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Introduction: Chondrites are primitive materials 

of the inner Solar System in that they escaped the 
planetary differentiation processes. Their isotope and 
chemical compositions can be used to re-construct the 
evolution of the early Solar System, and to constrain 
the bulk composition of Earth and other planets [e.g. 1, 
2]. It has been well established that different chondrite 
groups are characterized by distinct oxygen isotope 
compositions [3]. Previous studies also reported mass-
dependent isotope variations of Ca among different 
chondritic groups [4]. In contrast, within analytical 
uncertainty, Mg [5-6], Fe [7] and Si [8-9] isotopes are 
homogeneous among different chondrite groups, with 
the possible exception of Si isotopes in enstatite chon-
drites. Since Ca is the only major element in addition 
to O that show substantial isotope variations in chon-
drites, we report further Ca isotope measurements of 
three groups of chondrites (carbonaceous, ordinary and 
enstatite chondrites) using the established techniques 
reported in [10-11]. Such data are needed to better 
understand the relationship between (i) mass-
dependent isotopic variations (δ-values), (ii) mass-
independent isotopic variations (ε-values; Δ17O) and 
(iii) chemical compositions within the chondrites. This 
information is essential for being able to properly se-
lect initial isotope compositions for modeling planetary 
reservoir evolution. 
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Fig. 1 δ44/40Ca vs. δ42/40Ca for three chondrite groups cor-
rected for their radiogenic 40Ca using literature K/Ca ratios. 
This correction is in all cases < 0.1‰. All chondrites plot on 
the exponential fractionation trend. 
 

Results: After correction for the radiogenic 40Ca 
ingrowth in the chondrites, all samples plot along the 

exponential fractionation trend in a three Ca isotope 
plot (δ44/40Ca vs. δ42/40Ca) (Fig. 1). There are relatively 
large measurable δ44/40Ca variations among the three 
chondritic groups. In detail, the enstatite chondrites 
have the highest δ44/40Ca, overlapping with the esti-
mated value (1.05) for the upper mantle [10]. Carbo-
naceous chondrites have the lowest δ44/40Ca among 
three chondritic groups, and Allende (CV3) has the 
lowest δ44/40Ca (0.28±0.05) among all studied chon-
drites. Ordinary chondrites have δ44/40Ca of 0.76 to 
0.98, filling the gap between enstatite chondrites and 
carbonaceous chondrites (Fig. 1). Thus δ44/40Ca de-
creases in the order of enstatite chondrites > ordinary 
chondrites > carbonaceous chondrites as was also ob-
served by Simon and DePaolo [4]. 

0.04

0.06

0.08

0.10

0.12

0.0 0.2 0.4 0.6 0.8 1.0 1.2

δ44/40CaSRM915a

0.02

0.04

0.06

0.08

0.10

0.12

Carbonaceous
Chondrites
Ordinary
Chondrites
Enstatite
Chondrites
(agecorrected)
Earth

 
Fig. 2 δ44/40Ca vs. Al2O3/SiO2 and CaO/MgO (both wt ratios) 
in three chondrite groups. Estimates of the bulk Earth are 
plotted for comparison. 
 

Discussion: Chondrites form a positive Al/Si vs. 
Mg/Si trend: enstatite chondrites define the low-Al/Si 
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and -Mg/Si end, carbonaceous chondrites define the 
high-Al/Si and -Mg/Si end, and ordinary chondrites fill 
the gap in between [e.g., 1, 12]. We note that the inter-
group variations of Al/Si and Mg/Si among different 
chondrite groups mimic that of the δ44/40Ca variation. 
Specifically, three chondrite groups form negative 
trends in plots of  δ44/40Ca vs. Al2O3/SiO2 and 
CaO/MgO, both ratios of a refractory element over a 
volatile element (Fig. 2). Interestingly, the bulk Earth 
estimates do not plot on the chondrite trends or their 
extensions (Fig. 2). The δ44/40Ca vs. Al2O3/SiO2 and 
CaO/MgO trends of chondrites may reflect different 
proportions of Ca-Al-rich inclusions (CAIs) in differ-
ent chondrite groups. Consistent with this interpreta-
tion, Allende, with the lowest δ44/40Ca, is also charac-
terized by a positive 48Ca anomaly (Fig. 3), both dis-
tinctive features of CAIs [11]. In contrast, within error 
enstatite chondrite Abee has the same ε48/44Ca as the 
Earth (Fig. 3).  
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Fig. 3 δ44/40Ca vs. Δ17O and ε48/44Ca in chondrite groups. 

 
A recent study [13] also reported that enstatite 

chondrites are the only chondrite group having the 
same Ti and Cr isotope compositions as the Earth. 
Compared to the Earth, both carbonaceous and ordi-
nary chondrites show positive ε46Ti, ε50Ti and ε54Cr 
anomalies, in part at least reflecting a contribution 

from CAIs. In summary, enstatite chondrities and the 
Earth have the same isotope compositions for all major 
and minor elements (O, Ca, Ti, Cr) which exhibit sub-
stantial isotopic variations among different chondritic 
groups. Si is the only exception in that enststite chon-
drities have lower δ30Si compared to the estimate for 
the Earth’s mantle [8-9] (Fig. 4). However, there is 
substantial Si in the metal phases in enstatite chon-
drites [14] and this Si is likely to have very low δ30Si-
values. Since all available δ30Si data of enstatite chon-
drites are from EH chondrites with high metal con-
tents, their measured δ30Si may not neceraily reflect 
the isotope composition of the parental nebular reser-
voir. 

In conclusion, the Earth and enstatite chondrites 
have essentially identical isotope compositions, sug-
gesting they are both derived from the same parental 
nebular reservoir. The very different  chemical compo-
sitions of Earth and enstatite chondrites must then be 
due to different chemical processes operating during 
their formation. 
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Fig. 4 δ44/40Ca vs. δ30Si in three chondrite groups. Estimates 
of the bulk Earth are plotted for comparison.  
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