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• NATURE

MIXING, VOLATILE LOSS AND COMPOSITIONAL CHANGE DURING IMPACT-DRIVEN
ACCRETION OF THE EARTH

ALEX N. HALLIDAY
Department of Earth Sciences, ETH Zentrum, NO, Sonneggstrasse 5, Zürich, CH8092, Switzerland
Correspondence and requests for materials should be addressed to A.N.H. (halliday@erdw.ethz.ch).
The degree to which efficient mixing of new material or losses of earlier accreted material to space
characterize the growth of Earth-like planets is poorly constrained and probably changed with time.
These processes can be studied by parallel modelling of data from different radiogenic isotope
systems. The tungsten isotope composition of the silicate Earth yields a model timescale for
accretion that is faster than current estimates based on terrestrial lead and xenon isotope data and
strontium, tungsten and lead data for lunar samples. A probable explanation for this is that
impacting core material did not always mix efficiently with the silicate portions of the Earth before
being added to the Earth's core. Furthermore, tungsten and strontium isotope compositions of
lunar samples provide evidence that the Moon-forming impacting protoplanet Theia was probably
more like Mars, with a volatile-rich, oxidized mantle. Impact-driven erosion was probably a
significant contributor to the variations in moderately volatile element abundance and oxidation
found among the terrestrial planets.
Nature 427, 505 - 509 (05 February 2004); doi:10.1038/nature02275

A ROUTE TO HIGH SURFACE AREA, POROSITY AND INCLUSION OF LARGE MOLECULES IN
CRYSTALS

HEE K. CHAE1,*, DIANA Y. SIBERIO-PÉREZ1,2, JAHEON KIM1, YONGBOK GO1, MOHAMED
EDDAOUDI1, ADAM J. MATZGER1,2, MICHAEL O'KEEFFE3,1 & OMAR M. YAGHI1

Materials Design and Discovery Group
1 Department of Chemistry,
2 Macromolecular Science and Engineering, University of Michigan, Ann Arbor, Michigan 48109,
USA
3 Department of Chemistry, Arizona State University, Tempe, Arizona 85287, USA
* Permanent address: Department of Chemistry, Hankuk University of Foreign Studies, Korea
Correspondence and requests for materials should be addressed to A. J. M. (matzger@umich.edu),
M.O'K. (mokeeffe@asu.edu) or O.M.Y. (oyaghi@umich.edu).
One of the outstanding challenges in the field of porous materials is the design and synthesis of
chemical structures with exceptionally high surface areas. Such materials are of critical importance
to many applications involving catalysis, separation and gas storage. The claim for the highest
surface area of a disordered structure is for carbon, at 2,030 m2 g-1 (ref. 2). Until recently, the
largest surface area of an ordered structure was that of zeolite Y, recorded at 904 m2 g-1 (ref. 3).
But with the introduction of metal-organic framework materials, this has been exceeded, with
values up to 3,000 m2 g-1 (refs 4–7). Despite this, no method of determining the upper limit in
surface area for a material has yet been found. Here we present a general strategy that has
allowed us to realize a structure having by far the highest surface area reported to date. We report
the design, synthesis and properties of crystalline Zn4O(1,3,5-benzenetribenzoate)2, a new metal-
organic framework with a surface area estimated at 4,500 m2 g-1. This framework, which we name
MOF-177, combines this exceptional level of surface area with an ordered structure that has extra-
large pores capable of binding polycyclic organic guest molecules—attributes not previously
combined in one material.
Nature 427, 523 - 527 (05 February 2004); doi:10.1038/nature02311

HYDROGENATION AND CLEAVAGE OF DINITROGEN TO AMMONIA WITH A ZIRCONIUM
COMPLEX

JAIME A. POOL, EMIL LOBKOVSKY & PAUL J. CHIRIK
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Department of Chemistry and Chemical Biology, Baker Laboratory Cornell University, Ithaca, New
York 14853, USA
Correspondence and requests for materials should be addressed to P.J.C. (pc92@cornell.edu). X-
ray crystallographic coordinates for 1 and 2 have been deposited at the Cambridge Crystallographic
Database under numbers 223980 and 223981, respectively.
Molecular nitrogen is relatively inert owing to the strength of its triple bond, nonpolarity and high
ionization potential. As a result, the fixation of atmospheric nitrogen to ammonia under mild
conditions has remained a challenge to chemists for more than a century. Although the Haber–
Bosch process produces over 100 million tons of ammonia annually for the chemical industry and
agriculture, it requires high temperature and pressure, in addition to a catalyst, to induce the
combination of hydrogen (H2) and nitrogen (N2). Coordination of molecular nitrogen to transition
metal complexes can activate and even rupture the strong N–N bond under mild conditions, with
protonation yielding ammonia in stoichiometric and even catalytic yields. But the assembly of N–H
bonds directly from H2 and N2 remains challenging: adding H2 to a metal–N2 complex results in the
formation of N2 and metal–hydrogen bonds or, in the case of one zirconium complex, in formation
of one N–H bond and a bridging hydride. Here we extend our work on zirconium complexes
containing cyclopentadienyl ligands and show that adjustment of the ligands allows direct
observation of N–H bond formation from N2 and H2. Subsequent warming of the complex cleaves
the N–N bond at 45 °C, and continued hydrogenation at 85 °C results in complete fixation to
ammonia.
Nature 427, 527 - 530 (05 February 2004); doi:10.1038/nature02274

LOW-VELOCITY ZONE ATOP THE 410-KM SEISMIC DISCONTINUITY IN THE
NORTHWESTERN UNITED STATES

TEH-RU ALEX SONG1, DON. V. HELMBERGER1 & STEPHEN P. GRAND2

1 Seismological Laboratory, Division of Geological and Planetary Science, California Institute of
Technology, California 91125, USA
2 Department of Geological Sciences, UT Austin, Texas 78749, USA
Correspondence and requests for materials should be addressed to T.-R.A.S.
(alex@gps.caltech.edu).
The seismic discontinuity at 410 km depth in the Earth's mantle is generally attributed to the phase
transition of (Mg,Fe)2SiO4 (refs 1, 2) from the olivine to wadsleyite structure. Variation in the depth
of this discontinuity is often taken as a proxy for mantle temperature owing to its response to
thermal perturbations. For example, a cold anomaly would elevate the 410-km discontinuity,
because of its positive Clapeyron slope, whereas a warm anomaly would depress the discontinuity.
But trade-offs between seismic wave-speed heterogeneity and discontinuity topography often
inhibit detailed analysis of these discontinuities, and structure often appears very complicated.
Here we simultaneously model seismic refracted waves and scattered waves from the 410-km
discontinuity in the western United States to constrain structure in the region. We find a low-
velocity zone, with a shear-wave velocity drop of 5%, on top of the 410-km discontinuity beneath
the northwestern United States, extending from southwestern Oregon to the northern Basin and
Range province. This low-velocity zone has a thickness that varies from 20 to 90 km with rapid
lateral variations. Its spatial extent coincides with both an anomalous composition of overlying
volcanism and seismic 'receiver-function' observations observed above the region. We interpret the
low-velocity zone as a compositional anomaly, possibly due to a dense partial-melt layer, which
may be linked to prior subduction of the Farallon plate and back-arc extension. The existence of
such a layer could be indicative of high water content in the Earth's transition zone.
Nature 427, 530 - 533 (05 February 2004); doi:10.1038/nature02231

• SCIENCE

GEOCHEMISTRY

Role of Microbes in the Smectite-to-Illite Reaction
Jinwook Kim, Hailiang Dong, Jennifer Seabaugh, Steven W. Newell, and Dennis D. Eberl
Science 2004 February 6; 303(5659): p. 830-832
http://www.sciencemag.org/cgi/content/abstract/303/5659/830?ct
Uncovering Biotic Clay Formation
Science 2004 February 6; 303(5659): p. 725h
http://www.sciencemag.org/cgi/content/summary/303/5659/725h?ct
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Mingchao Cui, Fanzhong Chen, Jiamo Fu, Guoying Sheng, and Guoping Sun Cometabolic
biodegradation of quinoline's derivatives by a quinoline-degrading bacteria: Comamonas sp. strain
Q(10).
J Gen Appl Microbiol 1 Dec 2003 49(6): p. 351.
http://highwire.stanford.edu/cgi/medline/pmid;14747977

CS Kim, JJ Rytuba, and GE Brown
EXAFS study of mercury(II) sorption to Fe- and Al-(hydr)oxides. I. Effects of pH.
J Colloid Interface Sci 1 Mar 2004 271(1): p. 1.
http://highwire.stanford.edu/cgi/medline/pmid;14757070

PS Fedotov, C Bauer, P Popp, and R Wennrich
Dynamic extraction in rotating coiled columns, a new approach to direct recovery of polycyclic
aromatic hydrocarbons from soils.
J Chromatogr A 16 Jan 2004 1023(2): p. 305.
http://highwire.stanford.edu/cgi/medline/pmid;14753697

Effect of Environmental Factors on the Relationship between Concentrations of Coprostanol and
Fecal Indicator Bacteria in Tropical (Mekong Delta) and Temperate (Tokyo) Freshwaters
Kei O. Isobe, Mitsunori Tarao, Nguyen H. Chiem, Le Y. Minh, and Hideshige Takada
Appl. Environ. Microbiol. 2004 February 1; 70(2): p. 814-821
http://aem.asm.org/cgi/content/abstract/70/2/814?ct

Stable Carbon Isotope Ratios of Lipid Biomarkers of Sulfate-Reducing Bacteria
K. L. Londry, L. L. Jahnke, and D. J. Des Marais
Appl. Environ. Microbiol. 2004 February 1; 70(2): p. 745-751
http://aem.asm.org/cgi/content/abstract/70/2/745?ct

Microbial Genomics and the Periodic Table
Lawrence P. Wackett, Anthony G. Dodge, and Lynda B. M. Ellis
Appl. Environ. Microbiol. 2004 February 1; 70(2): p. 647-655
http://aem.asm.org/cgi/content/full/70/2/647?ct

Case-Control Study of Bladder Cancer and Exposure to Arsenic in Argentina
Michael N. Bates, Omar A. Rey, Mary L. Biggs, Claudia Hopenhayn, Lee E. Moore, David Kalman,
Craig Steinmaus, and Allan H. Smith
Am. J. Epidemiol. 2004 February 15; 159(4): p. 381-389
http://aje.oupjournals.org/cgi/content/abstract/159/4/381?ct

GEOLOGY

Integron Diversity in Heavy-Metal-Contaminated Mine Tailings and Inferences about Integron
Evolution
D. R. Nemergut, A. P. Martin, and S. K. Schmidt
Appl. Environ. Microbiol. 2004 February 1; 70(2): p. 1160-1168
http://aem.asm.org/cgi/content/abstract/70/2/1160?ct

Contribution of environmental factors to cancer risk
Paolo Boffetta and Fredrik Nyberg
Br. Med. Bull. 2003 December 1; 68(1): p. 71-94
http://bmb.oupjournals.org/cgi/content/abstract/68/1/71?ct

JOHN DELANEY PROFILE: Marine Geologist Hopes to Hear the Heartbeat of the Planet
David Malakoff
Science 2004 February 6; 303(5659): p. 751-752
http://www.sciencemag.org/cgi/content/summary/303/5659/751?ct

Role of Microbes in the Smectite-to-Illite Reaction
Jinwook Kim, Hailiang Dong, Jennifer Seabaugh, Steven W. Newell, and Dennis D. Eberl
Science 2004 February 6; 303(5659): p. 830-832
http://www.sciencemag.org/cgi/content/abstract/303/5659/830?ct
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T Mizukami, SR Wallis, and J Yamamoto
Natural examples of olivine lattice preferred orientation patterns with a flow-normal a-axis
maximum.
Nature 29 Jan 2004 427(6973): p. 432.
http://highwire.stanford.edu/cgi/medline/pmid;14749828

MINERALOGY

RL Frost, M Adebajo, and ML Weier
A Raman spectroscopic study of thermally treated glushinskite-the natural magnesium oxalate
dihydrate.
Spectrochim Acta A Mol Biomol Spectrosc 1 Feb 2004 60(3): p. 643.
http://highwire.stanford.edu/cgi/medline/pmid;14747090

W Um and C Papelis
Metal ion sorption and desorption on zeolitized tuffs from the Nevada Test Site.
Environ Sci Technol 15 Jan 2004 38(2): p. 496.
http://highwire.stanford.edu/cgi/medline/pmid;14750725

T Mizukami, SR Wallis, and J Yamamoto
Natural examples of olivine lattice preferred orientation patterns with a flow-normal a-axis
maximum.
Nature 29 Jan 2004 427(6973): p. 432.
http://highwire.stanford.edu/cgi/medline/pmid;14749828

C Griebler, M Safinowski, A Vieth, HH Richnow, and RU Meckenstock
Combined application of stable carbon isotope analysis and specific metabolites determination for
assessing in situ degradation of aromatic hydrocarbons in a tar oil-contaminated aquifer.
Environ Sci Technol 15 Jan 2004 38(2): p. 617.
http://highwire.stanford.edu/cgi/medline/pmid;14750740

SF Gilbert
The morphogenesis of evolutionary developmental biology.
Int J Dev Biol 1 Jan 2003 47(7-8): p. 467.
http://highwire.stanford.edu/cgi/medline/pmid;14756322

Y Chaimanee, V Suteethorn, P Jintasakul, C Vidthayanon, B Marandat, and JJ Jaeger
A new orang-utan relative from the Late Miocene of Thailand.
Nature 29 Jan 2004 427(6973): p. 439.
http://highwire.stanford.edu/cgi/medline/pmid;14749830

PALEONTOLOGY

Major events in the genome evolution of vertebrates: Paranome age and size differ considerably
between ray-finned fishes and land vertebrates
Klaas Vandepoele, Wouter De Vos, John S. Taylor, Axel Meyer, and Yves Van de Peer
Proc. Natl. Acad. Sci. USA published 2 February 2004,
10.1073/pnas.0307968100
http://www.pnas.org/cgi/content/abstract/0307968100v1?ct

Neanderthal taxonomy reconsidered: Implications of 3D primate models of  intra- and interspecific
differences
Katerina Harvati, Stephen R. Frost, and Kieran P. McNulty
Proc. Natl. Acad. Sci. USA 2004 February 3; 101(5): p. 1147-1152
http://www.pnas.org/cgi/content/abstract/101/5/1147?ct

PHYLOGENETICS: A Broad Look at Tree-Building
Fredrik Ronquist
Science 2004 February 6; 303(5659): p. 767-768
http://www.sciencemag.org/cgi/content/summary/303/5659/767?ct
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Explorers

Science 2004 February 6; 303(5659): p. 761b
http://www.sciencemag.org/cgi/content/summary/303/5659/761b?ct

PALEOECOLOGY: Long-Lasting Consequences
Brooks Hanson
Science 2004 February 6; 303(5659): p. 731a
http://www.sciencemag.org/cgi/content/summary/303/5659/731a?ct

• ESA PORTAL

The well-known extrasolar planet HD 209458b, provisionally nicknamed 'Osiris', has surprised
astronomers again. Oxygen and carbon have been found in its atmosphere, evaporating at such an
immense rate that the existence of a new class of extrasolar planets - 'the chthonian planets' or
'dead' cores of completely evaporated gas giants - has been proposed.
Read more:  http://www.esa.int/export/esaCP/SEMJSIWA6QD_Life_0.html

An important milestone for ESA's Living Planet Programme is to be reached this spring when it will
be decided which of the six candidate Earth Explorer missions are to be selected for development.
Before decisions are taken, the user community is invited to express their views at the Earth
Explorer User Consultation Meeting which will be held on 19-20 April at ESA's ESRIN facility in
Frascati, Italy.
Read more:  http://www.esa.int/export/esaLP/SEMJMGWA6QD_index_0.html

***The people interested in receiving our newsletter through mail, can write to
acfonseca@geobrasil.net or revistadegeologia@yahoo.com.br
***Le persone interessate in ricevere la nostra newsletter tramite e-mail, posso scrivere
ad acfonseca@geobrasil.net ou revistadegeologia@yahoo.com.br..
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