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Refractory lithophile elements, such as Ca and Ti, have the potential to trace the building blocks of the terrestri-
al planets because their abundance (and therefore isotopic composition) is not modified during planetary evolution 
(e.g., volatilization[1] or core formation[2]). The Ca isotopic compositions of enstatite (EC), ordinary (OC) and CO-
type carbonaceacous (CC) chondrites are indistinguishable from the Earth[3], while most types of CC (CI, CV and 
CR) display pronounced enrichments in the lightest Ca isotopes up to ~0.2 ‰  per atomic mass unit (AMU) com-
pared to the bulk silicate Earth (BSE)[3,4,5,6]. In addition, individual CC groups show distinct Ca isotopic composi-
tions with progressive enrichment in the heaviest isotopes in the order CR<CV<CI<CM<CO[3]. The heterogeneous 
calcium isotopic composition of C-chondrites is remarkable and puzling since among the five most abundant ele-
ments present in terrestrial planets only oxygen shows isotopic variability[7]. At first order, the origin of these varia-
tions may be attributed to incorporation of different amounts of isotopically light refractory condensates in the form 
of Ca-, Al-rich inclusions (CAIs). To test the origin of the Ca stable isotope variations among meteorites and terres-
trial planets, it may be helpful to measure the isotopic composition of  Ti. Titanium has a similar 50% condensation 
temperature as calcium[8], and it is much less insoluble in aqueous fluids. Here we have developed a technique with 
47Ti-49Ti double spike to measure high-precision Ti stable isotopic compositions of basalt standards and meteorite 
samples in order to search for possible Ti isotopic variations between meteorites and thus understand the origin of 
the Ca isotopic variations in the solar system. 

Three different digestion methods have been tested to check the effects of digestion on measured Ti isotopic ra-
tios, including alkali fusion, Parr-bomb digestion and hot-plate HF-HNO3 digestion. Titanium was purified by ion 
exchange chromatography, using a combination of anion exchange resin and Eichrom DGA resin. Samples were 
spiked with a 47Ti-49Ti double spike mixture before column chemistry. The signal intensities of the five Ti isotopes 
were measured simultaneously on a Thermo Fisher Neptune Plus MC-ICP-MS at IPG-Paris, and the intensity of 
44Ca+ was monitored for correction of 46Ca+ and 48Ca+ isobaric interferences on 46Ti+ and 48Ti+, respectively. All 
sample data are reported as δ49Ti, which is the per mille deviation of the sample’s 49Ti/47Ti ratio from that of our Ti 
in-house standard. Repeated measurements of basalt and andesite reference materials indicate that Ti stable isotopic 
compositions of silicate rocks can be reproduced with an intermediate measurement precision of ± 0.03 ‰ for δ49Ti. 

We have analyzed the Ti stable isotopic composition of 1 CI, 1 CM, 3 CO, 1 CV, 1 CK, 2 CR, 1 CH, 4 L, 2 LL, 
1 EL, 4 angrites, 6 martian meteorites as well as 4 terrestrial igneous rocks (BHVO-2, BCR-2, BIR-1, AGV-1). The 
isotopic composition of the geological reference materials agrees well with previous measurement[10] (δ49TiBHVO-2 
= -0.09 ± 0.03 ‰, δ49TiBCR-2 = -0.12 ± 0.03 ‰, δ49TiBIR-1 = -0.16 ± 0.03 ‰ and δ49TiAGV-1 = -0.03 ± 0.03 ‰), which 
confirms the presence of small but resolvable Ti isotopic variations among terrestrial igneous rocks[10,11]. On average, 
all chondrite groups have a homogeneous Ti stable isotopic composition (CC: δ49Ti = -0.04 ± 0.08 ‰, OC: 
δ49Ti = -0.05 ± 0.12 ‰ and EC: δ49Ti = -0.03 ± 0.05 ‰), which is undistinguishable from the terrestrial basalt 
BHVO-2 (δ49Ti = -0.09 ± 0.03 ‰) within analytical uncertainty. This is consistent with previous data on CM, CO, 
EC and OC[11]. We also show that the martian meteorites and angrites have a similar average Ti isotopic composi-
tion with δ49Ti = -0.03 ± 0.11 ‰ and δ49Ti = -0.09 ± 0.05 ‰, respectively. 

The absence of Ti stable isotopic variations between chondrite groups is consistent with the isotopic composi-
tion of other major elements such as Mg[12] and Fe[13], it is however in contrast with Ca[3]. Recent studies showed 
that Ti isotopes are less fractionated in CAIs than Ca[6,9], and therefore CAI content may not play a major role on the 
Ti isotopic composition of the chondrites. All together the present data show that Ti stable isotope systematics in 
bulk chondrites does not follow that of Ca, which may bring new consraints on nebular and planetary processes. 
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