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insight into the stratospheric chemical perturbation in-
duced by large volcanic eruptions. Three events with
very different dynamics that are well preserved in South
Poles snow and ice have been sampled. The total
isotopic analysis of the volcanic sulfate (6180, §170,
5343, 6338, and §36S) of Mount Pinatubo (June 1991,
15Tg SOg), Cerro Hudson (August 1991, 2 Tg SOo)
and the 1259 AD unknown event (320 Tg SOs), along
with the backgrounds surrounding these events have
been carried out.

No A 33§ was found for the background and Cerro
Hudson sulfate samples, but they both show similar A
170 of 2.7 and 2.2 /00, respectively. In contrast, both
the Pinatubo and the 1259 AD produced sulfate with
a A 33g (0.60 and — 0.42 © /40, respectively). However
and surprisingly, sulfate generated by the Pinatubo
eruption have a much higher A 170 (4.7 ©/40 ) rel-
ative to the 1259 AD, (0.8 ©/,0) despite the fact that
both were well injected into the stratosphere. A tenta-
tive explanation on how similar eruptions can induce a
sulfur MIF, and A 170 with such differing values will
be given in the currently accepted isotope theoretical
framework and the use of a photochemical model.

B62A MCC: 134 Saturday 1330h

Terran and Synthetic Environments:
Where in the Solar System Can They
Take Us? (joint with OS, P)

Presiding: J Baross, University of
Washington; M Meyer, NASA Office
of Space Science
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The known organic environments in the solar sys-
tem other than the Earth and certain meteorites are in
the outer solar system. Those of astrobiological inter-
est or potential are Europa, Titan, and comets. Eu-
ropa may contain organic compounds in a subcrustal
liquid water environment, but this assumption will not
be tested until after 2010. Titan is of interest because it
is known to generate suites of hydrocarbons and nitriles
in its stratosphere, which then fall to the surface and
are protected from damaging particle and UV radiation
by a thick atmosphere. Further chemistry, including in
the presence of transient and localized areas of liquid
water, may proceed on the surface in staccato fashion
over geologic time. Titan, in summary, provides us with
a planet-sized laboratory for testing the synthesis of
organic compounds in a nearly neutral redox environ-
ment, over large spatial scales, both with and without
liquid water. These natural chemical experiments could
be ongoing today, and the products of such experiments
in localized regions of elevated temperatures would be
well preserved under the ambient 95 K temperatures
and high atmospheric densities that shield the surface
from destructive radiation. The Cassini-Huygens mis-
sion will make a complete inventory of the surface from
a variety of remote sensing and in situ techniques, over
the time period late 2004 through late 2008. In support
of future exploration of Titan beyond Cassini-Huygens,
the NASA Astrobiology Institute has initiated a Titan
Focus Group, whose operation and initial results will
be discussed.

URL: http://www.nai.arc.nasa.gov/institute
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Extraterrestrial Chemists
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Life is no more (and no less) than a special type
of organic chemistry, one that combines a frequently
encountered property of organic molecules (the ability
to undergo spontaneous chemical transformation) with
an uncommon property (the ability to direct the syn-
thesis of self-copies) in a way that allows new molecular
features arising through spontaneous transformation to
themselves be copied. Any chemical system having this
combination will undergo natural selection, evolving in
structure to replicate faster through more efficient use
of molecular resources and energy. Axiomatically, life

cannot exist in an environment at thermodynamic equi-
librium. If it were, by the second law of thermody-
namics, no net chemical transformation would be pos-
sible. Beyond this constraint, it is difficult to define
environmental conditions or chemical structures nec-
essary for life. Water is certainly not required for a
chemical system to copy itself; in the laboratory, non-
aqueous environments appear to support this behavior
better. Chemical transformations that might support
energy and chemical metabolisms are known in envi-
ronments as acidic as the aerosols in the atmosphere of
Venus, or as basic as the atmosphere of Jupiter. Lab-
oratory experiments with analogs of the nucleic acids,
proteins, sugars, and lipids show that the particular
molecular structures found in terrean life need not be
universal, even those life in water near neutral pH. In-
deed, while both water and biological macromolecules
are commonly regarded as essential for terrean-like life,
water destroys terrean biological macromolecules.

These chemical realities create a complex decision
environment as NASA attempts to design instrumen-
tation carried by missions, select places in the solar
system to send them, and chose laboratory studies on
Earth to provide their scientific support. This talk
will review a hierarchy of chemical possibilities and
constraints that start with the chemistry of terrean
life, and takes steps towards weird life. We shall con-
sider alternative amino acid building blocks for pro-
teins, alternative building blocks for nucleic acids, al-
ternative structural features of genetic and catalytic
molecules, alternative nucleophile-electrophile pairs to
support metabolism, non-polar reaction modes that
might support metabolism, non-terrean pH (< 0, >
14) and solvent environments for life, extreme tem-
perature ranges (especially sub zero Celsius) low tem-
perature ranges, alternative thermodynamic design for
metabolic pathways, alternative dimensionalities of ge-
netic and catalytic molecules, and approaches for iso-
lating life other than conventional cell structures. Each
of these discussions will combine experimental and the-
oretical information. The first involves organic chemi-
cal synthesis that creates new forms of chemical mat-
ter to ask ”What if?” and "Why not?” questions. The
second draws on a century of literature in physical or-
ganic chemistry to formulate general constraints on the
structure and transformation of organic matter to pro-
vide constraints on possible Darwinian chemistries in
the galaxy.

B62A-03 1405h INVITED

The Ultramafic-Hosted Lost City
Hydrothermal Field: Clues in the
Search for Life Elsewhere in the Solar
System?

Deborah S Kelley!l (kelley@ocean.washington.edu)
John A Baross! (jbaross@u.washington.edu)
Gretchen L Frueh-Green? (gretli@erdw.ethz.ch)
Matt O Schrenk?! (mos@ocean.washington.edu)

Jeffrey A Karson3 (jkarson@duke.edu)

1Univers.ity of Washington, School of Oceanography,
Seattle, WA 98195, United States

2B TH-Zentrum, Institute for Mineralogy Petrology,
Zurich CH-8092, Switzerland

3Duke University, Division of Earth Ocean Sciences,
Durham, NC 27708, United States

The recent discovery of the peridotite-hosted Lost
City Hydrothermal Field (LCHF) raises the possibil-
ity that such systems are prevalent not only on Earth,
but that similar systems may have existed, or cur-
rently exist, elsewhere in the solar system. The LCHF,
which rests atop the Atlantis massif at 30N on the
Mid-Atlantic Ridge, is unlike any previously known hy-
drothermal field: 1) it is located on 1.5 my-old crust,
nearly 15 km west of the spreading axis; 2) it hosts
at least 30 active and inactive carbonate-brucite chim-
neys that tower up to 60 m above the seafloor; 3) the
venting pinnacles appear to be the surface expression of
warm (40-75C), high pH (9-10) fluids emanating from
fault zones that tap a region of active serpentinization
in the underlying peridotites; and 5) hydrothermal flow
is facilitated by exothermic serpentinization reactions
at depth. The diffusely venting fluids support dense
and diverse communities of mesophilic to hyperther-
mophilic organisms that may include sulfur-, methane-
and hydrogen-oxidizers.

The Lost City Field may represent our closest ana-
logue to hydrothermal systems operative during early
Earth where ultramafic rocks were predominant. The
reducing conditions associated with serpentinization of
ultramafic material may be similar to those present in
the Hadean ocean (4.5-3.9 Gyr) and it has been sug-
gested that such high-pH systems were a requirement
for the emergence of life on the seafloor. Model cal-
culations based on thermodynamic considerations and
experimental studies suggest that synthesis of numer-
ous organic compounds is favored during mixing of
warm, serpentinite-derived, high-pH, reducing fluids
with cool, oxygenated seawater. Dissolved hydrogen,
present in hydrothermal fluids due to reaction of olivine
and other iron-bearing minerals with fluids, provides

the reduction potential and the thermodynamic drive
for organic synthesis. Significant quantities of methane
and hydrogen produced during serpentinization reac-
tions form critical nutrients for microbial communities
within submarine systems.

Many of the carbonate-veined serpentinites (ophi-
calcites) and breccias that underlie the LCVF are sim-
ilar to those known from ancient ophiolites, including
Archean (>3000 m.y. old) examples. These types of
assemblages may represent a linkage to hydrothermal
and possibly biological activity at the time of the oldest
known life on Earth. The warm, organic- and volatile-
enriched environment present within the porous inte-
rior of ancient hydrothermal deposits may have been
extremely suitable habitats for the emergence of ther-
mophilic or hyperthermophilic anaerobic organisms ca-
pable of utilizing methane and hydrogen.

The LCVF may provide new insights into the search
for life elsewhere in the solar system. This hydrother-
mal field highlights the fact that volcanic heat is not
a requirement for fluid flow, but that a large compo-
nent of energy to drive flow may come directly from
exothermic reactions as fluids interact with ultramafic
material. It also shows that hydrothermal systems, and
the life that they support, can exist far away from ma-
jor spreading centers. Collectively, these observations
indicate that water-bearing planets, chondritic in com-
position, that have experienced tectonic processes are
potential sites for Lost City type systems and life.

B62A-04 1420h

Direct Observations Of Microbial
Activity At Extreme Pressures

Anurag Sharmal (202-478-8957;
sharma@gl.ciw.edu); James H Scott!
(scott@gl.ciw.edu); George D Codyl

(cody@gl.ciw.edu); Marilyn Fogell

(fogel@gl.ciw.edu); Robert M Hazen

(hazen@gl.ciw.edu); Russell J Hemley1

1

(hemley@gl.ciw.edu); Wesley T Huntress!
(huntress@gl.ciw.edu)

1Geophysical Laboratory, Carnegie Institution of
Washington, 5251 Broad Branch Rd, NW, Washing-
ton, DC 20015, United States

Microbial communities adapt to a wide range of
pressures, temperatures, salinities, pH, and oxidation
states. Although, significant attention has been fo-
cused on the effects of high and low temperature on
physiology, there is some evidence that elevated pres-
sure may also manifest interesting effects on cellular
physiology, such as enzyme inactivation, cell-membrane
breach, and suppression of protein interactions with
various substrates. However, exactly how these fac-
tors affect intact cells is not well understood. In this
study, we have adapted diamond anvil cells to ex-
plore the effects of high pressure on microbial life.
We used the rate of microbial formate oxidation as a
probe of metabolic viability. The utilization of formate
by microorganisms is a fundamental metabolic process
in anaerobic environments. We monitored in-situ mi-
crobial formate oxidation via molecular spectroscopy
for Shewanella oneidensis strain MR1 and Escherichia coli
strain MG1655 at high pressures (68 to 1060 MPa). At
pressures of 1200 to 1600 MPa, living bacteria resided
in fluid inclusions in ice-VI crystals and continued to
be viable upon subsequent release to ambient pressures
(0.1 MPa). Furthermore, direct microscopic observa-
tions indicate that these cells maintain their ability
for cellular division upon decompression from such high
pressures. Evidence of microbial viability and activity
at these extreme pressures expands by an order of mag-
nitude the range of conditions representing the habit-
able zone in the solar system. These results imply that
pressure may not be a significant impediment to life.
The maximum pressure explored in this work is equiv-
alent to a depth of ~ 50 km below Earths crust, or ~
160 km in a hypothetical ocean. The pressures encoun-
tered at the depths of thick ice caps and deep crustal
subsurface may not be a limiting factor for the exis-
tence of life. This suggests that deep (water/ice) layers
of Europa, Callisto, or Ganymede, subduction zones on
Earth, and the polar ice caps of Mars might provide vi-
able settings for life unhindered by the high pressures.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.
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Project: Observations Pertaining to
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Tullis C Onstott! (609-258-4101;
tullis@geo.princeton.edu); LiHung Lint
(609-258-4101); James Halll (609-258-4101);
Bianca Mislowac! (609-258-4101); Maria
Borscik! (609-258-4101); Susan Pfiffner?
(865-974-8030; pffiffner@utk.edu); David C White2
(865-974-8030); Aaron Peacock? (865-974-8030);
Jim K Fredrickson? (509 376-7063;
Jim.Fredrickson@pnl.gov); Fred Brockman3 (509
376-7063); Duane P Moser3 (509 376-7063); Tom
M Gihring® (509 376-7063); Tom J Phelps?
(865-574-7290; phelpstj@ornl.gov); Tom Kieft?
(505-835-5321; tkieft@nmt.edu); Sean McCuddy®
(505-835-5321); Barbara Sherwood-Lollar®
(416-978-0770; bsl@quartz.geology.utoronto.ca);
Julie Ward® (416-978-0770); Greg Slater®
(416-978-0770); Lisa M Pratt? (821-855-9203;
prattl@indiana.edu); Erik Boice” (821-855-9203);
Jon Fong7 (821-855-9203; jfong@indiana.edu);

(914-365-8704;

Lippmann@gfz-potsdam.de); Martin Stuted

(914-365-8704; martins@ldeo.columbia.edu); Peter

Schloeser® (914-365-8704); David Boone?

(503-690-1146; booned@pdx.edu); Adam Bonin?

(503-690-1146); Gordon Southam!0

(519-661-2111; gsoutham@uwo.ca); Maggie

Lengkel® (519-661-2111); David Balkwillll

(904-644-5719; balkwill@bio.fsu.cdu); Ellen

Trimarcoll (904-644-5719); Steve Mackol2

(434-924-6849; sam8f@cms.mail.virginia.edu); Bill

Gilhoolyl2 (434-924-6849); Bret Bakerl3

(510-643-2225; bbaker@eps.berkeley.edu); Esta

vanHeerdenl? (27-51-401-2472;

vHeerdE@sci.uovs.ac.za); Derek Litthaurl

(27-51-401-2472); Sean Knoessenl4

(27-51-401-2472); Chrissie Reyl® (27-11-717-6326;

CHRISSIEQGECKO.BIOL. WITS.AC.ZA); Mark

Davidsonl® (27-11-717-6326); Namisha

Muthraparsadl® (27-11-717-6326)

Johanna Lippmann

4

1 princeton University, Dept. of Geosciences, Prince-
ton, NJ 08544, United States

2Univ. of Tennessee, Knoxville, Center for Biomarker
Analysis, Knoxville, TN 37932-2575, United States

3Battelle Pacific Northwest National Laboratories,
Environmental Microbiology Group, Richland, WA
99352, United States

40ak Ridge National Laboratory, Environmental Sci-
ences Division, Oak Ridge, TN 37831-6036, United
States

SNew Mexico Institute of Mining and Technology,
Dept. of Biology, Socorro, NM 87801, United States

6University of Toronto, Dept. of Geology, Toronto,
ON M5S 3D1, Canada

7Indiana University, Dept. Geological
Bloomington, IN 47405, United States

Sciences,

8 Lahmont Doherty Earth Observatory, rte 9W, Pal-
isades, NY 10964, United States

9Portland State University, Department of Biology,
Portland, OR 97207-0751, United States

10University of Western Ontario, Dept. of Earth Sci-
ences, London, ON N6A 5B7, Canada

11Florida State University, Dept. of Biological Sci-
ences, Tallahassee, FL 32306, United States

12Univ. of Virginia, Dept. of Environmental Sciences,
Charlottesville, VA 22904-4123, United States

13 Univ. of Wisconsin, Milwaukee, Dept. of Biological
Sciences, Milwaukee, WI 53211, United States

14 University of Free State, Dept. Microbiology and
Biochemistry, Bloemfontein, FS 9300, South Africa

15 Univ. of Witwatersrand, School of Molecular and
Cell Biology, Johannesburg, GA 2050, South Africa

The geochemical, isotopic and microbial attributes
of over 100 water and gas samples taken from South
African deep mines in at 0.8 to 3.3 km depth, temper-
atures up to 600C and over 40,000 km2 area have been
analyzed. Noble gas isotopic estimates of the subsur-
face residence times for some of the deepest, most saline
water samples from the 2.7 Ga Ventersdorp Group vol-
canics range up to 400 Myr. H2 and hydrocarbon con-
centrations are quite high in these samples and cellular
concentrations quite low ( 1000 cells/ml). SO4 con-
centrations can also be quite high and are isotopically
enriched by microbial fractionation. Mass balance con-
siderations and theoretical arguments suggest that H2

and sulfate may have originated from radiolytic reac-
tions with water and sulfide. Isotopic data indicate
that the hydrocarbons formed by abiotic reduction of
inorganic carbon. The 16SrDNA sequences of envi-
ronmental samples and the microbial enrichments are
dominated by heterotrophic, sulfate and metal reduc-
ing bacteria with few autotrophs. These results suggest
that: 1) abiogenic synthesis or organic carbon may ob-
viate the need for an autotrophic community support-
ing a heterotrophic one; 2) H2, He and CH4 may be
abundant in the Martian cryosphere; and 3) radioly-
sis can lower the freezing point of brines by increasing
their salinity and bivalent anion concentration.
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Dress Warm, Focus on the Fluids and
Be Patient: Studying Ice Habitats
and Constraints on Microbial Life at
Low Temperatures
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Studies of low-temperature environments on Earth
can help guide exploration of other planetary environ-
ments that are of interest in the search for potential
traces of life (or absence thereof) elsewhere in the so-
lar system. Ice environments and habitats on Earth
range from terrestrial permafrost to the polar ice caps
or floating sea and lake ice. Despite the complexity
of these different environments, the physical chemistry
of unfrozen water - generally deemed a prerequisite for
active life - and the pore microstructure can help in de-
scribing and categorizing different types of ice from an
astrobiological perspective.

In northern Alaska, we have studied constraints on
microbial life in two types of ice, sea and lake ice, that
bracket the range of availability of liquid water and
solid surfaces. The latter have been found to be im-
portant for bacterial activity at very low temperatures,
with active bacterial cells in sea ice documented down
to temperatures of -20 C. Standard and epi-fluorescence
microscopy adapted to studies at very low in-situ tem-
peratures can help in locating individual cells and yield
insight into the distribution of liquids, organisms and
potential biomarkers in icy habitats. As the distribu-
tion of fluids, organisms and impurities is governed by
segregation processes on different spatial scales, such
work can aid in the planning of exploration campaigns
(e.g., on Mars and Europa) and help guide the identifi-
cation of intensive-study sites or the design of sampling
equipment.

Apart from such specific lessons, three major con-
clusions emerge: (1) The use of improved or new meth-
ods continues to push the envelope for activity of mi-
crobial life to lower temperatures, boding well for plan-
etary exploration campaigns. (2) While the thermo-
dynamics of water activity in ice may constitute an
ultimate boundary, the low-temperature kinetic con-
straints currently present a significant challenge for the
study of low-temperature life processes. This may call
for dedicated laboratory studies of cells maintained in
vitro or in synthetic low-temperature ice environments.
(3) Ice-fluid systems lend themselves readily to studies
of synthetic environments, extending all the way out to
conditions likely to be encountered in Martian or Eu-
ropan settings.
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Europa: Prospects for Life and for the
Origin of Life

Christopher F Chyba (650 960 4519; chyba@seti.org)

Center for the Study of Life in the Universe, SETI In-
stitute, and Department of Geological and Environ-
mental Sciences, Stanford University, 2035 Land-
ings Drive, Mountain View, CA 94043, United
States
Life as we know it could exist on Europa as we

know it. That is, our current understanding of Eu-
ropa seems to allow the existence of certain microor-
ganisms that we know on Earth. Europa almost cer-
tainly has an ocean of liquid water and a supply of
biogenic elements sufficient for a biosphere. Potential
sources of free energy that could fuel a europan micro-
bial ecosystem can be identified, but several of them
depend on the extent to which Europas crust commu-
nicates with its ocean (Chyba and Hand, Science 292,
2026-2027 (2001); Chyba and Phillips, Origins of Life
32, 47-68 (2002)). This communication seems possi-
ble in both thin-ice and thick-ice scenarios, but it may
require another mission before we are confident about
which geophysical models are in fact correct.
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The prospects for the origin of life on Europa are
much trickier to evaluate. If the origin of life had to oc-
cur under the present ice cover, the abundant energy of
the Suns ultraviolet light would not have been available
to drive prebiotic chemistry. Some current models for
the origin of life on Earth would seem not to be trou-
bled by this, but recent experimental results suggest
that the concentration of salts in the early terrestrial
ocean could have been an important impediment to the
polymerization of early organic monomers and the for-
mation of prebiotic vesiclesimplying that life may have
originated in freshwater environments on early Earth.
The implications of these results for the origin of life
in Europas ocean will be discussed.

URL: http://www.seti.org

B62B MCC: 134 Saturday 1600h
Sagan Lecture (joint with P)

Presiding: S Trumbore, University of
California, Irvine
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From Genomes to Life to the Planet and
the Cosmos: In Appreciation of Carl
Sagan
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The Earth and life have evolved in tandem; It is
impossible to separate the two over most of geologic
time. Geological and geochemical processes create and
define the conditions necessary for life. In turn, life
has shaped geological processes in ways that are un-
derstood, and ways that are not yet understood.

The reciprocal interaction between the planet and
its inhabitants has driven changes in the molecules,
metabolisms, and morphologies of terrean organisms.
Today, with the emergence of complete genome se-
quences and tools from molecular biology, we are now
better able, more than ever before, to tell stories of how
we came to be, on a planet and in a cosmos that has
both nourished us and (from time to time) threatened
to extinguish us.

The stories to be told in this talk combine infor-
mation from the geological and paleontological records,
analysis of genome sequence data, and experiments that
resurrect ancient, extinct life forms for study in the
laboratory. The talk will emphasize the non-recurring,
progressive feature of the dance between Earth and
Life. We will show how the emergence of humans was
influenced by the environment, and how humans placed
their irreversible mark on the genes of organisms that
they touched. We will show how the global environ-
mental crisis that began in the Oligocene irreversibly
transformed the plant and animal kingdoms. We will
proceed back to the Cretaceous, to explore how plants
and dinosaurs influenced each other, and the genomes
of surviving fungus and flies. From there we will go
to the Jurassic, as the first placental mammals recon-
structed their reproductive systems in response to the
planetary changes. We will ask how cosmic events,
from asteroids to supernova, may have influenced life
on Earth. We will ask what consequential features of
life that we see around us might be unique to Earth,
and what features might be found universally in life
elsewhere.

The talk will also review some of the methodologi-
cal issues associated with converting just-so stories into
experimentally testable hypotheses. We will emphasize
the ”present day backwards” strategy, where tools de-
veloped for the recent past can be tested in a regime
where testing is possible, and then applied to more an-
cient events. We also will show how a natural history
approach to the analysis of human biology has practi-
cal value, offering approaches to treating human dis-
eases as diverse as obesity and cancer, by understand-
ing these diseases in the context of the history through
which they have passed.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F#, 2002.




