced one (or several) high temperature events 
after the decay of 26Al that resulted in the isotopic re-
equilibration of Mg ; 3) CAIs formed before the incor-
poration of 26Al ; 4) 26Al was heterogeneously distrib-
uted in the solar protoplanetary disk. 

To better constrain the origin of CAIs within the 
CH chondrites, as well as the initial abundance of 10Be 
within the solar system, we have conducted a study of 
the boron and beryllium concentrations and isotopic 
compositions in the Isheyevo (CH/CB) chondrite. 

Experimental methods:  Mineralogy of CAIs was 
determined using Scanning Electron Microscopy at 
MNHN and Electron Microprobe at the Université 
Paris 6. The B-Be concentrations and isotopic compo-
sitions were measured with the Nancy ims 1270 ion 
microprobe according to procedures previously de-
scribed [8]. Primary intensities of ~ 5 nA  were used, 
which correspond to beam sizes of up to 25 μm in di-
ameter. Special attention was paid to avoid spots 
where some localized enhanced concentrations of B 
were observed during the pre-sputtering (possibly due 
to contamination in cracks). The Be-B concentrations 
were directly determined from the secondary beam 
intensities normalized to the primary beam intensity. 
The Be/B elemental ratio was determined using an 
hibonite (Madagascar) standard. Errors on isotopic and 
concentration ratios are given with 1 sigma error bars. 

 

 
 

Fig. 1: Backscattered Electron micrograph of a spinel-
rich CAI (#5) from the CH lithology in Isheyevo. Ion 
probe pits are roughly 20 μm in diameter. 

 
Results: All seven studied CAIs were found in the 

CH lithology of the Isheyevo chondrite. They have a 
mineralogy (Fig. 1) typical of that of CH chondrites 
[18, 20]: they are spinel-, hibonite- and grossite-rich. 
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They contain minor amounts of pyroxene, melilite and 
perovskite. 

Because of the small size of CAIs, only three spots 
at most were made on each CAI. The boron isotopic 
composition of Isheyevo CAIs varies between δ11B = -
15 ‰ and -150 ‰. Elemental 9Be/11B ratios vary be-
tween 0.4 and 34. No clear dependence of the Be/B 
elemental ratio nor of the boron isotopic composition 
with mineralogy is observed. 

Discussion: When plotted together, all data show a  
rough correlation between the isotopic 10B/11B ratio 
and the elemental 9Be/11B ratio (Fig. 2). If interpreted 
as an isochron, it yields an initial ratio 10Be/9Be = (1.6 
± 0.3) x 10-3 with an intercept of (10B/11B)0 = 0.25601 
± 0.00135 (MSWD = 10.9).  The initial (10B/11B)0 ratio 
is within error the initial ratio found in CV3 chonrites 
by Chaussidon et al. [8] and others [9-11]. The initial 
10Be/9Be ratio is within errors the highest ratio ob-
served in CV3 chondrites, (1.07 ± 0.48) × 10-3 [21]. It 
is lower than the initial ratio 10Be/9Be of 8 x 10-3 in-
ferred from an hibonite found in Murchison by Liu et 
al. [11]. It is a factor of ~2 higher than the “typical” 
10Be/9Be  ratio found in CV3 chondrites (~ 0.8 x 10-3). 
We note that matrix effects on the B and Be ion yields 
cannot produce the present high 10Be/9Be ratio (calcu-
lating ion yields from the GB4 glass instead of the 
Madagascar hibonite would result in a 10Be/9Be ratio 
higher by a factor 1.17). 

The very presence of 10B excesses, possibly due to 
10Be decay, shows that CAIs in Isheyevo did not suffer 
much thermal metamorphism. It implies that the ab-
sence of 26Al in the same CAIs [19] is not the effect of 
a secondary perturbation.  

If the correlation observed in Figure 2 is due to 
10Be decays, it implies that the 10Be abundance was  
extremely variable in CAIs. It would range from ~ 0.5 
x 10-3 [11, 12] to ~ 1.6 x 10-3 (this study). This con-
trasts very much from 26Al in CAIs whose distribution 
is characterized by a bimodal abundance (26Al/27Al ~ 
4.5 x 10-5 or 26Al/27Al ~ 0 [22]). Given that the vast 
majority of CAIs from Isheyevo are deprived of 26Al 
[19], it is most likely that the CAIs here studied do not 
contain any 26Al. Our data therefore confirm the ob-
servation that 26Al and 10Be are decoupled [11, 12].  

In the context of the model proning an interstellar 
origin for 10Be (which predicts that 10Be can be con-
sidered as a chronometer) [3], this variability would 
imply that CAIs formed within a time span of ~ 2.5 
Myr, with CAIs from Isheyevo forming first, followed 
by hibonites from CV3 chondrites and finally by CAIs 
from Murchison. 

In the context of the irradiation model, our data  
suggest that CAIs from Isheyevo would have been 

significantly more irradiated than CAIs from CV3 
chondrites or Murchison [2, 4-6]. Whether this en-
hanced record of irradiation is due to longer irradiation 
times, different chemistry or exposition to different 
accelerating mechanisms (impulsive vs. gradual flares) 
of high energy particles acceleration is unknown [23]. 

More data will be acquired by the conference time 
to better constrain the origin of the high 10B excesses 
observed in Isheyevo CAIs and the possible high 
abundance of 10Be within these ultra refractory objects. 

 
Fig 2: Variation of the boron isotopic composition of 
Isheyevo CAIs with the elemental Be/B ratio. Errors 
are 1σ. The dashed line is the best constrained 
isochron from CV3 chondrites [8]. The solid line is the 
regression of all our data, yielding an initial ratio 
10Be/9Be = (1.6 ± 0.3) x 10-3 and an intercept of 
(10B/11B)0 = 0.25601 ± 0.00135 (errors 1σ, MSWD = 
10.9). 
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