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Introduction:   
Oxygen is the third most abundant element in the 
cosmos.  Late in the last millennium, cosmochemists 
discovered that objects in the solar system show wide 
ranges in the isotopic composition of oxygen, and 
extreme variations in oxidation state as evidenced in 
mineralogy and mineral chemistry.  Yet, while these 
variations are well documented, an overarching 
model to explain their development remains beyond 
our grasp. 
But our scientific reach should always exceed our 
grasp.  The NASA Cosmochemistry Program and the 
Lunar and Planetary Institute are therefore 
sponsoring a five-year initiative aimed at better 
understanding how these variations came to be, and 
what they tell us about the formation and evolution of 
the solar system.  The Oxygen in the Solar System 
initiative is not limited to that element.  Rather, the 
initiative anticipates that a wide range of topics as 
described below need to be addressed in order to 
further our understanding of how oxygen isotopic and 
chemical variations were established, and the 
processes that have affected them since.  Addressing 
such a wide variety of topics will be difficult.  Our 
intent, therefore, is to leverage the latent, inherent 
synergies of the NASA Cosmochemistry Program 
and also incorporate input from the international 
planetary and geoscience communities.  

The study teams:   
The Oxygen in the Solar System initiative is being 
organized by five study teams: 
Terrestrial Planets 
Team Leads: John Jones, NASA/Johnson Space 
Center (john.h.jones@nasa.gov), and Chris Herd, 
University of Alberta (herd@ualberta.ca).  The 
terrestrial planets team is interested in the chemical 
and isotopic distribution of oxygen within the inner 
solar system, especially the causes of isotopic and 
oxidation state differences among the terrestrial 
planets.  This presupposes that the “bulk” oxidation 
state and isotopic composition of a planet can be 
characterized; an issue they will also evaluate.  The 
terrestrial planets team is concerned with the 
influence of oxygen and oxidation state on planetary 
processes – core formation, mantle convection, heat 
transport, basaltic volcanism,– and they will 
investigate the utility of oxygen isotopes and 
oxidation state as tracers of these processes.  The 
team also seeks to understand the interplay between 
atmospheric evolution, planetary differentiation, and 
the origins of life.  Thus, the major goal is to 
understand the causes of oxygen isotopic and 
oxidation state variation within the inner solar system 
over time.   
Asteroids and Meteorites 
Team Leads: Dave Mittlefehldt, NASA/Johnson 
Space Center (david.w.mittlefehldt@nasa.gov), and 
Tom Burbine, NASA/Goddard Space Flight Center 
(tburbine@lepvax.gsfc.nasa.gov).  The asteroids and 
meteorites team examines the fundamental issues 
regarding the chemical and isotopic distribution of 
oxygen in the solar system as evidenced in asteroid 
surface mineralogy and asteroidal meteorites.  They 
are interested in the oxygen isotopic compositions 
and oxidation state of parent bodies as recorded in 
meteorites.  The work of this team will include 
uncovering connections between oxygen isotopic 
composition, oxygen partial pressure, and other 
parent body characteristics such as moderately 
volatile element, carbon and hydrogen contents, that 
may give clues to the distribution and speciation of 
oxygen in the early solar system.  The team is also 
interested in understanding how parent body 
processes affected their initial oxygen characteristics.  
A key for understanding the distribution of oxidation 
state throughout the asteroid belt is determining their 
surface mineral assemblages so formation conditions 
can be ascertained.  The abundances and 
compositions of iron-bearing and hydrous minerals 
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need to be characterized to constrain the oxidation 
state of asteroids.  “Space weathering” may have 
changed the spectral properties of asteroid surfaces, 
and understanding its affects will be important for 
full understanding of oxidation state distribution in 
the asteroid belt. 
Outer Planets 
Team Leads: Jonathan Lunine, University of 
Arizona, (jlunine@lpl.arizona.edu) and Toby Owen, 
University of Hawaii (owen@ifa.hawaii.edu).  The 
outer planets group will survey the role of oxygen in 
the formation and evolution of the outer planets and 
their satellites, and current processes affecting its 
state and migration.  They will explore oxygen 
speciation in the atmospheres of the gas giants and 
their satellites, and in hydrated minerals and ices on 
satellite surfaces.  Current models of solar system 
formation, the nature of bodies that delivered 
volatiles to the inner planets, and surface and 
atmospheric modification through photochemistry 
and ion-molecule (plasma) interactions will be 
examined.  A major theme will be the relationships of 
outer planet oxygen reservoirs to those of the inner 
solar system and comets.  Isotopic compositions of 
outer planet reservoirs are largely unknown, and the 
team will evaluate existing evidence and potential 
means to constrain the compositions of these 
reservoirs. 
Comets  
Team Leads: Walter Huebner, Southwest Research 
Institute (whuebner@swri.edu), and Scott Messenger, 
NASA/JSC (scott.r.messenger@nasa.gov).  The 
comets team seeks to define the nature of precursor 
materials from the interstellar medium and the 
earliest grains formed in the solar nebula.  Some 
interplanetary dust particles likely were derived from 
comets and contain grains with exotic oxygen 
isotopic compositions, fingering them as potential 
presolar materials.  Thus, comets contain materials 
that may record the most direct evidence for the 
initial oxygen isotopic composition and its variation 
in the nebula.  Cometary grains will provide insight 
into the origins of isotopic compositions of chondrite 
groups and planets, and the origin of non-mass-
dependent isotopic variations among solar system 
materials.  However, an outstanding major problem 
in comet research is the degree of processing 
experienced by interstellar silicate grains and icy 
components prior to the accretion into comets – do 
they faithfully record their initial oxygen isotopic 
compositions?  Integration of oxygen isotopic 
measurements with mineralogical characterization of 
these grains will help answer this question.  The 
origin of crystalline silicates in comets and how they 
are related to the low-temperature components 
remain major outstanding issues.  They seem not 

easily explained by large-scale transport of material 
throughout the solar nebula while also preserving the 
low-temperature components.  Comets played an 
important role in delivering volatiles to the terrestrial 
planets, and may have contributed essential pre-biotic 
organics to the early Earth.  The timely return of 
cometary dust by the Stardust spacecraft will greatly 
help illuminate many of these issues. 
Earliest Solar System Materials  
Team Leads: Glenn MacPherson, Smithsonian 
Institution (glenn@volcano.si.edu), and Andy Davis, 
University of Chicago (a-davis@uchicago.edu). 
Oxygen was the only major rock-forming element 
that was abundant in both gas and dust in the solar 
nebula and is uniquely important in understanding the 
earliest history of the solar system.  The oxidation 
state of the nebular gas controlled how elements 
fractionated into the solid phases produced, and how 
iron is distributed between metal and silicate in rocky 
bodies.  Extensive oxygen isotopic diversity exists 
among the early solar system materials that are 
components in meteorites and interplanetary dust 
particles, reflecting the isotopic compositions of these 
reservoirs and their interactions.  The team will 
explore how oxygen isotopic anomalies arose and 
how the gas and dust reservoirs formed and evolved.  
The period of interest begins with presolar dust, goes 
through high temperature nebular processing, and 
ends with accretion into planetesimals.  The tools to 
attack these questions will include observations of the 
isotopic and chemical composition of the Sun and of 
various components of primitive meteorites, 
laboratory simulations of early solar system 
processes, and models of stellar nucleosynthesis, the 
interstellar medium and the solar nebula. 
The Future: 
During the next three years, the teams will be holding 
workshops to provide a venue for scientists interested 
in the topic to present their research.  Collaborations, 
particularly between teams, are encouraged.  The 
initiative will wrap up with publication of a book in 
which each team will write a chapter presenting the 
current understanding of the “oxygen” in the solar 
system relative to their part of the initiative. 
For further information on a team, contact one of the 
team leads listed above.  For further information on 
the Oxygen in the Solar System initiative in general, 
contact joint chairs Stephen Mackwell, Director, 
Lunar and Planetary Institute 
(mackwell@lpi.usra.edu) or James J. Papike, 
University of New Mexico (jpapike@unm.edu).  
Additional information can be found at The Lunar 
and Planetary Institute web page located at 
http://www.lpi.usra.edu/oxygen/. 
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