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Introduction: Ca-, Al-rich inclusions (CAIs) in 

primitive meteorites (chondrites) play a pivotal role in 
the high-resolution chronology of the early Solar Sys-
tem. They are the oldest solids formed within the Solar 
System and thus mark the beginning of Solar System 
evolution 4567.2±0.6 million years (Myr) ago [1]. Over 
three decades of research using 26Al-26Mg chronometry 
(26Al decays to 26Mg with t1/2 = 0.73 Myr) has revealed 
that most CAIs contain excess radiogenic 26Mg* from the 
decay of 26Al and define an initial 26Al/27Al ratio of 
~5×10-5, commonly referred to as the solar system “ca-
nonical” value [2, 3]. The “canonical” 26Al/27Al ratio has 
recently been revised upwards to a “supra-canonical” 
value of (5.8-7.0)×10-5 [4-9] The precise knowledge of 
the initial (26Al/27Al)0 is crucial if we are to use CAIs as 
the “time zero” age-anchor and guide future work with 
other short-lived radio-chronometers in the early Solar 
System.  

26Al-26Mg Systematics: Here we report new high 
precision 26Al-26Mg isotopic analyses of several coarse-
grained, igneous CAIs (fragments as well as micro-
drilled) and the mineral separates from CAI from the 
Allende (CV) chondrite using multicollector inductively-
coupled plasma mass-spectrometry (MC-ICP-MS). We 
show that our new results for both bulk CAIs (Fig 1) and 
mineral separates (Fig. 2) are in excellent agreement 
with the data originally reported by [4] (Fig. 1a), but 
disagree with both the revised data presented in a corri-
gendum [5] as well as recent new data [6] (Fig. 1b). Our 
results do not support the supra-canonical 26Al/27Al ratio 
[4-9]; instead, they are consistent with the canonical 
value of 5×10-5 [2, 3]. 

Discrepancy between “canonical” and “supra-
canonical” (26Al/27Al)0 ratio: The discrepancy can eas-
ily be resolved, in good faith and integrity for the bet-
terment of our science, through bilateral sample ex-
change and careful calibration against standards. We 
note that all our bulk CAI samples (supplied to Martin 
Bizzarro) were reproduced [10]. However, none of the 
“supracanonical” samples have been available for us to 
reproduce. We thus face an odd situation where every 
single CAIs examined by [4-6] from all four CV chon-
drites (Allende, Vigarano, NWA 779, and SAH 98044) 
plot precisely on the slope of (26Al/27Al)0 = (5.85±0.05) 
× 10-5, without a single exception of deviation from this 
line outside the very small error of <1% of the slope. 

Whereas such data were not to be seen again in any new 
CAI samples examined by us and many new attempts by 
other laboratories [10-15], and all plots to the right of [6] 
by ~10% or more. It would be a mistake to interpret both 
sets of data as being correct (Fig. 1b) prematurely, and 
start to assign astrophysical meandings to it. 

 

 
Fig. 1. 26Al-26Mg systematics in CAIs from the Allende CV3 
carbonaceous chondrite. a) Summary of data from [4] and this 
study. The red squares are from this study, which includes CAI 
whole rock fragments, mineral separates, and micro-drilled 
inclusions. The blue dots are from [4]. The precision for both 
27Al/24Mg and δ26Mg* (*denotes the radiogenic 26Mg compo-
nent, as deviations in parts per 1000 from a terrestrial standard) 
is comparable in both studies. The plot shows excellent agree-
ment between this study and the original data of [4].  b) Sum-
mary of data from as reported in their corrigendum [5], and [6] 
and the current study. In contrast to Fig. 1a, the systematic 
difference in the slope is apparent. 
 

Pb-Pb Ages: Pb isotopic data from two Allende 
CAIs (AJEF and A43) are plotted in a 207Pb/206Pb vs. 
204Pb/206Pb isochron diagram in Fig. 3a. Acid-washed 
fractions from both CAIs and the pyroxene second wash 
from AJEF plot on a single isochron, corresponding to 
the age of 4567.44 ± 0.34 Myr. These dates also agree, 
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within error, with the ages of the recently dated CAIs 
from Efremovka [1].  

 

 
Fig. 2. Internal isochrons of mineral separates and whole rock 
fragments from Allende CAIs A44A and AJEF, with the ca-
nonical 26Al/27Al ratio. It shows that minerals on bulk scale are 
not affected by secondary disturbance in the CAIs. 

 
Anchoring (26Al/27Al)0 onto an absolute times-

cale: Combining our Mg and Pb isotope results from the 
same suite of CAI samples allow us to anchor the pre-
cisely determined (26Al/27Al)0

 = (5.17±0.10)×10-5 to an 
absolute 207Pb-206Pb age of 4567.4±0.34 Myr at the very 
beginning of the Solar System. It is a step forward over 
the earlier less precise results of (26Al/27Al)0

 = 
(4.63±0.44)×10-5 and 4567.2±0.6 Myr obtained for 
Efremovka CAIs [1]. 

Variable κ  and the age of the Galaxy: Time-
integrated model 232Th/238U ratios (κ values) are calcu-
lated from radiogenic 208Pb*/206Pb* ratios and 
207Pb*/206Pb* dates. The κ values are between 5.2-5.7 for 
the CAI AJEF, and between 7.6-8.1 for A43, compared 
to average solar κ value of 3.77 [16]. Variations in the 
κ values among the minerals, or between residues and 
washes, in a single CAI, are much smaller than the varia-
tions between the CAIs. This suggests that the most sig-
nificant fractionation between Th and U occurred before 
formation of the CAIs. We fully acknowledge that fract-
ination between Th and U may occur in the early solar 
nebula, but also note that the presence of isotopically 
distinct reservoirs in the early Solar System was elo-

quently argued for by [17]. If the Th/U variation reflects 
primordial chemical heterogeneity, we can use the above 
range of κ values to calculate the mean age of the inter-
stellar dust reservoirs from which CAI AJEF and A43 
condensed from, using the following equation [18]: 

Tgalaxy=21.8*[log(U/Th)0-log(1/κ)] Eq. (1) 
where Tgalaxy is expressed in Gyr (billion years), and 
(U/Th)0 is the production ratio (Cowan et al., 1999). Our 
calculated Tgalaxy range from 10.0-10.9 and 13.6-14.2 
Gyr, corresponding the two populations of the observed 
κ values, respectively. This is entirely consistent with the 
astronomical observation of U/Th ratio in extremely old 
metal poor stars and the derived age of the Galaxy of 
10.3 and 14.0 Gyr [18]. The meteoritic κ values can be 
determined much more precisely typically by orders of 
magnitude than astronomical observation of (U/Th)obs, 
which has a typical error margin of ~ 3 Gyr for the cal-
culated Tgalaxy [18]. 

 
Fig. 3. 207Pb/206Pb vs. 204Pb/206Pb isochron diagram for acid-
washed pyroxene, melilite and bulk rock fractions and a second 
(hot acid) wash of the pyroxene fraction from the CAIs AJEF 
(red) and A43 (blue). Data-point error ellipses are 2σ.  
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