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Time is a big deal for us
geologists. Rates of
Earth processes range
from the mind-numb
ingly slow (mantle con
vection) to the cata
st rophically
fast
(volcanic er uptions)
with ever y thing in
Jon Blundy
bet ween. Geologists
move effortlessly from
units of seconds to giga years in a way that often
confounds scientists in other disciplines; no geol
ogist is unaware of humanitys’ fleetingly brief
tenure of the planet in the grand scheme of
things.
Not surprisingly, devising ways of measuring time
is a central plank of the Earth sciences. Most socalled chronometers fall broadly into two catego
ries: those involving radioactive decay and those
involving diffusion. The former clock ticks relent
lessly at a rate dependent only on the abundance
of the parent isotope undergoing decay – a classic
first-order process. The latter clock ticks sporadi
cally at a rate governed by the gradient in chem
ical potential and the prevailing temperature – a
second-order process.
The original concept of applying radioactive
decay to dating rocks is attributed to Ernest (Lord)
Rutherford who proposed, in the early 1900s, that
the concentration of helium (a proxy for alpha
particles) in uranium-bearing materials could be
used to estimate time. Over the subsequent cen
tury or so, many variants of the radiometric clock
have been devised, exploiting our ever-increasing
ability to measure different isotopes using mass
spectrometers. Diffusion chronometry has had a
slightly less steady trajectory, although its roots
may be traced to Joseph Fourier’s seminal work
on conductive heat flow (also a diffusive process)
published in 1822. The challenge in applying
diffusion chronometry has been to know both
diffusion coefficients (less tractable and more
variable than radioactive decay constants) and
temperature, which is rarely constant throughout
any geological process. Here, complex numerical
modelling, as well as analytical sophistication,
is required.
This issue of Elements elegantly draws together
these two ways of telling the (geological) time. To
exploit the radiometric chronometer, radiogenic
helium is measured in rocks and minerals: the dif
fusive clock is exploited by measuring the spatial
distribution of helium, either by high-resolution
microbeam analysis or by progressive heating of
the sample, and monitoring the resultant stepwise helium release. The result is a cutting-edge
time piece that is applicable over a very wide
time range and to problems that do not always
lend themselves to one or other chronometer
used in isolation. Examples in this issue include
landscape evolution (page 311), fault movement
(page 319), and extra-terrestrial processes (page
331). To this lay reader, the potential is consider
able and is set to be enhanced by new generations
of numerical models applied to large datasets, as
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well as new developments in mass spectrometry.
Lord Rutherford would be most impressed.
Time is not the unique province of the geolo
gist. Historians, archaeologists and anthropolo
gists also rely on chronometers to reconstruct a
younger, but no less important, swathe of Earth
history. To both radiometric tools (e.g., radio
carbon dating of organic matter) and diffusive
tools (e.g., water diffusion in obsidian) these
scholars add written and verbal testimony. Often
Bayesian statistical methods are used to bring
these different approaches into conformity, but
cases remain where the written testimony is not
entirely reliable and geological chronometers are
not entirely suitable. This is an exciting interdis
ciplinary frontier for both Earth sciences and
archaeology, and one destined to stir up contro
versy and debate.
As I write this editorial on the Ionian Greek island
of Ithaca, I am reminded of a particular oppor
tunity at this new frontier. Ithaca is widely held
to have been the home of Odysseus, the Greek
king whose exploits are documented in fantas
tical detail in the epic poems of Homer. After ten
long years fighting the Trojans and a further ten
action-packed years getting lost on the way home,
Odysseus was eventually reunited with his patient
bride, Penelope. It is one of the more celebrated
homecomings in literature. But did it really take
place on Ithaca?

Odysseus returns to Penelope. © The Trustees of the
British Museum CC BY-NC-SA 4.0.

There are several inconsistencies in Homer’s
description of Ithaca. Unlike today’s rugged
island, Odysseus’ Ithaca is flat and the western
most of the Ionian islands: “lies low, furthest
to sea” according to Homer. This might seem a
mere detail to the casual holidaymaker, but it has
piqued the interest of some scholars who propose
an alternative, controversial, home for Odysseus:
the Paliki Peninsular west of Kefalonia. Flat-lying

and westward of all other Ionian islands, Paliki
Cont’d on page 296
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FROM THE EDITORS
ABOUT THIS ISSUE
Noble gases are uniquely stable and resistant to forming bonds. It is their
stability and non-reactive nature which drives their practical uses. Our
most common encounters with noble gases are probably with colorful
helium-filled balloons or with the ever-present glow of cities from neon
lights. As scientists, we have many other applications for noble gases,
such as refrigerants for analytical equipment, inert atmospheres for
storage of reaction-sensitive materials, ionizing gases in Geiger coun
ters, and as gas- and excimer lasers.

Teaching Mineralogy, Geochemistry, and Petrology presents
ideas and tools for effective teaching and the resources that are avail
able to instructors. With recent demand for online instructional tools,
such a column is more important than ever! Contact Jodi Rosso (jrosso.
elements@gmail.com).
CosmoElements keeps us in touch with exciting discoveries in cos
mochemistry by providing short articles, which can be used in the
classroom, or reports on space missions that carry geochemical and
mineralogical instruments. Contact Cari Corrigan (corriganc@si.edu).
Life in Science focuses on ways to make all stages of your career as a
geoscientist (as student, professional, or retiree) easier and more satis
fying. Contact Penny King (penny.king@anu.edu.au).

Marissa Tremblay, Emily Cooperdock, and Peter Zeitler, guest editors of
this issue of Elements, introduce us to another application of noble gases:
thermochronology. In addition to editing the six thematic articles on
the utility of noble gas thermochronology to fundamental geological
questions (e.g., What are the rates of exhumation? How does a fault zone
evolve?), these guest editors also wrote this issue’s Toolkit, which intro
duces the different methods used to extract, isolate, and measure the
concentration of noble gases (and their isotopes) derived from natural
materials. We hope you enjoy reading about this fascinating topic!

CONTRIBUTE TO ELEMENTS’ FEATURE COLUMNS
Elements regularly publishes short, 1- to 2-page, feature columns in
addition to its thematic content and society news items.
The different types of feature columns are summarized
below. You are welcome to submit your ideas for future
feature columns to Jodi Rosso (jrosso.elements@gmail.
com) or to the individuals mentioned below.
Triple Point raises issues of broad interest. This fea
ture has explored different aspects of our science (e.g.,
teaching, publishing, historical aspects), our societies,
funding, science policy, and political issues that impact
us. Contact Jodi Rosso (jrosso.elements@gmail.com).
People in the News highlights the accomplishments of members of
our communities, awards they have received, or exciting new projects in
which they are engaged. We rely on members to bring to our attention
the relevant people. Contact Jodi Rosso (jrosso.elements@gmail.com).

Mineralogy Matters highlights where mineralogy (broadly defined) is
of fundamental importance to understanding an issue or a problem in
topic areas that can range from Earth resources to the global environ
ment. Contact Jodi Rosso (jrosso.elements@gmail.com).
Elements’ Toolkit presents new technological developments of
interest to our readers. Articles focus on instrumental techniques, ana
lytical and compositional methods, as well as on laboratory design.
Contact Jodi Rosso (jrosso.elements@gmail.com).
Meeting Calendar is a list of workshops, short courses, and confer
ences that are of interest to the mineralogy–geochemistry–petrology
community. Contact Andrea Koziol (akoziol1@udayton.edu) to add your
meeting to the list.
Parting Shots, always placed at the end of the maga
zine, provides a lighter contrast to the serious stuff in
the earlier pages. Intriguing, beautiful, or baffling pho
tographs take the reader on a relaxing voyage into the
web of connections that make the realm of Elements so
enthralling. Contact Ian Parsons (ian.parsons@ed.ac.
uk).
Elements is your magazine. Let us know what else
you would like to read in it. We welcome your feedback
concerning editorials or any other topic you think
would be of interest to the mineralogy–geochemistry–
petrology community.
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GEOCHRONOLOGY

has a lot going for it in terms of geography, but beyond the wrong name
there’s another catch. Paliki is connected to the rest of Kefalonia by a
thin strip of land, up to 180 m above sea-level. This at first insuperable
problem has been explained by a group of geologists and archaeolo
gists, known as the Odysseus Unbound Foundation, to be the result of
a giant landslip filling a narrow seaway sometime between Odysseus’
homecoming and the present day1. Such landslides are not uncommon
in tectonically active regions. And Kefalonia straddles a plate boundary.

v9n1

Resolving the hypothesis that Odysseus returned to modern-day Paliki
rather than modern-day Ithaca is crying out for a suitable chronom
eter. Dating faulted surfaces and landslide deposits is no easy matter.
The Odysseus Unbound Foundation is no doubt exploring possible
dating methods as I write. I rather hope they might read this issue of
Elements to see just what insights thermochronology can offer. This
is just one of a number of exciting interdisciplinary opportunities in
this rapidly evolving field.

v10n5
v5n6

Jon Blundy, Principal Editor
v14n1

v12n5

1 Read more at www.geolsoc.org.uk/Geoscientist/Archive/May-2018/Ithaca-thestory-continues
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