
MEAN OXYGEN-ISOTOPE COMPOSITION OF THE 
PROTOSOLAR MOLECULAR CLOUD SILICATE DUST.   
A. N. Krot1, K. Nagashima1, F. J. Ciesla2, E. R. D. Scott1, A. M. 
Davis2 1Univ. Hawai‘i at Mānoa, USA. 2Univ. Chicago, USA.  
 

Oxygen-isotope composition of the solar wind returned by 
GENESIS indicates that the Sun is 16O-rich (Δ17OSMOW = 
−26±6‰) [1], supporting one of predictions of the CO self-
shielding models [2−4]. The self-shielding models [3,4] assume 
that both the solids and gas were similarly 16O-rich (Δ17O ~ 
−25‰), and solids subsequently evolved towards the terrestrial 
value as a result of CO self-shielding, formation of 17,18O-
enriched H2O-ice followed by dust/gas fractionation, evaporation 
of H2O-ice inside the snow line, and thermal processing of sili-
cates in the H2

17,18O-enriched gas resulting in their oxygen-
isotope exchange. The existence of 16O-rich gas in the early solar 
nebula is supported by oxygen-isotope compositions of the oldest 
solar system (SS) solids, CAIs, which are either condensates 
from a gas of solar composition or remelted condensates [5,6]: 
most CAIs in primitive chondrites are uniformly 16O-rich (Δ17O = 
−24±2‰) [7,8]. However, (i) the initial mean oxygen-isotope 
composition of silicates is not known, and (ii) there is no simple 
correlation between oxygen-isotope compositions of the inner SS 
solids (CAIs, chondrules, asteroids) and their formation ages [9].  

Oxygen-isotope compositions of FUN and F CAIs [10−14, 
this study] indicate that their precursors had variable Δ17O values 
(−24‰ to ~0‰), implying that the 16O-rich and 16O-poor reser-
voirs coexisted at the time of CAI formation. We suggest that 
these observations can be explained if the initial solids in the SS 
were 16O-depleted relative to the solar nebula gas. This no longer 
requires the additional stages of dust − 16O-depleted gas early 
exchange that the self-shielding models invoke. This interpreta-
tion can explain the coexistence of 16O-rich and 16O-poor reser-
voirs at the time of CAI formation as well as 16O-depleted com-
position of chondrules, asteroids, and terrestrial planets [15]. 
Since chondrules formed in regions with high dust/gas ratio 
(>100×solar) [16], their O-isotope compositions were largely 
controlled by the 16O-depleted solids. Although the presence of 
crystalline silicates in chondritic porous (cometary) IDPs are in-
dicative of radial transport of dust in the protoplanetary disk, this 
radial mixing was only efficient at the earliest stages of the SS 
evolution and the amount of dust thermally processed in the inner 
disk is expected to decrease with time and with increase of radial 
distance from the Sun [17]. In contrast, all cometary IDPs meas-
ured so far are 16O-depleted and contain very rare 16O-rich grains 
[18,19]. We infer that initial solids in the SS were 16O-depleted 
relative to the solar nebula gas and that CO self-shielding had 
only small effect on the evolution of dust in the SS. We predict 
the least thermally processed, amorphous dust in the SS (e.g., 
dust from KBOs) will have compositions near the TF line; 16O-
rich solids will be very rare, crystalline, and related to CAIs. 
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