
U-Th-Pb SYSTEMATICS OF CAIs FROM CV CHONDRITE NORTHWEST AFRICA 4502.  Y. Amelin1, 
M.S. Sapah1, I. Cooke2, C. H. Stirling2, and A.Kaltenbach2, 1Research School of Earth Sciences, Australian National 
University, Canberra, Australia (yuri.amelin@anu.edu.au), 2Department of Chemistry, University of Otago, New 
Zealand.  

 
Introduction:  Ages of calcium-aluminium-rich 

inclusions (CAIs) mark the time in the Solar System 
evolution when refractory elements started to con-
dense.  Our ability to derive precise and accurate iso-
topic ages of CAIs depends on recovery and precise 
isotopic analysis of uranium and radiogenic Pb (i.e. 
sufficient sample size and analytical performance), and 
on preservation of undisturbed isotopic systems.  

At the current level of analytical sensitivity, CV 
chondrites are the only group of meteorites that have 
sufficiently large CAIs to enable sufficiently precise U 
and Pb isotopic measurements. Unfortunately, CV 
chondrites are not among the most pristine meteorites 
and are variably affected by hydrothermal alteration 
and metamorphism [1,2], which could lead to disturb-
ance of the isotope systems.  

Modern U-Pb dating of CAIs, which necessarily 
includes 238U/235U analyses to account for possible 
variability of this ratio [3], was performed on one CAI 
from the oxidized CV chondrite Allende [4], and three 
CAIs from the reduced CV chondrite Efremovka [5].  
The results of these age determinations, 4567.18±0.50 
Ma and 4567.30±0.16 Ma respectively, are consistent. 
However, the age of 4568.22 ± 0.17 Ma, reported by 
[6] for a CAI from the CV chondrite NWA 2364, is 
about 1 Ma older. This age is determined without di-
rect measurement of the 238U/235U, but using instead 
the Th/U ratio as a proxy, on the basis of empirical 
Th/U vs. 235U/238U correlation reported by [1]. This age 
discrepancy of about 1 Ma is likely to be related to the 
difference in the 238U/235U value, but the authors [6] 
also proposed that the older NWA 2364 CAI age is 
primary, whereas the younger ages reported in the ear-
lier studies result from secondary disturbance. 

Here we report preliminary U-Th-Pb age data for 
four CAIs from a new oxidized CV chondrite, North-
west Africa (NWA) 4502. Mineralogy and petrology 
of these CAIs, and their U isotopic composition and 
trace element concentrations are reported in the com-
panion abstracts [7,8]. This meteorite has experienced 
less hydrothermal alteration and thermal metamor-
phism than Allende, and less shock metamorphism 
than Efremovka [7]. Our data can therefore help to 
establish more reliably the age of the first solid for-
mation in the Solar System, resolve remaining age 
discrepancies, and understand the effects of metamor-
phism, alteration, and shock on the U-Pb isotopic da-
ting of CAIs. 

Materials and methods:  Four CAIs of different 
petrologic types [7] were selected for U-Th-Pb dating: 
compact type A (CAIs 6 and 7), type B (CAI 1), and 
forsterite-bearing type B (CAI 5).  These CAIs, and 
also CAI 4a (type B), were also analysed for 238U/235U 
[8]. In order to check consistency of both U isotopic 
compositions and U-Th-Pb ages between the mineral 
assemblages in the same CAIs, we have picked frac-
tions of light-colored (melilite-rich) and darker (pyrox-
ene- and/or spinel-rich) fragments of crushed CAIs, 
and processed them separately. 

The methods of sample treatment and analyses 
have been described by [4] for U-Th-Pb, and [8] for 
238U/235U. The fractions for U-Th-Pb dating have been 
extensively acid leached following the protocol previ-
ously used for the batch A003 in [4]. Fractions for  
238U/235U were analyzed without acid leaching to pre-
vent possible U isotopic fractionation. 

 
Results:  One light-colored and one dark-colored 

fraction from each CAI was analyzed for U-Th-Pb. No 
systematic differences in the contents of U and radio-
genic and non-radiogenic Pb were observed between 
the mineralogically distinct fractions. The U contents 
in recombined residues and washes varies from 30 and 
to 180 ppb between the fractions, broadly similar to the 
U concentration levels previously reported for Allende, 
Efremovka and NWA  2364 CAIs. About a half, but in 
some cases up to 90%, of U is removed during leach-
ing, mainly in the early low-temperature leaching sep. 

Lead isotopic compositions of acid-leached resi-
dues varies from moderately radiogenic 
(206Pb/204Pb=98) to highly radiogenic (measured 
206Pb/204Pb=3900, the ratio after blank subtraction is 
5880). When plotted in the 207Pb/206Pb vs. 206Pb/204Pb 
isochron diagram, all seven residue analyses (exclud-
ing one analytically suspect data point) plot on a single 
regression line with a y-intercept of 0.62552±0.00024, 
which corresponds to an age of 4568.41±0.55 Ma as-
suming the previously assumed invariant 238U/235U 
ratio of 137.88. Excluding one data point that plots 
slightly above the isochron increases precision of the 
y-intercept to 0.625407±0.000077, which corresponds 
to an age of 4568.16±0.18 Ma, again assuming a 
238U/235U ratio of 137.88. 

The measured 238U/235U ratios are uniform within 
uncertainty in all analysed fractions except two anal-
yses that yielded slightly discrepant values [8]. The 
uniformity of 238U/235U allows us to use one average 
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value in the age calculation, and to apply this value to 
the combined isochron that includes Pb isotope anal-
yses of fractions from various CAIs. Because precision 
of the 238U/235U varies substantially between the frac-
tions due to the variations in the sample sizes, we con-
sider the weighted average as the best representative of 
the population value. We therefore used the weighted 
average of 137.808±0.019 (95% confidence interval 
with expansion to account for slight variability outside 
analytical uncertainties) the best estimate of the 
238U/235U in the CAIs in NWA 4502. 

Applying this value to the 207Pb/206Pb-206Pb/204Pb 
isochron age for the six acid-washed residues yields an 
age of 4567.40±0.27 Ma (Fig. 1). 

 

Fig. 1. Pb isotopic data for acid-washed fractions from 
four CAIs from CV chondrite NWA 4502.  
 

The U-Pb and Th-Pb ages of the acid-washed resi-
dues are variably discordant, but for most fractions 
both U-Pb and Th-Pb discordance is less than 10% 
despite the intense leaching. This provides additional 
evidence for good preservation of the isotopic systems, 
and for reliability of the Pb-isotopic age. 
 

Discussion: Based on our preliminary data, the age 
of the CAIs in NWA 4502 is identical to the ages of 
the CAIs in Allende and Efremovka. This result indi-
cates that alteration and thermal metamorphism in Al-
lende, and shock metamorphism in Efremovka, did not 
measurably affect the U-Pb isotopic system of the 
CAIs. It is highly unlikely that the CAI ages of all the-
se meteorites, having different histories of secondary 
processes, were reset to the same degree. Our preferred 
interpretation of the discrepancy between the CAI ages 
in NWA 2364 [6] and three other CV chondrites, in-
cluding NWA 4502 analysed here, is that the Th/U vs. 

235U/238U proxy used in [6] is not universal, and can 
yield an inaccurate age adjustment. This suggestion 
can be directly checked by 238U/235U analysis of an 
aliquot of the CAI dated in [6]. 

 An interesting feature of the CAI population in 
NWA 4502 is the uniformity of U isotopic composi-
tion, which differs markedly from variable 238U/235U in 
the CAI populations in Allende [3,4] and Efremovka 
[5].  Together with identical average 238U/235U values 
in the NWA 4502 CAIs and the other Solar System 
materials [8], and unfractionated REE patterns and 
small range of Th/U and Nd/U [8] compared to Allen-
de CAIs [3], this uniformity suggests that 238U/235U 
variability in CAIs observed in [3-5] is of secondary 
origin, and most likely related to volatility-driven frac-
tionation.  

If this interpretation is correct, then the populations 
of CAIs incorporated in different CV chondrites have 
different pre-accretionary histories, and these CV 
chondrites were derived from different parent asteroids 
that accreted in different zones of the protoplanetary 
disk. The properties of CAIs (even an extensive and 
diverse population of CAIs) found in any particular 
CV chondrite thus cannot be considered representative 
for the entire range of CAIs. We need to examine CAI 
populations in several CV chondrites with the entire 
range of research methods to build a representative 
picture of early condensation in the protosolar nebula. 
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