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Introduction: Non-mass dependent isotopic 

anomalies in oxygen isotopes among inner Solar Sys-
tem objects are well know [1]. Recently, with the pro-
gress of modern analytical techniques, non-mass de-
pendent isotopic anomalies in Mo, Ru, Ba, Sm, Nd and 
Os have also been reported in primitive chondrites and 
iron meteorites [2-9]. Some of these reported non-mass 
dependent isotopic anomalies (e.g., Os) reflect cosmic 
ray damage effect [9]; others are interpreted as nucleo-
synthetic anomlies among different inner Solar System 
objects. These findings raised an important question: 
What is the relationship between the isotopic composi-
tion of the Earth and other inner Solar System objects 
when compared to chondritic meteorites?    

This question requires detailed and systematic iso-
topic analyses on multiple-isotope elements with dif-
ferent nucleosynthetic origins. Calcium (Ca) has six 
isotopes, spanning a mass range of 40 to 48. Each Ca 
isotope has a special nucleosynthetic origin: 40Ca is 
primarily produced during the oxygen- and silicon-
burning processes of stellar nucleosynthesis. It is also 
produced by β-decay from 40K with a half life of 1.27 
billion years. 42Ca and 43Ca are primarily produced 
during the oxygen-burning process, and part are pro-
duced in the stars’ mantle via neutron capture. 44Ca is 
primarily produced via the decay of 44Ti (60 yrs half 
life), which is produced along with 40Ca during the 
oxygen- and silicon-burning processes. Some 44Ca is 
produced via neutron capture. Neutron-rich 46Ca is 
only produced in the hottest s-process region. And the 
formation of 48Ca requires neutron-rich nucleosyn-
thetic processes. Recently, Simon et al. [10] reported 
that, after correcting for radiogenic ingrowth of 40K, 
chondrites and CAIs have higher (up tp 2 ε unit) 
40Ca/44Ca than Earth (after normalization to 42Ca/44Ca 
= 0.31221). This result is inconsistent with the pub-
lished results from [11, 12]. In detail, except for the 
FUN inclusion EK-1-4-1 and a hibonite from HAL, 
Niederer and Papanastassiou [11] and Jungck et al. 
[12] did not observe any measurable 40Ca/44Ca anom-
aly in CAIs (after normalization to 42Ca/44Ca = 
0.31221).  

This study aims to solve this apparent discrepancy 
by analyzing the non-mass dependent Ca isotopic com-
position in a series of samples of inner Solar System 
objects. In this abstract we report non-mass dependent 
Ca isotopic composition of samples from Earth, Moon, 
Vesta and three Allende CAIs. Work is in progress on 

Martian meteorites and chondrites. The mass depend-
ent Ca isotopic compositions of these sample are dis-
cussed in a parallel LPSC submission [13]. 

 
Analytical Method:  Rock powers were dissolved 

using a mixed HF-HNO3 acid. After dissolution, Ca is 
purified from matrix using a cation exchange tech-
nique [14]. Approximately 5 μg of Ca was loaded on a 
triple-filament assembly with Re ribbons. The Ca iso-
topic abundances were measured with the Harvard 
IsoProbe-T Thermal Ionization Mass Spectrometer 
using a two-sequence method. The first sequence col-
lected masses 40Ca, 41K, 42Ca, 43Ca and 44Ca, and the 
second 44Ca and 48Ca. The non-mass dependent iso-
topic compositions, expressed as ε4iCa/44Ca relative to 
NIST SRM 915a, were measured using an online in-
ternal normalization to 42Ca/44Ca of 0.31221 with ex-
ponential law, where 
ε4iCa/44Ca=[(4iCa/44Ca)sample/(4iCa/44Ca)NIST915a-1]*104.  

 
Results and Discussion:  Long-term reproducibil-

ity: NIST SRM 915a has been analyzed four times 
between Feb. and Mar. 2009, and four times between 
Nov. and Dec. 2009. The averages of each set of meas-
urements are: ε40Ca/44CaFeb-Mar = 0.1±0.8 (2σm); 
ε43Ca/44CaFeb-Mar = 0.1±1.7; ε48Ca/44CaFeb-Mar = 0.2±1.1; 

ε40Ca/44CaNov-Dec = -0.1±1.5; ε43Ca/44CaNov-Dec = -
0.1±1.8; ε48Ca/44CaNov-Dec = -0.2±2.3. There are no 
observable changes in absolute values of these isotopic 
ratios over 10 months (Fig. 1). That is, we do not ob-
serve any significant changes in our Faraday cup effi-
ciencies [13], which is different from the observation 
of Simon et al. [10] who documented that “(t)he Fara-
day cup liners (of the Thermo Triton TIMS) have a life 
time of a few to several months” for intensive Ca iso-
topic analysis. 

ε40Ca/44Ca: Our result shows no measurable 
ε40Ca/44Ca difference (at a 2σ of 0.8 ε level) among 
Earth, Moon, Vesta and three Allende CAIs (Fig. 1). 
In detail, except for lunar anorthosite 60025, Earth, 
Vesta and three Allende CAIs have ε40Ca/44Ca within 
±0.8 ε unit of the NIST SRM 915a, which reflects the 
2 standard error of the mean of 8 analyses of NIST 
SRM 915a (Fig. 1). Because of the low K/Ca ratios of 
the Earth, Moon, Juvinas and CAIs, and the low 40K 
atomic abundance, the radiogenic ingrowths of 40Ca 
from 40K in our analyzed samples are much smaller 
than our analytical uncertainty. That is, at a 2σ of 0.8 ε 
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level, there is no measurable ε40Ca/44Ca variation 
within the inner Solar System objects. Our result con-
firms the previous results from [11, 12], but are incon-
sistent with the recent results of Simon et al. [10].  

ε43Ca/44Ca: Except for lunar anorthosite 60025, 
our result shows no measurable ε43Ca/44Ca difference 
(at a 2σ of 1.1ε level) among all the analyzed samples. 
Since 42Ca, 43Ca and 44Ca have similar neutron capture 
cross sections, and 43Ca is much less abundant than 
42Ca and 44Ca, cosmic ray damage effect is to generate 
more 43Ca than 42Ca and 44Ca, i.e., positive ε43Ca/44Ca, 
inconsistent with our measurement. Because 43Ca was 
measured at ~10 mv, it is very sensitive to baseline 
correction. In addition, 60025 was only analyzed three 
times. Consequently, the ε43Ca/44Ca error bar of 60025 
may be underestimated.  

ε48Ca/44Ca: Only one CAI, SJ103, shows a mar-
ginally higher ε48Ca/44Ca (Fig. 1), consistent with pub-
lished results from [11, 12] who also observed excess 
48Ca in some CAIs. The excess of neutron-rich isotope 
48Ca in CAIs requires a neutron-rich nucleosynthetic 
process. 
 

Conclusions:  Our non-mass dependent Ca iso-
topic analyses on a series of samples from inner Solar 
System objects do not show any resolvable ε40Ca/44Ca 
(at a 2σ of 0.8 ε level) or ε43Ca/44Ca (at a 2σ of 1.1 ε 
level) anomalies within inner Solar System objects. 
However, one out of three measured Allende CAIs 
shows a positive ε48Ca/44Ca (3.5±1.7) anomaly, consis-
tent with earlier suggestions that some CAIs are en-
riched in a component from a neutron-rich nucleosyn-
thetic process. 
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Fig. 1 (right) ε4iCa/44Ca in Earth, Moon, Vesta and 
Allende CAIs. ε4iCa/44Ca  is defined as 
[(4iCa/44Ca)sample/(4iCa/44Ca)NIST915a-1]*104. Eight repeat 
analyses of NIST SRM 915a during Feb-Mar and 
Nov-Dec 2009 yield ε40Ca/44CaNIST915a = 0.0±0.8 
(2σm); ε43Ca/44CaNIST915a = 0.0±1.1; ε48Ca/44CaNIST915a = 
0.0±1.2. The grey areas show the 2σm error bars of 8 
NIST SRM 915a analyses.  
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