
 

 Triple oxygen isotope analyses have great significance in understanding our 

solar system. It is considered indispensable for meteorite classification and is 

routinely used for constraining primary and secondary processes in the solar 

nebula and on parent bodies as well as finding genetic relationships among 

meteorites. Western University has recently refined protocols for high 

precision and high accuracy analyses of triple oxygen isotopes using CO2 laser-

BrF5 fluorination extraction mass spectrometry. Our advancements include a 

newly designed sample holder that ensures systematic, complete reaction of 

silicate materials including highly resistant phases like olivines and CAIs. Our 

laser extraction procedures are then applied to analyses of different ordinary 

chondrites, achondrites and carbonaceous chondrites. The advancements in 

sample reaction have allowed expansion of the range of values typically used 

to produce a standard TFL and have resulted in a highly precise and accurate 

TFL (R2=1) with the largest range of values available to date. 
 

17 different minerals and rocks 
79 individual runs 
Range in d17O = -13.9 to +14.2 ‰ 
Range in d18O = -27.1 to +26.7 ‰ 
Includes NBS-28, UWG-2, San Carlos Olivine 
and terrestrial minerals from Russia (Bindeman et al., 2010) 
with the lowest d18O and d17O values known. 
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Range in d18O values 
-27 to +27 ‰ (This Study) 
-6 to +31 ‰ (Jabeen et al., 1998) 
-6 to +11 ‰ (Kusakabe et al., 2008) 
-6 to +24 ‰ (Hofmann et al., 2011) 
 

Minerals/Rocks Lased for TFL 
Anorthite, Biotite, Corundum, 

Forsterite, Garnet, Granodiorite, 

Kaolinite, Magnetite, Olivine,  

Plagioclase, Quartz, Quartzite 
 
 

Custom fabricated from high-purity 
Nickel, the sample holder is machined 
with a specially designed angular bit to 
produce wells with a tapered cross 
section to ensure the sample is focused 
into the centre of laser beam 

Our CO2 laser fluorination mass spectrometry protocols at Western 
University provide enhanced precision and accuracy for the measurement of 
triple oxygen isotopes in terrestrial and extraterrestrial materials in samples 
as small as 0.5 mg. Eight individual runs of UWG-2 provided an external 
precision (1σ) of ±0.04‰ in d17O and ±0.08‰ in d18O values. The measured 
d17O =2.99‰ and d18O =5.72‰ values for UWG-2 indicate our accuracy is 
better than ±0.1‰. Our newly  constructed TFL ranges from -27.1 to + 26.7‰ 
in d18O and -13.9‰ to +14.2‰ in d17O, which is the largest range in terms of 
d18O and d17O values so far reported in the literature. Our data  obtained 
from several named ordinary chondrites, achondrites and carbonaceous 
chondrites is in excellent agreement with the literature. We are working on 
characterizing several unknown meteorite finds and falls. Other interests 
include analysis of olivine diogenites, Martian meteorites, pallasites, 
chondritic meteorites and lunar samples. We are open to collaboration and 
are happy to provide triple oxygen isotope analyses to clients. 
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The slope of TFLs obtained from laser ablation techniques at labs worldwide typically range from 0.5237 
(Pack et al., 2007) to 0.526 (Kusakabe et al., 2008). Our slope of 0.5223 is somewhat lower than might 
be expected. The wider range in d18O and d17O values of our TFL allows us to better constrain samples 
with extremely low oxygen isotope compositions such as calcium aluminum rich inclusions (CAIs) and 
amoeboid olivine aggregates (AOAs). 

We have applied our techniques to several named and unnamed Martian 
meteorites including Zagami (n=3), LA002(n=2), Nakhla (n=4) and MAM (n=2). 
From these data we have compiled a Martian Fractionation Line (MFL) with a 
slope of 0.5244 that is in excellent agreement with the MFL given by Franchi et 
al., 1999 having a slope of 0.526. 

Our TFL data is shown as yellow circles in the upper right. The data has an average of -0.006 ±0.006 (2σ) 
in ∆17O. The application of 3 different equations (a, b & c) for ∆17O calculation produce different results 
when looking at higher absolute values (±50‰) of d18O while all these equations work well for values 
within a short range such as ±5‰. Our ∆17O values do not show any trend as exhibited by the lines b 
and c in the diagram above confirming that the equation a is better choice to constrain ∆17O values. 

Our data 

LA002 

Nakhla MAM 

Zagami 


