EDITORIAL

THE AGE OF THE EARTH
PRINCIPAL EDITORS
JAMES I. DREVER, University of Wyoming, USA
(drever@uwyo.edu)
GEORGES CALAS, IMPMC, France
(Georges.Calas@impmc.jussieu.fr)
JOHN W. VALLEY, University of Wisconsin, USA
(valley@geology.wisc.edu)
PATRICIA M. DOVE, Virginia Tech
(dove@vt.edu)
ADVISORY BOARD 2012
JOHN BRODHOLT, University College London, UK
NORBERT CLAUER, CNRS/UdS, Université de
Strasbourg, France
WILL P. GATES, SmecTech Research Consulting,
Australia
GEORGE E. HARLOW, American Museum
of Natural History, USA
JANUSZ JANECZEK, University of Silesia, Poland
HANS KEPPLER, Bayerisches Geoinstitut,
Germany
DAVID R. LENTZ, University of New Brunswick,
Canada
ANHUAI LU, Peking University, China
ROBERT W. LUTH, University of Alberta, Canada
DAVID W. MOGK, Montana State University, USA
TAKASHI MURAKAMI, University of Tokyo, Japan
ROBERTA OBERTI, CNR Istituto di Geoscienze e
Georisorse, Pavia, Italy
TERRY PLANK, Lamont-Doherty Earth
Observatory, USA
XAVIER QUEROL, Spanish Research Council, Spain
MAURO ROSI, University of Pisa, Italy
BARBARA SHERWOOD LOLLAR, University of
Toronto, Canada
TORSTEN VENNEMANN, Université de
Lausanne, Switzerland
OLIVIER VIDAL, Université J. Fourier, France
MEENAKSHI WADHWA, Arizona State
University, USA
BERNARD WOOD, University of Oxford, UK
JON WOODHEAD, University of Melbourne,
Australia
EXECUTIVE COMMITTEE
CARLOS AYORA IBÁÑEZ, Sociedad Española
di Mineralogía
THOMAS D. BULLEN, International Association
of GeoChemistry
BERNARDO CESARE, Società Italiana di
Mineralogia e Petrologia
KATERINA M. DONTSOVA, The Clay Minerals
Society
BARBARA L. DUTROW, Mineralogical
Society of America, Chair
DANIEL J. FROST, European Association
of Geochemistry
BERNARD GROBÉTY, Swiss Society of
Mineralogy and Petrology
MARK E. HODSON, Mineralogical Society
of Great Britain and Ireland
GUY LIBOUREL, Société Française de Minéralogie
et de Cristallographie
HARRY Y. McSWEEN, Meteoritical Society
MAREK MICHALIK, Mineralogical Society
of Poland
TAKASHI MURAKAMI, Japan Association
of Mineralogical Sciences
IAIN M. SAMSON, Mineralogical Association
of Canada
EDWIN A. SCHAUBLE, Geochemical Society
CLIFFORD R. STANLEY, Association
of Applied Geochemists
FRIEDHELM VON BLANCKENBURG,
Deutsche Mineralogische Gesellschaft
MICHAEL WIEDENBECK, International
Association of Geoanalysts
MANAGING EDITOR
PIERRETTE TREMBLAY, tremblpi@ete.inrs.ca
EDITORIAL OFFICE

490, rue de la Couronne
Québec (Québec) G1K 9A9, Canada
Tel.: 418-654-2606 Fax: 418-653-0777
Layout: POULIOT GUAY GRAPHISTES
Copy editor: THOMAS CLARK
Proofreaders: THOMAS CLARK
and DOLORES DURANT
Printer: ALLEN PRESS
The publishers assume no responsibility for
any statement of fact or opinion expressed
in the published material. The appearance of
advertising in this magazine does not constitute
endorsement or approval of the quality or value
of the products or of claims made for them.

www.elementsmagazine.org
E LEMENTS

The “Age of the Earth” is
one of the most common
titles in the geological
literature, and with good
reason. The scientific
and philosophical implications are immense.
This issue of Elements is
devoted to measuring
geologic time on the 100th
John Valley
anniversary of a book
with this title (Holmes
1913). The book is a good read—a clear historical
account, with groundbreaking science that still
stirs controversy today. It’s available free online.

of 200 students, “Have you had a discussion with
someone who thinks the Earth is much younger
than 4500 million years?”, and about 50% say
“yes.” I then have 50 minutes to talk about how
rocks are dated and to compare 4500 Ma with
earlier estimates. I explain that geochronology is
based on observable data and that the hypotheses
are testable, and I encourage students to at least
look through the windows of clean-labs to see
people running mass spectrometers. The serious
students may read this issue of Elements and get
an appreciation for the depth and complexity of
determining age, but no fi rst-year student, and
certainly no younger student, is in the position
to make these observations themselves. The data
are observable to specialists running mass spectrometers, but not to most others. The scientific
method is less interesting, and far less compelling, when someone can’t make the observations
themselves.

Arthur Holmes was the first to use radioactivity to
date a range of rocks, and before Dempster discovered 235U in 1935, Holmes estimated Earth’s age at
1600–3000 million years (Ma) (Holmes 1927). This
estimate was not improved on
until 1953, when Clair Patterson,
Thus we also need to explain
using a more advanced mass
why the Earth cannot be 6000
“It is perhaps a little
spectrometer, published the age
years old using evidence that
of 4510–4560 Ma, soon refi ned
indelicate to ask of our is more easily observed and
to 4550 ± 70 Ma (Patterson 1953,
by a layperson,
Mother Earth her age.” understood
1956), in perfect agreement with
such as tree rings, varves,
—Arthur Holmes (1913)
modern estimates (this issue). In
layers in glacial ice, and rates
detail, geochronometers using
of weathering, erosion, sediextinct, short-lived isotopes have
ment deposition, and cooling
now shown that Earth accreted
of plutons, just to name a few.
over an interval of time, which is within the If the Pyramids are still standing after 5000 years,
uncertainty of Patterson’s age (e.g. Halliday 2006). how can the Grand Canyon form in 6000? Many
There are many excellent accounts of this history arguments made by Hutton and Lyell two cen(Burchfield 1975; Dalrymple 1991; Lewis 2000; turies ago apply today. This brings me back to
Lewis and Knell 2001).
Holmes’s book, which reviews earlier estimates
and was written at the end of the remarkable
While most readers of Elements understand that period before the First World War.
geochronology is based on observable data, refutable hypotheses, and repeatable tests, the age of At the end of the 19 th century, Lord Kelvin
the Earth, like evolution, continues to be chal- famously concluded that Earth formed 20–40
lenged. Creationist beliefs, which morphed into million years ago based on a simple thermal
Intelligent Design, are common. Questions of model (Kelvin 1895, 1899). This was disputed by
faith address issues that are outside the realm of geologists, who maintained that more time was
science, which deals with what we can observe needed to explain the evolution of Earth or life.
and test. Nevertheless, some politicians pub- Kelvin’s (1899) final estimate of 24 Ma old. elicited
licly proclaim that no one knows the age of the a strong response from T. C. Chamberlin (1899).
Earth, with the implication that modern science The discussion at that time was far-reaching,
is wrong, and demands are made to include “sci- and included Laplace’s solar nebula hypothesis
entific creationism” in science courses.
as opposed to the newer idea of planetesimals,
hot versus cold accretion of Earth, advective heat
The age of the Earth is not controversial among transfer in the mantle, the source of heat in the
scientists. Clear rebuttals to young-Earth advo- Sun, and the first habitats for life on Earth. Kelvin
cates include those by Dalrymple (1991) and was confident in his position because the age of
Wiens (2002). The academies of science in 67 the Sun was estimated to be less than 20 Ma,
nations have formally concluded that “within sci- based on the assumption that its energy derived
ence courses taught in certain public systems of from chemical reactions or gravitational energy
education, scientific evidence, data, and testable during compression. At a time when radioactivity
theories about the origins and evolution of life on was unknown, it was a stretch to conceive of a hot
Earth are being concealed, denied, or confused Sun more than 20 Ma old. Chamberlin questioned
with theories not testable by science” and that no nearly all of Kelvin’s assumptions, prophetically
scientific evidence contradicts the age of 4500 Ma enquiring:
for Earth or the theory of evolution (IAP 2006).
If we all agree, why do we need to talk about it?
“Is the present knowledge relative to the behavior
of matter under such extraordinary conditions as
The question is: how best to explain the age of the obtained in the interior of the sun sufficiently
Earth to nonscientists? We confront this in many
venues, including education at all levels. Each
year, at the University of Wisconsin, I ask classes
Cont’d on page 4
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FROM THE EDITORS
THIS ISSUE

INTRODUCING PATRICIA DOVE,
PRINCIPAL EDITOR 2013–2015

This issue takes us on a voyage in time, starting with the discovery of
radioactivity and carrying us forward to today. We meet the giants the
field of geochronology is indebted to. We see the challenges that have
been met and those that lie ahead. We are reminded that for a mineral
date to have meaning, the context of the mineral analyzed and the
rock of which it is a constituent must be thoroughly documented. And
this is an overarching theme of all papers in this issue.

With the start of 2013, Patricia M. (Trish) Dove
joins the Elements team as a principal editor. Trish
is the C. P. Miles Professor of Science in the
Department of Geosciences at Virginia Tech. She
earned her bachelor’s and master’s degrees at
Virginia Tech, then her PhD at Princeton, and
she completed a postdoctoral fellowship at
Stanford. Trish is one of the outstanding geochemists of her generation. She has made wideranging contributions in the biogeochemistry of
Earth processes, which includes mineral surface
processes at the molecular scale, the kinetics of geochemical processes,
mineral–microbe interactions, and biomineralization.

It took me a while to understand the “crisis” mentioned in the Schmitz
and Kuiper article. After all, 251.2 ±3.4 Ma and 249.98 ±0.2 Ma seemed
like dates in pretty good agreement. But as geochronology matures and
instruments allow higher precision, scientists set out to answer ever
more complex questions.
While checking facts on the Web, I learned that Rutherford did most
of the research that led to his Nobel Prize at McGill University in
Montréal, and that his collaboration with Soddy also started at McGill—
it began as a debate “where we hope to demolish the Chemists,” said
Rutherford. Read an account of this fascinating encounter at http://
publications.mcgill.ca/headway/magazine/turning-points-a-look-backat-how-a-great-debate-led-to-mcgills-fi rst-nobel-prize.

Honors she has received include the Clarke Medal of the Geochemical
Society, the US Department of Energy’s Best University Research Award
(twice), Geochemical Fellow status jointly from the Geochemical
Society and the European Association of Geochemistry, and membership in the National Academy of Sciences. She will be awarded the
Mineralogical Society of America’s Dana Medal in 2014. She has served
on the Board of Directors of the Geochemical Society and has a strong
interest in education and communication as well as research. We are
delighted to have her as a member of the editorial team.

And if you have only a few minutes to explain the dating of minerals
in a Geology 101 class, I suggest you download a video produced by
the EARTHTIME community. Noah McLean, a coauthor in this issue,
explains his geochronology research in this 4 m 42 s long video, which
you can access at http://www.youtube.com/watch?v=k9RbnRDx9ts.

James I. Drever, Principal Editor 2010–2012

Pierrette Tremblay, Managing Editor

EDITORIAL Cont’d from page 3
exhaustive to warrant the assertion that no unrecognized sources of
heat reside there? What the internal constitution of atoms may be is
yet an open question.” (Chamberlin 1899, p 12)

of Kelvin’s age. More importantly, however, mantle convection is also
at odds with Kelvin’s conductive model (Perry 1895; Chamberlin 1899;
Richter 1986; England et al. 2007). The real importance of radioactivity,
as laid out by Holmes (1913), was to provide better and well-founded
techniques of geochronology. This issue of Elements describes impressive
new capabilities that deserve the attention of Earth scientists, but the
earlier writings may help you explain them to others.

One wonders how much Chamberlin, a geologist in Chicago, knew of
the implications of Henri Becquerel’s physics experiments in Paris that
began with a chance observation just three years earlier.
The decade before Holmes’s book saw extraordinary advances that overturned Kelvin’s age of the Earth. Important milestones were Becquerel
rays (Becquerel 1896), the theory of radioactive decay (Rutherford and
Soddy 1902), the discovery that radium decay produces heat (Curie and
Laborde 1903), and the hypothesis of radioactive heating of the Sun
(Rutherford and Soddy 1903). The discovery of radioactivity provided
an explanation for an old Sun and is generally credited for the rejection

John Valley* (valley@geology.wisc.edu)
University of Wisconsin

* Principal editor in charge of this issue
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