
August 2006
Volume 2, Number 4

ISSN 1811-5209



ADVERTISING



Early Earth 
John W. Valley, Guest Editor

The Origin of the Earth 
– What’s New?  
Alex N. Halliday 

Impact Processes on the Early Earth 
Christian Koeberl 

Earth’s Earliest Atmosphere
Kevin J. Zahnle 

Antiquity of the Oceans and Continents
Allen P. Nutman 

The First Billion Years: When Did Life Emerge? 
J. William Schopf 

Departments

Editorial  . . . . . . . . . . . . . . . . . . . . . . . . 195
From the Editors  . . . . . . . . . . . . . . . . . . . 196
Triple Point  . . . . . . . . . . . . . . . . . . . . . . 197
Meet the Authors  . . . . . . . . . . . . . . . . . . 198
Students’ Page  . . . . . . . . . . . . . . . . . . . . 234
People in the News  . . . . . . . . . . . . . . . . . 235
Society News

International Association of GeoChemistry  . . . . . 236
The Clay Minerals Society  . . . . . . . . . . . . . . 238
Mineralogical Society of America . . . . . . . . . . . 240
European Association for Geochemistry  . . . . . . . 242
Mineralogical Society of Great Britain and Ireland . . 244
Mineralogical Association of Canada . . . . . . . . . 246
Société Française de Minéralogie et de Cristallographie 248
European Mineralogical Union  . . . . . . . . . . . . 249

Book Reviews
Micro- and Mesoporous Mineral Phases  . . . . . . . . 250
Mineral Deposits and Earth Evolution  . . . . . . . . 251

Calendar  . . . . . . . . . . . . . . . . . . . . . . . . 253
Advertisers in this Issue  . . . . . . . . . . . . . . . 254
Parting Shots  . . . . . . . . . . . . . . . . . . . . . 255

193

Volume 2, Number 4 • August 2006
ABOUT THE COVER:

Artist’s view of the cool early
Earth as it may have appeared at
4.2 Ga. Meteorite impacts were
still relatively common on Earth

and Moon. The Moon was in
closer orbit, and its dark maria

had not yet appeared. On Earth,
volcanism and other magmatic
processes were starting to form
granitic rocks and proto-conti-

nental crust. Liquid water covered
much of Earth, locally altering

rocks, and the stage was set for
emergence of life. 
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an “umbrella” for other groups in the fields of mineralogy, geochemistry and
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The creation of the Earth
– ‘The Creation’ – is a pre-
occupation of all the
world’s great religions,
and Christianity, Islam
and Judaism share a com-
mon creation story with

its roots in prehistory. The evidence-based, 
scientific view of the formation of our tiny
speck in the cosmos, the theme of this issue of
Elements, is altogether younger, having evolved
over little more than two centuries. It seems a
good moment to reflect on the fundamental
differences between science and faith, and on
the modesty, underlying simplicity and unifying
power of the scientific approach.

Central to the scientific view is the under-
standing that the Earth is enormously old – the
concept of ‘deep time’. This was first put on a
sound footing by a Scottish farmer whose 
Edinburgh home was about two miles from my
office. James Hutton’s 1788 paper ‘Theory of the
Earth’ ends with one of the best-known sen-
tences in the history of geology: ‘The result,
therefore, of our present enquiry is, that we
find no vestige of a beginning, – no prospect of
an end’. Hutton’s detractors, ignoring the key
word ‘find’, accused him of atheism, because
otherwise his sentence seems to imply that
there was no creation event, just an unending
steady-state. In fact Hutton retained his faith
and thought that his observations provided an
argument for ‘wisdom and benevolence’ in
Nature. This issue of Elements is about the vestiges
of the Earth’s origins that modern work has
unearthed; ‘vestiges’ is still a hauntingly appro-
priate word.

Hutton first communicated his ideas in the
form of an extended abstract, read to the Royal
Society of Edinburgh by his friend Joseph Black
(he of specific and latent heat, and discoverer
of carbon dioxide) in 1785. Hutton’s first two
paragraphs are beautiful and encapsulate to
perfection the way in which many Earth scien-
tists continue to work to this day:

‘The purpose of this Dissertation is to form
some estimate with regard to the time the
globe of this Earth has existed, as a world
maintaining plants and animals; to reason
with respect to the changes which the earth
has undergone; and to see how far an end or
termination to this system of things may be
perceived, from the consideration of that
which has already come to pass.

As it is not in human record, but in natural
history, that we are to look for the means of
ascertaining what has already been, it is here
proposed to examine the appearances of the
earth, in order to be informed of operations
which have been transacted in time past. It
is thus that, from principles of natural phi-
losophy, we may arrive at some knowledge
of order and system in the oeconomy of this

globe, and may form a rational opinion
with regard to the course of nature, or to
events which are in time to happen.’

Hutton’s concern with the end of the world
seems strange to us now, but we must view his
work in the context of his time. Archbishop
Ussher had in 1658 published his oft-quoted
estimate, based on arcane interpretation of
middle-eastern calendars and holy writings,
that Earth was created on October 23rd, 4004
BC. Ussher’s estimate was included in the Eng-
lish Bible, and was accepted as Scripture. In this
context Hutton’s second paragraph represents
a great leap from a view based on faith to one
based on evidence and reason, in other words,
on science. Hutton deduced that the Earth
must be much older than 6000 years because
he saw great thicknesses of sedimentary rocks
resting on older, harder rocks that had been
tilted, producing unconformities, a thrilling
glimpse of ‘ancient worlds’. High mountains
were eroded over long periods to provide new
sedimentary rocks. His inability to quantify the
rates of these processes led him to write, in one
of the final paragraphs of his abstract ‘that,
with respect to human observation, this world has
neither a beginning nor an end’. 

Hutton has here put his finger on one of the
defining characteristics of the scientific method.
If we cannot solve a particular aspect of a prob-
lem, we say so, and leave it to future genera-
tions to make the key observations. This editorial
will be read by scientists of many faiths and by
humanists like myself, but we will all agree on
the essence of science: the endless questioning
of received wisdom; the utter honesty, so that
we state not just the precision and accuracy of
our measurements but point to both the
strengths and weaknesses of our arguments; we
draw attention to things we do not understand
and have an attitude of mind that admits to
uncertainty; if we have to, we say, publicly,
‘I was wrong’. And, above all, we appreciate
that all scientific theories begin as myths and
gain the status of theory only when they have
withstood repeated attempts at falsification.

Science has grown from these simple principles
through the free-thinking of pioneers like Hutton,
who maintained his faith but discarded the literal
interpretation of the written word. In the face
of overwhelming evidence that the scientific
method works for the good of mankind, reli-
gious fundamentalists of many faiths appear
unable to embrace the simplicity and honesty
of science. Some of these extremists hold high
office in countries around the world. Inter-faith
warfare is one of the central causes of avoidable
horrors in the modern world. As scientists we
should take every opportunity to set out the
universal principles that give science its power.

Ian Parsons
ian.parsons@ed.ac.uk
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What goes on behind the scenes to produce an
issue of Elements? Should anyone besides the
editors care? Even if you have never considered
being a guest editor of an issue of Elements, or
even if you are not the least bit curious about
how all this works, we encourage you to read
on. The first thing to remember is that Ele-
ments belongs to each one of us as individual
scientists. Without this simple yet powerful
principle, this magazine would simply not
work. Elements does not belong to principal
editors or societies or to the disciplines that
they represent. As important as these societies
are, and the disciplines represented therein, it
is absolutely vital that Elements transcend
them. What drives Elements is the continuous
and unending scientific creativity of each and
every one of us. Science is what scientists do,
and the goal of Elements is to represent, indeed
to project, what we do as mineralogists, geo-
chemists, and petrologists, for each other and
for the rest of the world. With this in mind,
the process of creating an issue of Elements
becomes abundantly clear. We (the three princi-
pal editors and the managing editor) are happy
to receive proposals for thematic issues at any
time. One simply needs to go to www.ele-
mentsmagazine.org and click on “Forms” to get
instructions on how to submit a proposal.
Once submitted by a potential guest editor, the
editors will consider the proposal and often ask
for revisions if the proposal has potential. We
will also ask for the author list to be firmed up.
If the proposal is eventually accepted, it will be
slotted in the Elements production schedule
such that ample time is allowed for proper
development of the issue and a balance of sub-
ject diversity in the annual line-up is main-
tained. If the accepted proposal is particularly
timely for whatever reason, this can also be

taken into account in the scheduling. The next
critical step is for the guest editor, the principal
editor assigned to be in charge of that issue,
and the managing editor to have an extended
conference call, during which the processes of
producing the issue are reviewed in detail.
Authors are contacted, the writing begins and
finishes, and the reviewing, revising, and final
production proceeds under the watchful eyes
of several of us over the ensuing months. The
final result will be another issue that represents
all of us well. We could produce nothing less.

Editorial Meeting 
The editors met in Baltimore, USA, on May 26,
2006. The main items on our agenda were
choosing the incoming principal editor for
2007 and completing the line-up of thematic
content for 2007. We are now in the enviable
position of receiving more proposals than we
can accommodate. This will ensure the vitality
and the relevance of Elements. We are now
booking issues for 2008 and welcome proposals.
Some people have expressed concern that we
might run out of topics. We look blankly
because we see exactly the opposite happen-
ing. 

2007 Principal Editor
Susan Stipp of the University of Copenhagen,
Denmark, has just accepted our invitation to
replace Mike Hochella as principal editor for a
three-year term, from 2007 through 2009. We
are delighted that Susan will join the Elements
team. An article about Susan and her back-
ground will appear in the first issue of 2007.

Welcome to AIPEA 
We welcome the International Association for
the Study of Clays (Association internationale
pour l’étude des argiles) as an affiliated society,
thus joining the International Mineralogical
Association and the European Mineralogical
Union. President David Bish introduced AIPEA
in the last issue (page 188). The affiliated status
is reserved for umbrella organizations. In this

case, AIPEA members are the clay societies of
the world. We look forward to reading their
news. 

New Features
“Publications Forum” was quietly introduced
in volume 1, issue 4, with two articles on open
access. Since then, we have published on Geo-
ScienceWorld and on copyright issues. Other
articles in preparation will deal with impact
factors, the Fog index, references, etc. If there
is a topic you would like us to discuss, please
send us an e-mail. 

In this issue, we give a voice to students by
launching a “Students Page,” and we hope it
will become a regular feature of Elements. Grad-
uate and undergraduate students: if you want
to raise issues of concern or share an important
experience, the space is yours. This page will
also be the ideal place to advertise grant and
scholarship application deadlines. 

Elements is Yours
Elements is your magazine. Let us know what
else you would like to read in it. We welcome
letters to the editors concerning the editorials
or any other topic you think would interest the
mineralogy–geochemistry–petrology commu-
nity. We welcome contributions to “Parting
Shots,” in which we publish spectacular or
interesting photographs. And we rely on mem-
bers to bring to our attention “People in the
News.”

Thanks 
We thank John Valley, guest editor, and the
five authors who contributed papers to this
issue; the society news editors of the partici-
pating societies; the other contributors to this
issue: Alain Baronnet, Dan Kyle, Crystal Mann,
Kaspar Mossman, and Anthony J. Naldrett. 

Mike Hochella, Ian Parsons, Bruce
Watson, and Pierrette Tremblay
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BEHIND THE SCENES AT ELEMENTS: 
HOW WE DEVELOP THEMATIC ISSUES

I was surprised to learn, while researching for this
editorial, that slightly before Ussher, in 1644,
Dr. John Lightfoot, Vice-Chancellor of the
University of Cambridge, had deduced, by
exhaustive study of the Scriptures, that ‘heaven
and earth, centre and circumference, were created
all together, in the same instant, and clouds full of
water,’ and that ‘this work took place and man
was created by the Trinity on October 23, 4004 BC,
at nine o’clock in the morning.’ A remarkable
convergence, and what enviable precision! 
The 9 am is often wrongly ascribed to Ussher.

Ian Parsons

Cont’d from page 195

Footnote to Editorial
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For more than 100 years, optical
mineralogy has been a staple of the
geosciences curriculum. In the
past, it was the only means of iden-
tification for certain minerals, and a
high level of proficiency was
required. At present, however, most
universities have reduced the opti-
cal mineralogy component of the
program, either by eliminating it
entirely, or by integrating it with
other courses. Consequently,

microscopy instruction has evolved towards “cookbook” styles of teaching,
and many students can graduate with a geosciences degree without ever
having used a polarized light microscope (PLM).

The reasons for this decline are varied. First, X-ray diffraction (XRD),
scanning electron microscopy (SEM), and electron microprobe methods
have largely supplanted (not replaced!) optical methods. This trend par-
allels an increasing reliance on computers to provide ready answers for
a given set of analytical data. A number of factors have conspired to cre-
ate this situation. In the case of XRD, for example, a technician can be
trained to prepare samples, operate the instrument, and generate a list
of mineral phases present in about an hour. In contrast, well-grounded
training in optical mineralogy takes a substantial investment of time
and considerable practice. Second, and perhaps most importantly, an
evolving curriculum (whereby new course requirements such as remote
sensing, geophysics, aqueous geochemistry, and fluid flow have been
added to accommodate a changing science) mandates that something
has to give in the degree program. Third and less obvious is the diminished
likelihood of competing successfully for NSF funding for studies based
on a methodology deemed by some to be anachronistic.

As a result, the capability for PLM work in both collegiate and industrial
sectors is drastically reduced. With each retirement of a classically
trained crystallographer or petrologist, the knowledge base of mineral
optics declines. One wonders if we will reach a point of no return, with
no one able to pass on skills long since forgotten. Because teachers have
a propensity to teach as they have been taught, new faculty will be less
likely to incorporate optical methods into a curriculum amidst the press
of other demands. Moreover, in a self-fulfilling prophecy, decreased
demand for PLM equipment is leading to a decline in the commercial
availability of optical apparatus and teaching aids.

I would argue that despite the introduction of microbeam and XRD
technology, polarized light microscopy remains a versatile, efficient, and
necessary technique for the identification of crystalline materials, not
only in the geological sciences, but also in materials sciences, forensics,
pharmaceuticals, environmental sciences, archeology, and chemistry. 

Why is PLM still a critical component of an undergraduate science
degree? 

• PLM provides a range of sample information that is not equaled by
other methods of analysis. Pleochroism, birefringence, dispersion,
crystal textures, intergrowths, polymorphic phases, and dispersion
are among the characteristics that are best assessed by PLM.

• Given the great expense of a $200,000 X-ray diffractometer com-
pared to a $10,000 polarizing light microscope, it is apparent that a
PLM is far more cost effective. Moreover, most graduates out in the
working world will find that there is no microprobe down the corridor,
and contracting analytical work for XRD and microbeam analysis can
be both expensive and time consuming. Conversely, training in PLM
will permit graduates to expeditiously and economically answer
many real-world problems.

• Training in microscopy hones the often-overlooked yet important
skills of careful observation, data recording, and three-dimensional
visualization; combined with careful reasoning it engenders critical
abilities in cognitive learning that few other disciplines can provide.
Computer analysis cannot replace human observation and judgment.

• Few other subjects offer the integration of so many fields of science
as does optical mineralogy, e.g. physics, chemistry, mineralogy, and
geology.

One must ask what will be the consequences if PLM and mineral optics
are shortchanged in the curriculum? The use of immersion methods,
universal stage, and rotating compensators are becoming lost arts, and
the level of understanding of mineralogically important topics, such as
dispersion and its relation to crystal symmetry, is declining each year.
Immersion preparations can be especially important. For example, they
allow extraction of far more information from a given sample than can
be seen in a standard thin section, and they afford, by virtue of thicker
grains, a much better visualization, and hence understanding, of optical
properties as related to crystallographic orientation. Yet few colleges
offer this instruction, largely because such knowledge has not been
passed on to the present generation of instructors. The universal stage
provides unique capabilities not replicated by any other instrument, but
the ability to use it will soon fade with the gradual disappearance of the
equipment and the knowledge of its operation. 

With the elimination of a full-semester course in optical mineralogy at
most institutions, many approaches have integrated optics with classes
in mineralogy, petrology, or instrumental analysis. Is this trend in the
best interests of the students and the science? In my opinion, an abbre-
viated format does not permit introduction of important concepts such
as the indicatrix, conoscopy, relief, anomalous interference colors, dis-
persion, or immersion methods. Moreover, simple cookbook methods
(e.g. identifying a mineral in thin section as quartz because “it looks like
quartz”) are mostly inadequate; without a firm understanding of the
fundamentals, mistakes are inevitable. Competency can only be attained
from a thorough course of instruction; short courses, video instruction,
and on-line classes, while serving an important purpose, are no substitute
for rigorous hands-on training in the presence of an instructor. After all,
how comfortable would one be flying in a 747 piloted by an individual
whose training was limited to reading an owner’s manual and practice
on a flight simulator?

Cont’d on page 198

Polarized Light Microscopy
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Triple Point

EDITOR’S NOTE: Dan Kile contacted us over a year ago with an offer to write an
article on the importance of optical microscopy as an analytical technique. In
light of the extensive discussion of the topic on the MSA listserv recently,
Dan’s thoughts seem very timely.

An unusual interference figure
of a twinned diopside crystal,
from an oriented section made
in ca. 1900 by the firm Steeg
and Reuter. Such preparations,
used to illustrate properties of
retardation and birefringence
as related to isochromes, were
commonly used in earlier
years and are now seldom seen.
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Glasses and Melts: 
Linking Geochemistry
and Materials Science
GUEST EDITORS: Grant S. Henderson (University
of Toronto), Georges Calas (IMPMC and Université
de Paris 6 et 7), and Jonathan F. Stebbins 
(Stanford University)

Geological interest in studying melts stems from
early recognition that melts play a fundamental
role in determining the physical and chemical
behaviour of magmas. However, due to the inher-
ent difficulties associated with working at high
temperatures, much of the geological research over
the last 30 years has used quenched melts or
glasses as proxies for melts themselves. The
assumption that the structure of the glass resem-
bles that of the melt has been found to be good, at
least at the temperature where the melt transforms
to a glass. We will review how glass research has
contributed to our understanding of melt structure
and the behaviour of magmas. Emphasis is placed
on elucidating the links between our knowledge of
the atomic structure of melts and the macroscopic
behaviour of magmas such as rheology, diffusion,
trace element partitioning and redox behaviour.

The structure of silicate glasses and melts
Grant S. Henderson, Georges Calas, 

Jonathan F. Stebbins

Geochemical aspects of melts: 
Volatiles and redox behaviour

Harald Behrens (University of Hannover)

Transport properties of magmas: 
Diffusion and rheology

Donald B. Dingwell (University of Munich) 

Dynamics of magmatic systems
Bruce D. Marsh (Johns Hopkins University)

Geological glasses as Earth 
and industrial materials

Laurence Galoisy (Institut de minéralogie
et de physique des milieux condensés

and Université de Paris 6 et 7)

Cont’d from page 197

Cutting back the role of optical mineral-
ogy in the geosciences curriculum needs
to be carefully reconsidered—especially
by those departments contemplating
elimination of the program altogether.
Given the present state of affairs, how-
ever, it is unlikely that optical mineralogy
will be reinstated to a full semester course
of instruction. The best alternative is to
integrate it as much as possible with the
entire range of mineralogy, petrology,
and analytical courses, rather than simply
relegating optical work to a few lectures
and laboratory sessions. This approach
might be the best means of conveying the
versatility of this powerful technique to
future generations of geoscientists. 

Daniel Kile
Scientist Emeritus, 

U.S. Geological Survey
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