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Introduction: Triple oxygen isotope data are powerful tools for investigating the provenance of early Solar Sys-

tem materials (18O/16O and 17O/16O expressed as δ18O and either δ17O or the non-mass dependent component Δ17O, 
e.g. [1]), and are often used to investigate relationships between meteorites (usually chondrites) and micro-
meteoritic materials [2]. Early investigations used in-situ approaches by Secondary Ion Mass Spectrometry (SIMS) 
[3,4,5] while a similar number of micrometeorites have since been investigated by higher precision Laser-assisted 
Fluorination Mass Spectrometry (LFMS) [6,7,8]. While LFMS has become established as a central tool in identify-
ing the planetary type materials, where high precision is needed due to small isotopic variations, SIMS trades preci-
sion for the ability to probe a larger number of samples, and is particularly suited to addressing chondritic (nebular, 
rather than planetary) materials and has the advantage that small samples, such as micrometeorites, are preserved for 
further studies. Therefore, we are revisiting the potential of SIMS to screen large numbers of micrometeorites and 
other chondritic materials with a focus on the common mineral olivine ([Mg,Fe]2SiO4). 

Methods: Previously, olivine reference materials with various Mg/Fe ratios (Mg#: molar [Mg+Fe]/Mg × 100) 
have been synthesized for analysis by Sensitive High-mass Resolution Ion Micro-Probe (SHRIMP) to understand 
SIMS matrix effects during in-situ Mn-Cr isotopic analyses [9]. We have analyzed some of these olivine batches, 
and one additional separate of more Fe-rich natural olivine, for their triple-oxygen isotopic compositions by both 
LFMS and SIMS to enable instrumental mass fractionation corrections (IMF) to SIMS analyses of unknown meteor-
itic materials. Olivine separates and large grains (~2 mg) were analyzed according to the method described in [10] 
using a Thermo MAT 253 mass spectrometer, and individual grains (via ~30 µm diameter sampling pits) following a 
method modified from [11] using SHRIMP Stable Isotope (SHRIMP-SI). 

Results: Following convention and using terrestrial mantle olivine (San Carlos, Mg# ~90) as a primary standard 
to correct for IMF, we find that synthetic olivine with moderate contents of FeO (Mg# ~60) displays no significant 
matrix effect on δ18O. For olivine richer in FeO (for which we use a terrestrial olivine with Mg# ~35) the ‘raw’ δ18O 
is biased to ~4 ‰ lighter values along the mass-dependent fractionation line. This is in qualitative agreement with 
that found by previous SIMS studies using large CAMECA ion probes [12,13] but stands in contrast to that found 
for a small CAMECA probe using a higher energy window [14]. 

Discussion: After correction of San Carlos olivine for IMF, remaining bias on more FeO rich olivine with Mg# 
~60 is negligible. This is similar to [12,13] and indicates that moderate levels of FeO in the olivine structure has no 
discernible effect on δ18O to currently achieved precision. The majority of meteoritic and micrometeoritic olivines 
(usually relict and neocrystallised respectively) are in this range and can therefore be analyzed without significant 
inflation of error. For our more Fe-rich composition (Mg# 35) an IMF effect of ~4 ‰ is significant and will have 
application to rare subsets of olivine, such as those of secondary fayalitic or oxidized micrometeoritic affinity. For 
IMF correction, we might consider two end-member cases to describe the possible control FeO in olivine exerts on 
δ18O: (1) a more conservative view that there is no effect from Mg# 100 to ~60, but that it increases approximately 
linearly thereafter to Mg# ~35; or (2) that bias increases steeply near Mg# ~35 and continues to extremes at Mg# 0 
(fayalite). In any case, δ18O corrections are unlikely to be important for SHRIMP-SI in almost all meteoritic oli-
vines, but further work is required to evaluate the sensitivity of SHRIMP-SI to the most Fe-rich olivine.  

Conclusions and future directions: Correction for bias is minimal for most meteoritic olivines. At higher FeO 
contents (Mg# ~35) there is a ~4 ‰ bias, and this probably becomes stronger at higher Fe-content. Using these ref-
erence materials, we intend to use a ‘mass-spectrometric mining’ approach to screen many grains [e.g. following 
previous work for detrital zircon; 15] for unusual types which can later be analyzed by other microbeam techniques. 
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