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Introduction: Many non-traditional stable isotope 

systems are used to study the evolution of the Earth and 
other solar system bodies [1]. However, mass-depend-
ent Ti isotope variations have seldom been measured. A 
previous study observed that terrestrial rocks exhibit 
significant variations in their Ti isotope composition 
(d49Ti), with values ranging between -0.07 and 
+0.55 ‰, whereby the d49Ti correlates positively with 
the SiO2 concentration [2]. The systematic shift towards 
a heavier Ti isotope composition with magmatic differ-
entiation was interpreted to result from preferential in-
corporation of light Ti isotopes in Fe-Ti oxides during 
fractional crystallization, leaving behind a melt that is 
enriched in heavy Ti isotopes. In terrestrial mafic and 
ultramafic igneous rocks, Ti isotopes show little varia-
tions and their composition has been used to estimate 
the bulk Earth d49Ti value relative to the OL-Ti standard 
to be +0.005 ± 0.005 ‰ [2].  

We will present new d49Ti data for a range of ordi-
nary (H, L, LL), entstatite (EH, EL) and carbonaceaous 
chondrites (CO, CM, CI, CV),  six aubrites and a lunar 
KREEP-rich impact melt breccia (Sayh al Uhaymir 
(SaU) 169), with the objectives to determine the Ti iso-
topic composition of the major groups of chondrites and 
to investiage two mafic systems where Ti and Ti-bear-
ing minerals had a more pronounced role during mag-
matic differentiation processes than in mafic terrestrial 
systems. 

Aubrites are unusual achondrites, likely due to the 
fact that core-mantle differentiation and magmatic evo-
lution on their parent-body occurred under highly reduc-
ing conditions. In constrast to terrestrial systems, Ti3+ 
and Ti4+ co-exist and Ti exhibits chalcophile behavior 
[3].  

Model calculations predict that in the latest stages of 
the lunar magma ocean solidification, extensive ilmen-
ite crystallization occurred [4]. Sayh al Uhaymir169 is 
a KREEP-rich lunar impact melt breccia, a rock en-
riched in incompatible trace elements and thought to 
represent leftover melt after major ilmenite crystalliza-
tion in the lunar magma ocean [5]. Thus, if ilmenite 
crystallization affected the Ti isotope composition, one 
should observe a strongly fractionated d49Ti  in KREEP-
rich lunar rocks. 

Methods: Samples analyzed in this study have been 
digested using the LiBO2 fusion technique, which, un-
like the more conventional acid digestion technique, 
leads to complete dissolution of refractory accessory 
minerals and it avoids the creation of insoluble Ti-bear-
ing fluoride. A further advantage of flux fusion is, that 

the boron in the flux prevents fluorine in laboratory 
fumes from complexing with Ti during column chemis-
try, a matter that can lead to erratic behavior of Ti during 
chromatography. Chemical purification and Ti isotope 
measurements using a 47Ti-49Ti double spiking proce-
dure were done following the methodology of [6].  

Chondrite and aubrite data were corrected for the 
presence of 47Ti and 49Ti isotopic anomalies (50Ti is not 
used for isotope reduction procedure) based on previ-
ously published values [7]. The Ti isotope composition 
is expressed in the delta notation (i.e. d49Ti) relative to 
the 49Ti/47Ti isotope ratio of the Origins-Lab Ti standard 
(OL-Ti). Measurement uncertainty expressed as 95% 
c.i. is around 0.03‰ [8]. 

Recommended data presenation of titanium iso-
tope compositions: To facilitate inter-laboratory com-
parison of Ti isotope data, we recommend that d49Ti 
data is published normalized to the OL-Ti standard, 
which is distributed by SARM (Service d’Analyses des 
Roches et des Minéraux, Nancy, France). The OL-Ti 
standard fulfills the guidelines for a suitable reference 
material as put forward by [1]. It also has an ideal Ti 
isotope composition, which is within current measure-
ment precision identical to the bulk silicate Earth and 
chondrites [2, 8]. The d49Ti value of NIST SRM 3162a 
is +1.056 ± 0.026 ‰ and is not suitable for expressing 
Ti isotope variations. In case other in-house Ti reference 
materials are used than the OL-Ti standard, it is sug-
gested to calibrate them against the OL-Ti standard and 
to subsequently correct the d49Ti data for the offset be-
tween the two Ti reference materials. For example, d49Ti 
data measured relative to standard reference material 
3162a from NIST can be recalculated to the OL-Ti 
standard with d49TiOL-Ti = d49TiSRM3162a + 1.054‰. 

Results and Discussion: No major variations are 
found in the Ti isotopic composition of chondrites, ex-
cept for a slightly heavier d49Ti value in the Allende 
(Fig.1). Without this sample, chondrites average at a 
d49Ti  value of +0.004 ± 0.010 ‰, in good agreement 
with the proposed composition of the bulk silicate Earth 
[2]. The homogenous d49Ti observed among all investi-
gated chondrite groups contrasts the published Ca iso-
tope pattern of the similarly refractory and lithophile Ca, 
where carbonaceous chondrites have lighter d44Ca com-
pared to enstatite and ordinary chondrites [9, 10]. 

It was suggested that the Ca isotope composition 
among chondrites could be linked to the amount of in-
corporated calcium-aluminum rich inclusions (CAI) 
and refractory dust [11, 12]. CAIs carry a very light Ca 
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isotope signature, reaching -11 ‰ (e.g. [12, 13]).   Thus, 
the high Ca concentration and light d44Ca of refractory 
dust can influence the Ca budget and isotope composi-
tion of chondrites.  

 
Figure 1: Mean Ti isotope composition versus Ca 

isotope composition of different chondrites and the bulk 
silicate Earth (BSE), recalculated to 1 amu mass differ-
ence. Ca isotope data from [10]. Dotted line with circles 
is a mixing curve between an ordinary chondrite and 
increasing addition of refractory dust. 
 

The question arises, why does the similarly refrac-
tory and lithophile Ti not follow the same trend? An im-
portant difference between Ca and Ti in CAIs is that Ca 
isotopes show overall light composition, but Ti isotopes 
show variations that are centered on the chondritic com-
position [13, 14]. The effect on the Ti and Ca isotope 
compositions of mixing a CAI/refractory component 
with an ordinary chondrite was calculated using pub-
lished Ca and Ti isotope compositions and concentra-
tions. For the Ca and Ti concentrations of the refractory 
dust, the average values for type II CAIs are used (i.e. 
Ti = 4065 µg/g; Ca = 8.4 wt.%) [11]. For the Ca and Ti 
isotope composition, the average values for type II CAIs 
are taken (d44Ca = -3.64 ‰ and d49Ti  = 0.22 ‰) [12, 
15]. The Ca and Ti concentrations of ordinary chon-
drites are 1.29 wt.% and 617 µg/g, respectively [16] . As 
shown in Figure 1, mass-balance predicts that mixing 
2% of a CAI component in ordinary chondrites will 
lower their d44Ca by around -0.54 ‰ but will have little 
effect on their d49Ti (i.e. +0.026 ‰).  

Thus, the decoupling of Ca and Ti isotopic compo-
sitions in bulk meteorites is likely the result of a distinct 
condensation history into refractory dust.   

 

Conclusions and Outlook: The Ti isotope compo-
sition of ordinary, enstatite, and carbonaceous chon-
drites is very homogeneous averaging at +0.004 ± 
0.010 ‰, a value identical to the published estimate for 
the bulk silicate Earth. This isotope pattern contrasts 
with that of Ca isotope. The decoupling of the Ti and Ca 
isotope systems probably originated from differences in 
behaviors between Ca and Ti during condensation in the 
solar nebula. 

Further data of aubrites and KREEP-rich lunar im-
pact melt breccia SaU 169 will be presented at the con-
ference, to evalute the potential of Ti isotope systematic 
in constraining the igneous history of differentiated 
planetary objects. 
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