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From the President...
The 2002 Goldschmidt Conference
Spring arrived early this year in the Swiss lowlands, but, high up in
the Alps, snow still covers the wintry landscape. As has often been said
before, there is a time and a season for everything. Thus, down here in
the lowlands, we have put winter behind us and are looking forward to
the major geochemical event of the coming summer, the 12th Annual
Goldschmidt Conference to be held in Davos, Switzerland from 18 to 23
August 2002. The Organizing Committee, headed by local conveners
Alex Halliday, Rainer Wieler, and Jan Kramers, has worked hard to put
the final touches on the web-based second circular and is now preparing
to receive an onslaught of abstracts and registrations. If you have not,
as yet, checked the web site, please take a look at http://
www.goldschmidt-conference.com/2002/gold2002/. In particular, scroll
through the symposia list to get an overall view of the wide variety of
geochemical topics “from stars to life” that will be covered at this year’s
meeting, as well as a preview of the invited keynote speakers. I am sure
you will agree that it will be an exciting program, one that you will not
want to miss. In addition to the scientific program, you will have the
opportunity to enjoy the Swiss alpine environment through a number of
scheduled field trips and social events. And, while you are looking at
the web site, browse through the links to Davos and learn why this alpine
town, the highest one in Europe, is also known as a Summer Paradise.
Begin now to plan your summer holidays in combination with the 2002
Goldschmidt Conference.
And, please mark the following fast approaching deadline in your
calendar: 1 May 2002 for electronic submission of abstracts and grant
applications.

Congratulations to the 2002 Medallists and Fellows
During my first months as President of The Geochemical Society,
my greatest pleasure has undoubtedly been to contact and personally
congratulate the newly elected 2002 Medallists and Fellows. I am sure
I was as thrilled to break the news to the various individuals, as they
were to receive it. I was deeply impressed by the gracious responses
that I received from everyone. But, not to hold you in suspense any
longer, I wish to inform you of the following news: John Hayes, Woods
Hole Oceanographic Institution, USA, will be awarded the 2002 V.M.
Goldschmidt Medal, the highest honour of the Geochemical Society.
Archie Douglas of The University, Newcastle-upon-Tyne, UK, will receive
the 2002 Alfred Treibs Medal for major achievements in organic
geochemistry. Harry Elderfield, University of Cambridge, UK, will be
given the 2002 C.C. Patterson Medal for his innovative breakthroughs
in environmental geochemistry. For her outstanding early career
contributions, Ruth Blake, Yale University, USA, will be honoured with
the 2002 F.W. Clarke Medal. In recognition of his exceptional service to
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the Society, Denis Shaw, McMaster University, Canada, will receive the
first Geochemical Society Distinguished Service Award. Finally, the list
of new GS/EAG Fellow for 2002 includes 7 prominent geochemists:
David Des Marais, NASA-Ames Research Centre, Mike Drake, University
of Arizona, Irving Friedman, Emeritus at U.S. Geological Survey,
Cristopher Martens, University North Carolina, Phil Meyers, University
of Michigan, Garrison Sposito, University of California (Berkeley) and
John Wasson, University of California (Los Angeles). You will learn
more about these individuals and have the opportunity to personally
congratulate most of them in Davos this summer, where they will be
honoured during the Awards Ceremony at the Goldschmidt Conference.
Additionally, I would like to take this opportunity to thank the members
of the various award committees who have contributed their time to this
important task of nominating fellow geochemists to be honoured by The
Geochemical Society. I would particularly like to acknowledge the terrific
job done by the committee chairs and heartily thank the following persons
for their service to the Society: Peggy Delaney (Clarke Committee),
Harry Elderfield (Geochemistry Fellows Committee), Bob Berner
(Goldschmidt Committee), and Lynn Walter (Patterson Committee).
Service to the Society
You may have noted that Seth Davis, GS Business Manger, added
an additional item on your dues statement this year, inquiring if you would
be interested to serve The Geochemical Society as an officer or as a
member (chair) of one of the committees. I am happy to report that
many of you responded positively. Each spring, the Vice President of
The Geochemical Society compiles an updated list of volunteers to serve
on the various GS committees. As a result of Seth’s initiative, this year’s
process of finding volunteers to serve as new committee members was
made easier for our current V.P. Tim Drever. As many of you have already
experienced, serving on GS committees offers one the opportunity to
influence the activities of The Geochemical Society through participation
on the Joint Publications, Nominations and Program committees.
Furthermore, participation on the Clarke, Goldschmidt, Patterson and
Geochemical Fellows committees affords one the chance to participate
in the nomination of new awardees and fellows to be honoured each
year by the Society. If you wish to be more involved, remember to express
your interest on next year’s dues statement. Committee members serve
for 3 years with new terms beginning on the 1st of July of each year. We
will be posting the new list of committee members in the next issue of
The Geochemical News.
The 2002 Board of Directors Meeting
The annual business meeting of The Geochemical Society’s Board
of Directors is always held in conjunction with the Goldschmidt
Conference. This year’s meeting will be convened in Davos on Saturday
17 August. The meeting provides the possibility for the BoD members
to discuss face-to-face the important business and developments within
the Society. Although there are many issues that can be handled routinely
by e-mail exchange, the bigger issues require extended discussion to
reach decisions. This will be my first BoD meeting as President, as well
as the first meeting for our new Secretary, Jeremy Fein. We look forward
to representing the interests of the Society members at the BoD and
communicating to you the issues and actions of the BoD. Let us know if
you feel that there are burning issues that we should add to this year’s
agenda. To keep abreast of what transpires, it is possible for you, as a
Society member, to follow the proceedings of the BoD meetings through
the extended minutes published in The Geochemical Newsletter and
archived on The Geochemical Society’s web site (http://gs.wustl.edu).
Finally, in my next letter, I will provide you with an up-to-date report
on the progress of the 12th Annual Goldschmidt Conference from the
prospective of a local. Until then, I wish you a productive springtime and
look forward to meeting you in Davos.
With best wishes,
Judith A. McKenzie
GS President
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EDITOR’S CORNER...
Inspired by the theme of this year’s V. M. Goldschmidt
Conference - “From Stars to Life” - we present for this issue a
cover photo from the Hubble Space Telescope of a stellar nursery
in the neighboring galaxy of M33. These are exciting times for
the astrobiologist. On November 27th, 2001 David Charbonneau
(CalTech) and Timothy Brown (NCAR) announced the
spectroscopic detection of sodium in the atmosphere of a Jovian
planet orbiting HD 209458, a sunlike star 150 light years away.
This is a milestone in planetology. For the first time we have
direct evidence of the atmospheric composition of an extrasolar
world. As this new technique is refined, and ultimately augmented
with space-based interferometric instruments, we can expect to
assay distant worlds for telltale biogenic gases. Our first glimpse
of life elsewhere in the universe may be an absorption spectrum.
Our examination of the theme “From Stars to Life” brings
you, in this issue, an interview with internationally recognized
astrobiologist Christopher Chyba. Dr. Chyba sat down with
Associate Editor Mitch Schulte and shared his views about the
emergence of life and the search for biotic systems elsewhere in
the cosmos.
Remember, the 2002 Goldschmidt abstract deadline is 1 May
2002. Don’t forget to submit your contribution! Until next issue...
Regards,
Johnson R. Haas
Carla Koretsky
Editors

COVER: STELLAR NURSERY IN GALAXY M33
This is a Hubble Space Telescope image of a vast nebula called NGC 604,
which lies in the neighboring spiral galaxy M33, located 2.7 million light-years
away in the constellation Triangulum. This is a site where new stars are being
born in a spiral arm of the galaxy. Though such nebulae are common in galaxies,
this one is particularly large, nearly 1,500 light-years across.
At the heart of NGC 604 are over 200 hot stars, much more massive than
our Sun (15 to 60 solar masses). They heat the gaseous walls of the nebula
making the gas flouresce. Their light also highlights the nebula’s threedimensional shape, like a lantern in a cavern. By studying the physical structure
of a giant nebula, astronomers may determine how clusters of massive stars
affect the evolution of the interstellar medium of the galaxy. The nebula also
yields clues to its star formation history and will improve understanding of the
starburst process when a galaxy undergoes a “firestorm” of star formation.
The image was taken on January 17, 1995 with Hubble’s Wide Field and
Planetary Camera 2. Separate exposures were taken in different colors of light
to study the physical properties of the hot gas (10,000 Kelvin). Credit: Hui Yang
(University of Illinois), Jeff J. Hester (University of Arizona) and NASA.

SPECIAL SESSION ANNOUNCEMENT

Minerals, Solutions,
and Microbial Life
AGU Spring meeting
May 28-June 1, 2002
Washington, D.C.
Contact:
James Henry Scott
scott@gl.ciw.edu

Call for Nominations
ACS Geochemistry Division
Medal

To be awarded for outstanding contributions in any area
of the field of Geochemistry.
The Division of Geochemistry of the American
Chemical Society is currently soliciting nominations for
the second awarding of the Geochemistry Division
Medal. The GEOC medal is awarded biennially to an
individual for outstan ding accomplishment in any area
of Geochemistry.
The award consists of a bronze medallion plus $2000.
The awardee will receive an allowance for travel to the
award ceremony, as well as registration costs for the
ACS meeting at which the award will be conferred. The
second Geochemistry Division Medal will be presented
at the 225th ACS National meeting to be held in New
Orleans, LA March 23-28, 2003.
Letters of Nomination and supporting materials should
be sent to the Chair of the GEOC Medal Committee,
Dr Robert H. Byrne, at the address given below, by
June 1, 2002.
Nominations should include a detailed description of
the nominee’s outstanding accomplishments, relevant
citations and, at the discretion of the nominator, any
other supporting information. Two letters from
individuals other than the primary nominator are
requested, but not required, by the committee.
Nominators should confirm, prior to submission of the
nomination, that the nominee is willing to be considered
for the award. Nominees will be considered for two
years.
Additional details of the award can be found at the
Divisional web site at:http://membership.acs.org/g/
geoc/medal/medal.html
Please address inquiries to Dr Robert H. Byrne
Dr Robert H. Byrne.
Chair, GEOC Medal Committee
College of Marine Science
University of South Florida
140 Seventh Ave South
St. Petersburg, FL, 3 3701-5016.
(727) 553-1508, byrne@marine.usf.edu
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Geochemical Society Business Office News
Membership
Many thanks to new and renewing members for making the 2002 renewal drive so successful. Society
membership is on par with the progress we’ve made in 2001, and is certain to jump ahead of last
year’s totals as we prepare for the Goldschmidt Conference in August.
A lot of potential members find out about the GS through word of mouth, so please continue to
promote your society.

Subscription
For those of you subscribing to GCA, you should have received your reader key information to log on
to the Elsevier Science website and view GCA electronically. If you haven’t been able to, please let
me know and I will help.
Elsevier Science has also solved its problems with back issues. If you are still missing issues from
your 2001 or 2002 subscriptions, please contact the GS business office.

Publication
By the time this issue of GN reaches you the new Geochemical Society Special Publication Volume
7: A Tribute to David A Crerar should be in stock and available for purchase. Ordering information is
available on an order form appearing elsewhere in this issue.
In other related news, on 7 March 2002, the remaining stock of special publications were relocated
from Maryland to the business office in St. Louis. Special Thanks to Bob Osburn and Robbie Valentine
for helping me unload the shipment.

Website
Do not forget to check back with the GS website regularly for announcements, conference listings,
membership directory, and more. We are still working to have a secure on-line system in place for
membership and publications, and hope to have that running in the near future.

Conferences
Information about Goldschmidt 2002 can be found from the conference website (http://
www.goldschmidt-conference.com/2002/gold2002/), which will be regularly updated as the conference
approaches. If would like to receive circulars (informing you of abstract deadlines, arrangements for
registration, etc...) please send your email address to Cambridge Publications (goldschmidt2002@theconference.com) who will ensure that your name is added to the mailing list.
Conference listings are regularly updated on our website (http://gs.wustl.edu/conferences/), if you
know of a relevant conference that you’d like to add, please email me, and I will get it listed.

Cheers,
Seth Davis
GS Business Manager
Washington University
Earth and Planetary Sciences
One Brookings Drive, CB 1169
St. Louis, MO 63130-4899, USA
Ph. 314-935-4131
Fx. 314-935-4121
Email: gsoffice@gs.wustl.edu
Website: http://gs.wustl.edu
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AAAS Annual Meeting
Boston, February 14th-19th

• Low Dose Radiation: Science, Ethics and Communication Shaping
Public Policy The Farm Crisis: How the Heck Did We Get Here?
• The New Biology of Rocks
• Human Population and Freshwater Resources: Science, Policy and
Public Outreach
• Climate Change: Integrating Science, Economics and Policy
• The Challenges and Promise of Global Environmental Monitoring
• The Big Climate Impact of Tiny Particles
• Deciphering Complex Changes to Global Ice and Snow
The idea for each seminar is first proposed by the AAAS Sections and the
Section affiliates. Most of them run for half a day and consist of five to six
invited speakers. We are currently affiliated with the Chemistry Section and
the Geology and Geography Section. In Boston, the Geology/ Geography and
Chemistry Sections co-sponsored the following symposia:
• Images of a Dynamic Earth
• Recent Innovations in the Science of Underground Development
• Visualizing the Sea Floor: Mapping Submarine Landscapes
• Revisiting Nuclear Power for the Energy Crisis
Alan Leshner, the new Chief Executive Officer of the AAAS, outlined
priorities of the AAAS for the next few years:
(1)
adjusting the AAAS goals, objectives, and strategies to the reality
of the 21st century,
(2)
expanding AAAS leadership role – defining the society’s niche
in the U.S. and globally,
(3)
increasing the AAAS focus on public understanding of science
and on the role of science in policy decisions,
(4)
expanding the AAAS membership to better serve the needs of
science and technology,
Leshner is interested in hearing from affiliate societies: How can the AAAS
better serve the affiliate societies? How can the AAAS be “value added” on top
of what affiliate organizations offer to members? The idea of lowering the
AAAS membership fee for members of affiliate organizations is being evaluated.
We will keep you posted!
The new FY 2003 budgeted proposed the week of February 5th was reviewed
at both the AAAS Council and Affiliates meetings. The total discretionary
U.S. budget proposed for FY 2003 is approximately $767 billion, that is, $49
billion more than for FY 2002. This increase is divided between DOD (+$44.9),
NIH (+$3.7), Education (+$0.5), and all other agencies (e.g., NSF, EPA, Parks)
are held flat ($0.0). Over the past three years, the R&D budgets for NIH, NASA,
and NSF have increased by 17.4%, 5.3%, and 3.6%, respectively. The R&D
budgets for DOE and DOD have decreased by –8% and –2%, respectively. In
“constant” dollars (adjusted to account for inflation) the NIH increase is larger
than the entire NSF budget. In the last 12 years, NIH is the only non-defense
R&D budget that has increased over time (Fig. 1).
The research emphasis has changed over time from space (1960-1975) to
energy (1975-1990) to health (1990 – present). Federal R&D accounts for only
1/3 of the spending on R&D in the United States today. A preliminary analysis
of the federal budget can be found on-line at www.aaas.org/spp.
Don Kennedy, editor of Science Magazine, discussed the status of the journal
at the AAAS Council meeting. Over 8000 papers are submitted per year, it
takes about 120 days between submission and publication, about 1 in 9 papers
submitted are published, and the average length of the papers has increased
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The AAAS meeting was very exciting and interdisciplinary making it
difficult to summarize “areas of interest” to the Geochemical Society. The two
major seminars at the meeting, the “2002 Nanotechnology Seminar: From
Computer Electronics to Medicine” and the “2002 Genome Seminar: Genomes
Around Us: What are We Learning?” were well organized and well attended by
scientists, funding agencies, policy-makers, and the media. These seminars
provided excellent introductions to recent advances in each topic for general
scientific audiences. Many other seminars touched upon topics of interest to
the geochemical community:

Selected Trends in Nondefense R&D, FY 1976-2003

Source: AAAS analyses of R&D in AAAS Reports VIIIXXVII. FY 2003 figures are President's request; FY 2002
figures are latest estimates.
MARCH '02 REVISED © 2002 AAAS

Figure 1. Source: AAAS Analyses of R&D in AAAS Reports VXI-XXVI
(www.aaas.org/spp/dspp/rd/fy03.htm)

from 3.2 pages to 3.7 pages, largely to be able to accommodate more graphics.
The editorial staff of Science Magazine has been making a conscious effort
over the last five years to increase the number of disciplines represented in the
journal, thereby increasing its usefulness to the scientific community and
increasing the journal’s readership.
Science On-line (http://www.scienceonline.org/) was heavily promoted at
the meeting and rightfully so. Science issues from Oct. 1995 – present can be
accessed using Science On-line. JSTOR can be used to search Science (18951996) and other scientific journals. Also discussed was the Electronic
Information For Libraries project (EIFL, www.eifl.net), which is an
infrastructure program for libraries in developing countries (44 developing
countries), provided through “High Wire”, the publishers of Science On-line.
Two of our members were elected to the status of Fellow by the AAAS
Council in September 2001: W. D. Carlson of the University of Texas, Austin
for seminal contributions to metamorphic petrology, mineral thermobarometry,
and especially x-ray computational tomography of minerals, chemical zoning,
and subsolidus diffusion in the crust, and J. M. Ferry of Johns Hopkins
University, for the discovery that chemically reactive fluid flow controls the
mineralogy of many metamorphic rocks and for development of models to
estimate flow direction and amount. Congratulations to both of you!
The overall theme for the next AAAS Annual Meeting from Feb. 13-18th,
2003 to be held in Denver, Colorado, is “Science as a Way of Life”. The AAAS
Council has proposed several sub-themes for this meeting including:
• Science and Human Culture
• Life of Science
• Science and Technology of Life
• Science and Uncertainty
• Evolution of Evolutionary Ideas
• Challenging and Changing Nature
• Public Health and Public Risk
• How the World Works
• Science Calamity and Conflict
• Beyond the Human Genome – What Next?
Proposals for the 2003 meeting are due to AAAS by March 18, 2002. The
theme for the 2004 meeting in Seattle will be determined in September.
Proposals for symposia are due during the second week of March each year. If
you have any suggestions for AAAS symposia for the 2004 meeting, or other
suggestions about what AAAS can do for the Geochemical Society, please
contact either Louise or Robyn.
Louise Criscenti
Sandia National Laboratory
ljcrisc@sandia.gov
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MEETING REPORT
Third Biennial Geochemistry SIMS Workshop
October 12th-14th, Tempe, Arizona
The third Biennial Geochemistry SIMS Workshop was held on 1214 October, 2001 in Tempe, Arizona. SIMS (Secondary Ion Mass
Spectrometry, also known as the ion microprobe) is a microanalytical
technique that allows the quantitative determination of element
abundance (from H to U) in selected spots a few to dozens of microns
in diameter. It can deliver isotope ratio analyses as well as generate
qualitative (quantitative in some cases) maps of elements (or isotope
ratios) on sample surfaces. The purpose of this series of meetings
(supported by NSF Division of Earth Sciences - Instrumentation and
Facilities Program) is to provide a means for US and other SIMS labs
to exchange information about analytical techniques, facilities
operation, maintenance tips, new instrumentation, and recent scientific
results. This venue provides a unique opportunity for SIMS labs to
discuss the science of the technique as well as scientific discoveries.
The highlight of this year’s meeting was an invited talk by
Professor Emeritus Georges Slodzian (Univ. Paris, Sud) on the problem
of making isotope ratio measurements using electron multiplier counting
with sub-per mil precision. Professor Slodzian was a graduate student
of Professor R. Castaing, the inventor of the electron microprobe.
Professor Slodzian has designed three generations of SIMS instruments
successfully marketed by Cameca Instruments.
Presentations from three US labs funded as national or
regional facilities indicated that demand for SIMS analyses was great
enough to keep additional instruments busy. Other labs not funded as
facilities but with open-door policies for outside users also noted that
demand was high.
Frank Stadermann and Christine Floss (Washington
University, St. Louis) presented results from the recently installed
Cameca NanoSIMS applied to the analysis of interstellar SiC grains
extracted from the Murchison meteorite. This new SIMS specializes in
the analysis of small particles (<1 µm). Because most interstellar
particles are on the order of 0.1 µm in diameter and earlier analyses by
older SIMS were restricted to larger particles, there has been a question
as to whether smaller particles would show different chemical
characteristics. Initial isotope ratio measurements of Si and C by the
NanoSIMS matched analyses of larger grains from the same meteorite,
giving confidence that this SIMS is working well. In general, when
smaller areas are analyzed, analysts discover larger variations and more
complexity in nature than had been known.
Michael Pellin from Argonne National Laboratory described
upgrades to his Time-of-Flight Resonance Ionization Mass Spectrometer
(ToF-RIMS) and Andrew Davis (University of Chicago) presented
results of the analysis of interstellar grains using this approach. RIMS
works through the ablation of material from a sample (using a pulsed
laser or ion beam) and selective ionization of the ablated atoms by
firing a laser tuned to the resonant energy of the element of interest
through the cloud of atoms. Ideally, only one element will be ionized,
and the signal detected in the ToF mass spectrometer can be directly
converted to isotope ratios of that element. The main upgrades are
related to the availability of lasers capable of ionizing elements with a
single pulse instead of requiring multiple pulses. The analysis of
interstellar grains provides a test of nucleosynthesis models in the stars
where the grains formed.
Albert Fahey (NIST) described the potential for using Time-ofFlight SIMS (ToF-SIMS) for isotope ratio measurements in geo- and
cosmochemical samples.
Michael Wiedenbeck (GeoForschungZentrum, Potsdam, Germany)
provided a list of useful accessories to a SIMS lab, including quieter

7
cooling fans for the electronics racks, and an adapter to the optical
microscope allowing visitors to match photomicrographs obtained in
their lab to the images on the SIMS microscope, enhancing the ease of
navigation around the sample. Mostafa Fayek (Oak Ridge National
Laboratory) described the status of research on sedimentary and igneous
rocks in earth science and archaeological applications.
New science results at the workshop included study of sulfur (Peter
Weber, UC Berkeley with Kevin McKeegan, UCLA) and strontium (P.
Weber with Joe Wooden and Charlie Bacon, USGS) isotope ratios in
salmon otoliths. These results allow hatchery fish to be distinguished
from wild salmon, critical information in studying changing natural
habitats. The sulfur isotope analyses (performed on the UCLA Cameca
1270 SIMS) were challenging because S isotope microanalyses on
insulating carbonate (containing low levels of sulfur) had never been
attempted before. The strontium isotope measurements were obtained
on the reverse-geometry SHRIMP ion microprobe at the Stanford
University/US Geological Survey laboratory. The developing ability
to obtain strontium isotope ratios in situ represents an exciting new
direction for earth science research.
New analyses of trapped melt inclusions in olivine phenocrysts for
Pb isotopes by Graham Layne and coworkers at Woods Hole
Oceanographic Institute (Cameca 1270) showed that the extreme
heterogeneity observed in earlier studies of melt inclusions (Science
282 (1998) 1481) is not an isolated occurrence. When glass inclusions
from the same hand sample have such a wide range in Pb isotopic ratios
the interpretation of earlier bulk analyses becomes more challenging.
In contrast, analyses of melt inclusions and other glassy samples
by Erik Hauri (Carnegie Institute of Washington’s Department of
Terrestrial Magnetism) emphasized the opposite end of the periodic
table; studies of H, C, halogens and sulfur were presented, with an
emphasis on hydrogen and D/H ratios.
Mary Reid from UCLA described her efforts to push the SIMS
technique for U-Pb age determinations in zircon by analyzing very
young samples of this mineral. Such studies of relatively recent
eruptions are showing zircon residence times in magma chambers to
be tens of thousands of years.
The presentation by the Canadian Geological Survey (Richard
Stern) involved characterization of a homogeneous zircon and the
factors that increase uncertainties in the U-Pb age. Much discussion
about the role of different instrument parameters followed this talk.
Contributions from the host institution included microanalyses of
oxygen isotopes in the rims of high-temperature calcium-aluminum
inclusions from meteorites (recording early post-condensation processes
in the solar nebula) by Laurie Leshin, analysis of Si, N, and C isotope
ratios in interstellar SiC grains by Gary Huss, and measurements of the
useful ion yield in SIMS as a function of mass spectrometer potential
(R. Hervig). The latter measurement showed that doubling the voltage
on the secondary ion column doubled the transmission of ions through
the instrument.
The meeting was also attended by one manufacturer of SIMS
(Cameca Instruments) who presented a description of their newest
instruments.
The resounding conclusion of the attendees was that another
meeting in two years time was an absolute necessity for learning about
new developments in this fascinating technique.
Richard L. Hervig
Center for Solid State Science and
Department of Geological Sciences
Arizona State University
Tempe, AZ 85287 USA
Hervig@asu.edu
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Congratulations to Alexandra Navrotsky!
FRANKLIN INSTITUTE COMMITTEE ON SCIENCE AND THE ARTS
ANNOUNCES 2002 BENJAMIN FRANKLIN MEDAL LAUREATES
The Geochemical Society congratulates and honors Alexandra Navrotsky upon her award of the prestigious Benjamin Franklin Medal
by the Franklin Institute Committee on Science and the Arts. On January 28, 2002, President and CEO Dennis M. Wint of the Franklin
Institute announced the names of the 2002 recipients of this highly prized award for scientific achievement and preeminence. Professor
Navrotsky is recognized for her spectrum of accomplishments in crystal chemistry that have established convincingly the identity of
materials at hundreds of kilometers of depth in the Earth, systems that otherwise are inaccessible to direct observation.
Widely regarded as the American Nobel Prizes, and among the oldest comprehensive science and technology awards programs in the
world, The Franklin Institute Awards have recognized preeminent accomplishment in science and technology since 1824, in the spirit of
discovery embodied by Benjamin Franklin. Indeed, 98 Franklin Institute laureates have received Nobel Prizes in their respective fields –
14 in the last five years alone, resulting in a mounting distinction for the awards as a bellweather for the Nobels. A virtual who’s who of
19th and 20th century scientific achievement, the list of venerable honorees includes Albert Einstein, Thomas Edison, Orville Wright,
Marie and Pierre Curie, Jacques Cousteau and Stephen Hawking. Recognized for their seminal contributions to scientific thought and
progress, this year’s elite group of 2002 Franklin Institute Award laureates, including three women for the first time, are paving the way
for future innovation and discovery in the generations to come.
Stated Wint, “These exceptional scientists are taking up the torch of a 177-year-old legacy – the recognition of extraordinary achievement
in science and technology, in order to inspire appreciation for the power of science to broaden our understanding of the universe, improve
our lives, and encourage and inspire new generations. We are proud to honor them as they have honored us, with their commitment and
dedication to science.”
The Franklin Institute
Email: www.fi.edu
Telephone: 215-448-1176

Geochemical Society / Mineralogical Society of America Short Course Announcement

Application of Synchrotron Radiation in
Low-Temperature Geochemistry and Environmental Science
Monterey, California, December 4-5, 2002
The powerful applications of synchrotron radiation in geochemistry and environmental science began to be realized about two
decades ago. With the advent of third-generation synchrotron radiation sources in Europe, North America, and Japan, significant
progress has been achieved in the development and application of synchrotron methods to geological and environmental materials.
There has been exponential growth in the number of synchrotron users from the earth and environmental science communities.
This Short Course is designed to fill the need for a comprehensive, in-depth review of the underlying theory and application of
various synchrotron radiation methods as they pertain specifically to geochemical and environmental science applications.
Registration is $200 ($100 for students) before October 15, 2002. For more info see the conference website:

http://cars.uchicago.edu/shortcourse2002/
Conveners
Paul Fenter, Argonne National Laboratory
Mark Rivers, University of Chicago
Neil Sturchio, University of Illinois at Chicago
Steve Sutton, University of Chicago
Michael J. Bedzyk, Northwestern University

Speakers:
Mark Rivers, University of Chicago
Gordon E. Brown, Jr., Stanford University
Paul Fenter, Argonne National Laboratory
Glenn A. Waychunas, Lawrence Berkeley National Lab
Carol Hirschmugl, University of Wisconsin at Milwaukee
Satish Myneni, Princeton University
Paul M. Bertsch, Savannah River Ecology Laboratory
Alain Manceau, University of Grenoble
Steve Sutton, University of Chicago
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BOOK REVIEW
The Spice Must Flow:
A Review of Hubbert’s Peak
by Kenneth Deffeyes
Review by Johnson R. Haas
In Frank Herbert’s novel Dune, galactic
empires rose and fell by the flow of spice,
an odd substance vital to the technology of
interstellar transport. The problem was that
spice came only from one politically and
ecologically dubious planet, and so the lives
of billions hinged on an irreplaceable resource mined from a dangerous
and volatile place that the powerful cared about for no other reason. At
face value it’s an interesting allegory of our own dependence on crude
oil, largely from the Middle East. However, despite internecine wars,
post-colonial politics, and transnational terrorism, the flow of cheap
petroleum continues unabated. For how much longer can we expect
the spice to flow?
Not for much longer, according to Kenneth Deffeyes. In his latest book
Hubbert’s Peak, Deffeyes, a lifelong oilman, pulls no punches. His
beginning two sentences define his thesis and our dilemma: “Global
oil production will probably reach a peak sometime during this decade.
After the peak, the world’s production of crude oil will fall, never to
rise again.” The rigs won’t run dry, Deffeyes warns, but our days of
cheap crude and SUV leviathans are essentially finished. As production
crests and begins to decline, the widening gap between increasing
demand and decreasing supply will trigger the dawn of a permanent
geopolitical bidding war for the remaining ground reserves.
Essentially Deffeyes is reiterating with modern data an argument and a
forecast made decades ago, originally by geologist M. K. Hubbert. By
analyzing the production versus time curves of major oil fields and
integrated oil-producing regions, Hubbert realized that the cumulative
volume of petroleum drawn from a given reservoir follows a normal
distribution. A new field is drilled, and soon begins a steep rise in
productivity. Production accelerates as new exploration and drilling
quantify the extent of the reservoir and maximize the economic yield.
A finite geologic deposit, the field – or at least the economically viable
and physically extractable part of it – eventually begins to play out,
and production drops accordingly. As the dregs sour, deepen, or thicken,
drilling costs rise above the price of the product, and production ends.
Using data available at the time, Hubbert predicted in 1956 that US
petroleum production would peak around 1970 and diminish ever
afterwards. US petroleum production peaked in 1970, and has since
drifted steadily downward.
Using similar data for world petroleum yield through time, many authors
issued predictions in the 1990s that global crude production would peak
around 2004-2008. After that the crude would continue to flow, but at
decreasing rates that would never rebound. Largely ignored, these were
merely the latest of a long string of dire predictions (starting in the
1930s) that oil exhaustion was just around the corner. So far so good,
right? Maybe not. Those recent papers [Hatfield (1997)
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Nature 387:121; Kerr (1998) Science 281:1128; Campbell and
Laherrerre (1998) Scientific American, March:78] re-examined
Hubbert’s empirical approach and concluded that, just as US production
would maximize predictively, world annual oil production would soon
also reach an upper limit. Deffeyes expands on these works to some
extent, but his primary goal is to call attention to their overall predictions
and to how unlikely it is that these estimates of a world oil production
peak in the first decade of the 21st century are wrong.
As a writer Deffeyes is prosaic and matter-of-fact, if sometimes clunky.
He likes to embellish his narrative with quirky stories from his lifetime
in the oil business. For the most part this works, but in some cases the
effort falls flat. Deffeyes doesn’t rage against the machine; he’s part of
it and proud of it. He makes it clear from the beginning that oil is his
life’s work, and that while petroleum may not be with us for much
longer as a primary energy source, its rich concoction of complex
hydrocarbons - irreplaceable as petrochemical feedstocks - will only
grow in value as ground reserves disappear.
Hubbert’s Peak would be very useful as a secondary text or an assigned
reference for a course in petroleum geology or energy resources. For
most of the book Deffeyes draws on his experience to educate the reader
about where petroleum comes from, how it forms, how we explore for
it, and how it is physically extracted. A chapter is devoted to drilling
methods, including such topical issues as directional drilling (a major
concern in the US Great Lakes region) and secondary recovery methods.
Another chapter summarizes the major oil-producing regions of the
world, and discusses why it is unrealistic to expect that future petroleum
demand could be accommodated by some as-yet undiscovered deposit.
Deffeyes’ message is clear: no new discoveries, no new drilling methods
or miraculous technologies, no geochemical revolutions to come have
any realistic likelihood of significantly expanding currently known
reserves or staving off the coming oil shortage beyond the end of this
decade. Deffeyes provides some recommendations of what exactly to
do about this in the last two chapters. He argues briefly that conservation
and renewable energy solutions would have been far more effective in
preventing the coming crisis if implemented a decade ago. Now, less
than half a decade from the coming shortage, we are in a much more
precarious position. If we start now with serious conservation and
renewable-energy infrastructural developments, we will arrive at a more
sustainable future, but not before the shortage arrives. As Deffeyes
notes: “Running out of energy in the long run is not the problem. The
bind comes during the next 10 years: getting over our dependence on
crude oil.”
In outlining which renewable energy options are most
promising, Deffeyes stumbles. He spends too much time on the limits
of geothermal energy, leaving little space to more productive and more
realistic choices, such as nuclear (if we’re willing), solar photovoltaic,
solar thermal, and wind. To be fair, his aim in this book is not to talk
about renewable energy. His message is specifically geologic, and he
does a nice job of summarizing at an introductory level the current
state of knowledge about petroleum formation, deposition, extraction,
and sustainability. Every geology or environmental science
undergraduate should learn about these issues. They will all deal with
them sooner than they think.

Visit the GS Website:
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To Seek Out New Life...
An Interview with Christopher Chyba

by Mitch Schulte
Christopher Chyba is the Carl Sagan Chair for the Study of Life in
the Universe and directs the Center of the same name at the SETI
Institute in Mountain View, CA. He is also an Associate Professor
(Research) in the Department of Geological and Environmental
Sciences at Stanford University, and co-director of the Stanford Center
for International Security and Cooperation (CISAC).
He earned his Ph.D. from Cornell University in 1991 working with the
late Carl Sagan. He received a White House Fellowship in 1993 and
served on the national security staff of the White House from 1993 to
1995. In 1994, while Director for International Environmental Affairs
on the staff of the National Security Council, Dr. Chyba was named
one of Time magazine’s “Fifty for the Future.” In 1996, he received
the Presidential Early Career Award for Scientists and Engineers. As
a contractor since leaving the White House, he drafted the President’s
Decision Directive on responding to emerging infectious diseases,
and completed a report for the Office of Science and Technology Policy
in 1998 on preparing for biological terrorism. In October 2001 he was
named a MacArthur Fellow. He chaired the Science Definition Team
for NASA’s Europa Orbiter mission, a mission to search for an ocean
beneath the icy crust of Jupiter’s moon Europa. He is also a previous
member of the executive committee of NASA’s Space Science Advisory
Committee (SSAC), and past chair of that committee’s Solar System
Exploration Subcommittee (SSES), which recommends priorities for
solar system exploration. At CISAC, his research includes issues of
biological terrorism and emerging diseases, nuclear weapons material
security, and nonproliferation.
GN Associate Editor Mitch Schulte met with Dr. Chyba at his SETI
office on March 7, 2002 to discuss his views on astrobiology and the
origins of life.
MS: First of all, as you [have] pointed out, you’re not a geochemist,
and many people in the geochemistry community might not really know
you very well, even though you’ve been active in a field, origin of life
or astrobiology, that certainly involves geochemistry, and has sort of
become an all-encompasing kind of field, and geochemistry, and
geology, plays a very important part of that..
CC: Absolutely.
MS: So for those readers who might not be familiar with you, perhaps
a little background might be in order. For example, [in] what [subjects]
are your degrees?
CC: Ok, my first degree was in physics from Swarthmore College, a
small liberal arts school [in Pennsylvania]. My minors there were
mathematics and philosophy. I did my senior thesis in political science.
So I took advantage of the fact that it was a small, liberal arts school.
I took it at its word.
MS: So you’ve been well-rounded from the beginning.
CC: Well, we could argue about that, but... and I have an M. Phil. in
history and philosophy of science and I guess a second B.A. in
mathematics from [Cambridge] University. And then I switched; I was
really doing mathematical physics there, but I switched out of that
because I decided I was really most interested in origins of life and
what’s now called astrobiology... it was clear the way for me to approach

that topic was from a physical or planetary science background,
because that would take advantage of my physics, and then I could
try to learn some biology and chemistry. [The] person in the States
who was doing that was Carl Sagan. So I wrote Carl and that worked
out. I wound up going to Cornell to do my Ph.D. at Cornell in the
astronomy department. Cornell has four groups in their astronomy
department, and one of those is the planetary sciences group. That’s
unusual; usually planetary groups are in departments of Earth and
planetary science, so they’re more geologically oriented than Cornell’s
program was, which is more physics oriented. [Although] with Carl,
you know you sort of had everything [laughs], including an unusual
amount of biology. Carl was one of the very few people in the country
who was really an exobiologist at that time.
MS: What time frame was this?
CC: That was [late] ’85. There was some skepticism on the part of
some members of the department about whether it made sense to
pursue exobiology. In retrospect that’s sort of ironic since now
everybody’s an astrobiologist. [Almost] no matter what you’re doing,
people describe themselves that way now.
MS: You have to use the right words, I suppose. So what was it that
attracted you to origin of life research?
CC: I’d taken some biology as an undergraduate, and chemistry, and
fit it in around the edges where I could. And I gave some thought to
switching out of physics and going to graduate school in biology. [That]
would mean that I would have a lot of biology to get under my belt, but
that I could get away with it if I wanted to. But I didn’t pursue that; I
went to Cambridge and was doing mathematical physics. I guess it
became clear to me... I was likely to do a Ph.D. in something called
Kaluza-Klein theory, which is one of these 11 dimensional unified field
theories. I had a couple publications in general relativity. And it seemed
likely that I was going to spend the next three or four years of my life
behind a desk doing one thing, and there was all this other science I
had always cared about. And also I had always been interested in
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foreign policy issues. There was, except for the fact that scientists
come from all over the world, there wasn’t really much connection to
those issues in mathematical physics. And then in the bookstore, I
noticed I was spending all my time in the rather thin origin of life section,
and decided that that was telling me something. So I looked into
planetary science programs, and I applied to three programs in the
States, but also wrote a letter to Carl Sagan. [I] didn’t have a phone in
my Cambridge flat, but one day I received a telegram that said “Chris,
call Carl Sagan collect at 617-555-1234, Dad.” So Carl encouraged
me to come to Cornell, and I went. [It] was, professionally one of the
best decisions I’d ever made. It was fantastic.
MS: What was the topic of your thesis, specifically, with Carl [Sagan]?
CC: I did a whole lot of different kinds of work while I was a grad
student there. I did a couple papers in theoretical mechanics—tidal
evolution in the Neptune-Triton system. But most of my work was
involved, in one way or another, with planetary science relevant to the
origins of life. I had several papers on cometary spectroscopy,
interpreting the mid-infrared features of Comet Halley in light of
laboratory results that were being done in Carl’s lab. There are features
indicative of organics in the mid-infrared in a variety of comet spectra
now, but we were seeing them for the first time in Comet Halley in
1986. It was brand new data, [they were] new results, there was
already a lab program in place having to do with irradiation of carbonbearing ices, which was germane to those results. So I put some of
that together. [The] thesis has a couple chapters on that topic, trying
to elucidate the nature of cometary organics, and then most of it dealt
with the role that comet and asteroid impacts may have played in the
origin of life on Earth, whether it was depositing volatiles, water, or
so-called biogenic elements, [e.g. carbon and nitrogen] and how one
could constrain those. Speculation had been around for decades, but
it struck me that one could use the cratering record in the inner solar
system to try to put some constraints on the role that comets in
particular might have played. Then we wound up getting into numerical
hydrodynamic simulations of comet impacts to investigate the question
of survivability of organics, such as amino acids, in comet impacts.
Comet impacts on a big planet like the Earth can certainly deliver
biologically relevant elements, such as carbon, but can they actually
deliver their organics intact? You wouldn’t expect that because the
energies [involved in the impacts] are so large. So we did one big
paper in Science about that as part of my thesis, and then in the late
nineties with Elisabetta Pierazzo, who was then at the University of
Arizona, I returned to that problem, both because you could do much
better computer simulations now and because there are more lab data
available than there were at the time of my thesis. And it looks as
though the answer is that even with kilometer-sized impacts you can
deliver ten percent or so of the organic complement of the comet intact.
So depending on your model for the early Earth, and what you think
the nature of the early atmosphere was, which turns in part on
geochemical [and geophysical] understanding, because it has to do
with the timing of core formation [in] the Earth’s history, and whether
you sequester the iron quickly into the core. [You’re] probably driven
to a carbon dioxide early atmosphere, although there is still controversy
over that. In that kind of atmosphere, Miller-Urey synthesis is less
efficient by many orders of magnitude. So the cometary influx is
potentially germane. [There is] this whole vision of origins of life, where
what you need to think about is how [to] stock the primordial soup.
What’s exciting about the geochemical work that’s been in the literature
for the last decade, and the vent hypothesis, is that it goes right at
that 50-year-old assumption. [It says] you [don’t] want to think in terms
of getting the compounds stockpiled in the soup, that instead [you
should] think about metabolism,[and] approach it from [a] metabolism
[angle]. That actually is one of the most exciting things going on in
the field.
MS: You’re anticipating my questions here!
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CC: Well, it’s true. The one thing we do know how to do in origins of
life is produce organic monomers; you either make them in the MillerUrey atmosphere, or you make them through ice irradiation in the
interstellar medium or in comets and you deliver them. [That’s] the
one part of the puzzle that we have multiple pathways towards
understanding. And it may well be time to move on to some other part
[laughs].
MS: After 50 years. Well, then this of course brings up the question
of once you deliver these molecules to the Earth, then what happens
to them? I guess that’s the big unknown here, and this then sort of
begs the question: Can life begin in an environment that we consider
to be extreme? What are your thoughts on various hypotheses about
where life might have originated, whether these are applicable to other
bodies in the solar system?
CC: Well, you know as well as I do how subjective that word “extreme”
is.
MS: Sure. I actually disagree with it in many cases, because we are
living in a 20% oxygen atmosphere, which is pretty extreme if you ask
me.
CC: Exactly. My fear is that it’s going to turn out... the short answer is
we don’t know, ok? [Laughs]. The longer answer is that my fear it
that it’s going to turn out that you’re going to need to have different
parts of the puzzle take place in different environments, which suggest
that you need a kind of complicated system for this to work out. That’s
no more than a fear... I hope it turns out to be simpler than that. But I
can imagine a case in which you do get a kind of initial background of
organics that [is] simply available in the environment through
production in the atmosphere, and exogenous delivery, and so on,
but then the critical first polymerization step takes place on some
mineral surface that may or may not reside in a hydrothermal system.
Now it may be that you synthesize the monomers you need directly in
that system; that may also be the case.
MS: In which case the delivery of volatiles is the important component
from a planetary aspect.
CC: Then the only important component is coming up with the biogenic
elements and the water to begin with. On the other hand, Art Weber,
who is a SETI Institute PI, thinks that we need to pay much more
attention to the role of sugars in the origin of life, because that way, if
you start with sugars, then you’re starting off with an energy-rich
compound. And Art is very skeptical about hydrothermal systems from
the point of view of sugars since sugars are so fragile. So you know,
we still only have different pieces of the puzzle and you can make
some progress in one direction or another in these environments.
Maybe that means... that what happened was that different pieces of
the puzzle came together from different environments. Or maybe,
just as likely, I think, that means that we haven’t done near enough
work yet. One thing that does disturb me about the deep origin
hypothesis, [which is] obviously intriguing from the point of view of the
phylogenetic record, [although] I don’t think that’s a requirement of
the phylogenetic record because of the impact environment, but one
thing that does disturb me about it, although it is also a case where a
lot more work ought to be done, is that... what’s important about
planetary science in the origins of life context is that it gives you access
to actual natural systems, where spatial and temporal scales are much
bigger than the scales you can address in the laboratory. [There] are
several of those in the solar system. When we get to Titan’s
atmosphere in 2004, that’ll be one example.
[Editor’s Note: The Cassini spacecraft is scheduled to arrive at Saturn
in 2004, and will deliver a probe to Titan’s surface.] And it’s not just in
the solar system. A second example from my point of view is the
chemistry of the interstellar medium. There’s been this many decades,
really a century old speculation, about whether you could have life

Newsletter of the Geochemical Society

12

The Geochemical News

Visit the SETI Institute Online:
www.seti-inst.edu/

based on something other than carbon, and silicon is everyone’s choice
because it’s right underneath carbon on the periodic table.
Theoretically, silicon almost never makes double bonds, and that’s
because it’s a bigger atom and it’s harder for it to do the kind of double
bonding carbon can.
CC: So it... likes to make mineral grains instead of a suite of interesting
molecules. Ok, so we know that theoretically, but if you look at the
ISM, you see this whole suite of carbon compounds, more than 70 of
them. You don’t see [an] analogous suite of rich, silicon-based
chemistry. So even though we weren’t exploring the ISM in order to
address some hypothesis about silicon-based life, it nevertheless,
through our exploration, I think, gives us information that’s germane
to this long-standing question. And I think similarly, the exploration of
Titan might help us address some questions like that. Is it possible on
a global scale to develop chirality, even if we so far can’t give a good
mechanism for what the drive is, nonbiologically, for chirality. We’re
about to go to a world that’s been organically prebiotic for 4 billion
years, so we think. If there were some chiral excess on Titan, that
would be damned exciting. And on the flip side is, if there’s not...
MS: Well, so what?
CC: Yeah, probably so what? Probably people will say “No surprise,”
but if there were, that would be very exciting. Another long-term
speculation is what about life based on the solvent [being] something
other than water? There are good reasons for it to be water... it’s one
of the three or so most polar liquids known, and probably geochemically
the most plausible to have present in large abundances. Liquid
ammonia is probably plausible, although it would have to be much
colder if liquid ammonia were the solvent. It too is a polar molecule,
though not as polar as water; since chemistry depends exponentially
on temperature, life in liquid ammonia would presumably progress
much, much more slowly, but I don’t think that’s a show-stopper
because what matters it that you can catalyze reactions faster than
are taking place in the environment.
MS: Which is the [way] life [works].
CC: Yeah, so everybody would be in that environment moving much
more slowly. But then the radical suggestion is, what about life based
on a non-polar solvent? I don’t think you can go much farther than
just state that, because our understanding is so limited. It would be in
some sense opposite of the way we think about the problem now.
MS: Well, since life depends on disequilibrium to make its way, is that
a viable [proposal] even to consider?
CC: I think you could have types of disequilibria.
MS: Based on non-polar solvents?

CC: Yeah, that’s what you’d have to gesture towards. You would still
need to be able to dissolve [compounds] and then bring [them] together
to liberate energy in a non-polar solvent.
MS: Cells that we know of now have to have proton pumps and
transport ions across a gradient, or a membrane.
CC: Everything would have to be different, so there’s very little to say
at this point. My only point here is we’re going to go into Titan, which
may be a world that has a meteorological cycle based on a non-polar
solvent... methane and ethane potentially, because ethane is such an
important photochemical product of methane in the atmosphere. It
may be that if there’s a liquid on the surface, the dominant liquid turns
out to be ethane. We’ll find out. But once again, through exploration
we’re going to get some insight into these long-standing but very exotic
speculations. Let me talk to you about some of the less exotic ones.
MS: Well, if we could stick with the exotic for just one more minute.
How would we know? Let’s say we go to Titan and there’s life there
that’s based on a non-polar solvent.
CC: At 90 Kelvin.
MS: At 90 Kelvin, how are we going to know that that’s alive?
CC: Well, that’s a fine question. My personal prejudice is that if one
wants to start asking questions about how we’re going to recognize
unusual life, a good starting point is the Viking experience of 25 years
ago. It’s the only time we’ve gone seriously to look for life elsewhere.
I think in retrospect, it was premature, although I think we should be
proud of it. In retrospect, sending humans to the moon was premature
because we did it without developing the infrastructure first
MS: The scientific infrastructure?
CC: The scientific infrastructure and also the infrastructure that would
allow a human presence on the moon to be sustained. Nevertheless,
I think we should be proud that the human race did this as soon as it
could. It was a wonderful thing. In the case of Viking, we didn’t have
the geological and chemical context that we needed before we started
looking for life there. And we wouldn’t have sent the set of biology
experiments we sent if we’d had an understanding of the surface
chemistry of Mars that we think we have now [chuckles], although it
continues to be the case that nobody’s made the decisive chemistry
experiments on the surface of Mars to test what is the common
understanding now. The Beagle 2 lander should finally test that by
trying to understand the oxidation chemistry on the martian surface.
MS: So are we ready for something like Titan in 2004?
CC: We don’t know very much and that’s why it would have been silly
to send a biology package. What we’re doing instead is exploring it,
right? It would have been silly also because it’s enormously unlikely
that there’s life there based on what we know about life. But the way
to deal with that level of ignorance is to explore, to go and see what’s
there. And, you know, if in the extremely unlikely event that there was
some kind of biology present or protobiology even, we might get hints.
If the GC-MS tells us there’s chiralty among some of the organics,
that would be intriguing. Now maybe that would be non-biological.
That would be the conservative assumption. But maybe if life were
based on organics, but with a non-polar solvent, then you might expect
that the organics you sample would show some characteristics that
would be more bizarre than you would expect from disequilibrium
chemistry. Maybe chirality would be one of the best markers. So at
this point, as far as those exotic circumstances are concerned,
exploration’s the way to go because we don’t know enough to do any
hypothesis testing, and because the speculations are too unlikely to
justify spending a lot of resources on them. In the case of Viking we
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sent three experiments that would look for [carbon-based] metabolism.
The assumption was still made that the life would be carbon based,
but they were searches for metabolism. And we wouldn’t send
experiments like that today because we now think we understand that
the oxidation chemistry in some respects mimics metabolic processes,
those particular metabolic processes that were tested. I think the
lesson is that knowing how to look for life in a particular environment
depends a lot on knowing something about the context and it makes
sense to explore and establish context first. Let me give a less exotic
example, though. You’ve tried to prevent me from doing that.

trying to use planetary environments to test ideas, and Mars and
Europa are also germane here.

MS: No, I’m not trying to prevent you from doing it! I just had that one
question.

MS: It’s also possible, for example, that in the carbonaceous
chondrites, [that] it just froze too early or the system wasn’t open
enough or big enough to allow life actually to develop, but that it was
on its way, in a sense. [It] froze in place, and we have this snapshot of
what [also] happened on the early Earth... in terms of the chemical
processes that may have been leading [toward] what eventually turned
into life.

CC: I’m just giving you a hard time. The hypothesis of a deep origin...
well, once again we actually have some real solar system examples
that are germane to that question, although not decisive. We know
we have carbonaceous meteorites that are from larger parent bodies.
Theory suggests the larger parent bodies should have seen, if they
were more than a few hundred kilometers across, liquid water for as
much as 108 years early in the solar system. But we know from direct
examination of meteorites, like the Murchison meteorite, that it did
see liquid water. The time period is hard to constrain. So you had
liquid water, you had organics present at the level of a few percent by
mass, including amino acids, famously more than 75 amino acids in
Murchison, including about 6 or 8 of the ones that are common in the
biosphere, interestingly not most of the 20 [protein] amino acids but
half a dozen or 8 of them. And you had certainly a variety of types of
mineral surfaces present, and yet, to the extent this has been searched
for, and I only know of one serious experiment, there’s no hint [that]
prebiotic chemistry progressed past the level of individual amino acids
on Murchison or nucleotide bases. There’s no hint of polymerization
of amino acids, there’s no hint of the synthesis of nucleotides.
MS: Although, to be fair, the method that they use to extract the amino
acids from the meteorite may have some impact on what we end up
seeing.
CC: And you’ve written a whole paper on the topic. I think there are
maybe three things to say. One is that once again we have an example
of a system that
was at least part of
a spatially much
Titan
bigger system and
temporally, the
sort of estimates
you
see
for
Murchison are 104
years of liquid
water, although
those are very, I
think,uncertain.
But it was able to
sample a temporal
scale that’s just
inaccessible in the
lab. So we need
to pay attention to
those
results.
Your
work
suggests that we need to give a lot more thought than we have given
to whether we’ve really examined those environments as carefully as
we need to. To my knowledge, John Cronin, in one paper published
in Advances in Space Research, is the only person who’s looked for
polypeptides in Murchison. Maybe they’re not there. That’s what
Cronin’s work suggests.. What is it about that environment that’s
different from what we think the Earth’s subsurface environment was
like? What I don’t see in the field is a whole lot of engagement with

MS: Of course, this is where geochemistry [should] come in. We
need to put these a chemical context for what the environment allows
to happen. And maybe the differences or similarities between these
bodies or could tell us something about how or why life may start in
some environments and not in others.
CC: Yeah, I think that’s potentially the case.

CC: That’s possible, if the core of the Murchison parent body saw
liquid water for 108 years, since that number gets disturbingly close to
the time scale for the origin of life on Earth. It’s not clear that Murchison
saw liquid water for that long. In fact there are arguments that it didn’t.
But if it did, then you could make the temporal argument. Europa of
course is intriguing in a similar way. It almost certainly has a liquid
water ocean, whose volume is twice that of the Earth’s ocean, and if
that’s the case, that ocean’s been there for the history of the solar
system, because the energy sources that we know of on Europa aren’t
sufficient to melt the ice if [they] have to overcome the latent heat.
They’re sufficient to maintain it as a liquid though.
MS: So the water’s always been a liquid.
CC: Yeah, [there is] a 4 billion year old ocean on Europa. Maybe it’s
sterile... even that negative result would be awfully interesting. 4 billion
years of a liquid water ocean, probably, but we don’t know this yet,
with hydrothermal circulation at the base and nothing happens?
MS: That would be odd, right?
CC: Oh, I don’t know whether it’s be odd or not, because I don’t
know... I don’t know how common the origin of life is. Maybe it really
is an incredibly unlikely event, and we just happen to have gotten
very lucky. [Having] a few more worlds that saw liquid water early in
their history or still have liquid water would help us.
MS: It would at least give us a reference point.
CC:Yup.
MS: Is the ocean on Europa likely to be sort of parallel to Earth’s
ocean?
CC: Well, we know a little bit there. We know from the magnetometer
results from the Galileo spacecraft, which I think are the strongest
indications of liquid water on Europa, that there’s a near surface
conductor that causes an induced magnetic field driven by the time
varying Jupiter magnetic field that’s incompatible with a permanent
dipole. It’s also not caused by a metal core, because quantitatively
the core’s too far away to account for what’s measured.
MS: Does it matter if the core is liquid or solid?
CC: Well, what you need is a conductor. It could be either a liquid or
solid; in principle it could be either a liquid or a solid conductor. But
we know how strong the induced magnetic field is, because that’s
exactly what’s measured, and quantitatively you can’t get that from a
deep core on Europa. It has to be a near surface conductor and that’s
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consistent with a liquid water ocean under 10 or so kilometers of ice,
provided that liquid water ocean is salty. And you can say what the
salinity of it has to be to be consistent with the measurement. The
salinity is about the same as the Earth’s ocean, which is kind of an
amazing result. The salts aren’t likely to be the same; it’s unlikely to
be sodium chloride, at least if you use a carbonaceous chondrite model.
Here’s your geochemistry again; if you use a carbonaceous chondrite
model the most likely salts are magnesium sulfate and then some
sodium sulfate. It’s dominated by magnesium sulfate. Magnesium
sulfate is [also] a common interpretation of the near-infrared spectral
features at the surface. So there’s kind of a story here that seems to
hold together. So it’s probably a magnesium sulfate rich ocean.
MS: So the idea is that the crust of Europa interacts with the water,
which accounts for the formation of the salts.
CC: Right. Europa started as some kind of big carbonaceous
chondrite, and it differentiated. The water was removed from
throughout the body and moved to the outer 100 km and either that
way and/or through continual hydrothermal activity, you leach the salts
from the matrix. But there are problems with that picture, no surprise.
The problem is that the carbonaceous chondrite model for Europa is
the kind of natural zeroth order model you choose for anything in the
solar system, but some theoretical work of the formation of Europa in
the jovian nebula when Jupiter formed suggests that it in fact should
have been very depleted in volatiles, because the nebula was hot,
and in fact, well, who knows? That’s a kind of nebular chemistry result.
If you look at the amount of water Europa has, it has about as much
water... [hesitates]... it has about as much water as some estimates of
the water in carbonaceous chondrites suggest. About 5 or 6 percent
of Europa’s mass is water. I wish I could tell you that that is the amount
of water in carbonaceous chondrites, but in fact if you look at the
literature, the figures are all over the map. But it’s roughly in the
range for carbonaceous chondrites. The other thing to worry about is
that you may see magnesium sulfate at the surface, but the surface at
Europa is an oxidizing surface so going from a sulfate that you see at
the surface to inferring something about nature of the chemistry of the
ocean is dicey.
MS: So where is the life on Europa if we’re going to look for it?
CC: Well, if it’s there’s, it’s in the ocean. That’s probably not where
we’re going to look for it though. If it’s there, it’s in the ocean because
you need liquid water.

out, just because there’s so much energy per square centimeter
available from the sunlight.
MS: Even at Europa?
CC: Even at Europa. You’re down by a factor of twenty five [relative
to] Earth. And we know terrestrial analogs can live under those
conditions. Obviously not everything, but there are terrestrial
microorganisms that can live under those conditions. That depends
on the particular model. [What] we’ve been looking at has been ways
to get biologically relevant electron donors and acceptors to the ocean.
Clearly the ocean is in communication with the surface, because the
surface is only about 50 million years old, based on crater counts, so
somehow the surface is being resurfaced. There’s a spectral feature
that indicates carbon dioxide present in the ice. Radiation chemistry
of that ice is going to produce both oxidants and simple organics like
formaldehyde. And once again we have terrestrial analogs that can
make their living off of that if it gets mixed into the ocean. And you
can try to quantify just how much of that’s available. Then there are
other sources. So the answer to your question is, there’s liquid water,
there may be sources of biogenic elements; it may have formed with
them, and even if it didn’t, comets would have delivered biogenic
elements in substantial quantities over the last 4 billion years. And
then there are sources of free energy that you can put your fingers
on. How do you actually sample it? Well, I think that you need an
orbiter mission to tell. We could have gotten a lot of this from Galileo,
but the antenna didn’t unfurl. But I think it would be good to have on
the order of a hundred meter resolution over the entire surface of
Europa. And then we would choose a place to land that we thought
was the place that was most likely to represent [a location] where
water from the ocean has recently reached the surface. You can
[sample] by melting, which is a real advantage... you can melt a lot of
material, and concentrate the organics that may or may not be present
in the material.
MS: So at this point, any missions to Europa would just be looking to
see if life were there, [and] we can’t actually answer the question of
how it started there. It’s a different perspective to take.
CC: It is a different question, because even if the Europan environment
as it exists now is an environment which seems like it could sustain
life as we know it, that’s very different from saying if life could have
originated there.
MS: 4 billion years ago.

MS: Because [the ocean is] too difficult to get to?
CC: Yeah, [below] 10 km of ice. That may be a mission that we do
late this century. I would like to see us do it earlier than that, but right
now we don’t even know if we’re going to get an orbiter to Europa in
the next decade. But if there’s life there, if it’s anything like life as we
know it, it’s in the ocean. The challenge then is to come up with
energy sources to drive that life. A few of us have been speculating
about that. Photosynthesis is not impossible, in a model where the
cracks viewed on the surface are communicating with the ocean.
MS: Is there enough sunlight to drive photosynthesis?
CC: You could imagine photosynthetic niches; [one] model of the
cracks, due largely to Rick Greenberg and his collaborators, suggest[s]
that the cracks open and close diurnally, and ocean water rises and
falls in the cracks as they open and close to the tides. If this model
were correct, you could imagine photosynthetic environments up
toward the top of the crack, where you ride up with the water,
photosynthesize like crazy for the half of the Europan day that you’re
up there, then you fall back down. And the energy advantage to that
is so huge that if that model were right, I wouldn’t rule photosynthesis

CC: Yeah, or [even] now or whenever. There’s a soil microbe called
Hyphomicrobium that can live by combining formaldehyde and oxygen.
I’m sure we’d have to talk about temperature ranges and so on. Can
it really live in 273 degree (Kelvin) water? I don’t know. But one can
envision a contemporary Earth microbe that can make a living at
Europa. That’s not the same thing as saying that just because a
competent, highly evolved organism can make a living there... that
the origin of life could have happened there. We don’t know whether
there are hydrothermal vents there or not. And it’s going to be long
time [before we would know]. I mean, you’re going to have to get
through 10 kilometers of ice and then dive down to the bottom of a
100 km ocean, and then get extremely lucky. Right?
MS: Right, [and] we have a hard enough time finding them on this
planet.
CC: Exactly. It’s not like you’re going to just drop one submarine into
Europa’s ocean and see tube worms. And for that matter, you wouldn’t
have the tube worms unless some nonphotosynthetic mechanism for
building up oxygen was present.
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MS: Well, this then sort of leads into another question that I’ve been
thinking about lately, which we’ll address in a future issue of the
Geochemical News. [That] is this idea recently of Rare Earth. There
was a book published...
CC: I know the book.
MS: And the main hypothesis of this book is that while microbial life
might exist elsewhere, animal life or complex organisms is a very rare,
if not exclusive-to-Earth phenomenon. So [if] we go to Europa and
find a tube worm, that throws that right out the window. But what are
really the chances for finding what’s considered to be complex, or
animal, life elsewhere?
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it, the mammals did it, the insects did it, the fish did it, the reptiles did
it. There was a powerful evolutionary driver in that case, presumably.
So there are different things going on with the Rare Earth hypothesis.
One [is], do you ever get the planetary conditions that are going to be
right? And there are so many ways for planetary conditions to go
wrong. And the other is, even if you have the right conditions, is
evolution going to result in metazoa, and then intelligence? But I
have concerns with their planetary conclusions. You can’t just sort of
reach into an existing system with full knowledge, and say, oh, if I
remove this element, the whole thing collapses. And boy, therefore,
how fragile it is. You have to ask how the system would have been
different from the start, if you had changed this or that element. So
that’s the planetary point and then there are other things too.

CC: Well, we’re as always in the position of trying to extrapolate from MS: We can get back to that on some other occasion, perhaps.
a single example. Metazoa didn’t arise on Earth until there was a
s u b s t a n t i a l
concentration of oxygen
in the atmosphere and
therefore dissolved in
the oceans. And that
seems to be related to
the fact that metazoa
[have a] metabolism
[based on] using
molecular oxygen that
produces 18 times as
much
energy
as
fermenting. And life had
billions of years on Earth
prior to the rise of
oxygen to figure out a
way to make metazoa
Ice cliffs of Europa: Conamara Chaos region,
without
molecular
1.7 x 4 km, at a resolution of 9 m. JPL.
oxygen being abundant
and it didn’t figure out
how to do it. It’s not quite true that there are no multicellular CC: Let’s do that. Or not [laughs].
prokaryotes. I mean, there’s some sense in which cyanobacteria are
multicellular, and then there are these fruiting myxobacteria, that are MS: Let’s talk about something else.
separate organisms but can combine to form these macroscopic fruiting
bodies that can be nearly a millimeter in size. And they take on different CC: [Laughs] Ok, but one last comment. My last comment is that I
functions in the stalk, so there [are] some more or less multicellular think this is all very interesting but in the end the only way we’re going
really to find the answer to these questions is to go look. And that’s
examples from the prokaryotic world.
what the SETI Institute’s about; it’s about searching.
MS: But [those are] more like communities.
MS: Well, this brings up another good thing to cover here, which is
CC: Yeah, I think that’s fair. But metazoa seem to have required the function of SETI, and what it’s evolved into. You’re the Carl Sagan
oxygen. If that’s [the] requirement, then you need a world with Chair for the Center for the Study of Life in the Universe. First of all,
photosynthesis to build up oxygen. [And] it’s not enough to have how did you come into that role, and where are you expecting to take
photosynthesis, because on Earth, we had photosynthesis presumably this so that you can lead SETI in this respect?
from 3 and a half billion years ago. There had to be some other event
that sequestered a substantial fraction of the produced organics so CC: I guess the first thing I should say is that we’re the SETI Institute.
that you could build up the oxygen as a separate reservoir. There are SETI I think of as a field of study like astrobiology is a field. There’s
speculations that that was ultimately associated with the plate tectonic an Astrobiology Institute and then there’s Astrobiology. So there’s
history of the planet. Building up a thick oxygen atmosphere might SETI and then there’s the SETI Institute. I think we’re the leader of
involve a lot of contingencies. On the other hand, one can already the field in the sense that we’re doing the most sensitive search, where
envision ways, not ways I’d hang my hat on, but ways to build up we’re systematically walking through the thousand nearest, largely
oxygen in Europa’s ocean. And this gets back to the heart of Rare sunlike stars (at the ten percent level we look at other stuff) across
Earth, and my concerns about the book. It’s easy to look back along about three gigahertz worth of frequency at the bottom of the
a particular history of evolution on this planet and point to all the specific microwave window. It’s a numerically demanding problem because
things that had to be just right for things to have worked out. That’s there are so many data. But that’s the SETI science side of the Institute,
the contingent argument. There are so many contingencies. But then and Jill Tarter holds the Oliver Chair and directs that group. And then
the question is, what about other ways of arriving at a functionally this side, the Center for the Study of Life in the Universe, is directed
equivalent result? Of course if you look back along any particular by me, and I hold the Carl Sagan Chair. Towards the very end of his
thread you see all the things that were essential to that thread, but life, Carl was a board member of the SETI Institute. Another very
were there parallel threads? And in evolution, a classic example of prominent figure in SETI history is Barney Oliver, who more or less
that is flight. What an amazing thing flight is, and how many things invented the pocket calculator for Hewlett Packard. Barney got
have to be right for an organism to evolve flight! And yet, the birds did interested in SETI as an intriguing scientific and technical problem
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from his engineering background. And when he passed away a few
years ago, he left the Institute an endowment which, out of which the
Oliver Chair and the Sagan Chair were created. So, it must be about
4 years ago now, those chairs were created and the Institute advertised
for applicants for those positions. And I thought long and hard about
it and ultimately applied to the Sagan Chair position. This was a
wonderful opportunity. And also it meant I would get to rub elbows
with people who were actually doing SETI proper, which is something
I’ve always been intrigued by but hadn’t been involved with in any
research sense. We were able to couple this with a connection to
Stanford, so I’m [also] an associate professor of research in Geological
and Environmental Sciences at Stanford. More to my personal point,
I co-direct the Center for International Security and Cooperation at
Stanford, which is a major commitment. Not as major as this one,
but...
MS: Did that grow out of your interest in international policy from long
ago?
CC: Yeah, when it was clear that I would be coming here, I knew that
I wanted to try to continue doing some policy relevant work. I tried to
keep my hand in when I was a graduate student with Carl. I was
involved with some very low level, what people in the field would call
track 2, which means unofficial but still sort of plugged in, exchanges
with Russian scientists. And then after my first postdoc I applied for
the White House Fellowship. The interview process is out of this world,
by the time you get through it you’ve had four days of interviews.
MS: That’s worse than interviewing for a faculty position!
CC: They’re serious. But since President Johnson created the
program there’s always been one position on the staff of the National
Security Council and I was able to get that position my year. And
then, after the fellowship year I was hired into the national security
division of the White House science office. I was cold turkey on science
during those years. I wrote one or two review articles but other than
that I wasn’t doing any science at all, any academic type science at
all. Then I thought that probably two years of not doing any science at
all was about as much as I could get away with and still go back to
being a scientist. What’s great about this position is that I get to pair
both interests. I was affiliated with the Center for International Security
and Cooperation my first year here and then, unexpectedly, after that
first year they asked me if I would become a co-director. The Center’s
always had a political or social scientist and a natural scientist as codirectors since its founding. And that’s because the Center tries to
bring together people both from international relations and people from
a technical background to address important world problems, whether
it’s nonproliferation of weapons of mass destruction, or arms control...
we’re now spending more time with other post cold war issues as
well, such as peacekeeping and ethnic conflict. But we try to maintain
this mix of people from scientific and engineering backgrounds and
people from political science backgrounds. Ok, but you had asked
me about what’s going on here. Yeah, work across the Drake equation,
work relevant to the origin of life, life elsewhere, has been part of what
the SETI Institute has done from the very beginning. Our vision is that
in the future we will have several research groups anchored by hard
money positions doing cutting edge research related to understanding
the origin and prevalence of life in the universe, and that those people
would be in one SETI Institute facility together.
MS: What role in all of this future development for things like SETI do
you see for the geochemical community in terms of participating in
these kinds of interdisciplinary projects, for example?
CC: Well, let me give one example that we’re looking at very carefully
right now. We’ve had a set of meetings that has brought together
academic scientists, scientists from research institutes, and scientists
from the biotechnology industry. And it has to do with the idea of

polymerization, one of the outstanding problems in origins of life. We
all know how to make simple organic monomers, amino acids, say...
how do you actually polymerize them, since the thermodynamics
pushes you in the opposite direction? At least if you’re doing it in
liquid water. Well, one possible way of addressing that problem invokes
catalytic mineral surfaces. But ok, the dilemna there is you pick one
mineral, you make some decision about what that’s going to be, you
do an experiment, maybe that experiment takes weeks to months. If
the mineral didn’t work, didn’t do anything interesting, ok, well, pick
another of the several thousand minerals that are potentially relevant
here. And if you do that two or three times and don’t get an interesting
result, you don’t have your grad student continue to do that. You go
do something else. And if you do get an interesting result, probably
you bore in on that result and again don’t examine this vast space of
potential of prebiotically, early Earth plausible, potentially catalytic
mineral surface that may have been important. It’s kind of a throughput
problem. Meanwhile the biotechnology industry is developing all this
robotic technology to allow them to test ten thousand samples
simultaneously for some sort of result, depending on the result they’re
looking for. And it’s all done with robotics. Is there a way to make the
high throughput robotic technology with these origins of life
experiments, so that instead of examining one mineral surface at a
time, we examine a thousand mineral surfaces at a time? And the
answer is probably yes. So that’s just one example. Let me
reemphasize that one important lesson from Viking is that you need
to understand the chemistry and the geology, [i.e.] the geochemistry
[and] also the atmospheric chemistry if there’s an atmosphere, in order
to know how to go about searching for life. So in our search for life
elsewhere, you’ve got to make contact with the geology and the
chemistry. I chaired a meeting at Harvard to talk about how to look for
life on Europa. One of the things that came through loud and clear in
that meeting was there’s a whole set of chemical characterizations
we want to do first that are essential context.
MS: To make sure that we can distinguish between what is in a sense
a geochemical signature from one that is a biological signature.
CC: Right. That, and also to give us context for biological speculations.
You know, what anions and cations are present in solution, if any?
What dissolved organics are present, if any? Just have that context
to inform your interpretation and your speculation from the first. If
there’s a Europa lander that looks for life on Europa it may do a biology
experiment, but that would be embedded in a whole suite of context
setting experiments. So geochemistry really is relevant virtually across
the entire suite. At the far end, we’re dealing with the evolution of an
entire planet to try to understand the potential setting for biology.
MS: If we can, let’s talk for a minute about your role as a public figure.
How does all of this publicity fit in with your research and your other
duties? Is that too much of a question?
CC: No, it’s a good question. Let me step back first to the sort of
biggest picture. We are hurtling into a world this century where we’re
going to be faced rapidly with a whole set of important issues that
have a strong scientific and technical component. That’s going to be
true from an international security point of view. If the anthrax attacks
didn’t make that clear last October, I don’t know what will. But it’s true
across the whole suite of so-called weapons of mass destruction. It’s
true from a point of view of a broader definition, or broader
understanding of security, in terms of global environmental issues.
But it’s also true in terms of profound ethical issues, especially I think,
driven by biotechnology, as we begin to become more capable of
reshaping human beings; it’s nascent now, but it’s completely clear
where that trajectory is heading. So an understanding of science and
technology is critical for our policy makers, and since this is a
democracy (and we ought to be working towards a world where all the
governments are democracies), it’s important for the whole population
of the world. Not that they all be scientists, but that they have some

Newsletter of the Geochemical Society

Number 111, April 2002
knowledge of science and technology that lets them make good political
decisions. Yet, in the United States, the opposite’s been happening.
The Congress abolished the Office of Technology Assessment in 1995.
Congress made a decision under budget pressure to eliminate its
independent scientific research arm, that in principle would research
whatever topic Congress asked it to research and give them good
technical information about it. So at exactly the time when that kind of
knowledge is more and more crucial to addressing issues that we
face, we are doing a less and less good job of having that kind of
advice [available]. There are a whole lot of things going wrong here.
On the flip side, scientists need to do a better job of accepting other
scientists who are involved either in policy or in educating the public.
There’s more lip service paid to that now than there used to be, but
there’s still, I think, skepticism, toward people, especially people who
aren’t yet tenured, spending a lot of time doing that kind of work.
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either make the transition or step in for a year, have a look, and then
go back to what they were doing much better informed about the policy
world than they had been.
MS: I think that’s in fact where a lot of scientists, especially geologists
have been slow [to act]. I think what you’re doing is great because
the policy side of things is going to have to hit us at some point and
we’d better start now with trying to figure this out, [or] we’re going to
get left behind.
CC: It’s already late in the day. There are so many issues that are
scientific, so many security issues that have a strong scientific
component and there’s too little science input in those decisions. Of
course the different fellowships that the different societies have, the
AGU has such a fellowship to send people to Capitol Hill. Those are
really important.

MS: There are many examples of that.
CC: Yeah, it sends a kind of message. So the community just needs
to get smarter. But beyond that, from a purely self-interested issue, if
scientists don’t understand that they’re being funded by the federal
government, which means it’s taxpayers’ money, and they have to
justify their funding, as any other government program does, if they
don’t do that they cut their own throats. And you know, the country
can’t afford it. It’s too important for the country.
MS: So you think it’s important to be a public figure and do you
welcome that role?
CC: Well, I think it’s important that some scientists play a role there.
I don’t think every scientist needs to do that. But if you have the
luxury to do it, then I think it’s important in and of itself and the more
scientists who spend time communicating with people on Capitol Hill,
or with the Administration, or with the public, the better. So yes, I do
think it’s important.
MS: So then of course it becomes important, your role at Stanford,
for example, where you’re teaching these kinds of classes and trying
to educate people into what the more important kinds of topics might
be.
CC: Well, there are two different things I’m doing at Stanford, from
that point of view, from the point of view of education. I have been
teaching a graduate seminar called Origins of Life in the Solar System,
but this year I’m teaching [an] undergraduate course. And we’ll spend
as much time in that course talking about history of science, and what
science is, how we got to where we are, as we’ll spend talking about
astrobiology. Astrobiology is especially well-suited to that, because
it, as you said earlier, covers the whole span of science, so it gives
you a chance to give an integrated sense of the scientific view to
students on topic that unquestionably people are interested in. The
other thing though, is that I also do some lecturing on the security
side at Stanford. I don’t have my own course there, but I participate in
the undergraduate political science course the Center co-teaches. And
that takes students across the range of scientific and non-scientific
departments at Stanford, but it has a technical content. So it’s a way
of getting people who are going to be political scientists to learn some
technical content that is relevant. And then similarly the people who
come in with a technical background get an overview of international
relations. So it’s a way for us to try to have an integrated curriculum.
And we do that at graduate and postdoc levels at the Center as well.
We have people both who are pursuing graduate degrees who spend
time at the Center and people who’ve just come out of postdocs. We
have a science fellows program, and if there’s a way to mention this in
your article, I’d appreciate it.
[Editor’s Note: Information is available through Dr. Chyba via the
associate editor, or at the Stanford CISAC website http://
cisac.stanford.edu.] The whole point is to give them an opportunity to

MS: This of course also brings up the somewhat controversial topic
of the Alan Hills meteorite, because of the way that this announcement
was made, and the general public’s understanding of what’s going
on... do you have an opinion about the whole thing, from a person
who’s been in on the whole policy side of things?
CC: I would say that it’s very much to NASA’s credit that they had Bill
Schopf at the original press conference. They had the voice of a
skeptic at the press conference. I think they would have made a bad
mistake if they had not had the skeptic right there. I think that the
whole affair has been beneficial in that it may have made people who
aren’t scientists understand that a lot of science, most science at the
forefront, doesn’t give you certain answers. It gives you hypotheses
or possibilities that have to be further examined. And so the public
has gotten to watch this play out very publicly. I think many scientists’
immediate reaction was, there’s not enough here to make this claim.
And I think that that’s been borne out largely, with time. At the same
time, we learned an awful lot; it’s a damned interesting meteorite. So
do I wish it had been publicized a little less initially? Yes, I probably
do. But if you’re going to have a long paper in Science magazine
about evidence for life on Mars there’s probably no way to avoid having
it become extremely public. I think that the press conference with
voices of skeptics as well as proponents at NASA, I think that was
wise. And I think it’s been a good thing for the public to watch how
scientists have approached this critically.
MS: Do you think the public is still paying attention? You pointed out
the national security issues... there was this anthrax scare, for example,
and there don’t seem to be any more anthrax letters coming out. Are
people going to stop paying attention? Is that a problem?
CC: Well, it’s understandable... an individual can only pay attention
to some upper tier of issues at a time. People have to go to their jobs,
they have to raise their family or care for their elderly parent. There’s
only so much news an individual can pay attention to or can stay on
top of. The more worrying question would be whether in the absence
of an immediate threat, the U.S. government stopped paying attention,
and stopped explaining to people why it is that some of their tax dollars
have to continue to be spent on these issues. One other thing to say
is that the better scientists get at presenting their work in ways that
are engaging and exciting, the more likely it is that that’s what will rise
above the threshold and that you’ll get public attention. At the same
time, you have to do that while absolutely maintaining your integrity.
And the pressure from the press is to exaggerate, because the press
always needs to be able to say that something is new. And if it’s just
a kind of incremental advance, it’s hard for a reporter to justify writing
the article. Sometimes that means that the reporter goes away
unsatisfied, and doesn’t write the story. And that’s fine. You have to
be willing to accept the outcome that the result of being honest is the
reporter doesn’t go anywhere with it.
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