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Introduction:  CBb chondrites are puzzling rocks. 

They contain a high proportion of metal and magne-
sium-rich chondrules, as well as minor Calcium-
Aluminium Inclusions (CAIs) and matrix lumps simi-
lar to CI1 chondrites [1]. Chondrules in CBb chon-
drites are cryptocrystalline or skeletal, unlike chon-
drules in other chondrite groups; common porphyritic 
chondrules are absent [2]. CAIs in CBb chondrites 
have a similar mineralogy to CAIs in other chondrite 
groups, although, unlike other  CAIs, their oxygen 
isotopic composition is 16O-poor. The origin of CBb 
chondrites is disputed.  Asteroidal and nebular origins 
have been proposed. For some time it was hypothe-
sized that the CBb rocks were among the most primi-
tive chondrites.  PGE zoning in CBb metal as well as 
the absence of porphyritic chondrules lead some au-
thors to suggest that these objects formed very early in 
the history of the solar system, when the accretion 
mass rate was large enough to vaporize large regions 
of the solar nebula. Recently, Pb-Pb studies have 
demonstrated that chondrules in HH237 were ~5 My 
younger than CV3 CAIs (4562.8 ± 0.9 Myr [2]vs 4567 
± 0.9 Myr). Because it is believed that accretion disks 
around solar mass stars dissipate within a few million 
years, it has been proposed that CBb chondrites formed 
within the vapour cloud generated by a very energetic 
impact. We undertook a systematic study of the mag-
nesium isotopic composition of CBb chondrite CAIs 
and chondrules to elucidate the origin of these enig-
matic objects. 

Experimental methods:  Mineralogy of  CBb 
chondrite chondrules and CAIs was performed in Paris 
and London using conventional SEM and EMPA tech-
niques. Magnesium isotope measurements were ob-
tained at UCLA using in-situ uv laser ablation multi-
ple-collector inductively coupled plasma-source mass 
spectrometry (MC-ICPMS). A sample-standard brack-
eting approach was adopted. All Mg isotope measure-
ments are reported relative to the DSM3 standard, a 
chondritic value [3]. The external reproducibly in-
ferred from repeated analyses of terrestrial minerals 
and synthetic glasses is better than 0.25 ‰ (2 s.d.) for 
both the radiogenic 26Mg excess, expressed as δ26Mg*, 
and δ25Mg values. An equilibrium β value (0.521) is 
used for calculating δ26Mg*. Measurements were ac-

quired in three diferent sessions. All reported errors 
are 1σ. 

 Results:  We have studied the detailed mineralogy 
and magnesium isotopic composition of 3 CAIs and 
the magnesium isotopic composition of 17 chondrules 
(Fig. 1).  

CAIs. CAI0 from HH237 is ~1x0.5 mm across and 
made of melilite with minor spinel and rare anorthite. 
Its δ25Mg′  varies from -0.03±0.07 ‰ to 1.31± 0.04 ‰ 
and its δ26Mg′ from -0.09±0.09 ‰ to  2.23±0.06 ‰. 
CAI1 from QUE 94411 is  ~1x0.5 mm across and 
made of melilite with minor fassaite.  Its δ25Mg′ is 0.82 
±0.06 ‰  and its δ26Mg′ is 1.82 ±0.12  ‰ (average of 
two points). CAI2 from QUE 94411 is  ~1x0.5 mm 
across and made of melilite with minor fassaite.  Its 
δ25Mg′  is 0.05 ±0.10 ‰  and its δ26Mg′ is  0.0±0.12  
‰ (average of two points). No 26Mg excesses, indica-
tive of the past presence of 26Al, has been found in any 
of the CAIs (Fig 2). 

Chondrules. Chondrules in HH237 have  δ25Mg′ 
varying from 0.06±0.08 ‰ to 0.65±0.18 ‰ and δ26Mg′ 
varying from -0.05±0.11 ‰ to 1.64±0.13 ‰.  Chon-
drules in QUE94411 have  δ25Mg′ varying from -
0.49±0.07  ‰ to 0.84±0.06 ‰ and δ26Mg′ varying 
from -1.21±0.07  ‰ to 1.83±0.10 ‰. 
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Fig. 1.  Laser ablation MC-ICPMS data for CBb chon-
drules and CAIs. 
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Discussion:  Although the data show some vari-
ability (Fig 1), there are no clear inter-meteorite differ-
ences.  Chondrules in QUE94411 are marginally 
lighter than chondrules in HH237, but this might be 
because QUE 944411 chondrules analyzed in this 
study have lower Al/Mg ratios than the HH237 chon-
drules examined (Fig 3). The chondrule mass frac-
tionation range is similar to that observed in CV3 
chondrites [4-6]. There is a clear covariation between 
the Al/Mg ratio of chondrules and their δ25Mg′ values 
(Fig. 3). The higher the Al/Mg ratio, the heavier the 
chondrule. This is a similar to the observation made 
for CV3 chondrites by Galy et al. [4]. 

CAIs show moderate mass-dependent fractiona-
tion, similar to that of igneous CAIs. None of the three 
CAIs studied contained 26Al when they formed. 

The magnesium isotopic composition of CAIs and 
chondrules in HH237 and QUE94411 are similar to 
those from “normal” CV3 chondrites; the anomalous 
nature of CBb chondrites revealed by mineralogical 
and  chemical studies is not reflected in the magnesium 
isotopic compositions of their chondrules and CAIs. 
On the other hand, CBb chondrite CAIs contain no 
26Al, unlike CAIs typical of other chondrites groups. It 
is true that there is a large subset of CAIs in CV3 rocks 
that is also devoid of 26Al [7], but we imagine that the 
chances of finding no 26Al in three out of three CAIs in 
a “random” search of CAIs in another chondrite group 
would be low.  

There are several possible explanations for why 
CAIs from CBb chondrites might not have acquired, or 
preserved, signs of 26Al.  If one assumes that 26Al 
originated from a supernova [8], was homogeneosuly 
distributed in the solar accretion disk, and can serve as 
a fine scale chronometers, then it appears that these 

CAIs formed later than CV3 CAIs, and possibly as late 
as ~4563 Ga, in agreement with the Pb-Pb study of [2].  
In such a case, it remains to be shown how CAIs simi-
lar in mineralogy to “normal” CAIs and formed in the 
solar accretion disk can condense in a vapour plume 
generated by a large impact. Alternatively, one might 
assume that 26Al formed by irradiation in the context 
of the x-wind model. In this case, the absence of 26Al 
might be accounted for by the decrease in magnetic 
activity of protostars with time. This would mean that 
the solar accretion disk would have lasted for 5 Myr or 
so, in agreement with observations of some protostars 
[9]. This scenario is compatible with the 16O-poor 
composition of CBbs CAIs, since the oxygen isotopic 
composition of the solar accretion disk evolved from 
16O-rich to 16O-poor compositions [10].  
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Fig. 2.  Laser ablation MC-ICPMS data for CBb CAIs 
showing no resolvable 26Al.  
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Fig. 3.  Laser ablation MC-ICPMS data for CBb chon-
drules.  
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