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From the President

It’sthat time of year . ..

As the winter turns to
spring (at least for those of usin the
northern hemisphere), it often re-
minds me of the traffic jam of ab-
stract deadlines coming up for sum-
mer and fall conferences that will
occur inthe monthsjust ahead. The
deadline this year that | hope you
already have onyour calendar isMay
15, the abstract deadline for
Goldschmidt 2000 which takesplace
from September 3 to the 8" in Ox-
ford, U.K. Goldschmidt meetings
have a habit of getting better with each passing year (thiswill be
the tenth annual meeting), and the Oxford meeting should be no
exception. Both the science and setting will be something to re-
member. So whether you wish to contribute to one of the many
theme sessions on everything from mantle dynamicsand melting
to the microbiology of pollution, or just want to submit an ab-
stract in somefield of geochemistry with no theme session at all
in mind, we want to hear from you. Your contribution will help
make this the most successful Goldschmidt ever. All the infor-
mation that you need can be found at the following website:
http://www.campublic.co.uk/science/conference/ Gol d2000/

Unsung heroes. ..

Thisisaparticularly busy time of year for the Nomina-
tion and Awards committees. Behind the scenes, committeechairs
and members comb through any number of files and e-mail bal-
lotsto come up with viable nominationsto present to the GSBoard
of Directors. Thisyear | believethat these committees have been
exceptional inthefulfillment of their all-important commitments.
My sincere thanks go to committee chairs Dean Presnall (Nomi-
nations Committee), Dick Holland (Goldschmidt Award),
Malcolm McCulloch (Patterson Award), Marilyn Fogel (Treibs
Award), Don Dingwell (Clarke Award), and Alex Navrotsky
(Geochemistry Fellows), and of course the committee members
that serve under these chairs.

Speaking of unsung heroes, perhaps the hardest work-
ing committee year-round isthe Program Committee. Thiscom-
mittee is responsible for the hundreds of geochemistry abstracts
that are received each year for GSA and spring-AGU meetings,
aswell asreviewing symposiaproposals. Susan Stipp, Pat Brady,
and Dave Cole have been exceptionally conscientiousand skilled
at thesetime-consuming tasks. We owethem ahuge debt of grati-
tude.

Have you considered publishing here?. ..

The Geochemical News (GN) occasionally contains short
scientific articles of general interest. Why would you want to
publishinthe GN? It'sagreat way to reach the Society member-
ship all at once, and the articles stand out as the only non-newsy
portion of anissue. It would be a good idea to check with GN
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Editor Neil Sturchio before submitting an article. He cantell you
what the publication time would be if accepted, how long the
article can be, and review procedure. Articlesinthe GN are cit-
able and easily obtained due to their archiving within the GS
website.

Think small . ..

A likely new funding opportunity is coming from NSF!
President Clinton’s FY 2001 budget request includes a
$225 million (83%) increase in the federal government’sinvest-
ment in nanotechnology research and devel opment. The Admin-
istration is making this major new initiative, called the National
Nanotechnology Initiative (NNI), atop science and technology
priority. NSF will gain alarge piece of the pie if the budget is
approved by Congress. Thenew NSF initiativeiscalled Nanoscale
Science and Engineering (NSE) which focuses on six research
areas. The theme of most interest to GS members is entitled
“Nanoscal e Processesin the Environment and Solid Earth”. Re-
search in this area will focus on probing nanostructures of rel-
evance in the environment from the Earth’s core to the upper at-
mosphere, nanoscale processes at interfaces between biological
materials and mineral surfaces, and reactions at the interface be-
tween solids, liquids, and gases. Themes will include develop-
ment of environmental biotechnology, study of transport of
ultrafine colloidal particles and aerosols, and study of interplan-
etary dust particles, among many others. Applications include
better understanding of molecular processes in the environment
that reduce pollution, and applications such aswater purification,
artificial photosynthesis for clean energy, and environmentally
benign manufacturing processes. There will be three modes of
support: interdisciplinary research teams, nanoscal e science and
engineering centers, and exploratory research. The current dead-
line date for proposal submission is Oct. 10, 2000, with pre-pro-
posals required for planned centers. Detailed information and
application instructions can be obtained at the NSF/NSE website
at http://www.nsf.gov/nano. Keepin mind that this program till
requires congressional budgetary approval. Check the website
for updates.
Mike Hochella
President of The Geochemical Society

/ Geochemical Society Business \

Please address al inquiries and correspondence
concerning memberships, subscriptions, address changes,
and charitable contributions to:

Business Manager, The Geochemica Society
Washington University

Earth and Planetary Sciences

One Brookings Drive, Box 1169

St. Louis, MO 63130, USA

Tel. 314-935-4131; Fax. 314-935-4121
e-mail: office@gs.wustl.edu

. /
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Plans Under Way for Goldschmidt 2001

Planning for Goldschmidt 2001 is aready well under
way. The meeting will be held in the spectacular Blue Ridge
Mountains of Virginia, USA, in the scenic city of Roanoke, from
May 20" to the 24", 2001. Here are some meeting highlights:

For thefirst time, sponsorship of the meeting will includethe
Mineralogical Society of America. MSA promisesto bring
an exciting new dimension to the meeting that is already es-
tablished asthe world’s premier geochemistry conference.

An Executive Planning Committee is currently assembling
cutting-edge, interdisciplinary symposiaand theme sessions.
There will also be ample space for general contributions in
all fields of geochemistry.

The major venue for the meeting will be the Hotel Roanoke
and Conference Center. The Hotel Roanoke, built in 1882,
has hosted US Presidents and dignitaries from around the
world. Constructed in the late 19"-century grand American
tradition, it ison the United States National Registry of His-
torical Places. It wasrecently completely restored to recap-
tureitsoriginal charm and elegance.

The adjoining conference center is new and state-of-the-art,
yet classic in interior design and appointment. It will pro-
videthe best meeting facilitiesever utilized by aGoldschmidt
Conference. Check out both the Hotel Roanoke and the Con-
ference Center at http://www.doubl etreehotel s.com/DoubleT/
Hotel 100/100/100Main.htm

Hotel Roanoke and Conference Center, Roanoke, Virginia

Visit and bookmark the new GSweb site

http://gs.wustl.edu
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L etters

Dear Neil:

| received this question from a member: “ Congratson
the story on Hal, but tell me: Isthat picture of a man on a
sailboat on the cover that of Hal??? | have trouble believing
it, and can find no statement in any of the 24 pages to identify
the cover photo.” If you could help me out, that would be
appreciated.
Regards,
Seth Davis
GS Business Manager
Dear Seth:
Yes, that cover photo (GN #102, January 2000) of the
man in the sailboat is, in fact, a photo of Hal Helgeson.
Regards,
Nell

Geochemical Society-sponsored symposia
at the
Spring AGU Meeting
Washington, D. C., May 30 - June 3, 2000

For further information see www.agu.org

B16 Evolutionary Implications of a“ Snowball Earth”

GS01 Accessory Minerals: The Current State of Knowledge
from Isotopes, Experiments, and Trace Element Studies

GS02 Astrobiology Biosignatures
HO2 Fate of Agricultural Nitrate in Drainage Basins

MO1 Mineral Physics and Chemistry: Symposium in Honor of
William A. Bassett

MO02 Mineral Surface Chemistry and the Origin of Life
MO03 Advancesin Minera Structure Analysis
V01 Volatilesin Magmas: The Current Perspective

V02 Towards an Understanding of the Kerguelen Plateau-
Broken Ridge and Ontong Java Plateau

V04 Recent Advancesin Re-Os Geochemistry

U05 Global Carbon Cycle

Newsletter of The Geochemical Society
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Special Offer: Stumm Issue of GCA Available

The collection is 600 + pages and contains 53 articles
as well as the citation for the Goldschmidt Medal and Werner
Stumm'’s acceptance speech.  Cost is $40. Orders should be
made directly to Peter Henn at Elsevier with the form copied
below.

Geochimica et Cosmochimica Acta
Volume 63 Nos 19/20

GEOCHEMISTRY IN AQUEOUS SYSTEMS
(A Special Issuein Honor of Werner Stumm)

Guest Editors: Susan Stipp, Patrick Brady, K. Vala
Ragnarsdottir and Laurent Charlet

* Pleasesend me...... copy/copies of GCA Vol. 63, Nos 19/20

Univ./INStitute/ COMPANY: .....coveeeeeereseisienie e
DEPartMeNt: ........ooiiieeeie e

Payment details:
*  Payment enclosed (make payable to Elsevier Science)
*  Cheque * UNESCO Coupons
* | wishto pay by credit card:
American Express-- Eurocard/Mastercard/Access -- Visa

Card NUMDES ..o, Expiry date..............
] 7= LU =T
DALl

PA. Henn
Elsevier Science Ltd.
The Boulevard, Langford Lane
Kidlington, Oxford OX5 1GB, UK.
E-mail: p.nenn@el sevier.co.uk

Please order from:

Register Now!

Goldschmidt 2000

September 3-8, 2000
Oxford, U. K.

Abstract deadline: May 15, 2000

www.campublic.co.uk/science/conference/Gol d2000/

Call for papers
GEOCHEMICAL TRANSACTIONS

Geochemical Transactions, a new, all-electronic jour-
nal is now accepting manuscripts for review. Thejournal is pub-
lished by the Royal Society of Chemistry, in collaboration with
the Division of Geochemistry of the American Chemical Society,
andisdevoted to all areas of geochemical research. Geochemical
Transactions coverage includes the following:

Organic and inorganic geochemistry, biogeochemistry
Aquatic and marine chemistry

Chemical and elemental cycles

Numeric and computational models of geochemical
processes

Instrumental and analytical techniques

The launch date of the journal is January 2000. All manuscripts
should be submitted to the Royal Society of Chemistry and will
be reviewed by at least two expert referees. For information on
how to submit amanuscript, visit the RSC website:

WWW.rsc.org/geochem
The editorial board includes:

Editor-in-Chief
Dr. Scott A. Wood, University of Idaho, USA

Associate Editors

Dr. Ken Anderson, Argonne National Laboratory, USA

Dr. William Casey, University of California, Davis, USA
Dr. George Luther, University of Delaware, USA

Dr. Martin Schoonen, State University of New York, Stony
Brook, USA

Dr. Jack Tossell, University of Maryland, USA

Dr. Heinrich Holland, Harvard University, USA

Dr. Vala Ragnarsdottir, University of Bristol, UK

Advantages of publishing in Geochemical Transactions are:
" Rapid publication

Enhanced presentation of results

Interactiveimages

High refereeing standards

Fully searchable

Fully archived

E-mail aerting services

Covered in mgjor citation index and abstracting services

Giveyoursef a break!
Get in touch with

Armadillo Research Services

Top-level assistance for geochemists and other professionals
Http://www.armadill o-research.com

Newsletter of The Geochemical Society
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The Geochemical Society
2001 Awards Nominations

V.M. Goldschmidt Award

The V.M. Goldschmidt Award shall be made for major achievements
in geochemistry or cosmochemistry, consisting of either a single out-
standing contribution, or a series of publications that have had great
influenceonthefield. Theaward will normally be given annually at the
V.M. Goldschmidt Conference. Current members of the Geochemical
Society Board of Directors and past recipients of the award are indli-
gible for nomination. Nominations should specify the name, address,
and chief fields of specialization of the nominee, and be accompanied
by a curriculum vitae and bibliography of the nominee, limited to two
pages each, and up to three supporting letters. Nominations should also
be accompanied by a letter from the nominator giving name, address,
phone number, signature, and a brief summary of why the candidate is
suitablefor theaward. Awards are based solely on scientific merit, with-
out regard to citizenship or membership in the Society.

Past Recipients: PW. Gast (1972), R.M. Garrels (1973), H.E. Suess (1974),
H.C. Urey (1975), H.P. Eugster (1976), S. Epstein (1977), G.J. Wasserburg (1978),
H. Craig (1979), C.C. Patterson (1980), R.N. Clayton (1981), K.B. Krauskopf
(1982), S.S. Goldich (1983), A.O. Nier (1984), J.B. Thompson (1985), C.J.
Allégre (1986), W.S. Broecker (1987), H.C. Helgeson (1988), K.K. Turekian
(1989), E. Anders (1990), A.E. Ringwood (1991), S.R. Hart (1992), S.R. Taylor
(1993), H.D. Holland (1994), R. Berner (1995), A.W. Hofmann (1996), D. La
(1997), W. Stumm (1998), J.L. Bischoff (1999), G. Eglinton (2000)

Nominationsfor the 2001 V.M. Goldschmidt Award should be sub-
mitted before October 15, 2000, to:

Dr. Bernard J. Wood Tel: 44-272-287792

Dept. Geology Fax: 44-272-253385
Queen’s Rd., Wills Memorial Bldg. Email: b.j.wood
Bristol, BS8 1RJ @bristol.ac.uk

UK

F.W. Clarke Award

The FW. Clarke Award shall normally be made annually at the V.M.
Goldschmidt Conference to an early-career scientist for a single out-
standing contribution to geochemistry or cosmo-chemistry, published
either asasingle paper or aseries of papers on asingletopic. Eligibility
for thisaward is met if either of the following criteriais satisfied on the
first day of the year in which the award is given: (a) the candidate must
have received arecognized doctorate or its equivalent within the last six
(6) years; or (b) must not have celebrated their thirty fifth (35th) birth-
day. Current members of the Board of Directors and past recipients of
theaward areineligible for nomination. The Clarke and Patterson med-
alscannot be awarded for the same accomplishment. Nominations should
specify the name, address, and chief fields of specialization of the nomi-
nee, and be accompanied by a copy of the paper(s) for which the nomi-
neeisbeing considered for the award, and up to three supporting letters.
Nominations should al so be accompanied by aletter from the nominator
giving name, address, phone number, and signature, together with abrief
statement explaining the significance of the nominee'swork. Thisletter
should also specify the nominee'sdate of birth and final degreereceived,
the degree advisor’s name, the year granted, and the name of the grant-
ing institution. Awards are based solely on scientific merit, without re-
gard to citizenship or membership in the Society.

Past Recipients: D.A. Papanastassiou (1972), H. Ohmoto (1973), L. Grossman
(1974), D. Walker (1975), J.R. Wood (1976), B. Mysen (1977), D.J. DePaolo
(1978), A.C. Lasaga(1979), R.W. Potter (1980), J.F. Minster (1981), PJ. Patchett
(1982), E.B. Watson (1983), A. Mackenzie (1984), E.M. Stolper (1985), M.D.
Kurz (1986), E. Takahashi (1987), F.M. Phillips (1988), R.J. Walker (1990), D.
Sherman (1991), E. Klein (1992), Y Zhang (1993), C. Agee (1994), R. Lange
(1995), PM. Dove (1996), J. Blundy (1997), M. Humayun (1998), A.M.
Scheidegger (1999)

Nominations for the 2001 F.W. Clarke Award should be submitted
before _October 15, 2000, to:

Dr. LisaM. Pratt
Indiana University
1005 E. 10" Street
Bloomington, IN 47405
USA

Tel: 1-812-855-9203
Fax: 1-812-855-7916
Email: prattl
@indiana.edu

Clair C. Patterson Award

The Clair C. Patterson Award, for arecent innovative breakthrough in
environmental geochemistry of fundamental significance, published in
a peer-reviewed journal, will normally be made annually at the V.M.
Goldschmidt Conference. The award has no age or career stage restric-
tions, but the Clarke and Patterson medals cannot be awarded for the
same accomplishment. Members of the Geochemical Society Board of
Directors and past recipients of the award are ineligible for nomination.
Nominations should include the name, address, and chief fields of spe-
cialization of the nominee, and be accompanied by a curriculum vita of
not more than two pages, alist of no more than 10 peer-reviewed publi-
cations relevant to the accomplish-ment being recognized, and up to
three support letters. Nominators should include a letter of not more
than two pages, giving name, address, phone number, signature, and a
brief description of the nominee's

Past Recipients: M.L. Bender (1998), R.L. Edwards (1999),
E.A. Boyle (2000)

Nominationsfor the 2001 Clair C. Patter son Award should be
submitted before October 15, 2000, to:

Dr. Lynn M. Walter Tel: 1-313-763-4590
University of Michigan Fax: 1-313-763-4690
2534 C.C. Little Bldg. Email: Imwalter

Ann Arbor, M| 48109 @umich.edu

USA

Alfred E. Trelbs Award

The Organic Geochemistry Division (OGD) of the Society bestows
this award, for major achievements in organic geochemistry. A
separate nominations call will be announced, and inquiries may be
made to OGD Secretary Peggy H. Ostrom, Dept. Geological Sciences,
Michigan State University, 206 Natural Science Building, East
Lansing, Michigan, 48824, USA. Phone: 1-517-353-9768; Fax: 1-
517-353-8787; Email: ostrom@msu.edu

Newsletter of The Geochemical Society
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THE GEOCHEMICAL SOCIETY

The Geochemical Society has a 16-member Board of Directors, currently composed of 10 Officer-Directors and 6 Non-
officer Directors. Officers serving through at least 2001 include President Michael F. Hochella, Jr., Vice President Judith
McKenzie, Secretary David J. Wesolowski, Treasurer Rebecca A. Lange, Special Publications Editor Scott A. Wood, Past
President Michael J. Drake, Organic Geochemistry Division (OGD) Chair Michael H. Engel, OGD Secretary Peggy H.
Ostrom and Geochimica Executive Editor Frank Podosek. Non-officer Directors serving through at least 2001 are Everett
L. Shock, K. ValaRagnarsdottir, Thure E. Cerling and Albrecht W. Hofmann. Those whose terms expire at the end of 2000
include International Secretary S. Ross Taylor, and Directors R. Keith O’ Nions and Alexandra Navrotsky.

The By-Laws of the Geochemical Society require that its members be notified of the candidates for new Officers and
Directors, who are proposed by the Nominations Committee and approved by the Board of Directors of the Society, well
beforethe end of the calendar year in which the current Directors' termsexpire. The purposeisto allow the general member-
ship to nominate additional candidates for those positions that are up for election. Please consider the candidates listed
below carefully and propose others only if you feel thisisin the best interest of the Society.

Additional nominations may be made by at least ten (10) members of the Society and the nominees must agreeto serveif
nominated. If you are satisfied with the proposed slate of Officers and Directors for 2001, do nothing. Additional
nominations must be submitted by August 1, 2000, to the Secretary of the Geochemical Society (David J. Wesolowski,
Chemical and Analytical SciencesDivision, Oak Ridge National Laboratory, PO. Box 2008, Oak Ridge, Tennessee, 37831-
6110, USA (Tel: 1-865-574-6903; Fax: 1-865-574-4961; Email: dqw@ornl.gov).

Proposed Slate of new Officers and Director s of the Geochemical Society

International Secretary

Eiichi Takahashi
Dept. Earth and Planetary Sciences
Tokyo Institute of Technology

Tokyo, Japan

Directors

Roberta Rudnick Edward R. Sholkovitz

Dept. Earth and Planetary Sciences Marine Chemistry and Geochemistry
Harvard University Woods Hole Oceanographic I nstitute
Cambridge, MA, USA Woods Hole, MA, USA

Newsletter of The Geochemical Society
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Goldschmidt 2000:
The foremost geochemical conferencein 2000

Goldschmidt 2000 is sponsored by both the European
Association of Geochemistry, the Geochemical Society and the
University of Oxford. The conferencewill cover all themost im-
portant topics in geochemistry, and a list of symposia already
planned is given below. The conference will begin with the Ice
Breaker Party at 3:00 pm on Sunday September 3rd and will fin-
ish at 3:0 pm on Friday September 8th, 2000 in Oxford, UK. The
afternoon of Wednesday September 6th will be freefor delegates
to explore the charms of Oxford or to participate in the excur-
sions that are planned (as detailed below). Further information
on this conference will be available at the Goldschmidt 2000
website at

http://www.campublic.co.uk/science/conference/Gol d2000/

OxfordisBritain’soldest University and isthe beautiful
and historic heart of adiverseand ancient city. From thefounding
of thefirst Collegesin the thirteenth century, Oxford established
itself as a centre of academic excellence. The conference will be
based around the Oxford University Museum and delegates to
Goldschmidt 2000 will be accommodated in Christchurch, Keble,
St Anne's and St. Hugh's Colleges. Oxford is less than an hour
from London’s Heathrow Airport, and is extremely well served
by motorwaysandrail. It isset in the beautiful Cotswold country-
side, and is within easy reach of the Shakespearian theatres of
Stratford-upon-Avon.

Important Dates:

May 1 Deadlinefor registration at special rates
May 15 Abstract deadline
July 1 Final announcement

September 3-8  Goldschmidt 2000

Registration:

More than 800 potential delegates have already registered their
interest in this conference, and we therefore expect that there will
be alarge number of delegates registering for the meeting. Sub-
mitted abstracts will be reviewed by the organising committee,
and the acceptance of abstractsand registration will be confirmed
in June. The registration form is now available from
http://www.campublic.co.uk/science/conference/ Gol d2000/
front.html

Registration Fees:

Every effort has been made to keep registration fees to a mini-
mum, especially those for graduate students. Theregistration fee
for delegates will 150 pounds, that for graduate students only 60
pounds; the abstract fee is 35 pounds. This reduced price regis-
tration has been extended right up to the registration deadline of
May 15th, asthis second circular is being distributed later than it
was originally hoped. Payment can be made in pounds sterling,
dollars, Euros, French Francs and German Marks. Registration
will take place once the payment has been received by Cambridge
Publications.

Accommodation:

Forms for requesting accommodation are available from on the
Goldschmidt 2000 web site. Delegateswill be accommodated in
Oxford Colleges or at Oxford Brookes University. Oxford Uni-
versity isunmatched in the UK both for the age of its foundation
(twelfth century) and the elegance of its College architecture. The
Colleges are al within walking distance of the lecture theatres.
The accommodation availablein Oxford islimited to about 1000
places, so we recommend that those wishing to attend the meet-
ing complete their registration and accommodation booking and
payment as early asthey can. Accommodation may be booked in
Oxford’'s Collegesand breakfast will be provided at no additional
cost. These delegates may also book evening meals. More eco-
nomical accommodation is available at Oxford Brookes Univer-
sity, which islinked by a frequent bus service to the city centre.
Payment can be made in pounds sterling, dollars, Euros, French
Francs and German Marks. The request for accommodation will
not be processed until the payment has been received.

The Awards Banquet:

The Awards Banquet will be held in Keble College (http://
www.keble.ox.ac.uk/conference/catering.khtml) which boastsone
of thefinest feasting hallsin Oxford. A banquet in Keble College
Oxford has been described as a ‘once in a lifetime experience’,
and the organising committee hope that as many delegates as pos-
sible will be able to enjoy this occasion. Places for this are lim-
ited to 400, and early booking is recommended.

Eating in Oxford:
The limited humber of restaurants and pubs in central Oxford

may struggle to cope with the influx of 1000 geochemists, and
use of College facilities for lunch and evening meals is recom-
mended. Sandwiches will be available at one of the conference
locations at lunchtime each day, but a proper cooked luncheonis
available at Keble College. Most delegates should plan to use
one of these options, asfew delegateswill beabletofind lunchin
the city during the time available. Delegates who choose not to
book evening meals each night, or those wishing to sample the
hospitality at a different College may also book aplace at a Col-
lege Dinner in adifferent College.

Excursions:

A range of excursionsis planned for Goldschmidt 2000. If there
is sufficient interest among del egates these will include avisit to
Stratford-upon-Avon to see a Shakespeare play (with dinner), a
tour of thefamous Cotswold villages (with tea) and special guided
tours of the geological and mineralogical displays of the Natural
History Museum in London.

Transport:
The centre of Oxford was designed for horses and the occasional

carriage and is not well suited to cars as parking space is ex-
tremely limited. We strongly recommend that delegates plan to
come to Oxford by train or by coach as these services are both
rapid and frequent. Oxford is less than an hour from London by
train, and this service operates every 30 minutes during the day.
There are also direct coach services between Oxford and the Lon-
don Airports.

Newsletter of The Geochemical Society
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Special Sessions at Goldschmidt 2000
September 3-8, 2000

Oxford, U. K.
Terrestrial Plgnetsand Meteorites Weathering and Erosion: Mechanismsand Rate
Alex Halliday & Ed Young Mike Bickle, Niels Hovius & Mike Summerfield
Chemist_ry and Dynamics of the.Earth Mineral Surfacesand Reactions
BernieWood & George Helffrich Vala Ragnarsdottir & Andrew Putnis
. Subduction Zone Processes _ Mantle Dynamics and Melting
Chris Hawkesworth, Jon Blundy & Dave Rubie Eric Hauri & Tim Elliott
Rapid Climate Change (ContinentsOceans) Lifein Extreme Environments
Edouard Bard & Frank McDermott Mike Russell & Everett Shock
Biological Geochemistry . Computational Geochemistry
Derek Lovely, Rob Raiswell & Matthew Collins Keith Refson & John Brodholt
Oceap CirCl_JIation:_Past and Present Chemistry and Microbiology of Pollution
Bill Jenkins & Gideon Henderson Adrian Bath & Barbara Sherwood-Lollar
Flow and Reaction of Fluidsin Crust Open Sessions

Marion Holness & Terry Seward

Surface Chemical Processesin Natural Environments

October 1-6, 2000
MONTE VERITA , ASCONA, SWITZERLAND

The goal of the Monte Verita workshop is to bring together leading |
scientists studying surface reactionsin natural environmentsfrom different per- |
spectives. Special emphasiswill be on modelling and further developmentsand |
applications of spectroscopic and microscopic techniques, in particular syn-
chrotron-based methods such as XAFS, X RF, micro-spectroscopies, and AFM. E8
Further topics are macroscopic sorption equilibriaand kinetics, and theoretical
approaches to understanding surface reactions. For information on the work- [
shop and submission of abstracts see:

http://www.ito.umnw.ethz.ch/SoilChem/mverita/index.html

Confirmed I nvited Speakers:

Alain Manceau, Université Joseph Fourier, France; Paul Bertsch, University of Georgia, USA; Satish Myneni, Princeton
University, USA, William Bleam, University of Wisconsin, USA; Donald Sparks, University of Delaware, USA; Susan Stipp,
University of Copenhagen, Denmark; Willem van Riemsdijk, Agric. Univ. Wageningen, Netherlands; Dimitri Sverjensky, John
Hopkins University, USA; Michael Bradbury, Paul Scherrer Institute, Switzerland; Gerhard Briimmer, University Bonn, Germany;
Kim Hayes, University of Michigan, USA; Stephan Hug, EAWAG, Switzerland; Martin Kaupenjohann, University Hohenheim,
Germany; David Kinniburgh, British Geological Survey, England; Jacques Buffle, University of Geneva, Switzerland; Dimitri
Kulik, National Academy of Science, Ukraine; Stephan Kraemer, ETH Zurich, Switzerland; Kathryn Nagy, University of Colorado,
Boulder, USA; TobiasReich, Research Center Rossendorf, Germany; James Rustad, Pacific Northwest National Lab, USA; Andreas
Scheinost, ETH Zurich, Switzerland.
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Time constraints on when life began:
The oldest record of life on Earth ?

Martin Whitehouse
Swedish Museum of Natural History
Box 50007, SE-104 05 Sockholm, Swveden

Introduction

When did life begin on Earth? The fossil record takes
us back only to ca. 3.5 Ga by which time complex organisms,
cyanobacteria, had already evolved (Schopf, 1993). The evolu-
tionary processesthat led to these organisms started much earlier
than this, but the combined effects of poor preservation of such
ancient crust and an increasing likelihood of that crust being re-
worked conspire to limit our access to this crucial time period.
Many rock complexes of appropriate age are dominated by
grantoid gneisses; they represent some of thefirst vestiges of con-
tinental crust but are not suitabletargetsfor asearch for early life
which must be sought in the ancient sedimentary record. An ad-
ditional constraint on thetime of the development of lifeon Earth
isthe effect of intense bolide bombardment which ceased on the
Moon (and so presumably on Earth) at ca. 3.8 Ga. This bom-
bardment is generally expected to have severely frustrated the
development of life (Chyba, 1993) and may reasonably be as-
sumed to provide an upper agelimit beyond which claimsfor life
must be treated with extreme caution.

Thisarticlereviews, briefly, the evidencefor lifeon Earth
prior to 3.5 Gaand, in more detail, its geochronological founda-
tion. The two examples that are discussed both come from the
early Archaean gneiss complex of southern West Greenland. As
will be shown, there remains considerable controversy over the
interpretation of geochronological data pertaining to the earliest
life, and the degree of controversy increaseswith increasing age.

The early Archaean gneisses of West Greenland
Approximately 3000 km? of early Archaean rocks are
preserved inthe Gothabsfjord Region of southern West Greenland
(Fig. 1). This consists predominantly of tonalite-trondhjemite-
granodiorite suite (TTG) gneisses with subordinate amounts of
mafic and ultramafic intrusive rocks
and supracrustal rocks. Collectively,
these have been incorporated into the = -'1_':
so-called Itsaq Gneiss Complex .
(Nutmanet al., 1996) whichincludes o
TTG gneisses of possibly different

Gresniand

ages, commonly called Amitsoq
gneisses, enclaves within these
known asthe Akiliaassociation, and
thelsuaGreenstone Belt (IGB). The
IGB isthelargest enclaveinthe TTG
gneisses and preserves aremarkable
sequence of little-deformed
metavolcanic and metasedimentary

Figure 1. Index map of Greenland showing the Archean (undif-
ferentiated). Early Archean is exposed for ca. 3000 km?

around Nuuk.
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rocks >3.7 Ga. Putative evidence for early life has been pre-
sented recently from localities in the IGB, ca. 150 km NE of
Nuuk, by Rosing (1999) and alocality on Akiliaisland, ca. 25 km
south of Nuuk by Mojzsis et al. (1996; Figure 1).

Isua Greenstone Belt

Evidencefor possiblebiogenic activity inthe lsuaGreen-
stone Belt was presented recently by Rosing (1999) who also re-
viewed earlier work in theregion. Hisevidence camefrom light
carbon isotope signatures (d®*C ~ -19%.) for immature
volcaniclastic sediments from the western part of the belt which
contain microscopic graphite globules. 1on microprobe carbon
i sotopi ¢ measurements have al so yielded light carbon (d**C < -30
%o0; Mojzsis et al., 1996) from a banded iron formation at Isua
which may represent a biogenic end-member that has been di-
luted in Rosing’s bulk rock measurements.

|on microprobe U-Pb zircon dates presented by Nutman
et a. (1997a) bracket the depositional age of the lsuasupracrustals
toaca. 3.7-3.8 Gainterval, possibly with two separate tectonic
unitsof ca. 3.7 Gaand 3.8 Ga. Rosing (1999) includes his sedi-
mentary samples on a 3779 + 81 Ma Sm-Nd regression line, to-
gether with enclosing basalts. This age is similar to 3772 + 33
Ma Sm-Nd regression reported by Moorbath and Whitehouse
(1996) fromfelsic (vol caniclastic) and pelitic rocks. Whilethere
remains discussion about the precise timing of events at Isua, if
the carbon-isotope data truly represented biogenic activity, then
life had likely commenced on Earth during this 3.7-3.8 Gatime
interval.

Thisageiscompatiblewith sustained life on Earth aris-
ing shortly after the cessation of intense bolideimpacts. Whether
thereisevidencefor older life than this depends upon the resolu-
tion of an intense geochronol ogical debate centered around afew
tens of square metres of outcrop on Akilia island as discussed
below.

Akilia Island

Theisland of Akilia, located in the Gothabsfjord region,
ca. 25 km south of the Greenland capital of Nuuk, is host to po-
tentially the oldest but, perhaps, most controversial claim for early
lifeon Earth. Akiliaisthetypelocality for the Akiliaassociation
series of metasupracrustal rocks and in one of these enclavesin
the TTG gneisses, aquartzitic rock, interpreted as abanded iron
formation (BIF), contains apatite with graphitic inclusions.
Mojzsis et al. (1996) reported extremely light d**C values (aver-
age -37 %o) for graphite inclusionsin apatite, measured using an
ion-microprobe, which they interpret as evidencefor ancient bio-
logical processes. Attribution of this biological activity to the
earliest life on Earth was based on U-Pb zircon ion-microprobe
datapresented from an adjacent, apparently cross-cutting, tonalitic
sheet dated by Nutman et al. (1997b). This sample was inter-
preted to indicate a ca. 3.85 Ga protolith age and, therefore, a
3 3.85 Gaagefor thisparticular Akiliametasupracrustal enclave.
Unlike the Isua example described above, the suggested age for
thisputative early life on Akiliaextendsinto the period of intense
bolide impacts in the Earth-Moon system (Wilhelms, 1987) and
has therefore attracted a great deal more critical scrutiny. Chal-
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lengesto the carbonisotopic evidenceitself are beyond the scope
of this article which is restricted to discussion of the proposed
>3.85 Ga age of Nutman et al. (1997b). However, it should be
pointed out that the very same apatite crystals that host the gra-
phiticintrusions haveyielded aU-Pb age of only ca. 1.5 Ga(Sano
et al., 1999), leading to an exchange of viewswith Mojzsiset al.
(1999) on the possihility of an abiogenic origin for the graphite
inclusions.

Much of the geochronological controversy about the age
of early life on Earth isrelated to the fundamental interpretation
of geochronological data from different methods and has been
intimately, but not, aswill be shown bel ow, necessarily inextrica-
bly, linked to discussion of the age of the Amitsoq TTG gneisses.
As pointed out earlier, the evidence for a >3.85 Ga age for the
Akilia BIF is based upon an interpreted igneous protolith age
from a TTG gneiss sheet which reportedly cutsthe enclave (Fig.
2).

Figure2. Photograph of field relationships between an Aniitsoq
gneiss sheet and reputed early-life bearing Akilia association
amphibolites on Akilia island (taken by the author, July 1998).
(1) Locality of sample claimed by Nutman et al. (1997) as
>3.85Ga and by Whitehouse et al. (1999) as ca. 3.65 Ga, both
on the basis of SMS U-Pb. Arrow in photograph and inset
(part of Nutman et al., 1997, Figure 2) showslocation of claimed
discordance between the gneiss sheet and amphibolite. Ham-
mer handleisca. 0.8 m.

| on-microprobe U-Pb zircon data presented by Nutman
et al. (1997b) from asamplefrom this sheet show arangein ages
from ca. 3.6 Gato >3.85 Ga, which these authors interpreted as
the result of “ancient .... radiogenic Pb-loss” from >3.85 Ga
zircons, together with some metamorphic growth and/or
recrystallisation at ca. 3.65 Ga. Thelatter arerepresented by low
Th/U zircons. For the Akilia TTG samples, and other Amitsoq
gneisses from the Gothabsfjord region, it has become common
practiceto interpret broad age-ranging spectrasuch asthose shown
in Fig. 3in asimilar way (Nutman et a., 1996; 1997b; Kinny,
1986). This has led to the postulation of a long and complex
magmatic evolution from 3.9—3.6 Ga, in which scenario, gnei sses
separated by only a few tens or hundreds of metres may have
completely different protolith ages. Theseageinterpretationshave
also been used to attempt to constrain the early Nd (Bennett et al.,
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1993) and Hf (Vervoort et a., 1996) isotope evol ution of the Earth
on theassumption that theseisotopic systemshaveremained closed
onawhole-rock scale sincethe age recorded by the oldest zircon.
Criticism of thisapproach hasbeen made by Moorbath et al. (1997)
and is again beyond the scope of a discussion about the age of
early life, but it is mentioned here to highlight the more wide-
reaching implications of the interpretation of geochronological
data from these rocks.

metamorphic
or igneous 7

protolith age
or inharitanca?

Cumulsifea probabilizg

Figure 3. Typical complex age spectrumfroman Amitsoq gneiss
(data from Whitehouse et al., 1999) showing how different inter-
pretations (arrowed) might be reached concerning major age
peaks.

Thewide range of interpreted protolith agesisin strong
conflict with age determinations based upon whole-rock regres-
sions which have yielded concordant Pb/Pb (3654 + 73 Mg;
Kamber and Moorbath, 1998), Sm-Nd (3640 + 120 Ma; Moorbath
et a., 1997) and Rb-Sr (3660 + 67 Ma; Kamber and Moorbath,
1998), the weighted mean of which yields 3655 + 45 Mawhich
Kamber and Moorbath (1998) regarded as a reliable estimate of
the age of emplacement of magmatic precursors to the Amitsoq
gneisses. An argument commonly levelled at the whole rock re-
gression method isthat it potentially generates only average age
values for the emplacement of arange of hon-cogenetic gneisses
(Nutmanet al., 1996; 1997b), although arguments about cogenicity
are themselves are based upon an assumption that interpretation
of the single mineral zircon U-Pb agesis correct. It is certainly
worth noting that the weighted average age of the whole rock
regressionsistowardsthelow end of the age range proposed from
ion-microprobe zircon geochronology, and the concordance of
these agesisat least persuasive evidence for asignificant crustal
event at ca. 3.65 Ga

Kamber and Moorbath (1998) presented new, and re-
interpreted existing, whole-rock and feldspar Ph-isotope datafrom
Amitsoq gneisses in an attempt to further evaluate the signifi-
cance of the results of ion-micropraobe zircon U-Pb and conven-
tional isotopic dating methods in this terrane. This study is of

Continued on page 12
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particul ar importance because, like the U-Pb zircon method, fel d-
spar Pb-isotope datamay be interpreted in the context of asingle
rock, not asuite, and so no assumption of cogenicity is required.
Figure 4 shows the feldspar and whole rock Pb-isotope data pre-
sented by Kamber and Moorbath (1998) relative to the most re-
cent terrestrial growth curve estimate of Kramers and Tolstikhin
(1997). What isimmediately clear from thisdiagram isthat many
of the Amitsoq gneisses have extremely unradiogenic Pb isotopes
which plot close to the primary growth curve at ca. 3.65 Ga.
Kamber and Maoorbath (1998) point out that the present-day Pb-
isotopes can be compatiblewith a protolith age much greater than
ca. 3.65 Gaprovided that (1) the whole rocks evolved from >3.8
Gato ca. 3.65 Gawith am value (Z8U/®*Pb) similar to depleted
mantle (i.e., between 6 and 10), (2) any event at ca. 3.65 Gais
capable of extracting on average 80% (and up to 95% for indi-
vidual samples) of the U from the system, and (3) every sample
so far analysed for Pb isotopes from the region had its U-Pb sys-
tematics completely reset at 3.65 Ga. Kamber and Moorbath
(1998) present a series of arguments to suggest that these sce-
nariosare not only individually implausible (for example, thelow
U content of >3.8 Gazircons suggest that they crystallised froma
U-poor melt, not amuch higher U melt required prior to any pos-
tulated 3.65 Ga depletion event), but taken together, they render
exceedingly unlikely the suggestion by Nutman et a. (1996) that
the Pb-isotope systematics of the Amitsoq gneissessimply reflect
“ post-igneous isotopic disturbance”.
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Figure 4. Pb-isotope systematics of Amiitsoq gneisses (after
Kamber and Moorbath, 1998). A model 3.85 — 3.65 Ga
pal eoisochron is shown; intersections of 3.65 Ga isochrons
through individual analysed Amitsoq gneisses with this line
yield model primary m values between 6 and 10.

The results and conclusions of the Pb isotope study of
Kamber and Moorbath (1998), together with the assignment of
3.65 Gaisotopic disturbance (both wholerock andin zircon crys-
tals) to asomewhat vague“ metamorphism” (Kinny, 1986; Nutman
et al., 1997b) prompted a detailed reinvestigation of the zircon
U-Th-Pb geochronology by Whitehouse et al. (1999). Unlike
most previous studies of zircon grains from the early Archean
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gneisses of West Greenland, this investigation utilised
cathodoluminescence (CL) imaging of zirconsto guide the high
spatial resolutionion-microprobe analyses. Such CL imaging (or
the alternative and complimentary technique, back-scattered el ec-
tron imaging) has become a routine part of high-spatial resolu-
tion studiesin recent years and can reveal considerable complex-
ity which, if ignored and/or unsuspected could lead to mixed age
analyses and erroneous interpretations (for example, without im-
aging, it might be impossible to distinguish between high-tem-
perature Pb-1oss and mixing).

Figure5 showsatypical early Archean zircon grainfrom
thetonalitic gneiss sheet on Akiliaisland showninFig. 2intrans-
mitted plane-polarised light and in CL, clearly illustrating that
the statement by Nutman et a. (1996) that such zirconsare“ mostly
optically homogeneous’, while in fact quite accurate, in no way
presents a full picture of the complex, polyphase zircon growth
history. For three samples from Akilia island and nearby
Angisorsuaq island, Whitehouse et al. (1999) documented >3.8
Ga oscillatory (igneous origin) banded cores which were over-
grown by ca. 3.65 rims, occasional ly with anintervening phase of
zircon erosion and reworking of poorly constrained age. 1n addi-
tion, most grains exhibit late Archean (ca. 2.7 Ga) overgrowths
ontheir tips. The growth banding and relatively high Th/U (simi-
lar to the cores) were used to suggest that the 3.65 Garimsrepre-
sent growth of zircon from amelt phase rather than simple meta-
morphic recrystallisation or new growth. These observations,
considered together with the Pb-isotope data of Kamber and
Moorbath (1998), were interpreted by Whitehouse et al. (1999)
in favour of a ca. 3.65 Ga magmatic origin for the analysed
Amitsoq gneisses, with the ol der zircon coresrepresenting inher-
ited grains from an ancient, but presently unexposed source.

Controversy continues about the age of the Amitsoq
gneisses. Nutman et a. (in press) now claim that the ca. 3.65 Ga
rimsrecognisedin the CL guided study of Whitehouseet al. (and,
retrospectively, in their own previously analysed grains) repre-
sent magmatic crystallisation but from an in situ partial melt. If
thiswere the case, however, the similar U and Th contents of the
overgrowth and core zircon phases would require a very high
degree of partial melting. In such a scenario, not only isit diffi-
cult to see how such amelt could facilitate the extreme lowering
of U/Pbratiosrequired by the Pbisotopes, but it seemslikely that
arock containing such a high proportion of partial melt could
readily be mobilised, in which case its intrusive field relation-
shipsmight, potentially, relateto the partial melting melting event,
not to amuch older protolith crystallisation.

We are probably still along way from resolving the dis-
pute over the magmatic emplacement age for many of the Amitsoq
gneiss TTG rocks. Regardless of the outcome of this debate,
however, the preci se rel ationship between the TTG rocks and the
Akilia supracrustal enclave remains ambiguous at the outcrop
scale. Given the potential importance of the claimed intrusive
relationship at thelocality shownin Fig. 2 for theage of early life
on Earth, detailed documentation of this discordance is surpris-
ingly poor. On avisit to this locality in 1998, the author was
unableto reconcile the actual appearance of the outcrop with the
published field sketch of Nutman et al. (1997b) which, appar-
ently, was printed back-to-front, or to find any convincing discor-
dances. Furthermore, detailed mapping of this outcrop during
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100 pm

Figure 5. Comparative transmitted light and
cathodoluminescence images of a polyphase zrcon grain from
Akilia idand.

1999 by J.S. Myers and J.L. Crowley (manuscript submitted to
Precambrian Research, November 1999) has also failed to find
compelling evidence for a cross-cutting intrusive relationship.

In the absence of unambiguous evidencefor an Amitsoq
gneissof undisputed age cutting the Akiliasupracrustals, attempts
to constrain the age of the putative early life must rest with dating
of the Akiliaenclaveitself. Direct dating of amphibolitessuch as
these, particularly in acomplex polyphaseterrane, isnot asimple
task, but a number of studies suggest that the Akilia enclaves
themselves might not be much older than ca. 3.65 Ga. These
studies have tended to beforgotten in all the discussion about the
age of the TTG gneisses, probably because of the importance
accorded (perhapsfalsely) to the proposed cross cutting rel ation-
ship.

Schigtte and Compston (1990) presented i on-microprobe
U-Pb zircon data for a bictite schist of probable vol cano-sedi-
mentary origin from an Akilia enclave on nearby Innersuartuut
island. Thisstudy yielded two main groups of ages, the youngest
and most abundant of which, 3685 + 8 Ma, wasinterpreted asthe
maximum age for this particular sequence. Thislatter age over-
laps with a 3677 = 37 Ma Sm-Nd isochron (mswd < 1) for four
samples of Akilia association gabbros and leucogabbros from
Akiliaand nearby Innersuartuut islands (M oorbath and Kamber,
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1998), and isalso consi stent with unradiogeni ¢ feldspar and whole-
rock Pb-isotope data from Akilia series enclaves on Akilia and
Innersuartuut ilandswhich “ suggest an age of deposition between
3.70 and 3.65 Ga’ (Kamber and Moorbath, 1998). Searchesfor
ancient grainsintheactual Akiliaisland enclavethat containsthe
biogenic carbon signature have failed to find anything in excess
of the ages reported above. Those that have been found have
generally been interpreted as the result of late-Archean and ca.
3.65 Ga metamorphism (e.g., Mojzsis and Harrison, 1999). If
the Akiliaenclaveisreally >3.85 Gaand resided for >200 Main
apart of the Earth’s crust that was subject to along and complex
thermal history, reputedly involving multiple phases of TTG
magmatism, then, given the ability of zircon to grow intheserocks
during metamorphism, it is somewhat surprising that older grains
have never been found.

Conclusions

So what do we know about the age of earliest life on
Earth? The supracrustal rocks of the Isuaregion provide afairly
confident estimate that life may have existed towards the upper
end of thetime interval 3.7 —3.8 Ga. Thus, if s0, life had estab-
lished itself very shortly after the cessation of major bolide im-
pacts on Earth. Claimsfor life on Earth before thistime remain
clouded in controversy, particularly, as we have seen, related to
the geochronology of rocksinwhich it might be hosted. Much of
thiscontroversy relatesto the preciseinterpretation of ion-micro-
probe U-Pb data. Considering the zircon datain isolation, with-
out appreciation of other critical isotopic and geochemical data
may produce erroneous age interpretations. Spectacular claims
for early life warrant completely unambiguous evidence and, in
the absence of such, must be treated with considerable caution.
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May 15, 2000: Geology and ore deposits 2000: the great basin and beyond - AGeological Society of Nevada Symposium, Reno/Sparks,
Nevada, USA. Co-sponsored by: Nevada Bureau of Mines and Geology, U.S. Geological Survey, Society of Economic Geologists and The
Association of Exploration Geochemists. Deadline abstract drafts: October, 1999. Contact: GSN Symposium Editor, PO. Box 12021, Reno, NV
89510-2021, USA. Tel: +1 775 323-3500; Fax: +1 775 323-3599; E-mail: gsnsymp@unr.edu; Web Site: http://www.gsnv.org/symp2000.htm

May 15-20, 2000: 2nd EM U School and Symposium on Environmental Miner alogy, E6tvos University, Budapest, Hungary. Contact: EMU
Secretariat, Department of Mineralogy, E6tvos University Mazeum krt. 4/A, H-1088 Budapest, Hungary: Fax: +36 1 266 4992; E-mail:
emu@ulixes.geobio.elte.hu. Web Site: http://ulixes.geobio.elte.hu/emu.htm

May 21-24, 2000: Biogenic Iron Minerals, Kastély and Park Hotels, Tihany, Lake Balaton (Hungary). Contact: Mihaly Posfai, e-mail

posfaim@al mos.vein.hu: Web Site: http://www.vein.hu/conference/bim/
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May 24-28, 2000: M eteorite Impactsin Precambrian Shields, Lappajarvi, Finland. Contact: Dr. Lauri J. Pesonen; Geological Survey of
Finland; PO. Box 96, FIN-02151 Espoo, Finland; Phone: +358-205 50 2269/+358-40-5015533; Fax: +358-205 50 12; Email:
Lauri.Pesonen@gsf.fi; Web Site: http://psri.open.ac.uk/esf

May 27-June 1, 2000: Mineral Surface Reactivity, San Feliu de Guixols, Spain. Euroconference on The Interaction of Mineral Surfaces with
Organic and Inorganic Speciesin Aqueous Solution: Experiment and Theory. Andrew Putnis and Martin Dove, Conveners. Web site ---
http://www.esf .org/euresco.

May 29-June 2, 2000: GeoCanada 2000, Calgary, Alberta, Canada. http://www.geocanada.com

May 30-June 3, 2000: AGU Spring M eeting, Washington, D.C., U.S.A. Sponsor: AGU. Contact: AGU Meetings Department, 2000 Florida
Avenue, NW, Washington, DC 20009 USA. Tel: +1-202-462-6900; Fax: +1-202-328-0566; E-mail: meetings@kosmos.agu.org; Web Site: http:/
Iwww.agu.org/meetings

June 11-18, 2000: M oder n approachesto ore and environmental geology, Espoo, Finland. Geological Survey of Finland and
Helsinki University of Technology. Contact: Dr Kari K. Kojonen, Geological Survey of Finland, Betonimiehenkuja 4, FIN 02150
Espoo Finland. Tel: +358 205 50 2483; Fax + 358 205 5012; E-mail kari.kojonen@gsf.fi Web sites: http://www.hut.fi/Units/
Geophysics/K ojonen/ilmoitus.html and http://ww.gsf . fi

June 21-24, June 2000: GREENS, 3rd International Symposium on Geotechnics Related to the European Environment, Federal Inst. for
Materials Research and Testing (BAM), Berlin, Germany; Contact: Dr. Paul H. McMahon, Civil and Environmental Engineering Subject Group,
Faculty of Technology, Bolton Institute, Deane Road, Bolton BL3 5AB; E-mail: pm4@bolton.ac.uk; Web Sites: http://www.acs.bolton.ac.uk/
~pm4 and http://www.technol ogy.bolton.ac.uk/civils/

June 26-30, 2000: Mineralogical Museumsin the 21st Century —International Symposium on the History of Mineralogy, Mineralogical
Museums, gemology, Crystal Chemistry, and Classification of Minerals, St. Petersburg, Russia. Contact: Galina F. Anastasenko, Vladimir G.
Krivovichev, Faculty of Geology, St. Petersburg University, Universitetskaya Emb. 7/9, St. Petersburg 199034, Russia. Tel: +7 812 328 9481 E-
mail: dept@mineral.geol.pu.ru.

July 1-6, 2000: | sotope Workshop V, Krakow, Poland. European Society for |sotope Research. Contact: Dr. P. Wachniew, University of
Mining and Metallurgy, Michiewicza 30, 30-059 Krakow, Poland. Tel. +48-12-617-29-66; Fax. +48-12-634-00-10; E-mail:
VIW@ftj.agh.edu.pl; Web site: http://www.ftj.agh.edu.pl/~viw

July 5-7,2000: BOGS 2000, British Organic Geochemical Society, Bristol, U.K. Contact: Dr lan D Bull, Organic and Biological
Section, School of Chemistry, University of Bristol, Cantock’s Closg, Bristol BS8 1TS, U. K.; Tel. +44-(0)117-9289934; Fax.
+44-(0)117-9293746; Email: lan.D.Bull @bris.ac.uk; Web site: http://www.chm.bris.ac.uk/bogs

July 9-12, 2000: Catastrophic Eventsand Mass Extinctions: | mpacts and Beyond, Institute of Geochemistry, University of Vienna, Austria.
Web Site: http://cass.jsc.nasa.gov/meetings/impact2000/

July 10-14, 2000: Symposium on the Role of Erosion and Sediment Transport in Nutrient and Contaminant Transfer, University of
Waterloo — Waterloo, Ontario, Canada. International Association of Hydrological Sciences. Web Site: http://www.fes.uwaterloo.ca/Research/
|AHS2000/

July 11-12, 2000: 1st International Professional Geology Conference, Alicante, Spain. Web Site: http://www.ua.es/sri/11PGC.htm

July 12-14, 2000: GEOFLUIDS 11 “2000. Third international conference on fluid evolution, migration and interaction in sedimentary basins
and orogenic belts, Barcelona, Spain. Contact: Geofluids I11, Institut de Ciéncies de la Terra, C/ Lluis Solé | Sabaris ¢/n, 08028, Barcelona,
Spain. Tel: +34 93 409 5410; Fax: +34 93 411 0012: E-mail: geofluids@natura.geo.ub.es; Web Site: http://www.ub.es/geoquimi/geofluids.htm

July 12-14, 2000: ACCURACY 2000 - 4th International Symposium on Spatial Accuracy Assessment in Natural Resour ces and Environ-
mental Sciences, Amsterdam, The Netherlands. Email: accuracy @frw.uvanl; http://www.gis.wau.nl/Accuracy2000

July 12 - 18, 2000: First I nternational Conference - Soils of Urban, Industrial, Traffic and Mining Areas, Essen, Germany.
Contact: Prof. Dr.Wolfgang Burghardt, FB 9 - Angewandte Bodenkunde, Universitét-GH Essen, Postfach 103 764, D-45117
Essen, Germany. Fax: +49-201-183-2390; E-mail: Wolfgang.Burghardt@uni-essen.de; Web sites: http://www.uni-essen.de/
bodenkunde/suitma2.htm

July 16-22, 2000: ICAM 2000: 6th International Congresson Applied Mineralogy, Gottingen & Hannover, Germany. Contact: ICAM 2000
Office, PO. Box 510153, D-30631 Hannover, GERMANY. Fax: +49-511-643-3685; E-mail: ICAM2000@bgr.de; Web Site: http://www.bgr.de/
ICAM2000

Continued on page 16
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July 17-19, 2000: The Extreme of the Extremes - I nternational Symposium on Extraordinary Floods, Grand H6tel Reykjavik, Iceland.
Convened by The Hydrological Service - National Energy Authority in co-operation with The International Association of Hydrological
Sciences (IAHS); Web Site: http://www.os.is/vatnam/extremes2000/

July 18-22, 2000: I nter national Association of Volcanology and Chemistry of the Earth (IAVCEI) General Assembly 2000, Bandung,
INDONESIA. Abstract Deadline: February 29, 2000. Sponsor: |1AV CEI. Contact: Secretariat, Volcanological Survey of Indonesia, Jalan
Diponegoro 57, Bandung 40122, INDONESIA. Tel: +1-62-22-772606; Fax: +1-62-22-702761; E-mail: iavcel @vsi.dpe.go.id; Web Site: http://
www.vsi.dpe.go.id/iavce .html

July 24-28, 2000: 10th International M eeting of the I nter national Humic Substances Society, Toulouse, France. Information :
PROGEP - Florence FOUCAUD, “IHSS 10", 18 chemin de la Loge, 31078 Toulouse Cedex 4 (France), Tel : 33 (0)5 62 25 23 80
- Fax : 33 (0)5 62 25 23 18, <Progep@ensigct.fr>. Eric Lichtfouse <Eric.Lichtfouse@ensaia.inpl-nancy.fr>

July 25-28, 2000: Joint Sixth International Symposium on Hydrothermal Reactions (ISHR) & Fourth International Confer-
ence on Solvo-Thermal Reactions (ICSTR), Kochi, Japan. Abstract deadline; Feb. 20, 2000. Contact: K. YANAGISAWA,
Joint ISHR & ICSTR, Res. Lab. Hydrothermal Chem., Faculty of Science, Kochi University, Kochi 780-8520, Japan. FAX:+81-
88-844-8362 TEL :+81-88-844-8352; e-mail:shr@cc.kochi-u.ac.jp

Aug. 6 - 12, 2000: 11th International Peat Congress - Sustaining Our Peatlands, International Peat Society, Québec, Canada.
Web site: http://www.cqvb.qgc.calwetland2000/english/frame_home_ips.html

Aug. 6-17, 2000: 31st I nternational Geological Congress, Rio de Janeiro, BRAZIL. Sponsors: International Union of Geological Sciences
(IUGS), Brazilian Geological Society, The Brazilian Ministry of Mines and Energy, others. Abstract Deadline: September 1, 1999. Contact:
Secretariat Bureau, 31st International Geological Congress. Av. Pasteur, 404, Anexo 31 IGC, Urca, Rio de Janeiro, RJ, CEP 22.290-240, Brazil.
Tel: +1 55 21 295 5847; Fax: +1 55 21 295 8094; E-mail: 3ligc@31ligc.org.br

August 13-16, 2000: 7th Canadian Continuous-Flow | sotope Ratio M ass Spectrometry Wor kshop, Montreal (Quebec),
Canada. For information and registration: www.cf-irms.uottawa.ca

August 30-Sept. 3, 2000: GEOANALY SIS 2000, 4th International Conference on the Analysis of Geological andEnvironmental
Materials. Pont a Mousson, Lorraine, France. http://crpg.crpg.cnrs-nancy.fr/NEWS/Geoanalysis-2000/

Sept. 2-8, 2000: GISIEM4 - 4th I nternational Conference on I ntegrating Geographic I nfor mation Systems (G1S) and
Environmental Modeling, Banff, Alberta, Canada. Web site: http://www.col orado.edu/Research/cires/banff/content.html

Sept. 3-8, 2000: Goldschmidt 2000, Oxford, UK. Sponsors: Geochemical Society, European Association for Geochemistry, The University of
Oxford. Contact: P. Beattie, Cambridge Publications, Publications House, PO Box 27, Cambridge UK CB1 4GL. Tel: +44 -1223 -333438; Fax:
+44- 1223-333438; E-mail: Gold2000@campublic.co.uk; Web Site: www.campublic.co.uk/science/conference/Gold2000/

Sept. 11-15, 2000: 7th International Mine Water Association Congress- Mine Water And The Environment - Environmen-
tal impacts of mining and mines closure, Katowice - Ustron, Poland. Contact: Dr. Andrzej J. Witkowski, Dr Andrzej
Kowalczyk, Secretariat of the 7th IMWA Congress, University of Silesia, Bedzinska Ul. 60, PL-41-200 Sosnowiec, Poland . Tel:
+48 32 291-6888: Fax: +48 32 291-5865: E-mail: awitkows@us.edu.pl; kowal cz@ultra.cto.us.edu.pl. Web site: http://www.geo.tu-
freiberg.de/~cwolke/l MWA/Cong2000.htm

Sept. 17-22, 2000: 8th International Symposium on Biological and Environmental Reference Materials (BERM-8),
Bethesda, Maryland, USA. Web site: http://www.nist.gov/berm-8.

Sept.17-26, 2000: KARST'2000 - International Symposium & Field Seminar on Present State and Future Trends of Kar st
Studies, Marmaris - Turkey. Contact: Secretariat of Karst’ 2000, International Research & Application

Center for Karst Water Resources (UKAM), Hacettepe University, 06532 Beytepe, Ankara, Turkey. Tel: +90 312 235 2543 ;Fax:
+90 312 299 2136; Email: karst@hun.edu.tr Web sites: http://www.karst.hun.edu.tr/ and

http://www.karst.hacettepe.edu.tr/

Sept. 18-21, 2000: European Workshop on Clay Mineralogy, Jena, Germany. Contact: Prof. Dr. Reinhard Gaupp, Institut fur

Geowissenschaften, Burgweg 11, D-07749 Jena. Tel: +49 3641 948 620; Fax: +49 3641 948 622; E-mail
gaupp@geo.uni-jena.de; Web site: http://www.unijena.de/chemie/geowiss/kurse/kurse.html#clay
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Oct. 6-9, 2000: International Symposium Mineral Diver sity - Research and Preservation, Sofia, Bulgaria. Contact: Earth and
Man National Museum, Bulgaria, Sofia 1421, bul. Cherni vruh 4; Tel: +359 2 65 66 39; Fax: (+359 2) 66 14 55; E
mindiv@museum.web.bg Web Sites: http://mineraldiversity.web.bg; http://museum.web.bg ; http://web.bg/nmzh/
mineraldiversity/symposia/Sympos umen.htm

Oct. 18-20, 2000: EURO ENVIRONMENT 2000 on Industry and Environmental Performance, Aalborg, Denmark. Visions,
strategies and actions towards sustainable industries. Contact: Aalborg Congress and Culture Centre, Europa Plads, PO Box 149,
DK-9100 Aaborg, Denmark. E-mail: else_herfort@akkc.dk; Web site: http://www.akkc.dk/uk/euro/envire/

Nov. 2-4, 2000: Advanceson Micas - Problems, Methods, Applicationsin Geodynamics, Rome, Italy. Accademia Nazionale
dei Lincei and Universitadegli Studi Roma Tre. Abstract deadline: September 1, 2000. Contact: Daniela Vol pato, Accademia
Nazionale dei Lincel, ViadellaLungara 10, 1-00165 Roma RM; Tel: +39-06-6868223; Fax: +39-06-6893616; E-mail:
segreteria@accademialincei.it Web Site: http://www.unimao.it/micas2000/

Nov. 11-12, 2000: M SA Short Course on Sulfate Minerals: Geochemistry,Crystallography, and Environmental Signifi-
cance. Granlibakken Resort, Tahoe City, California. Co-conveners: Charlie Alpers (cnal pers@usgs.gov), John Jambor

(jlj @wimsey.com), and D.Kirk Nordstrom (dkn@usgs.gov). Registration: MSA Business Office, 1015 Eighteenth St NW

Ste 601, Washington, D.C. 20036-5274, USA. Tel: 202-775-4344; Fax: 202-775-0018; E-mail: business@minsocam.org; Web
site: http://www.minsocam.org/M SA/SC_SO4.html

Nov. 13-16, 2000: GSA Annual Meeting, Reno, NV USA. Contact: GSA Meetings, Box 9140, Boulder, Colo. 80301-9140. Tel: +1-303-447-
2020, ext. 164; Fax: +1-303-447-1133; Web Site: http://www.geosociety.org/meetings/index.htm

Dec. 15-19, 2000: AGU Fall Meeting, San Francisco, Cdlif., U.S.A. Sponsor: AGU. Contact: AGU Meetings Department, 2000 Florida
Avenue, NW, Washington, DC 20009 USA. Tel: +1-202-462-6900; Fax: +1-202-328-0566; E-mail: meetins@kosmaos.agu.org; Web Site: http:/
www.agu.org/meetings

April 19-23,2001: Third IAEA Symposium on | sotope Techniquesin the Study of Environmental Change, Vienna, Austria.
Contact: Pradeep K. Aggarwal, Isotope Hydrology Section, International Atomic Energy Agency, PO. Box 100, Wagramer Strasse
5, A 1400, Vienna, Austria; Ph. +43-1-2600-21735; Fax +43-1-26007; e-mail: p.aggarwal @iaea.org

May 20-24, 2001: Goldschmidt 2001, Roanoke, VA, USA. Contacts: Mike Hochella (hochella@vt.edu) and Bob Bodnar
(bubbles@vt.edu), Department of Geological Sciences, Virginia Tech, Blacksburg, VA 24061-0420.

June 10-15, 2001: 10th Water-Rock Interaction Symposium, Tanka Village Congress Centre, Villasimius, Sardinia, Italy. Organized by the
University of Cagliari in cooperation with the Working Group on Water-Rock Interaction of the International Association of Geochemistry and
Cosmochemistry. Contact: WRI-10 Scientific Committee Secretariat (Prof. L. Fanfani, secretary general), Department of Earth Sciences,
University of Cagliari, Via Trentino 51, [-09127 Cagliari, Italy; Phone.: +39 070 6757724; Fax: +39 070 282236; E-mail: wrilO@unica.it. Web
Site: http://www.unica.it/wri10/

August 19-24, 2001: Gordon Conference on I nor ganic Geochemistry, Proctor Academy, New Hampshire. The theme will be the forma-
tion, modification and preservation of ore deposits, with afocus on geochemical processes related to tectonic, climatic, and
surficial factors. Attendance will be limited; subsidies for students are anticipated. Convened by Jean Cline, Jeff Hedenquist and
John Thompson. Contact Jeff Hedenquist, gordongeochem@aol .com.

August 25-31, 2001: 20th European Crystallographic M eeting (ECM-20): Crystallography in Natural

Sciences and Technology, Krakéw, Poland. The Jagiellonian University. In collaboration with Stanislaw Staszic University of
Mining and Metallurgy. Contact: ECM 20, Conference Secretariat, Faculty of Chemistry, Jagiellonian University, Ul. Ingardena 3,
30-060 Krakéw, Poland. E-mail: ECM2001@chemia.uj.edu.pl Web site: http://www.ch.uj.edu.pl/ECM2001.htm

Sept. 17 - 21, 2001: 7th International Conference on Paleoceanography (ICP7), Sapporo, Japan. Abstract Deadline: March 10, 2001
Co-Conveners. Hisatake Okada (Dept. of Earth and Planetary Sciences, Graduate School of Science, Hokkaido University, Sapporo, 060-0810,
Japan. Phone: 81-11-706-3537. Fax: 81-11-746-0394. E-mail: oka@cosmos.sci.hokudai.ac.jp), Itaru Koizumi, and Tadamichi Oba

Nov. 5-8, 2001: GSA Annual Meeting, Boston, MA USA. Contact: GSA Meetings, Box 9140, Boulder, Colo. 80301-9140. Tel: +1-303-447-
2020, ext. 164; Fax: +1-303-447-1133; WWW: http://www.geosoci ety.org/meetings/index.htm

Sept. 9-13, 2002: Mineralogy for the new millenium (IMA 2002), 18th General Meeting of the International Mineralogical Association,
Edinburgh, United Kingdom. Contact: Mr K. Murphy, Executive Secretary, Mineralogical Society of Great Britain and Ireland, 41 Queen's Gate,
London SW7 5HR, United Kingdom: Phone: +44 171 584 7516; E-mail: IMA @minersoc.demon.co.uk.
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THE GEOCHEMICAL SOCIETY
SPECIAL PUBLICATION SERIES

Volume  Title Price, $US
1 Magmatic Processes. Physicochemical Principles, edited by B. O. Mysen (1987) 20.00
2 Fluid-Minera Interactions: A Tributeto H.P. Eugster, edited by R. J. Spencer and |.-M. Chou (1990)  20.00
3 Stable I sotope Geochemistry: A Tribute to Samuel Epstein, edited by H. P. Taylor et al. (1991) 20.00
4 Victor Moritz Goldschmidt: Father of Modern Geochemistry, by Brian Mason (1992) 15.00
5 Mineral Spectroscopy: A Tribute to Roger G. Burns, edited by M. D. Dyar et al. (1996) 35.00
6 Mantle Petrology: Field Observations and High-Pressure Experimentation, A Tributeto 55.00

Francis R. (Joe) Boyd, edited byY. Fei, C. M. Bertkaand B. O. Mysen (1999)

SPECIAL OFFER: ENTIRE 6-VOLUME SET (pricevalid through June 1, 2000) 100.00

Prepayment in U.S. Dollarsisrequired. Pleaseremit the proper amount by check, money order, or credit card
(Mastercard and Visa only). All payments must be made to The Geochemical Society. Priceincludes postage
(bookrate/foreign surface). Please send payment to:

Business Manager, The Geochemical Society
Washington University, Campus Box EPSC 1169
One Brookings Drive

St. Louis, MO 63130

Name Check hereif GS Member
Address Phone:
Fax:
City State Zip E-Mail:
Country

ORDER: Special Publications Volume(s): please specify quantity 1 2 3 4 5 6

Entire 6-volume set
Please total: $

If paying by credit card, please provide the necessary information below:
(circleone) Mastercard Visa

Number: Exp. r:{

ignature
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GEOCHEMICAL SOCIETY

2000

The Geochemical Society, Inc. and
Geochimica et Cosmochimica Acta

In order to process your application for mem-
bership in the Geochemical Society and begin your
subscription to Geochimica et Cosmochimica Acta
for 1999, please fill out this form and mail it with
your payment to:

Business Manager, The Geochemica Society
Washington University, Campus Box EPSC 1169
One Brookings Drive

St. Louis, MO 63130

To assure proper credit and to provide us with
accurate records, please fill in the following infor-

mation (please print or type):

LAST NAME, First Name

Department

Institution

Street Address

City

State Zip Code Country

Telephone FAX

E-Mail

Would you like to be affiliated with the Organic
Geochemistry Division?

Yes No

(There is no extra charge for membership in the Or-
ganic Geochemistry Division)

What isyour main area of interest?

*Please make checks and money orders payable
to The Geochemical Society.

MEMBERSHIP APPLICATION

Regular membership & subscriptionto GCA: $147.00
Student membership & subscription to GCA: $50.00
Regular Membership only: $25.00
Student Membership only: $5.00
*Gift Memberships are available at the same prices (bel ow)

If you selected Membership only, why did you decide not to
subscribe to Geochimica et Cosmochimica Acta?

*Payment must bemadein U.S. Currency and may be
made by check (drawn on a U.S. Bank and it must have
account tracking numbers), money order, or credit card
(Mastercard/Visa only).

Payment by: Check Money Order
Mastercard Visa

Credit card #

Expiration Date

Signature

STUDENT

MEMBERSHIP/SUBSCRIPTION: (Department chair
must sign to certify that student isenrolled in a degree
granting institution of higher learning).

| certify that isenrolled at

my ingtitution and that ghe

isacandidate for a degree.

Signature of Department Chair:

*GIFT MEMBERSHIP/SUBSCRIPTION (Please
providetherecipient’s name and address below).

LAST NAME, First Name

Department

Ingtitution

Address

City State Zip Code
Country Telephone

Do you wish to be identified as a donor?
Yes No

Thank you for your support!
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The Geochemist’s Workbench'

Release 3.0 for Windows95/ 98/ NT

* Reaction paths

* Kinetic rate laws

« | sotope fractionation

« Sorption and surface complexation

« Brine chemistry (“Pitzer equations”)
 Temperature-activity diagrams

« Calculating species distribution, speciation diagrams

« Eh-pH, pe-pH, and activity-activity diagramsin seconds!
« | nstant reaction balancing, calculation of equilibrium

constants and equilibrium equations, temperaturesand soon.. . .

 Redox disequilibrium and more!

Fraction
Soalsed |

Effect of pH on how metals and other ions sorb onto ferric hydroxide,
calculated according to double-layer method.

T T oo o I i
E:::__ e —_—
P
-IE I | I': |
B | Also see HydroChem® and RockWorks98®!

T e e = Over 300 enviro-solutions
] s P g wmwe | Can befound at:
Reaction among minerals, shov::eglgzllel and serial effects of kinetic WWW. r OCkW&I’ e C0m

Call RockWare® for details and specia pricing! 1-800-775-6745

The Geochemist’s Workbench® is a registered trademark of The Board of Trustees of the University of Illinois
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