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Since the observation that the same mass independent isotopic composition observed in 
high temperature inclusions of the Allende meteorite could be produced by a chemical process 
(1) the question as to the source of the meteoritic composition has remained open. The 
question is of fundamental importance since oxygen is the most abundant element in stony 
metwrites and planets, hence the process which produces the observed meteoritic isotopic 
composition is significant. It has long been a major paradox as to why oxygen is the only 
element to possess isotopically anomalous behavior on the bulk level; the observed isotopic 
anomalies are unaccompanied by effects in other elements isotopic composition While it is 
true that undisputed nucleosynthetic anomalies reside in the CAI's where there is a large I 6 0  
enrichment, there is no quantitative relation between oxygen and the isotopes of any other 
element. In order to assess the possible role of chemical processes in the early solar system 
there have been several obstacles . Resolution of the mechanism responsible for production of 
the effect has been particularly important. At present, the effect of temperature (2), pressure 
(3), excitation (2,4) and symmetry have been experimentally determined. In addition, it is 
known that the effect is rather general, and is observed in several reactions and other elements 
(e.g. recent reviews in 5-6). It is now generally agreed upon that the effect occurs in the 
recombination reaction and derives from molecular symmetry factors. Thus, the physical- 
chemical understanding of the mechanism by which chemically produced isotopic 
fractionation's occur has advanced considerably since the original discovery. In addition, as 
described in this volume, it is now observed that a I 6 0  enriched silicate condensate may be 
produced in the laboratory from gas phase precursors, thus demonstrating that condensation 
reactions may also produce mass independent isotopic compositions. 

An early concern regarding the possibility that meteoritic oxygen isotopic anomalies arise 
from chemically produced fractionation's was that although they are produced in the 
laboratory they were not observed in nature. Mass independent isotopic compositions have 
now been observed in several of the most interesting molecules in the earths atmosphere. 
Ozone in the stratosphere has an isotopic composition with 6180 approximately equal to 6170 
(7). Stratospheric carbon dioxide is now known to possess a large mass independent isotopic 
composition (8). Recent rocket collected samples from more than 12 flights demonstrate that a 
pure 6180=6170 fractionation is observed, the magnitude of which varies with altitude. Most 
recently, this laboratory has demonstrated that atmospheric nitrous oxide also possesses a 
mass independent isotopic signature (9). Thus, at present, at least three of the most important 
molecules in the earths atmosphere possess a mass independent isotopic composition. As is 
the case for the meteorites, the observed mass independent isotopic components have 
provided insight into atmospheric processes which could not have been obtained from either 
concentration or single isotope ratio measurements. The observations are also important for 
enhancing insight into how mass independent components are produced in nature.This may 
ultimately be useful in modeling how these processes may occur in the early solar system. 

Recent laboratory experiments have provided further insight into both the different 
mechanisms by which chemically produced mass independent isotope effects may be 
produced and how they could occur in the early solar system (10 ). In a series of experiments 
it was observed that the simple process of isotopic exchange between atomic oxygen  ID)) 
and ground state carbon dioxide produces a mass independent isotope composition. The most 
important aspects are: 1) the process is mass independent, with a fractionation of 6170,d*0. 
2) the exchanged atomic oxygen is depleted in the heavy isotopes (or 160 enriched) by 
precisely 40 per mil. 3) the exchange is independent of the oxygen atoms isotopic 
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composition; e.g. when the atomic oxygen isotopic com osition was varied by as much as 76 t per mil, the final atomic oxygen is always enriched in 1 0 with respect to the bulk reservoir 
by 40 per mil. The source of the mass independent isotopic fractionation is the CO3* 
transition state, which has a lifetime of less than 100 vibrational periods (1 1 ). The striking 
similarity to the meteoritic observations is of interest. First, it is well known that the CAI's 
have, in the most refractory phases, an isotopic composition which is enriched in 1 6 0  by 40 
per mil (12) essentially identical to what is observed for the steady state fractionation factor 
observed in the experiments. Secondly, the process which produces the effect is general, it is 
simple isotope exchange. Third, the product of the exchange is atomic oxygen, which is 
highly reactive. The kinetic fate of the exchanged oxygen, as it is in the earth's atmosphere, 
would be reaction. Thus, this could lead to the earliest products possessing a 6170=d80=-40 
per mil isotopic composition. Most reactions which have been previously studied result in a 
product which is enriched in the heavy isotopes, while CAI's are depleted. This now provides 
at least one mechanism by which a condensate could become enriched in 160, and by the 
same magnitude as observed in CAI's. The plausibility is further enhanced by the observation 
that silicate like material may be produced which is mass independently fractionated and 160 
enriched. Future investigations of isotopic exchange processes, reaction mechanisms of 
nebular species and isotopic fractionation processes which occur during heterogeneous grain 
formation will be of considerable importance in further advancing our understanding of these 
processes in the early solar system. 

The observation that a mass independent component is produced in exchange of atomic 
oxygen with carbon dioxide may be of importance in the Martian atmosphere. It is possible 
that C02 in the Martian atmosphere is mass independently fractionated as a result of the same 
process which occurs in the earth's atmosphere. In the stratosphere, the photolysis of ozone 
produces the atomic oxygen which undergoes exchange with C02 to produce the observed 
mass independent composition. The Martian atmosphere also possesses both CO2 and 0 3  (13) 
which undergoes photolysis. Since the kinetic fate of the product atomic oxygen in the 
Martian atmosphere may be to undergo isotopic exchange with C02 it is likely that it acquires 
a mass independent isotopic signature, as does C02 in the earth's atmosphere. Since C02 and 
H20 easily isotopically exchange, particularly on a surface (mineral) this is a physical 
chemical mechanism by which water in the Martian regolith becomes mass independently 
fractionated and account for isotopic measurements of SNC meteorites which possess a mass 
independent composition (14) . It has previously been suggested that interactions between 
carbon dioxide and water in the Martian regolith are of importance in accounting for the 
observed isotopic compositions SNC meteorite components (15). The recent observations of 
mass independent isotopic variations in terrestrial C@ coupled with laboratory 
measurements provides a firmer basis by which the chemistry of the Martian atmosphere, 
regolith, as well as the early solar system may be studied. Continued laboratory experiments 
and atmospheric observations will further enhance our understanding. 
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