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Introduction:  Refractory calcium-aluminium-rich 

inclusions (CAIs), the first solids to condense, provide 

a snapshot of the beginning of our solar system. The 

isotopic dating of CAIs places crucial constraints on 

the timing and sequence of events in the early solar 

system. However, inconsistencies exist among recently 

reported ages of CAIs, which may partly be due to 

natural variations in 238U/235U [1, 2]. These variations 

require revision of the uranium-lead (U-Pb) ages. Dis-

turbance of the internal isotope systematics due to al-

teration and metamorphism [3,4] could also contribute 

to the age discrepancy.  

To help reconcile these inconsistencies, we have in-

itiated a study of inclusions from a new oxidized CV 

chondrite, Northwest Africa (NWA) 4502, which has 

experienced less hydrothermal alteration and thermal 

metamorphism than Allende, and less shock metamor-

phism than Efremovka [5]. Here, we report uranium 

isotope and elemental concentration data for five large 

CAIs extracted from this meteorite. When combined 

with Pb isotope data for the same samples, these data 

provide crucial new U-Pb ages for the timing of the 

early solar system [6]. U-Pb dating aside, these meas-

urements also have a direct bearing on the possible 

occurrence of 247Cm in the early Solar System, and the 

timing of r-process nucleosynthetic events prior to the 

collapse of the proto-solar molecular cloud [7-11]. 

Methods:  The CAIs were extracted at the Austral-

ian National University (ANU), and a part of each CAI 

was crushed and separated into mineralogically distinct 

fractions.  Fractions of light-colored (melilite-rich) and 

darker (pyroxene- and/or spinel-rich) fragments were 

chosen and processed separately. Aliquots of these 

fractions were chemically processed and analysed un-

der clean laboratory conditions at the University of 

Otago for their U isotopic composition and trace ele-

ment abundances. The uranium was extracted and puri-

fied by a two-stage ion exchange protocol using Biorad 

AG 1-X4 and Eichrom TRU-spec ion exchange resins. 

Uranium 238U/235U isotopic analysis was performed 

using a Nu Instruments NuPlasma-HR multiple-

collector inductively coupled mass spectrometer (MC-

ICP-MS) using a 236U/233U double spike for instrumen-

tal mass fractionation correction [9,10]. Uranium sam-

ple sizes ranged from 1 to 5 ng. Samples were bracket-

ed with measurements of the CRM 145 U metal stand-

ard and the USGS BHVO-2 terrestrial rock standard to 

monitor the veracity of the instrument. Elemental con-

centrations were determined on the same bulk solu-

tions using an Agilent 7500 cs/e quadrupole ICP-MS. 

Elemental profiles were determined in situ on selected 

mineral phases using laser ablation (LA) sampling 

coupled to an Agilent 7700 ICP-MS at the ANU. The 

elemental concentrations are normalized to the ele-

mental abundances of CI chondrites [12]. 

Results:  Elemental analysis of the CAIs revealed 

elemental fractionation in the bulk samples. The CAIs  

Fig. 1. 
238U/235U data for CAIs of NWA-4502 with 

2SE uncertainty. The average of all CAIs analysed 

(solid line) is given along with the 2 SD external re-

producibility of the CRM-145 standard, represented by 

the shaded band for comparable U load sizes.  

 
display flat CI chondrite normalized REE distribution 

patterns with anomalies in the volatile elements euro-

pium and ytterbium (Fig. 2.). Their REE patterns, in-

dicative of groups I, III, V and VI [13,14], suggest 

these CAIs have a less complex condensation history 
than the group II CAIs of Allende and thus are unlikely 

to have produced large Nd/U and Th/U fractionations. 

Elemental analysis by LA-ICP-MS, demonstrate ele-

mental fractionations between mineral phases. Samples 

with positive enrichments in Eu, notably melilite phas-

es, showed the largest Nd/U and Th/U ratios of ca. 109 

and 6, respectively, similar to the light REE-U enrich-

ments in the phosphates in ordinary chondrites [15]. 

The uranium isotopic compositions of the NWA-4502 

CAIs range from 137.774 ± 0.018 to 137.869 ± 0.022 

(2 SE) and give rise to a weighted mean value of 
137.808± 0.019 (95% conf. interval with expansion to 

account for slight variability outside analytical uncer-

tainties) that is identical, within error, to the average 

1709.pdf44th Lunar and Planetary Science Conference (2013)



composition of Bulk Silicate Earth of 137.795 ± 0.008 

(2 SE) [16], and with the average compositions of bulk 

meteorites [2,10,16,17]. All 238U/235U measurements 

overlap the mean value (Fig. 1.).  
Discussion: Short-lived actinides that are only 

formed in the presence of a very high neutron fluence 

constrain the timing of the last r-process event prior to 

the collapse of the protosolar molecular cloud. A criti-

cally important short-lived actinide is 247Cm (T1/2=16 

Ma). However, as 247Cm decays to 235U, excesses in 
235U can be correlated to its former presence, provided 

variations in 238U/235U correlate with Cm/U. Because 

Cm is presently extinct, Nd/U and Th/U are commonly 

used as proxies for Cm/U. A recent study of CAIs from 

Allende [11] provides strong evidence for the occur-

rence of 247Cm in the early solar system. Alternatively, 

two-component mixing could have occurred between 

proto- CAIs and a material with very high Nd/U and 

Th/U [1]. The fractions of CAIs extracted from NWA 

4502 show no statistically resolvable correlations be-

tween the Nd/U and Th/U ratios and the uranium iso-

topic composition. 

A weighted least square regression through the data 

constrains the initial 247Cm/235U abundance to less than 

3.3 x 10-4 and 1.0 x 10-3, corresponding to a time inter-

val of free decay of longer than 160 Ma and 140 Ma 

for the Nd/U and Th/U proxies respectively (Fig. 3.). 

These estimates are consistent with those reported pre-

viously [7-11]. This study provides a means to assess 

consistency in the use of thorium and neodymium, as 

well as other REEs as chemical proxies for curium.  

Conclusions:  CAIs from NWA-4502 have provid-

ed a unique opportunity to study mineral level ele-

mental and uranium isotopic fractionations. The aver-

age 238U/235U composition of the CAIs is identical, 

within error, to the average composition of Bulk Sili-

cate Earth and no resolvable variations away from this 

composition are observed in any of the sub-samples 

analysed. This is consistent with the largely unfrac-

tionated REE patterns, indicating complete condensa-

tion from the solar cloud and no planetary processing.. 

Though the correlations between Nd/U and Th/U are 

not statistically resolvable, the Cm-U constraints im-

posed by these data are consistent with those of more 

highly altered and metamorphosed samples from Al-

lende and Efremovka.  
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Fig. 2.  REE patterns for the CAIs of NWA-4502. ‘Bulk’ 

samples (symbols) and distinct mineral phases (solid 

lines) in the CAIs were analysed. The REE distributions 

are flat with anomalies in the volatile elements Eu and 

Yb. These patterns are characteristic of groups I, III, V 

and VI and suggest complete condensation and little 

thermal processing. 

Fig. 3. Nd/U (A) and Th/U (B) proxies for Cm/U plotted 

against uranium variations. A weighted least squares re-
gression through the data yields the maximum possible 

slope (dashed lines), constraining  the Cm-U chronome-

ter. Note that 238U/235U has been reformulated into 235U 

notation where 235U = [(235U/238Usample/
235U/238Ustandard)-

1] x 10,000. 
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