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Introduction: Bulk O isotopic compositions of CR chon-
drites plot along a trend of slope ~0.7 between the terrestrial frac-
tionation line and the carbonaceous chondrite anhydrous mineral 
line, possibly reflecting progressive alteration of a 16O-rich anhy-
drous reservoir by a more 17,18O-rich H2O reservoir [e.g. 1,2,3]. 
To understand the contributions of secondary minerals to the bulk 
CR trend, we completed in situ O-isotope analyses of precipitated 
minerals. The data also provide information about the fluid chem-
istry and temperature evolution during aqueous alteration. 

Methods: We measured O-isotopes in 13 magnetite and 11 
calcite grains in two sections of QUE 99177, a weakly altered CR 
chondrite, using the University of Hawai‘i Cameca ims 1280 ion 
microprobe. Measurements used a 25pA Cs+ beam focused to 3 
μm. 16O-, 17O-, and 18O- were measured using a Faraday cup and 
two electron multipliers, respectively. The mass resolving power 
for 17O- was set to 5800 to resolve the 16OH- peak, and 17O- was 
corrected for the tail of 16OH-. Temperature information was de-
rived from empirical O-isotope fractionation factors [4,5]. 

Results: Calcite grains in QUE 99177 coexist within the 
same fine-grained components as the magnetite (often in con-
tact). The magnetite data form an array along the TFL ranging in 
δ18O from -5‰ to -12‰. The average Δ17O for magnetite is -0.2 
± 0.4‰ (2σ). The majority of calcite data (9 of 11 grains) plot in 
a linear array ranging from 14‰ to 26‰ in δ18O. The calcite ar-
ray shows a trend of increasing Δ17O with increasing δ18O, where 
Δ17O ranges from -0.7‰ to 2.8‰. Two calcite grains at the light 
end of the array display values of δ18O ~ 9‰, and Δ17O ~ -3‰. 

Discussion: The variation in δ18O for calcite can be attributed 
to changing fluid chemistry or temperature [3], and the variation 
in Δ17O is likely the result of exchange between water and solid 
during progressive alteration [6,7]. A positive correlation be-
tween Δ17O and δ18O was also observed in Renazzo calcite [8], 
but the QUE 99177 data cover a larger range and QUE 99177 is 
overall ~5‰ lighter in δ18O. The wide spread in O isotopes for 
calcite may reflect the lower water/rock ratio [2] in the less al-
tered QUE 99177 compared to Renazzo and GRO 95577. 

The ~6‰ spread in δ18O for magnetite in QUE 99177 can in-
dicate evolving alteration conditions, or a well-documented crys-
tal-orientation effect for magnetite in SIMS analysis [9]. This 
spread is similar for magnetite in Renazzo (CR2) and GRO 
95577 (CR1) [8], but the QUE 99177 data are shifted to heavier 
values. If magnetite from the 3 CRs formed from fluids of a sin-
gle composition [5], then QUE 99177 records the lowest fluid 
temperature, followed by Renazzo, then GRO 95577, suggesting 
more-altered samples experienced slightly higher temperatures.  

The abundance of 16O-enriched magnetite may partly explain 
why bulk O isotopes of GRO 95577 plot inconsistently lighter on 
the CR trend relative to less altered samples [2]. 
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