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Introduction: Due to its lithophile and strongly re-

fractory character, Ti is an element of particular inter-
est in planetary sciences as the range of processes sus-
ceptible of fractionating its isotopic composition is 
rather limited and involves primarily mag-
matic/metamorphic processes. Indeed, Ti is refractory 
and cannot easily be lost during impact heating, it is 
lithophile meaning that core partitioning is irrelevant, 
and it is fluid immobile, meaning that it is immune to 
parent-body alteration. 

Here, we present first Ti isotope data for chondritic 
meteorites and komatiites and discuss and summarize 
the current state of knowledge for this promising new 
isotope system. 

Methods: Samples analyzed in this study have 
been digested using the LiBO2 fusion technique, 
which, unlike the more conventional acid digestion 
technique, affords complete dissolution of refractory 
accessory minerals and it avoids the creation of insolu-
ble Ti-bearing fluoride. As a test, several samples were 
also digested using the conventional high-temperature 
acid attack. Chemical purification and Ti isotope 
measurements using a 47Ti-49Ti double spiking proce-
dure were done following published methodology [1]. 
This separation guarantees proper removal of Li, 
which may cause ArLi molecular interferences on 
masses 46Ti and 47Ti.  

All measurements were corrected for the presence 
of 47Ti and 49Ti isotopic anomalies (50Ti is not used for 
isotope reduction procedure) based on the published 
values [2]. The Ti isotope composition is expressed in 
the delta notation (i.e. δ49Ti) relative to the 49Ti/47Ti 
isotope ratio. The 2SD uncertainty on the standard 
measurements during each analytical session was al-
ways below ±0.035‰, and this value served as a 
measure of external precision of the isotopic analysis, 
unless stated otherwise. 

Samples: To date, 13 chondritic meteorites have 
been analyzed for their Ti isotopic composition; these 
included the CO, CM, EC, LL, L, and H groups of 
chondrites. In addition, three USGS standard reference 
materials (SRM) (BHVO-2; BIR-1a, and G3) and 
Archean komatiites from four different localities were 
also analyzed for their Ti isotope compositions. This 
included komatiites from the 3.55 Ga Schapenburg, 
3.48 Ga Komati, 3.26 Ga Weltevreden, and 2.72 Ga 
Alexo komatiite systems. For all four localities, sets of 

samples that included both olivine cumulates and 
spinifex-textured rocks, were analyzed for their δ49Ti. 

Results: The Ti isotope compositions obtained by 
both digestion techniques are identical within the re-
spective uncertainties, indicating that the flux fusion 
technique yields accurate results. The measured Ti 
isotope composition of the USGS SRM BHVO-2 
(δ49Ti = 0.009 ± 0.035‰) and BIR-1a (δ49Ti = -0.062 
± 0.035‰) are identical to our previous measurements 
[1]. The δ49Ti of the USGS SRM G3 is +0.412 
± 0.035‰ and is, thus, significantly heavier than that 
of the other two SRMs. 

The δ49Ti values of all chondrites are indistinguish-
able within uncertainty, ranging from -0.027‰ (Bald 
Mountain, L4) to +0.027‰ (Blithfield, EL6) with a 
mean value of 0.004 ± 0.010‰ (95% c.i, n=13; Fig. 1). 
The Komati and Schapenburg komatiites have an aver-
age δ49Ti that is identical to that of chondrites, while 
the Weltevreden and Alexo komatiites have slightly 
lighter Ti isotope compositions (Fig. 2). 

 

 
Figure 1: Ti isotope composition of the different chondrite 
groups analyzed. All δ49Ti are identical within the uncer-
tainty, averaging at +0.004 ± 0.010‰ (95% c.i.) relative to 
Chicago-Ti standard. CC includes CM and CO chondrite 
groups. 
 

Discussion: The similarity in the Ti isotope com-
position among all investigated chondrite groups indi-
cates the absence of Ti isotope fractionation during 
accretion on a bulk planetary scale, at least for the 
samples investigated. In addition, the average chon-
dritic δ49Ti is identical to the recent estimate of the 
bulk silicate Earth [1]. Due to the lithophile character 
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of Ti, these results show that the bulk silicate Earth has 
a chondritic mass-dependent Ti isotope composition.  

Calcium is an element with a similar refractory and 
lithophile character as Ti and recently published data 
revealed that the Ca isotope compositions of most car-
bonaceous chondrites (except CO) are lighter than that 
of the bulk silicate Earth, ordinary and enstatite chon-
drites [3]. Our preliminary measurements of CM chon-
drites indicate that they have Ti isotope composition 
similar to the bulk Earth and all the enstatite and ordi-
nary chondrites. Further work is needed to test whether 
other carbonaceous chondrites also have indistinguish-
able Ti isotopic composition as Earth. A possible rea-
son why carbonaceous chondrites have light Ca iso-
topic composition is that they incorporated a greater 
proportion of refractory dust, which carries a very light 
Ca isotopic signature, reaching -5 ‰ [4]. Such a signa-
ture was found in the abundance of the REEs in the 
form of a Tm excess in carbonaceous chondrites rela-
tive to other meteorite groups, Earth, Mars, and Vesta 
[5,6]. CAIs also have fractionated δ49Ti [7] but the 
fractionations are on both sides of the terrestrial com-
position and have on average a δ49Ti isotopic value 
(around 0.22 ‰) that is not very different from the 
terrestrial value. Thus, while the greater incorporation 
of refractory dust in carbonaceous chondrites may have 
affected their Ca isotopic composition and REE pat-
tern, such an effect is not necessarily expected for Ti 
isotopes. 

 

 
Figure 2: Ti isotope composition of basalts and komatiites. 
Most samples have Ti isotope compositions that are identi-
cal, within uncertainties, to the chondritic δ49Ti (grey bar 
with dotted line). Schbrg, Schapenburg; WV, Weltevreden 

 
As mentioned earlier, the bulk silicate Earth [1] and 

chondritic Ti isotope compositions are identical within 
the uncertainties. However, small deviations from the 
chondritic δ49Ti towards lighter and heavier Ti isotope 
compositions are observed for the Alexo and the 

Weltevreden komatiites, as well as for some of the 
Cenozoic basalts (Fig. 2). This implies that some sort 
of δ49Ti heterogeneity exists in the terrestrial mantle. 
The solubility of Ti in different mantle minerals 
changes with pressure [8] and thus, Ti is an element 
affected by metamorphic reactions occurring in the 
Earth mantle. The inter-mineral Ti exchange that takes 
place during such reactions might fractionate Ti iso-
topes and thus produces variable δ49Ti between differ-
ent mantle phases. Fractional melting or melting of 
refractory mantle residues could then lead to the ob-
served δ49Ti variations found in mafic rocks. 

While the δ49Ti differences in mafic and ultramafic 
rocks are rather small, the only granitic rock measured 
exhibits a pronounced heavier Ti isotope composition. 
Thus, processes involved in the production of conti-
nental crust might favor heavy Ti isotopes [9]. 

Summary: Ordinary, enstatite and carbonaceous 
chondrites have uniform mass dependent Ti isotope 
compositions. The chondritic average is within error 
identical to the recent estimate for the Ti isotopic com-
position of the bulk silicate Earth. This indicates insig-
nificant Ti isotope fractionation during accretion proc-
esses of planets. 

Significant variation in the Ti isotope composition 
is found among igneous terrestrial rocks. The only 
granitic sample measured has a pronounced heavier Ti 
isotope composition than the bulk Earth and chon-
drites, indicating preferential incorporation of heavy 
isotopes into Earth’s crust. 
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