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Introduction: As a result of an interdisciplinary 

workshop in Tempe AZ during May 2009, several col-
laborative initiatives were developed and are described 
below in several key areas of science.  We will present 
the status of several of these initiatives. 

 Understanding the formation and interaction of or-
ganics, volatiles and water in the young solar system 
and th e timing and sources from which these materials 
were delivered to Earth has important implications not 
only for the development of life on Earth, but also for 
the habitability of extrasolar planets in the habitable 
zones of their stars.  The key science questions to be 
answered (see also schematics) include: 

• How much water is in/on Earth? 
• When and how did it come – what are the key 

events and the timing of these events?  What 
were Earth’s atmospheric loss mechanisms? 

• What are the chemical diagnostics of this 
process both on Earth and in small bodies? 

• Based on the organic and volatile taxonomy 
of small bodies, can we build up a map of the 
disk environment? 

• What has been the dynamic history of the 
delivery of material incorporated in small 
bodies to the habitable planet zone? 

• What is the evidence for the distribution of 
water and volatiles in the solar system – 
including both past processes of aqueous 
alteration and current distribution of volatiles, 
in particular water? 

• What were the protosolar nebular chemical 
conditions as versus heliocentric distance?   

• What were the cosmic origins of the volatiles 
and organic molecules and what is their 
connection to disk chemistry? 

Each of these major research areas has key linkages 
to other topics in the context that interdisciplinary ap-
proaches and input from multiple science areas are 
needed to address the fundamental questions that are 
posed.  For example, the initial conditions for the 
chemistry of the proto solar nebula are set in the inter-
stellar medium.  This is studied both through astro-
nomical observation and chemical disk modeling.  In 
addition, laboratory studies of the chemical reaction 
dynamics informs us about the mechanisms and reac-
tions and rates of molecular formation.  How this feeds 
into the models relevant to the build up of planetesi-
mals and the formation of the planets is linked with 
dynamical models and protoplanetary disk chemistry.  
Observations of these processes encompass a large 
suite of techniques, including remote sensing, in-situ 
observations through space missions and analysis of 
extraterrestrial samples in the lab.  Some of the key 
interdisciplinary cross sections for each of the research 
areas are shown in the figure below, along with the 
research techniques and key measurements that will 
address each of the questions.   
Energetics and Early Solar System Models 
• Energetics of Serpentinization – Serpentinization 

involves a broad broad range of chemical reac-
tions between water and rocks. Serpentinization is 
emerging as a process of potential impact in a 
number of astrobiological contexts, yet under-
standing the thermal (and chemical) impact of ser-
pentinization requires a more detailed understand-
ing of the energy produced per unit mass of reac-
tant and only a few relevant experiments have 
been reported in the literature. 

• Coupling Dynamical Models with Collisional 
Physics – One overarching theme is the role that 
the star-forming environment plays in the volatile 
content of terrestrial planets. Terrestrial planets 
receive a large amount of their water and other 
volatiles from planetesimals. Some planetesimals 
are water-rich and some water-poor, depending on 
how much radiogenic heating they experienced 
from decay of 26Al.  It may be that the volatile in-
ventory of terrestrial planets should be correlated 
with proximity to a supernova, and with star-
forming environment. 

5649.pdfAstrobiology Science Conference 2010 (2010)



Origin & Delivery of Water and Volatiles to Earth: 
• Observations of D/H in Comets – Water is a key to 

life as we understand it.  The origin and delivery 
of water to the Earth and to other solar system 
bodies is an important component of the pathway 
that led to life on Earth. Isotopic ratios of volatile 
species and the noble gas abundances are key fin-
gerprints of the origin and distribution of volatiles 
in the early solar system.  While attempts have 
been made to measure noble gas abundances in 
comets, we have only upper limits.  With limited 
astronomical resources new collaborations are 
sought to maximize our ability to observe these 
key chemical markers. 

• Volatiles in the Deep Earth – The distribution of 
water and other volatiles between the Earth’s 
atmosphere, hydrosphere, crust, mantle, and core 
are poorly defined.  We also don’t understand the 
origin of these elements on Earth. To investigate 
the origin of the Earth’s water / volatiles, studies 
of D/H ratios in basaltic samples thought to be de-
rived from mantle sources willl be carried out. 

• D/H in Lunar Volcanic Glasses – A Proxy for 
Earth’s Water? – Spectral evidence of water in lu-
nar volcanic glasses has been reported.  It is possi-
ble that this water is indigenous to the Moon and 
thus survived the Moon-forming impact event.  If 
so, then this water might be a sample of the same 
water that was delivered to Earth, but perhaps 
might be a much more easily accessible remnant 
of primordial water.   

• Isotopic Enrichment in Ices – Isotope fractionation 
provides clues to the possible origins of cometary 
materials. However, the isotopic enrichments of 
even simple inorganic and organic, astrobiologi-
cally relevant molecules like methane, water, am-
monia, and methanol have not been understood to 
date. To investigate these processes experimen-
tally, UHV scattering machines capable of reach-
ing contamination-free vacuum conditions of the 
10-11 torr range are crucial. 

• Thermal Processing of Precometary Materials:  
From the Interstellar Medium to Icy Bodies – 
There is now compelling evidence that the Solar 
Nebula was transiently heated to temperatures > 
1000K by strong shock waves.  There is also pre-
liminary evidence for strong shocks in Solar Neb-
ula analogs, i.e., protoplanetary disks.  Heating to 

temperatures in this range vastly increases the free 
energy available to drive chemical reactions.  
However, nothing is presently known about shock 
chemistry in the Solar Nebula or its possible con-
sequences for pre-biotic chemistry. Synergistic ef-
fort to explore the effects of similar shock waves 
on icy materials in the outer Solar Nebula and pro-
toplanetary disks should be carried out. 

Chemical Modeling and Ice Experiments: 
• Non-Equilibrium ISM Chemical Models and Ice 

Irradiation Experiments – We propose to develop 
theoretical models for the radiation chemistry of 
astronomical and planetary ices. We will focus on, 
i) ice photolysis due to UV absorption, and ii) ra-
diolysis of the ices by heavy particle bombard-
ment. We aim to first understand the chemistry 
and kinetics of past and ongoing irradiation ex-
periments, as performed by NAI laboratory 
groups. Once we can do this, and predict the out-
comes of future experiments, we will be able to re-
liably implement this radiation chemistry in mod-
els of organic synthesis in various environments. 

Other Initiatives: 
• Stellar Properties and Exoplanets – The funda-

mental parameters of stars are vital to astrobiology 
and highly relevant to ongoing research across 
many NAI groups. Studies of the dynamical evo-
lution of planetary systems would be informed by 
the ages of the known exoplanetary systems used 
to validate them. Measurement of stellar ages is a 
key input to establishing chronologies of planetary 
evolution. very strong scientific motivation for 
collaboration between modelers and stellar as-
tronomers within and beyond the NAI. 

• Deep Earth Modeling – What Happens to Materi-
als after Delivery – Although the fate of effects of 
volatiles in a planetary atmosphere are relatively 
well constrained, there is significant uncertainty 
related to the processes governing the boundaries 
to planetary atmospheres. The ultimate goal would 
be to track materials from incorporation into the 
planet, processing in the interior, outgassing into 
the atmosphere, and finally escape to space. 
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