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Fe-oxyhydroxide
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Editorial

Not long ago, I got a voice
message on my office
telephone answering
system that no scientist
ever wants to hear.
Funding for a major US
Department of Energy
(DOE) project, dealing with
ways to contain anionic,
aqueous radionuclides

in groundwater plumes, was suddenly and
unexpectedly eliminated. The program
was one that I considered to
have important societal
implications. Our group and
several others at national labs
were having success, making
significant progress with a host
of powerful new sorbants. But
the reality is that the DOE is
headed for budgetary reductions
and restrictions, probably for
several years. Ray Orbach,
Director of DOE’s Office of
Science, warned that the budget constraints
“are not going to go away in 2007 (and) it’s
going to be a difficult four years.”

Although it may at first seem unrelated, I had
the great pleasure to serve at the request of
Margaret Leinen, the leader of the Directorate
for Geosciences at the National Science
Foundation (NSF) in Washington, DC, on the
Geosciences Advisory Board between 2000
and 2002. During those three years, I got to
see what really makes NSF tick from the inside
out, and I was impressed. With a current
annual budget of close to $5.6 billion dollars,
the NSF is entrusted with driving many critical
segments of academic research in the United
States. Many other countries have an equiva-
lent agency, and I dare say in a number of
cases equally as well run. With only about 5%
of its budget going to administration, the NSF
handles over 40,000 proposals per year. And
the scientists and support staff work extremely
hard (and wisely) to do just that. But that is
where the good news ends. Between 2000 and
2004, the number of proposals increased by
an astounding 49%, but the number of awards
increased by only 5%. The overall NSF
proposal funding rate has gone down by
nearly a third since 2000, from 33% to 24%.

And that’s not even the scary part. Recently,
the NSF asked themselves this question:
How much would it cost
to fund all of the
excellent proposals
received, and to give
these projects the money
that they really deserve
for new equipment and

better student salaries? The answer: a founda-
tion-wide funding increase of just over 300%
would be required. That’s nearly $19 billion
dollars annually. Yet in this country, you
don’t have to look far to see that kind of
funding for science, in this case, human
health-related science. The National Institute
of Health (NIH) has an annual budget well in
excess of $25 billion dollars. Just 30 years ago,
the NIH budget was not even twice that of
NSF. Now it exceeds the NSF budget by more
than four times. This funding has certainly

been critical to the enormous
success of the genomics and
proteomics revolutions.

I used to know the funding
director at NIH (we served on
a government committee
together). One day I asked her
how the NIH could be so enor-
mously successful at securing
large budgetary increases year
after year, decade after decade,

while NSF resources had remained essentially
flat (inflation adjusted) until just a few years
ago. Her answer was short, simple, and in the
form of another question: “Have you ever met
a politician who would vote against funding
for medical research?” Yet in the long run,
isn’t the rest of science just as important?
Of course it is. But here is the catch. Most of
science is a long-term investment, and long-
term investments have historically been hard
sells to the general public, and therefore
to politicians.

Yet despite DOE budgetary woes, and
equivalent concerns and negative actions in
Europe and elsewhere, maybe, just maybe,
there is overall longer term progress. Science
drives technology, and technology drives
economies. In the US, politicians, liberal and
conservative, are more and more buying into
this (i.e. our) way of thinking. For example,
in the last four years, the NSF budget has
increased by 43%, and the US Congress has
passed a bill to double the NSF budget—a
great start (if it really happens) to getting
the NSF budget where it needs to be. 

Science is very expensive. To continue to
justify it, as we must, it is imperative that
we do it well, and it is imperative that we
continue to let the world know what we are
doing and why it is important. Publishing

Elements is one more
way that we can achieve
these ends.

Michael F. Hochella Jr.
hochella@vt.edu  
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The Cost of Science

“The overall NSF
proposal funding

rate has gone down
by nearly a third
since 2000, from
33% to 24%…

And that’s not even
the scary part.” 

NOTE FROM THE EDITORS: We invite
your comments on scientific

funding, especially from countries
other than the United States. Look

for a new regular column in
Elements on policy and funding.



WHAT’S NEW WITH ELEMENTS? 

We will use this space to keep you informed on new 
developments concerning Elements. 

Welcome to the SFMC
Members of the Société française de minéralogie et cristallographie
voted unanimously to participate in Elements at their most recent busi-
ness meeting. We welcome them and look forward to their contribution
to Elements, starting in 2006.

Multi-Society Catalogue
You will find enclosed with this issue of Elements our first “Mineralo-
gy/Geochemistry Societies Annual Catalogue.” Please keep it, or forward
it to a colleague, a student, or your library. If each of you encouraged a
colleague or a student to join one of the participating societies, the min-
eralogy–geochemistry–petrology community would double instantly.
Imagine our impact! Membership to any of the participating societies
includes a subscription to Elements. The idea of a multi-society catalogue
is not new. It was first put forward by Kevin Murphy of the Mineralogi-
cal Society several years ago. At that time, even though interest was
expressed, the idea did not move forward beyond the discussion stage.
Since Elements offers participating societies a way to promote their pub-
lications to a wider audience than their own membership, all the soci-
eties embraced the idea and “bought” pages of the catalogue. We plan
to produce such a catalogue once a year. 

Elements meeting
Several Elements meetings were held during the Goldschmidt Confer-
ence. The editors had a full-day meeting prior to the conference. Alex
Speer joined us for part of the meeting to discuss financial details. At the
first face-to-face meeting of the Executive Committee, Kathryn Nagy
(CMS), Chair, Eric Oelkers (EAG), John Hughes (MSA), Russell Harmon
(IAGC), Norm Halden (MAC), Jeremy Fein (GS), and Mark Hodson
(standing in for Peter Treloar, Min Soc) unanimously endorsed the nom-
ination of Bruce Watson as incoming principal editor. Bruce will start
his term of office officially on January 1, 2006. However, unofficially, he
is now copied on all our e-mail exchanges and he participated in our
recent conference call to choose the final two thematic topics for 2006.
Rod Ewing, the driving force behind the creation of Elements, will stay
closely involved in an advisory capacity to the Executive Committee. He
will also be the principal editor in charge of the thematic issue “Water
on Mars” and will be guest editor for the December 2006 issue “Envi-
ronmental Impact of the Nuclear Fuel Cycle.”

The Executive Committee also approved the concept of affiliated soci-
eties. The International Mineralogical Association and the European
Mineralogical Union have both been granted this status, and we publish
the first EMU news in this issue (p. 243). The affiliated status reflects the
fact that some societies, like IMA and EMU, do not have individual
members but rather are umbrella organizations for several societies. 

Libraries and Elements
Currently, in 2005, corporate subscribers to American Mineralogist, The
Canadian Mineralogist, and Clays and Clay Minerals receive Elements.
Starting in 2006, subscribers to Mineralogical Magazine and Clay Minerals
will also receive Elements. If a library subscribes to one or several of these
journals, it is entitled to one copy of Elements (it might receive multiple
copies in instances when we are not able to eliminate duplicates). The
societies producing these journals pay a fee per subscriber so that
libraries get Elements. Make sure your librarian knows about Elements and
ensure it is prominently displayed. If your library does not receive any
of the journals mentioned above, it can subscribe to Elements at a cost of
$125 a year in 2006 ($100 in 2005). We hope that small colleges and
community libraries will subscribe to Elements to enlarge their mineral-
ogy and geochemistry content.

A Few Numbers 
The June issue of Elements was mailed to 4167 non-US addresses (521
libraries, 3520 members, and 126 complimentary copies) and 3717 US
addresses (815 libraries, 2882 members, and 20 complimentary copies),
plus 54 additional copies bulk mailed to book agents for libraries. Thus,
a total of 7938 copies were sent to 94 countries. 

Rod Ewing, Mike Hochella, Ian Parsons, 
and Pierrette Tremblay
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From the Editors

IN THE NEXT ISSUE, READ ABOUT

Large Igneous Provinces 

Andrew D. Saunders (University of Leicester),
Guest Editor 

Large igneous provinces record major outpourings of igneous rocks,
both on the continents and in ocean basins. Their origin is still
vigorously disputed, with models invoking mantle plumes, thermal
effects of the lithosphere, and meteorite impacts. The environ-
mental consequences are also hotly debated: some argue that volu-
minous flood basalt volcanism triggered catastrophic changes to
the global climate and mass extinctions, whereas others believe
their effects to be much less significant. Six contributions by experts
in their respective fields outline the various models for the forma-
tion of LIPs and summarise the ideas about the environmental con-
sequences of such massive and prolonged volcanism.

Large Igneous Provinces and the Mantle Plume Hypothesis
Ian H. Campbell (The Australian National University) 

Large Igneous Provinces and Fertile Mantle
Don L. Anderson (California Institute of Technology) 

Meteorite Impacts as Triggers to Large Igneous Provinces
Adrian P. Jones (University College London)

Gas Fluxes from Flood Basalt Eruptions 
Stephen Self (The Open University), Thorvaldur Thordarson

(University of Hawai’i at Manoa) and Mike Widdowson 
(The Open University) 

Oceanic LIPs: The Kiss of Death
Andrew C. Kerr (Cardiff University)

The Link Between Large Igneous Provinces Eruptions 
and Mass Extinctions 

Paul Wignall (The University of Leeds)

Basalt mountains of the Blossville Coast, East Greenland, part of the Tertiary North
Atlantic large igneous province (see below). Photo: Danish Lithosphere Project.
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Letters to the Editors

ABOUT THE GEOCHEMICAL
ORIGIN OF LIFE

Issue 3 of Elements provides excellent reviews
of a variety of geochemical and mineralogi-

cal approaches to the origin of life on Earth.
Collectively, however, these
papers reveal that two very
important factors affecting
Earth’s primordial environ-
ment continue to be essen-
tially ignored by origin-of-
life researchers. One of these
is the widely accepted view
that the Archean deep
oceans were saturated in the
dissolved hydrothermal
ferrous iron necessary to (a)
fuel the banded iron
formations (e.g. Holland
1973) and (b) explain the
positive europium anomalies
in their oxide facies (Klein and Beukes 1992).
This is important because if the early deep
oceans were saturated in dissolved ferrous
iron, then the concentrations of dissolved
sulfides would necessarily have been extreme-
ly low (Walker and Brimblecombe 1985; Towe
1991). This awkward geochemical situation
places severe restrictions on the applicability
of various proposals mentioned (e.g. Wächter-
shäuser 1990) regarding early world oceans,
leaving such reactions relegated to special
places…sulfide oases? 

The other important factor that is routinely
ignored is the enhanced UV flux that would
have been provided by the young Sun to
primordial surface environments (Canuto et
al. 1982). This situation would have been
exacerbated by the absence of even a moder-
ate ozone screen in those computer-model
atmospheres that require very low values for
free molecular oxygen (e.g. Kasting 1993). An
intense early flux of UVB radiation to the
Earth’s surface makes hypotheses relying on
the development and growth of primordial
organic molecules through wetting and drying
in tidal ponds, with or without mineral
surface catalysis (Usher 1977; Smith 2005),
difficult to support. In addition, the very early
development and establishment of photosyn-
thetic life (Rosing and Frei 2004) would also
be difficult to understand. Even a moderate
ozone screen would be helpful (Towe 1996).
At the moment, there is no internally
consistent scenario for prebiotic synthesis
leading to life’s origin. Many laboratory
experiments continue to be routinely done
without any simulated prebiotic UV radiation
flux and are carried out under our ambient
21% oxygen levels. J.V. Smith (2005) is correct
when he writes, “Most scientists…search for
an integrated geological/biochemical basis that
allows biological evolution to begin on Earth
using scientific features testable in a chemical
laboratory, and perhaps even observable in
geologic specimens.” His emphasis on the

word “integrated” is appropriate.
However, if origin-of-life
researchers continue to overlook
or ignore some of the important
constraining environmental
parameters for the early Earth,
meaningful progress in this field
will remain slow. 

References
Canuto VM, Levine JS, Augustsson
TR, Imhoff CL (1982) UV radiation
from the young Sun and oxygen and
ozone levels in the prebiological
palaeoatmosphere. Nature 296: 
816-820

Holland HD (1973) The oceans: A possible source
of iron in iron-formations. Economic Geology 68:
1169-1172

Kasting JF (1993) Earth’s early atmosphere. Science
259: 920-926

Klein C, Beukes NJ (1992) Time distribution,
stratigraphy, and sedimentologic setting, and
geochemistry of Precambrian iron-formations.
In: Schopf JW, Klein C (eds) The Proterozoic
Biosphere, Cambridge University Press, New York,
pp. 139-146

Rosing MT, Frei R (2004) U-rich Archaean sea-floor
sediments from Greenland – indications of >3700
Ma oxygenic photosynthesis. Earth and Planetary
Science Letters 217: 237-244

Smith JV (2005) Geochemical influences on life’s
origins and evolution. Elements 1: 151-156

Towe KM (1991) Hot little pond? Science 251: 142

Towe KM (1996) Environmental oxygen conditions
during the origin and early evolution of life.
Advances in Space Research 18: (12)7-(12)15

Usher DA (1977) Early chemical evolution of nucleic
acids. Science 196: 311-313

Wächtershäuser G (1990) Evolution of the first
metabolic cycles. Proceedings of the National
Academy of Sciences 87: 200-204

Walker JCG, Brimblecombe P (1985) Iron and sulfur
in the pre-biologic ocean. Precambrian Research
28: 205-222

Kenneth M. Towe
Senior Scientist Emeritus
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RESPONSE FROM THE GUEST EDITOR: Ken Towe’s
welcome comments to Elements issue #3
underscore the uncertainties in any
geochemical model for life’s origins. For
every hypothesis there are objections and
counterarguments. Was the concentration
of ferrous iron too high to sustain the
presumed concentrations of dissolved
sulfides? Perhaps, as Towe notes, local
hydrothermal environments provided
“sulfide oases.” Was the sun’s UV output
too intense? Perhaps rocky overhangs or
north-facing shorelines (in the Northern
Hemisphere) provided an early form of
sunblock. 

And, indeed, there is no one successful
“integrated” scenario for life’s origins,
primarily because few researchers accept
the notion of a one-step origin. Rather, the
prevailing view of life’s origins on Earth and
elsewhere in the universe relies on a
sequence of emergent processes, each of
which added a degree of complexity and
structure to the emerging biochemical
world (Hazen 2005). In this view, many
environments played important roles –
hydrothermal vents, atmospheric aerosols,
UV-irradiated ponds, porous subsurface
rocks, and more. To be sure, realistic
experimental constraints are vital for
relevant studies of any of these environ-
ments. But meaningful, steady progress in
the field is being made, not by restricting
our purview, but rather by embracing a
diversity of ideas and experimental
protocols. 

Robert M. Hazen

Hazen, R. M. (2005) Genesis: The Scientific Quest
for Life’s Origins. National Academy of Sciences,
Joseph Henry Press, Washington, DC

RADIUM-COLORED DIAMONDS 

The March 2005 issue of Elements included
a fascinating paper by James Shigley on

treatments to change the color of diamonds;
such treatments were noted to have begun on
a commercial scale in the 1930s. As treated
diamonds are valued much less than dia-
monds of natural color, the “origin of color”
is today part of the quality assessment done
at gemological laboratories (Shigley 2005).
Of historical interest are some of the earlier,
precommercial investigations on diamond
coloration related to the radium industry of
the early twentieth century (Landa 1987). A
radium-colored green diamond was previously
on display at the Smithsonian Institution’s
National Museum of Natural History, and
such diamonds are occasionally encountered
by jewelers and gemologists today.

Probably the first laboratory experiments
using ionizing radiation from radium salts
to induce color changes in diamonds were
carried out by Sir William Crookes circa 1904
(one of his treated diamonds is in the
collection of the British Natural History
Museum). Around 1920, the radium research
group headed by Samuel C. Lind of the US
Bureau of Mines (USBM) began work on the
coloring of diamonds by direct contact with
radium salts and by exposure to radon gas
(Lind 1972; Lind and Bardwell 1923). Low-
value yellow diamonds were converted to a
green color rarely seen in nature. The sale
of these artificially colored stones became a
concern to the Jeweler’s Protective Associa-
tion, who sought to ensure the value of
natural diamonds. Lind had a stormy meeting
with mineralogist George Kunz (for whom the
mineral kunzite—a pinkish, light-violet, or

We received several letters in response to
the articles published in the last two issues.

We sincerely hope this forum of
discussion will continue. 

The editors 
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lilac-colored transparent gem variety of
spodumene—is named) at Tiffany & Co. in
New York. This strong opposition from the
jewelry industry ended any thought of future
experiments by the USBM scientists. 

Lind, who studied with Madame Curie prior
to joining the USBM, died in 1965 after a
distinguished career in radiochemistry at the
University of Minnesota and Oak Ridge
National Laboratory (Landa 1987). Kunz
worked at both the US Geological Survey
(USGS) and also at Tiffany & Co as their first
“gem expert.” He regarded artificially colored
gemstones as frauds, and much of his fame

within the jewelry industry was associated
with his exposure of such scams. Kunz died in
1932 (Hadden 1999). Ironically, kunzite also
changes color when exposed to ionizing
radiation, and specimens of it, as well as of
sapphire and diamond, were experimentally
exposed (without result) during the testing
of the atomic bomb at Bikini Atoll in the
Marshall Islands in 1946 (Pough and Schulke
1951) presumably with the idea of using
color-change measurement as a radiation
dosimetry tool.

Diamonds suspected of having been radium
treated continued to attract the attention of
gemologists into the 1930s, with Sir William
Bragg and others offering opinions on
detection methods. Attention in the 1940s
shifted to cyclotron-irradiated diamonds.
Discussions with Dr. Shigley during the
preparation of this letter are gratefully
acknowledged.
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Edward R. Landa
US Geological Survey

430 National Center, Reston VA 20192
erlanda@usgs.gov

ABOUT HOWARD EVANS 

I enjoyed your piece
about Howard Evans.

He was also a structural
chemist of some ability,
and did some fine work
on ionic complexes in
solution. I was his
branch chief for some
years, and sometimes it
was a challenge to
explain the relevance of
his research to the higher-ups in the Survey. It
would be an impossible task in today’s world.

Let me point out that the chemists as well
as the physicists are concerned with their
history. Check out the Center for the History
of Chemistry (Chemical History Foundation)
in Philadelphia.

Priestley Toulmin, Alexandria, Virginia

Radium-treated green diamond in a ring. © GEMOLOGICAL

INSTITUTE OF AMERICA. REPRINTED BY PERMISSION.

ADVERTISING



Perhaps a deeper disparity between bio- and geodiversity is that there is
a lot less of the latter. In contrast to the biological world, in which a sin-
gle order can number in the hundreds of thousands (there are 400,000
known species in the order of beetles, with several millions more yet to
be discovered), the International Mineralogical Association recognizes
only about 4100 minerals. Between 30 and 75 minerals are added to the
IMA database every year, and it seems unlikely that the total number of
minerals on Earth will be found to exceed 10,000 by very much. 

But we can turn this line of reasoning around. Isn’t it remarkable that
the total terrestrial variability with respect to time, temperature, pres-
sure, and chemistry is expressed in fewer than 5000 known natural com-
pounds? What’s more, these minerals combine to generate an assort-
ment of rock and soil types with about the same degree of heterogeneity.
Thus, the exploration of geodiversity can be justified precisely on the
basis of its limited scope relative to the biological world. In contrast to
entomologists, Earth scientists who aim to describe geodiversity are con-
fronting a tractable problem.

Why is it imperative that we describe geodiversity? There
was a time (known to some geologists as “the good old
days”) when the simple identification of a new mineral or
rock type was considered a meaningful achievement, wor-
thy of admiration and government funding. Priorities
have shifted such that taxonomical studies of Earth mate-
rials are dramatically less valued than investigations of
their functional roles. Paradoxically, this evolution in sci-
entific incentive elevates the need to quantify geodiversity
for the same reasons that ecologists must map biological
variability. In conjunction with the organic retinue, min-

erals filter pollutants from waters and gases; they cycle nutrients from
one venue to another; and they control the chemistry of the atmos-
phere. As we develop analytical tools with ever higher spatial and tem-
poral resolution, we discover that these functions often involve new
mineral species so miniscule or transient that they escaped prior detec-
tion. To understand this environmental drama, we must construct a
complete roster of the supporting cast of characters. 

In addition, geodiversity promises the same element of surprise as was
delivered by the rosy periwinkle—a new superionic conductor that will
perhaps revolutionize battery technology, or an exceptionally stable
host of radionuclides for the sequestration of nuclear waste. No experi-
mentalist can cook with the one ingredient that Earth holds in abun-
dance: Time is the ace up nature’s sleeve that ensures its capacity to
trump our inventiveness. Minerals and rocks store time, and they there-
by offer our clearest and deepest views into the past. Earth’s array of nat-
ural materials may be limited in size but not in function, and our explo-
ration of geodiversity acknowledges our dependence on the refined
opulence of our planet’s chemical riches.

Searching 
for Geodiversity
Peter J. Heaney1

I n the great book of nature, man has scarcely read more
than the title-page or the preface.— Joseph Henry, First

Secretary of the Smithsonian Institution, on the laying of

the cornerstone for the American Museum of Natural

History (June 2, 1874)

It’s hard to spend much time at a natural history muse-
um and not run into exhortations on the importance
of biodiversity. Some biologists estimate that humans
are driving life forms to extinction at a rate of 50 to
150 species per day. At the same time, we have identi-
fied fewer than a quarter of the total number of ani-
mals estimated to populate our planet. The tropics are
thought to contain 15 to 20 unknown species for every
one that has been classified. 

Does it Matter?
Most life scientists argue that it matters a lot. Eight of the
top ten prescription drugs (including amoxicillin and
Zantac) are derived from animals, fungi, or plants. The
rosy periwinkle, an herb that is native only to the rain
forests of Madagascar, has yielded two major anticancer
agents. The need to sustain diversity in the organic world
goes beyond its medical exploitation. E.O. Wilson points
out that the integrity of Earth’s ecosystems is maintained
by conserving the elements of which they are composed.
Because the species in these ecosystems serve to clean our
waters and soils, cycle chemicals between the organic
and inorganic worlds, and generate the gases in our atmosphere, the per-
sistence of our species is intrinsically bound to the perpetuation of the
ferns, insects, and algae whose specific identity may yet be eluding us. 

Systematic biologists of all types—from botanists to entomologists to
zoologists—cite the disappearance of species as a primary justification
for their own existence. The loss of biodiversity, they assert, can be
measured only by mapping the breadth of organic variation as quickly
and comprehensively as possible. New discoveries of drugs, pesticides,
adhesives, and other prizes then will emerge serendipitously. Life scien-
tists inescapably conclude that money must be directed their way and
fast, and their pleas have been effective. The World Bank has spent $4.7
billion between 1988 and 2004 on a variety of biodiversity programs.
The US Agency for International Development increased its Biodiversity
Conservation Assistance Program from $64 million in 1996 to $165 mil-
lion in 2003, and in 2003 the US National Science Foundation launched
a $14 million initiative for a planetary biodiversity inventory.

One wonders whether those of us who categorize the inorganic world
can steal a page from the biodiversity playbook. At first sight, the anal-
ogy seems a stretch. Mineral extinction usually is associated with optical
behavior rather than the loss of habitat. Nevertheless, hundreds of min-
erals can be considered extinct in that their sole known occurrences
have been eliminated because of destruction of their type localities or by
overzealous collection. The critical role of mineral museums in preserv-
ing these species is equal to the biological curation of dodos and pas-
senger pigeons.
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Triple Point

“Earth’s array of
natural materials
may be limited 
in size but not 
in function…”

1 Penn State University
heaney@geosc.psu.edu
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