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Introduction: Unequilibrated Ordinary Chondrites 

(UOCs) have undergone only minor thermal processing on their 
parent bodies, and, therefore, provide unaltered isotopic records 
from early solar system processes, as most of their minerals re-
tain nebular composition. Olivine and pyroxenes in UOC chon-
drules represent equilibrium condensation phases. High precision 
oxygen isotope analyses by micro laser-fluorination, combined 
with mineralogical and petrological data are a powerful tool to 
investigate early solar system processes affecting the oxygen iso-
tope distribution and evolution. UOC oxygen isotope distribu-
tions are commonly modeled incorporating two reservoirs: solid 
and gas [1-4]. The “solid” endmember is represented by type I 
chondrule olivines and pyroxenes, and secondary aqueous altera-
tion phases represent the “gas” endmember [2, 5]. 

Results: UOCs of low petrologic types (3.00) display large 
ranges in their bulk oxygen isotope composition (δ18O) that span 
the entire δ18O range of the three subgroups (H, L, LL) of the Or-
dinary Chondrites (OCs) (~3.5 to 5.5‰), and even extend the 
range up to 7 ‰ [6]. The δ17O values of these bulk samples have 
similarly large ranges, but are lower than those of the OCs by 
several 10th of and up to 1‰ [6]. This suggests that isotopic het-
erogeneity of early Solar System components is preserved in 
UOCs even when analyzing bulk material [6]. The oxygen iso-
topically very positive matrix oxygen isotope data of NWA 7731 
[6] might represent the composition of H2O ice at the time of ac-
cretion; this value and bulk matrix δ18O values of Semarkona [4] 
are the most positive UOC values from each respective dataset.  

Discussion: Calculated oxygen isotopic averages of the pre-
viously studied type 3.00 UOCs [1, 2] do not fall into the respec-
tive oxygen isotope field of their “assigned” OC subgroup, but, 
instead, have somewhat lower δ17O/Δ17O values. This raises two 
question: (1) are bulk UOCs truly in the same oxygen isotope 
fields as OCs, or do they occupy their own, distinct oxygen iso-
tope field, and (2) when equilibrated and metamorphosed, would 
UOC material oxygen isotopically “turn into” OC material? 

We are obtaining high-resolution spatial and high-resolution 
analytical micro oxygen isotope analyses of low type UOC (e.g., 
NWA 7731, NWA 8276, and Semarkona) components in order to 
more accurately understand the degree and nature of solid-gas 
mixing in the UOCs: (1) chondrule minerals (olivines and pyrox-
enes), (2) secondary alteration minerals (phyllosilicates and other 
hydrated phases), and (3) matrices and chondrules. We are also 
studying low petrographic type equilibrated OCs (H, L, LL) in 
order to establish possible similarities or differences between 
those rocks and UOCs. Further, we are conducting experiments 
to “equilibrate”/”metamorphize” [7] UOC material in order to 
test whether such processes transform UOC material into OC ma-
terial, and whether UOCs and OCs might possibly share the same 
parent body. We will present our first results. 

References: [1] Connolly H.C. Jr. et al. (2012) Abstract 
#2204. 43th LPSC, [2] Kita N.T. et al. (2010) GCA 74: 6610-
6635, [3] Choi B.-G et al. (1998) Nature 392: 577-579, [4] Clay-
ton R.N. et al. (1991) GCA 55: 2317-2337, [5] Bridges J.D. et al. 
(1999) GCA 63: 945-951, [6] Ziegler K. et al. (2014) Abstract 
#2468, 45th LPSC, [3] Nakato A. et al. (2014)  Absrtact #2355, 
45th LPSC. 

5160.pdf77th Annual Meteoritical Society Meeting (2014)


