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Introduction: Previous studies on titanium isotope 

anomalies were mainly done with thermal ionization 
mass spectrometry (TIMS) [1, 2, 3]. In these studies, 
TiO+ ion beams were measured and titanium isotopic 
compositions were obtained after correction of oxygen 
isotope contributions. In recent years, there has been 
renewed interest in titanium isotopic analysis in meteor-
ites with the development of the Multicollector-
Inductively Coupled Plasma Mass Spectrometer (MC-
ICPMS) [e.g., 4, 5]. Small isotope anomalies of neu-
tron-poor titanium nuclides (e.g., 46Ti) can be resolved 
when normalizing to a 49Ti/47Ti ratio of 0.749766 in 
Calcium-Aluminum-rich Inclusions (CAIs) and bulk 
meteorites [5]. More interestingly, there is a linear rela-
tionship between neutron-poor (46Ti) and neutron-rich 
(50Ti) isotope anomalies in solar materials [5]. Despite 
this progress, several critical questions remain unan-
swered, including where titanium isotope anomalies 
come from, what the carrier phases of titanium isotope 
anomalies are, and how these carrier phases are distrib-
uted and preserved during evolution of the solar system.  

In addition, isotope heterogeneity in the solar nebula 
is a critical issue in chronology. The validity of using 
short-lived radionuclides as high-resolution chronome-
ters is based on the assumption that they are well mixed 
and homogeneously distributed in the solar system [e.g., 
6, 7, 8, 9]. However, previous studies indicate that tita-
nium nucleosynthetic anomalies may vary even at the 
scale of macroscopic Allende samples [e.g., 4, 5]. 
Among a variety of elements which show isotope 
anomalies [e.g., 10, 11], titanium is well suited to test 
the mixing level of nucleosynthetic anomalies in the 
initial solar nebula, because it is refractory and was 
condensed into the oldest solids in the solar system. The 
efficiency of mixing could then provide constraints on 
dynamical models of early solar system evolution.  

In order to understand the origin and distribution of 
isotopic anomalies, we have developed a new approach 
to separate titanium from silicate matrices with TODGA 
and AG1-X8 ion exchange resins. Here we report our 
preliminary titanium isotope results for two geostan-
dards. 

Titanium separation: Titanium is separated via a 
two-stage procedure using TODGA and AG1-X8 resins, 
respectively. For column calibration purposes, a stan-
dard mixture was prepared from single-element standard 
solutions with 31 elements in 10 mL of 12 mol L–1 
HNO3. The standard mixture was then loaded onto a 2-

mL TODGA cartridge, which was cleaned and precon-
ditioned with a sequence of acids. Subsequently, matrix 
elements including alkali, alkaline earth and some trace 
elements were eluted with 10 mL of 12 mol L–1 HNO3. 
This scheme of matrix removal was based on a compre-
hensive study of TODGA/acid solution partition coeffi-
cients for many elements [12]. After that, titanium was 
stripped from the column with 12 mol L–1 HNO3 + 1 
wt% H2O2 together with molybdenum and minor nio-
bium, tantalum and tungsten, while zirconium, hafnium 
and the lanthanides remain on the TODGA resin.  

The second separation stage is a modified version of 
the procedure used by Schönbächler et al. [13]. It re-
moves the major matrix independently from the first 
stage and separates titanium from molybdenum, nio-
bium, tantalum and tungsten. We started from a stan-
dard mixture with 17 elements prepared from single-
element standard solutions. The mixture was dried down 
and then dissolved in 2 mL of 4 mol L–1 HF. After cen-
trifuging and decanting, this solution was loaded to a 
0.8-mL column with AG1-X8 resin, which was previ-
ously preconditioned. The matrix elements, including 
alkali, alkaline earth and some trace elements (e.g., iron) 
were eluted with 10 mL of 4 mol L–1 HF. Titanium was 
stripped from the column with 9 mol L–1 HCl + 0.01 
mol L–1 HF, while molybdenum, niobium, tantalum and 
tungsten remained on the resin and did not appear until 
additional volume of 9 mol L–1 HCl + 0.01 mol L–1 HF 
was passed through the column.  

Titanium isotopic analysis of geostandards: In or-
der to assess the efficiency of titanium separation in 
natural samples, 10–20 mg of geostandard USGS AGV-
2 andesite and USGS BCR-2 basalt were digested with 
HF-HNO3 acid mixtures in Teflon beakers. After com-
plete dissolution, titanium was separated using the pro-
tocols described above and was then introduced into a 
Thermo Neptune MC-ICPMS in dilute HNO3-HF mix-
ture via ESI Apex-Q and Spiro TDM inlet systems at 
the Origins Laboratory of the University of Chicago. 
Titanium isotopic analyses were obtained by the sam-
ple-standard bracketing technique.  Our bracketing 
standard is a NIST 3162a titanium solution. The posi-
tions of Faraday cups correspond to the species 44Ca+, 
46Ti+, 47Ti+, 48Ti+, 49Ti+ and 50Ti+ (cycle 1) and 47Ti+, 
48Ti+, 49Ti+, 50Ti+, 51V+, 52Cr+  and 53Cr+ (cycle 2) with 
integration times per cycle of 8.4 s and 4.2 s, respec-
tively. All measurements were made at high resolution.  
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Preliminary titanium isotope results for the two geo-
standards are shown in Fig. 1. Titanium isotope ratios 
are internally normalized to 49Ti/47Ti = 0.749766 [2]. 
All titanium isotopes show normal values within uncer-
tainties except ε50Ti in BCR-2, which has a small defi-
cit. Additional tests on natural samples are currently 
underway.  
 

 
Figure 1: Preliminary titanium isotopic data for geo-
standards BCR-2 and AGV-2. Data are reported in the ε 
notation and internally normalized to 49Ti/47Ti = 
0.749766 [2]. 
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