
In Situ Meteoritic Ti Isotopic Measurements by Laser Ablation MC-ICP-MS and the Homogeneity in Re-
fractory Inclusions  H-W. Chen1, T. Lee2, D-C. Lee2, and Y. Iizuka2, 1Department of Geosciences, National Tai-
wan University, Taiwan (haart@earth.sinica.edu.tw), 2Institute of Earth Sciences, Academia Sinica, Taiwan. 

 
 
Introduction:  Aiming for in situ analysis of small 

samples, we have been developing the laser-ablation 
multi-collecting inductively coupled plasma mass 
spectrometry (LA-MC-ICP-MS) [1].  Here we report 
the initial results for titanium isotopic analysis of 30 
um spots on individual Ti-pyroxene grains from Al-
lende CAIs. 

Experimental Methods:  A Ti composition stan-
dard solution with a concentration of 100 ppb was first 
prepared from high purity Merck CertiPUR grade Ti 
reagent.  Then we diluted it to make a 25 ppb pure Ti 
solution standard that gave a 48Ti ion beam of 40 pA.  
Moreover, a series of mixtures were prepared to cover 
the range of interferences on Ti from Cr, Ca, and Al-
Mg.  Our isotopic measurement of the pure Ti solution 
standards after normalizing 47Ti/49Ti to correct for iso-
topic fractionation yielded reproduced 46Ti/49Ti, 
48Ti/49Ti, and 50Ti/49Ti ratios with two sigma external 
precision around 2-3 epsilon unit (εu).  The same pre-
cision was achieved for the mixtures containing inter-
fering neighboring elements thus demonstrating that 
our correction method worked to a large extent (Table 
1).  However, the absolute ratios for Ti isotopes are 
currently under dispute.  Four groups have published 
Ti isotopic ratios that are inconsistent with one another 
[2,3,4,5]. Our values are closest to those of Heydegger 
et al. with differences less than the uncertainties (i.e. 2-
3 εu) for all Ti ratios.  Niemeyer’s values were very 
different from any of the other groups.  The most 
widely used ratios are those of Niederer et al. meas-
ured at Caltech’.  They measured Ti as TiO which is 
more sensitive but requiring correction of contribu-
tions from other oxides (e.g. 48Ti18O on 50Ti16O).  
Comparing our data with the Caltech’s, we found that 
after normalizing to 47Ti/49Ti, there are excellent 
agreements for 46Ti/49Ti and 48Ti/49Ti (i.e. difference < 
2-3 εu) but there is a significant offset at 50Ti/49Ti of 
about 13 εu.  Upon further examination, we found that 
the discrepancy decreases to 5± 3 εu if their measured 
oxygen isotope ratios were used for oxide correction 
rather than using that reported by Nier (1950) [6].  We 
thus believe that the 50Ti isotope ratio published by the 
Caltech’ group should be lowered by about 10 εu. 

Our next step was to apply our method to four Ti-
rich terrestrial mineral phases, metal, rutile (TiO2), 
sphene (CaTiSiO5), and perovskite (CaTiO3) with laser 
ablation (using New Wave Nd-YAG 5X 213nm UV).  
All four phases yielded Ti compositions that were con-

sistent with one another and also with our normal stan-
dard solution. The analytical precision of our LA-
ICPMS technique was found to be about 3ε (2σ).  This 
is an order of magnitude better than the performance 
of secondary ion mass spectrometry (SIMS), the tradi-
tional choice for in situ analysis.  However, the spatial 
resolution of laser ablation in ICP-MS presently was 
about 30μm that is far less than the sub-μm capability 
of SIMS.  Note that all four minerals show the same 
50Ti offset of around 12 εu relative to the Caltech’ 
value.  In the following we report our laser ablation 
results relative to the sphene standards analyzed in the 
same day. So offsets from the Caltech’ value cancelled 
out and do not affect the data. 

 
Table 1: Ti isotopic ratios of standard solution with 
different element mixtures and several terrestrial min-
eral standards. 

 
Results and Discussion: Following the procedures 

developed using the above terrestrial samples, we ana-
lyzed the titanium isotopic compositions of several 
fassaite grains from two large Ca-Al- inclusions of 
Allende meteorite whose titanium isotopic composi-
tions were previously measured using TIMS on dis-
solved and chemically separated bulk samples.  No 
titanium isotopic heterogeneity was found within dif-
ferent spots for single Ti-pyroxene crystal and all re-
sults were consistent with reported TIMS results 
(Fig.1).  The search continues and we are exploring 
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ways to analyze smaller grains of minor phases that 
may be important to Ti. Examples are perovskite, hi-
bonite, and rutile. 
 

 
Fig.1: The titanium isotopic ratios of the Egg 6 fassaite 
grains measured by LA-MC-ICP-MS. 
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