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OPYKTOAOTIIA
elval o KAadog twv Oetikwy Emotnpwy, mou
ATTETAl TWV Madnuatikwy, tng XnUelag, Kal

™nc Puoikng, Kat aoxoAeital pe tnv MEAETH
TON OPYKTQON

H OpuktoAoyla £XEL AUECN OXEON HE TNV
KpuotaAAoypagia (Crystallography),
tnv NetpoAoyia (Petrology),
NV Mewxnpeia (Geochemistry),
tnv Emotnun twv YAlkwy (Materials’ Science),
Kal amoteAel Baolko Kal avamoomaocto medio
TwV FewAoyikwy Kat MeptBaAloviikwy Emotnpwy




H OpuktoAoyla amoTteAEl EMIONG CNUAVTIKO
AavTIKEIpEVO TNE MEppoAoyiag, tTng
EdawpoAoylac, tng MetaAAoupylac, tThg XnNHIKNG
TexvoAoyiag, tng Qkeavoypapiag, Tng

Odovtiatpikng & latplkng , tng
KoopetoAoyiag, tnc ApxatoAoyiag, tng
Juvtnpnong Epywv TExvng, kat twv
MAavntikwyv Emotnpwyv
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Firstly, let us state what mineralogy is
definitely NOT about: Mineralogy is
not about mineral oil, mineral water,
mineral pills from the pharmacy, and
mineral stands on flea markets - just
like biology has nothing to do with
market-gardens or pet shops. Also
mineralogy is not a museum-science,
which is about collecting, cataloguing,
and exhibiting rocks. Since all solid
parts of the universe are composed of
minerals, mineralogy is a fundamental
natural science with  extensive
meaning. The objects of research
include materials that come from our
earth, samples that are collected by
people and machines on other
planetary bodies, meteorites and
stardust. Next to these natural
samples, mineralogy is more and more
concerned with different kinds of
technical products, which have the
characteristics of minerals.
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Mineralogy today

Mineralogy has evolved from a describing
science to an analytical and experimental
science, Lots of analyzing methods were
developed, in arder to worl; on mineralogical
questions, Examples for these methods are the
rmicroprobe, which can conduct rapid
non-destructive point analyses of minerals and
the mass spectrometer, which can determine
isotope ratios of elements,

In order to simulate natural processes,
experimental technigues were developed to
produce the pressure- and temperature
conditions in the lab as they occur in the 2arth’s
interior, Furthermaore, modern chemical and
physizal methods and procedures are adjusted
to fit mineralogical issues, The newly acquired
knowledge of minerals and solid materials are
applicable to fields such as material science,
retention and processing of natural resources,
recycling and waste disposal as well as the
development of new materials and analvzing
procedures,

The new study course Geowissenschaften
combines the content of teaching of the former
diploma-study courses Geology-Paleontology as
well as Mineralogy, At the Mineralogical Institute
at the University of Minster the main foc are on
research and teaching in the fields of petrology,
geocheristry, crystallography, technical
rineralogy as well as chermistry of mineral
surfaces, & specialization in these fields can take
place at our Institute,
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Mineralogy at a Crossroads

Russell J. Hemley, Carnegie Institution of Washington

Mineralogy, for a long time defined as the study of naturally
occurring crystalline compounds formed as a results of inorganic
processes, is at a crossroads. The above definition is now seen as far
too restrictive, and a wider definition includes new high
pressure/temperature minerals not yet found on Earth, amorphous,
nano-, and mesoscopic materials and their dimensionality-
dependent  properties, extraterrestrial rocks, biologically
precipitated minerals, and the role of minerals in the evolution of
life. At the interface to technology, mineralogy is providing a
stimulus both in terms of the materials studied and the tools applied
to their investigation. The interdisciplinary nature of mineralogy is
illustrated in an overview of recent developments in the field.



Citation analysis

Arguably the simplest way to
review the state of a subject is
not to commission an article by
an expert reviewer, but just to
malke a statistical summary of
what is going on in that field.
Demaocracy does not have the
same standing as a scientific
methodology asitdoes asa
principle for government, but
would an objective summary
of the subjects of published
papers present a very different
snapshot from an expert
review?

In an article entitled “ The
most popular rock stars,
scientifically speaking”
(Annals of Improbable
Research (5, 20; 1999)), Vidal
Barrén makes a light-hearted
attempt to do just this for
mineralogy. Barron analysed
the titles of papers in
mineralogy published from
1990 to 1996, recording the
frequency of occurrence of
names of minerals or mineral
groups to identify the “most
popular”. His results are
summarized in a histogram,
reproduced here.

Mineralogy emerges as a

subject whose remit swings
rapidly from the slime to the
sublime, with clays and
diamond narrowly losing out
to zeolites in the popularity
stakes. Thisis an apt result
because zeolites have filled
both roles at different times —
in the eighteenth century, fine
zeolite specimens were among
the most valuable minerals in
the known world, but their
prominence today is largely
practical (for ion exchange
and adsorption).

All five front-runners
have important industrial
applications, and clearly a high
proportion of mineralogical
research is being carried out
in industry or at its behest.
Number six, perovskite, is a
curious star; this is a rare oxide
that few mineralogists will
have handled. The key to its
popularity is that its densely
packed structure is believed to
be typical of mineral structures
at high pressures in the mantle,

Owerall, the list is
dominated by industrial
materials, with asmattering of
gemstones and intellectually
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Democracy ontherocks

Minerals by citation frequency, 1990-96.

Peravskite

Garnet n—

challenging exotica. The main
rock-forming minerals barely
figure. An obvious anomaly is
that minerals that are exploited
in their own right feature
strongly, unlike metallic ores,
which usually occur in
complex assemblages and
so are unlikely to be named
specifically in a paper’s title.
What the list tells us is that
mineralogy is a mature
discipline, with the emphasis
on applications rather than
fundamental discoveries —
probably not a balance that
an expert review would have
reached. The academic
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emphasis is on minerals
formed under extreme
conditions in the inaccessible
mantle. Considering that
Earth scientists are proud of
dealing with past events for
which human activity is
irrelevant and where hot
silicates reign supreme, itis a
little disconcerting to find that
the top scorers are minerals
rich in water or carbon — just
as we are. Bruce . D. Yardley
Bruce W. D. Yardley is in the
School of Earth Sciences,
University of Leeds, Leeds LSZ 9T,
UK.

e-mail: bruce@earth. leeds. ac. uk
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MINERALOGY: AM INCH DEEP AND A MILE WIDE?

Sure, why not. In 50 many important cases,
the sclence that the world most needs 1s about
making the right connections.

You have oftenn heard it said, really good scl-
ence iz an inch wide and a mile deep. Sclence
must have the “depth” to push the envelope
of knowledge and peer into the world of the
unknown. In many cases, thatis certalnly the
case. But that was not the experience of Gerd
Binnig and Heinrich Rohrer, twio Eurcpean
physicists (German and Swiss, respectively)
who in 1981 inverted the scanning tunneling
microscope. Thelr frst publicatlons on the method, In 1982, were each
only a few pages long, but four years later, they were awarded the Mobel
Prize for their discovery, Why? The key componerts of thelr new micro-
scope (both instrumentation and the underying quantum mechanics)
were all known previously. Howeser, thelr supreme triumph came from
putting all these pleces together Into a package, a package that nobody
had ever iImagined before them. With this microscope, they were the
first to measure electron tunneling currents between a metalllc tip and
asemiconducting surface as a function of the tip-to-surface separation,
which they could control with angstrom-level precision. Then, by
adding lateral controllability of the tip, they realized that they had
stumbled upon an atom-resclving microscope that required no lenses.
Their astonishing achlevement, with monumental consequences,
resulted from thinking that was much, much broader than it was deep.
And that was pure genius.

Michael Hochella Jr.

Look at some of the most Influential and valued achievements of min-
eralogy in the past, which are, iIn my opinion, remarkable and positiveby
key tothe developmert of civilization. Yet they invobred exceptionally
broad thinking rather than deep probing of a single phenomenon:

B Early humans, including in all likelihood Home erectus as early as
several hundred thousand years ago, acquired the ability to make
and utilize fire on demand by striking together a very hard mineral
and an ron sulfide, like quartz and pyrite. This was certainly one
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of mankind’s most important early Inventions, allowing the devel-
opment of cooking, providing protection and warmth, and permit-
ting expansion of their livable geographic range.

B The writings of German physician Georg Baver (Georgius Agricola)
in the 16" century were the beginning of modern mineralogy and
environmental sclence. His staternents, such as “When the cres are
washed, the water which has been used poisons the brocks and
streams and elther destroys the fish or drives them away,” were
extractdinarly broad and sophisticated observations and conclu-
slons at the time.

B We have realized very recently that lron, a critical limiting nutrlert
of the phytoplankton of the world's oceans, can be provided by lron
oxlde nanominerals supplied by the weathering of continents. This
process is an important factor in cortrolling the populations of
these organisms, which in turn plays a critical role in global tem-
peratures due to their dramatic Influence on the amourt of atmao-
spheric Cig.

Sclence from an integrated point of view Is a vital part of the future of
mineralogy. From an educational standpoint, we should change our
questioning from how much mineralogy is taught in mineralogy
courses to how much mineralogy 1s taught in an integrated Earth scl-
ence currlculum, and in certain courses In the chemistry, physics, and
bilology curricula. But it goes further. At Virginia Tech, an undergrad-
uate will soon be able to major in nanoscience, an integrated sclence,
and in several of the courses in this four-year curriculum, these science
g jons of e Duture will bearn olemeralog y, This Is g greal eaaple of
how mineralogy 1s not becoming less important in higher education,
but much more important, and in fact, absolutely critical. Sure, the
framework has changed, but it needs to.

As T argued in ooy last president's letter (volume 7, page 4207, M5A will
align itself better with the future of sclence by, for example, Instituting
changes having to do with how we interact with other sccietles, how
we publish and what we publish, and how we are perceived by the
outslde world. In my next letter, using Integrated sclence as a key to
the future, I will describe what M54 1s doing to move in these critical
directions, while, in part, being an Inch deep and a mile wide.

Michael F. Hochella Jr. (Hochella@nt.edu), M5A President



PERSPECTIVE

ONE HUNDRED MINERALOGICAL
QUESTIONS IMPACTING THE

FUTURE OF THE EARTH, PLANETARY
AND ENVIRONMENTAL SCIENCES

‘Richard |. Harrison'!, Michael F. Hochella Jr.2,

Kevin Murphy? and David . Vaughan*

AN HISTORICAL PERSPECTIVE

It is arguable that mineralogy is the oldest of all the practical sci-
ences. The early manufacture of fire that could be called upon “at will’
depended, in part, upon the sparks produced on striking minerals
such as pyrite. Although anthropologists cannot be certain of the first
mineral-based fire strikers, the oldest commonly accepted evidence
of fire production dates to Home erectus populations 500,000 years
ago. Homo saplens were expert fire starters 40,000 to 50,000 yvears ago,
during the Palaeclithic period. The importance of minerals and rocks
for prehistoric human development is enshrined in our use of the terms
Stone Age, Bronze Age and Iron Age. Stone tools were fashioned by our
ancestors motre than 30,000 years ago from hard, fine-grained rocks
such as flint and naturally occurring glass such as obsidian. By 9000
BC, clays were being fired to make pottery, leading to other ceramic

1 Department of Barth Sciences, University of Cambridge
Cambridge, UK (rjh40@esc.cam.ac.uk)

2 Department of Geosciences, Virginia Tech
Blacksburg, WA, USA (hochella@vt.edu)

3 Mineralogical Society of Graat Britain and Ireland
Twickenham, UK (kevin@minersoc.org)

4 School of BEarth, Atmospheric and Environmental Sciences
University of Manchester, Manchester, UK (david.vaughan@manc hesterac.uk)

Wisit www. elementsmagazine.org/supplements
to download the final list of 100 quastions.

Eresenrs

o

since its launch. This ensured that submissions were received from a
cross section of the community (including mineralogists, petrologists
and geochemists, broadly defined) working in current areas of research.

Atotal of 283 submissions was received. From these, the final list of 100
questions, which can be downloaded at www.elementsmagazine.org/
supplements, was agreed upon and edited by the authors. Our aim was
to have well-defined scientific questions of broad significance, ranging
from the most fundamental to the most applied. While no such list can
ever claim to be definitive, the results provide a fascinating snapshot
of the mineralogical questions that scientists across a wide spectrum
of the Earth sciences wish to address. It provides definitive proof, if
such were needed, that mineralogy is as important now as ever, perhaps
even more so given the challenges facing humanity in the 21% century.

deep carbon cycle operates and by what mechanisms minerals stabilize
organic carbon in soils. The nuclear industry is associated with problems
that are well known, but critical questions remain about the reactions
between minerals and nuclear wastes in deep disposal facilities or about
the long-term fate of man-made actinides in the environment.

Many of the questions, although fundamental, have a bearing on the
behaviour of contaminants in the near-surface environment of the Earth
(the so-called ‘critical zone’) and the remediation of that contamina-
tion. Questions are raised concerning the atomic-scale mechanisms
that control the mobility of trace elements, how organic matter affects

June 2013
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Gemology: A Developing Science
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Identifying Faceted
Gemstones

Synthetic Gems

Laboratory-Treated
Gemstones

H Pearls and Corals:
q “Trendy Biomineralizations”
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The Identification of Faceted
Gemstones: From the Naked

Eye to Laboratory Techniques

to
) , but on the other hand they
command high value if they are natural.

From Ultraviolet to Infrared
Visible light optical spectroscopy quantifies
, in favorable

lor (Frits
Rossman eta




The Geochemistry of Gems

and Its Relevance to Gemology:
Different Traces, Different Prices

George R. Rossman’

1811-5200,/09,/0005-0159%2.50 DOI: 10.2113 fgselements.5.3.159

n colored gems, minor and trace chemical components commonly

determine the difference between a common mineral specimen and +25 = Coscusd]

a gemstone. Also, these components are often responsible for the - 5
color, and may provide a “fingerprint” for determining the provenance = -1 o
of the gemstone. The minor elements that are incorporated will depend - ? o Muze | &
on local geologic conditions such as temperature, redox conditions, and, £ D ] - Pefia E
particularly, chemistry. +20 = . | Blanca {3

L 4
« Brazll

+5

Antiquity = 18" Century

m Thee coegpen isctope composition of emeralds varies
among important gem-producing regions of historical
importance. The colored bands indicate the range of compasition at
each locality, and the white rectangles indicats the composition of
the ancient emeralds studied by Giuiani et al. 2000). 1: Gallo-Roman
earring; 2: Holy Crown of France; 3: Hauy's emeralds; 41 Spanish
gallzon wrack; 5 "cld mine™ emeralds. The isotopic variations allowed
these authors to trace the flow of emerakds in world commerce from
antiquity b the bt 'I-H"'-\:en‘tl.lr}'. Caur mooeim reom Grase era (2000)

m A plot of the relative proportions of Bi, Pb, and Ga, all

prez=nt as trace lements in Cu-containing tourmalines
{inz=t), can in mast cases distinguish the provenance of such
tourmalines: Migeria, Mozambique, or Brazil. Thess data wers
abtained using LA-1CP-FAS. Casrn wecoiren rom Miccan Kizraracn
(2007); Promo (rser): Wikos BManonomon, wiss PaLsce9s. oo
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American Mineralogist, Volume 97, pages 1-18, 2012

Boron in natural type IIb blue diamonds: Chemical and spectroscopic measurements

ELOfSE GAILLOU,'** JEFFREY E. PosT,! DETLEF ROsT,® AND JAMES E. BUTLER™

Department of Mineral Sciences, Smithsonian Institation, Washingten, D.C. 20560, U5 A
‘Depariment of Terrestrial Magnetism, Camegie Instimtion of Waslington, 5241 Bread Branch Foad N.W., Washington, D.C. 20013, U5 AL
*School of Earth, Atmospheric and Environmental Sciences, Williamson Building, The University of Manchester,
Oxford Road, Manchester 313 9PL, UK.
Chemistry Division, Naval Eesearch Laboratory, Washington, D.C. 20375, US.A
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Anal, Cham, 2010, 82, 457480

Letters to Analytical Chemaistry

Finding Out Egyptian Gods’ Secret Using Analytical
Chemistry: Biomedical Properties of Egyptian Black
Makeup Revealed by Amperometry at Single Cells

Issa Tapsoba,? Stéphane Arbault,t® Philippe Walter,*”' and Christian Amatore*t

UMAR CNRS 5640 “PASTEUR" and LIA CNRS XiamENS “WanoBioCham”, Ecole Nommale Supdrieure, Ddpartameant
de Chimie, Université Piarre et Marle Curie, 24 Rue Lhomond, 75231 Paris Cedex 05, France, and UMR CNRS 177
“CEZAMF, Falais du Lowvre, Porta des Lions, 14 Quai Frangois Mitterand, 75001 Paris, Franca

Lead-based compounds were used during antiquity as both
pigments and medicines m the formmdation of makeup materi-
als. Chensical aahvsis of cosmetics sanples fnoxd in Egvplians
tonhes and the reconsttutiom of ancient recipes as repoited by
Greco-Roman authors have shown that two pon-natural lead
chiorides (Enmiomite Ph{OHY1 and phosgenite PhoCl{O09)
were purposely svnthesized and were used as fine powders
in makeup and eve ltions. According to ancient Egvplian
Mauscrips, these were essential remedies for reating eyve
illness and skin slments. This conclusion Seems aaznng
becanse teday we fecus only on the well-recommzed swacity
of lead salts, Here, using ultramicroelectrodes, we obiaim
new mEghits o the mochenncal mieractions between
lead (1) ions and cells, which support the ancient medical
use of sparmgly soluble lead compounds. Subnmcromol ar
concentrations of Ph2* ims are shown to be sufficient for
olciting specific ;ddative stress responses of Keratinooytes,
These consst essentially of an overproduction of mitrogen
monoxide (NO° ). Owing to the biological ke of NO® in
stimulating ronspecaiic mmmaolomcal defenses, one may
argue that these lead compoumds were deliberatel manm-
fctured and used m ancent Egvptan formulations to
prevent and treat eve illnesses by promoting the action of
i e cells,

Figure 1., Water-trough carrying girl dressed with the black makeup
{Pobrchromatic wood, ~2000 B.C. Reprinted with psrmission from
the Louwvre Mussum B.C. collections, C2ZRMF, O, Bagault). Armong
mary cthera, this representation testifies that the uze of the black
rakeup was not restricted to the highest Eqyptian classes,
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Nuclear Instruments and Methods in Physics Research B 318 (2014} 139-144
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Characterization of the lapis lazuli from the Egyptian treasure of Tod @Cmmk

and its alteration using external [I-PIXE and p-IBIL
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- Berkeley Lab News Center - http:/ /newscenter.lbl.gowv -

Roman Seawater Concrete Holds the Secret to Cutting Carbon
Emissions
Posted By paulpreuss On June 4, 2013 @ 8:59 am In News Releases | Comments Disabled

The chamical secrets of a concrete
Foman breakwater that has spent the
last 2,000 years submergad in tha
Mediterranean Sea have been
uncovered by an internmational team of
researchers led by Paulo Monteire of
the U.5. Department of Energy’s
Lawrence Berkeley Mational
Laboratory (Berkeley Lab), a
professor of civil and envirecnmeantal
engineering at the Univarsity of
California, Berkalay.

Analysis of samples providad by team
member Marie Jackson pinpointed
why the bast Roman concrete was
suparior to most modern concrate in
durability, why its manufacture was
less envircnmentally damaging - and
how these improvements could be
adopted in the modern werld.

“It's not that modern concrete isn't Drill core of volcanic ash-hydrated lime mortar from the
good - it's so good we use 19 billion  ancient port of Baiae in Pozzuloi Bay. Yellowish inclusions are
tons of it a year,” says Monteira, "The  pumice, dark stony fragments are lava, gray areas consist of

prablem is that manufacturing other volcanic crystalline materials, and white spots are lime.
Portland cement accounts for seven Inset is a scanning slectren microscope image of the special
percent of the carben dicxide that Al-tobermarite crystals that are key to the suparior quality of
industry puts inte the ain” Foman seawater concrete, (Click on image for best

resolution.)




American Mineralsgist, Volume 95, pages 1669-1687, 2013

Unlocking the secrets of Al-tobermorite in Roman seawater concretet d

MARIE D. JACKSON!, SEJUNG R. CHAEY, SEAN R. MULCAHY?, CAGLA MERAL'®, RAE TAYLOR!,
PENGHUI LT, ABDUL-HAMID EMWAS?, JUHYUK M0oON!, SEYOON YOON'", GABRIELE VOLA®,
HANS-RUDOLF WENK’, AND PAULO J.M. MONTEIROL*

'Department of Civil and Envirenmental Engineering, University of California, Berkeley, Califormia 94720, .5 A,
‘Department of Earth and Planetary Science, University of Califorma, Berkeley, Califorma 94720, TS A
*5tate Key Laboratory of Hydroscience and Engmneening, Tsinghua University, Betjing, 100084, China
“King Abdullzh University of Science and Technelogy, Thuwal, 23935-6900, Kingdom of Saudi Arabia
*Cimprogett 3.p A, Via Pasubio 3, 24044, Dalmine, Italy
Middle East Technical University, 06800, Ankara, Turkey
"School of Engineering, Kmg's College, The University of Aberdeen, Aberdesn AB24 3UE, UE
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Earth and Planetary Science Letters 282 [2013) 21-21
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Unique chemistry of a diamond-bearing pebble from the Libyan Desert
Glass strewnfield, SW Egypt: Evidence for a shocked comet fragment

Jan D. Kramers**, Marco A.G. Andreoli ™, Maria Atanasova®, Georgy A. Belyanin?,
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H Navo-OpuktoAoyia
oxeTi{eTal Y€ TO MPOCYATWES KABOPIOCHEVO MEDIO TNG
Navoyewemotnung (Nanogeoscience) to omoio amoteAEi Tnv
“emavaotaon” twv MewemotTnUwy.

H Navoyswemotnun acxoAsital e tnv OlEpeUVNON YEWAOYIKWY
OladLlKaclwyV OTIC oToleG cuptepIAapBavovtal vavoowpatidia UALKwWY
(~1 nm/~10 A €wg ~100 nm/~1000 A), kat el6IKOTEPA HE TNV HEAETN

(PUCIKWYV KAl XNUIKWYV QAIVOUEVWY Td oTroia AduBdavouv Xwpa o€
VAVOKAIJAKa KUPIwG 0TNV emigavela aAAd Kdl 6TO ECWTEPIKO TWV
KPUOTAAAWY TWV OPUKTWY.



Nanogeoscience

MICHAEL F. HOCHELLA, JR., Guest Editor
From Ovrigins to Cutting-Edge Applications

Stucture, Chemistry, and Properties
of Mineral Nanoparticles

Manoparticles in the Atmosphere

¥ Nanoparticles in the Soil Environment

Metal Transport by
Iron Oxide Nanovectors

Biogenic Uraninite Nanoparticles

EUROPEAN MINERALOGICAL UNION

Minerals
at the

w5t Nanoscale
14 Editors

F. NIETO and KJ.T. LIVI

THE MINERALOGICAL SOCIETY OF GREAT BRITAIN & IRELAND se——
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NANOGEOSCIENCE / NANOMINERALOGY

Nanoscale Mineral Classification

N

Mineral Nanoparticles Nanominerals
(They exist in the (Exist only as one of the
nanorange, but they can  three types of nanoscale
also exist in sizes that minerals -nanorods,
exceed the nanorange up nanosheets and
to the largest dimensions  nanoparticles- and there
for minerals) are no bulk equivalents)

HOCHELLA Jr., Science 2008
and Elements 2008



OPYKTOAOTIIA & NANO-OPYKTOAOI'IA TOY Fe3*
MINERALOGY & NANOMINERALOGY OF Fe3*

Elxddaliem

HOCHELLA Jr., Science 2008
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using FIB, STEM/.

Caroline L. Smith’?, Martin R. Lee’ and Maureen MacKenzie?
1. Dept of Geographical and Earth Sciences 2. Dept of Physics and Astronamy, University of Glasgow. UK 3. Dept of Mineralogy, The Natural History Museum, London, UK

BIOGRAPHY
Dr Caroline Smith s
Meteorite Curator at the -
Matural History Museum
in Londen. Formerly she
was a postdoc in the
Department of Earth and .
Geographical Sciences at |
Glasgow University, investigating natural
weathering of silicate minerals. Her research
interests are the combined mineralogical,
petrologic and isotopic investigation of
meateorites, terrestrial rocks and minerals.

ABSTRACT

Recent developments in focused electron-
and ion-beam technologies have openad up
many new avenues for the nanoscale char-
acterisation of materials. TEM is a well-
established techmique, but FIB sample
preparation and STEMVEDX imaging and
analysis have only recently been embraced
as tools for studying minerals and rocks. To
demonstrate the benefits of combining
these technigues we have used them to pre-

INTRODUCTION

Since its development during the late 1980s
and 1990s, the focused ion-beam (FIB) micro-
scope has been usad extensively for the char-
acterisation of synthetic materials such as
semiconductors [1-3]. 1ts utility comes from the
coupling of high-resolution (~7 nm) imaging
with the ability to machine the sample surface
Lsing a gallium ion beam. As FIB microscopes
are becoming maore readily available, and now
in combination with electron guns (dual-beam
instruments), they are finding a much wider
range of applications including the machining
of natural materials, often with the purpose of
producing site-specific electron-transparent
samiples far subsequent investigation by trans-
mission electron microscopy (TEM) [4-6].

Wa have carried out a pathfinder investiga-
tion to evaluate the use of the FIB microscope
to prepare electron-transparent samples of
Earth and planetary materials. These samples
have been characterised by conventional high-
voltage TEM imaging and also by scanning
transmission elactron microscopy in a scanning
electron mlcrosmpe (SEM STEM, also knnwn

NANOMINERALOGY

New Opportunities for Nanomineralogy

DX and TEM

an obvious technigue to wse in order to deter-
mine whether such amorphous layers can form
naturally, the preparation of samples using
conventional Arion milling has baen very chal-
lenging. FIB technigues may provide an ideal
way in which to prepare cross-sections of
weathered minerals for study at the
nanoscale.

The second set of samples studied were
meteorites, most of which come to Earth from
the asteroid belt. Many of these rocks are very
finely crystalline and mineralogically hetero-
geneous on a micrometre to submicrometre
stale and so TEM has again been extensively
used in studies of their composition and
arigin. However as mateorites, by their very
nature, are rare and precious, it is imperative
that the volume of material that is damaged
or destroyed during sample preparation is
minimised. In addition, owing to the very fine
grain size of these rocks the electron-transpar-
ent sample must be precisely located, for
example within a micrometre-wide vein or a
submicromatre-sized mineral grain. To date
most samples for TEM have been manufac-
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Atomic-Scale Surface Roughness of Rutile and Implications for
Organic Molecule Adsorption

oot . . - . . o
Kenneth |. T. Livi,*" Bernhard Schaffer, ™ David Azzolini, Che R. Seabourne,* Trevor . Hardcastle,*
) . 1 # . W ol 1. 1 R ST
Andrew ]. Scott,” Robert M. Hazen,”™ Jonah 1) Erlebacher,™ Rik Brydson,™ and Dimitri A Sverjensky
THRAEM/IIC Fadility, Department of Earth & Plinetary Sciences, Johns Hopkins University, Baltimore, Maryland 21218, United
States
*SuperSTEM Labaratory, STFC Daresbury, Keckwick Lane, WA4 44D Warrington, UK
*SUPA, Schoal of Physics and Astronomy, University of Glhsgow, Glsgow G12 800, U
'Department of Earth & Planetary Sciences, Johns Hopkins University, Baltimore, Maryland 21218, United States
“nstitute for Materials Research, SPEME, University of Leeds, Leeds L52 9JT, ULEL
*Geophysical Laboratory, Carnegie Institute Washington, Washington, D.C. 20015, United States
*Department of Materials Sciences, Johns Hopkins Univemsity, Baltimore, Mardand 21218, United States

ABSTRACT: Crystal surfaces provide physical interfaces
between the geosphere and biosphere It follows that the
arrangement of atoms at the surfaces of crwtals profoundly
influences biological components at many levels, from cells
through biopolymes to single organic molecules Many
studies have focused on the crystall—molecule interface in
water using large, flat single aystal. However, little is known
about atomic-scale surface structures of the nanometer- to
micrometer-sized aystals of simple metal oxides typically wsed
in batch adsorption experiments under conditions relevant to
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in-situ AFM

Schematic drawing of an AFM ecuipped with a fhuid Carbon
cell for conducting crigtal growth experiments. (1) Tip. (2)
Laser. (3) Plotodetector. (4) Samgple. (5) Flud cell. l_’l.‘-} Figzo |_ |
for controlling the force between crystal and tip (7) Computer.
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MINERAL SURFACE TOPOGRAPHY (CALCITE)

— Surface Macrotopography
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SURFACE NANOTOPOGRAPHY
in-situ AFM (CALCITE - H,0 - Pb%¥)

Ab-CARBONATE NUCLEI

11.5 nm (10 — 15 A)

GODELITSAS et al., ES&T2003



X-RAY PHOTOELECTRONSPECTRA
(XPS)

GODELITSAS et al., ES&T2003



X-RAY PHOTOELECTRONSPECTRA
(XPS)

1 min =+« 5 min =+ 20 min

Binding Energy (eV)

GODELITSAS et al., ES&T2003




RUTHERFOD BACKSCATTERING SPECTROSCOPY
(RBS)
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GODELITSAS et al., ES&T2003



RUTHERFOD BACKSCATTERING SPECTROSCOPY

GODELITSAS et al., ES&T2003



Nanoscale processes on the basis of
in-situ AFM/ XPS / RBS data

Surface Precipitation / GROWTH - Dissslutien of Fh-carbomates

Disselevion-Adisrprion-Absarprisa

| —

Disrolution (mteraction w itk Ph 100% mg/L j-Adserpiion

K.

Disslution (interaction wirh distilled water)

}
GODELITSAS & ASTILLEROS, o
EMU Notes 2010
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SILICATE / ALUMINOSILICATE POROUS MATERIALS

Crystalline == QUARZ, FELDESPAR
Macro-porous ”

(>500 A)

Amorphous == SILICA GEL (SiO,)

Crystalline ?
Meso-porous /

(20-500 A) N\

AMOrphous mp-
MCM-41 (SiO,)

ZEOLITES

Crystallme ZEOTYPES
Micro-/ nano A .
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(<20A)

Amorphous ?
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NanoScope Tarping AFM
Scan size 585.9 nm
Setpoint 1.0?75 V
Scan rate 1.969 H=z
Number of samples 256

[] view angle

Atomic Force

E Microscopy (AFM)

X 100.000 nm/div 0 deg
Z 150.000 nm/div

ceram.014

GODELITSAS et al., MMM 2003

NanoScope Tappinyg
Scan size 3
Setpoint 1.
Scan rate 1.
Number of samples

codtcS




Navomopwdn opukta Mn - Nanoporous Mn minerals
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American Mineralogist, Folume 95, pages 154-162, 2013

Nanopores in hematite (u-Fe;0;) nanocrystals observed by electron tomography

TAKUYA ECHIGO,'"* NIVEN MONSEGUE,* DEBORAH M. ARUGUETE,¥ MITSUHIRO MURAYAMA,*
AND MicHAEL F. HocHELLA JR.Y

'Center for NanoBioEarth, Department of Geosciences, Virgima Tech, Blacksburg, Virginia 24061, U5 A,
“Japan Intemational Research Center for Agniculmral Sciences, Ohwashu 1-1, Tsukuba 303-8686, Ibaraki, Japan
‘Institute for Cnitical Technelogy and Apphed Science, Virgimia Tech, Blacksburg, Virgimia 24061, TU.5.A.
‘Department of Materials Science and Engmesning, Virgima Tech, Blacksburg, Virgmia 24061, T.5.A.




Atpoopaipika Navoowpatidla - Atmospheric Nanoparticles

UTSUNOMIYA et al.,
ES&T 2002 and 2004



Nanoparticle cycle in the atmosphere
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Geology, published online on 16 April 2013 as doi:10.1130/G34087 .1

Nanograins form carbonate fault mirrors

Shalev Siman-Tov!, Einat Aharonov!, Amir Sagy?, and Simon Emmanuel!
TInstitute of Earth Sciences, The Hebrew University of Jerusalem, Jerusalem 91904, |srael
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' REICH et al.,
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Ore Gealo gy Beviews 42 [2011) 6-31
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Ore Geology Reviews

journal homepage: www.elsevier. com/locate/oregen rev

Focussed ion beam-transmission electron microscopy applications in ore
mineralogy: Bridging micro- and nanoscale observations
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Biofuel cells

miniature bioreactor
cells to power small
electronic devices

OmcA Decabeme
Cytochrome

Hematite nanoparticles

Purified proteins
removed from the
outer membrane of the
versatile, metal-
altering soil bacterium
Shewaneélla oneidensis
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American Mineralogist, Folume 99, pages 10-27, 2014

MINERALS IN THE HUMAN BODY

Molecular water in nominally unhvdrated carbonated hydroxylapatite:
The key to a better understanding of bone mineral¥

JILL DILL PASTERISL*, CLAUDE H. YODER? AND BRIGITTE WOPENKA!

'Departmeant of Earth and Planetary Sciences, Washington University in 5t. Lowis, 5t Lows, Missour: 631304895 TT5 A
“Departmeent of Chemistry, Franklin and Marshall College, Lancaster, Pennsylvama 17803, US A

substituting for hydroxyl ions in the channels. thus regulating
chemical access to the channels. As they note, their results
show that bone apatite is not a “flawed hyvdroxviapaftite,”
but instead a definable mineralogical entity, a combined
hyvdrated-hydroxyiated calcium phosphate phase of the form
Ca o[ (PO s.(CO;). J(OH) .- nH,O, where n~1.5. Warer is
therefore not an accidental, but rather an essential, component
of bone mineral and other natural and synthetic low-temper-
ature carbonated apatite phases.

The results of this study. published in this issue, are ex-
tremely important in many fields and will be of particular
interest to those in medicine who study diseases of the bone.



The Organic—=Mineral Interface in Bone Is Pradominantly
Polysaccharide

Erica R. Wize, Sergeyw Maltsey M, Elizabeth Davies, Melinda J. Duer,
Christian Jaeger, Migel Loverdge, Rachel C. Murray, and David G, Reid
Chern, Mater, 2007, 79 (21), pp bO55-5057

Publication Date (Web): September 25, 2007 (Communication)
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Bone and Tooth
Mineralization:
Why Apatite?

Jill D. Pasteris', Brigitte Wopenka', and Eugenia Valsami-Jones?

DOI: 10,2113 /CSELEMENTS 4.2, 07

Biomineralized Nanocomposites in Human
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Dilatational band formation in bone
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Molecular mechanics of mineralized collagen
fibrils in bone

Arun K. Nair', Alfonso Gautieri"?, Shu-Wei Chang' & Markus J. Buehler’34







QTOAIOOI

MikpokpuotaAAot AZIBEXTITH
(CaCo0,)

Hair cells —-.11;‘_‘ %

ole |~
Nerve fibers 4/ -

S—— .-_

(b} Macula and otoliths



CRYSTAL
C;RWTH Just Accepted
SDESIGN

Subscriber access in:'.'i::led I:-i WSGELL UMY

Effects of full-length phosphorylated osteopontin and constituent
acidic peptides and amino acids on calcite dissolution
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Strontium Randomly Substituting for Calcium in Fish Otolith
Aragonite
foe A, DuuhledayJ*’f Hugh H. Harﬁs,*’t Christopher l'I'ID,f and Bronwyn M. Gillanders ™

"Southem Seas Ecology Labomatories, DX 650 418, School of Earth and Environmental Sciences, The Univemity of Adehide,
Adelnide, South Australia 5005, Australia

*ehool of Chemistry and Physics, The Univesity of Adehide, Adelaide, South Austmlia 5005, Australia
*Environment Institute, The University of Adehide, Adelaide, South Austmlia 5005, Australia

© Supporting Information

ABSTRACT: The chemistry of fish ear bones { otaliths) is used
to address fundamental questions in fish ecology and fisheries
science. It is assumed that strontium (Sr), the most important
element used in otolith chemistry research, is bound within the
amagonitic caldum carbonate lattice of otoliths via mndom
chemical replacement of calcium; however, this has never been m \
tested and three other alternatives exist with regard to how Sr /'-‘:"l ' /’-";- o
may be incorporated If any wvariation in the mode of .{E‘."::J‘}'// ‘& \"-"-—1": f .‘h‘
incorpomtion occurs, otolith chemistry data may be misinter-
preted, impacting how fish and fisheries are understood and
managed. Using Xray absorption spectroscopy (specifically, otolith aragonite lattice
analysis of extended X-my absorption fine structure or EXAFS ), '
we investigated how Sr is incorporated within fish otoliths from
seven spedes collected from a range of agquatic environments. For comparison, amgonitic structures from other agquatic taxa
{ cephalopods and coml) were also analyzed The reslts consistently indicated for all samples that Sr randomly replaces Ca

within the amgonite lattice. This research explicitly shows how Sr is bound within otoliths and validates a fundamental and long-
held assumption in aquatic research.
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Subnanometer atomic force microscopy of
peptide—-mineral interactions links clustering and
competition to acceleration and catastrophe
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New insights into the chemical and isotopic composition of human-body
biominerals. I: Cholesterol gallstones from England and Greece
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Magnetite in the human brain
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Magnetotactic bacteria

Cells contain fernmagnetic
nanocrystals of magnetite (Fe,0O,) or

greigite (Fe;5,)

Cells are magnetotactic: they are
oriented by Earth's magnetic field and
actively swim along the geomagnetic
field lines

Blakemore (1973) Science 150, 377
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model for a
pointed,
elongated
magnetosome
morphology
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Orientation map of a chain of magnetosomes

0.5 um

O 111 direction
A 110 direction
<> Direction of the-chain axis




Magnetic induction
map of scattered
magnetite crystals
in the cell of a
freshwater
magnetotactic
coccus, obtained
from electron
holography

Posfai and Dunin-
Borkowski (2009)
Elemenis 5, 235




A dividing cell that contains greigite (Fe,S,) magnetosomes

Kasama et al. Am Miner 91, 1216 (2006)
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Biomineralization Within Vesicles:
The Calcite of Coccoliths
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In Situ Observation of the Internal Structure and Composition of
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Ultrastructure and Crystallography of Nanoscale Calcite Building
Blocks in Rhabdosphaera clavigera Coccolith Spines
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Pearls and Corals:
“Trendy Biomineralizations”

Jean-Pierre Gauthier! and Stefanos Karampelas?

1811-5209,/09,/0005-0179%2.50 DOI: 10.2113/gselements.5.3.179

These esthetic "biomineralizations” are attractive for their color
and the optical effects resulting from their structure.

Kevwonrps: coral, pearl, blomineralization, cultured pearls, endangered coral species
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What is the difference in organic matrix of aragonite vs. vaterite polymorph in
natural shell and pearl? Study of the pearl-forming freshwater bivalve mollusc
Hyriopsis cumingii
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Mole % MgCO 5 in calcite
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Ordered Misorientations and Preferential Directions of Growth in

Mesocrystalline Red Coral Sclerites
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Pervasive nanoscale deformation twinning as a

catalyst for efficient energy dissipationin a
bioceramic armour
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AMIANTOX (ASBESTOS)

MgZ+ Fe2+, Fe3+

CROCIDOLITE (AMPHIBOLE ASBESTOS)




Fenton Chemistry

Fe?* + H,0, ---> Fe3* + OH-

Hy Oz AQS

or factive oxygen 3pecies)
O, v

fiber
suriace

The surface reactivity scheme proposed by
Fubini and associates depicting the occurrence of both Fe-
(II) and Fe(1Il) on the surface and in the interior of the

mineral fibers.

Hardy and Aust: Iron in Asbestos Chemistry and Carcinogenity.
Chem. Rev. 95 (1995) 97-118.
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To H sival To mAEov O1adEOOUEVO XNUIKO OTOIXEIO OTO
Juumav akoAouBoupevo amo to He, to O, tov C, to N,
10 Ne, 1o Mg, Kat 1o Si. ATroteAel Baolko ocuoTATIKO
Tou DNA OAwV TwVv EUBIWYV OVIWY EVW O HEGOC OPOC
ToU H oto avBpwmivo cwpa eivat ~10 wt%. Emopevwg
10 H €ival apBovo otnv Bloocwalpa, Kat puolka otnv
Yopoowalpa (wKeavoi, AlUVEC, TOTApol, K.A.T.). 2TnV
Atpoowatpa to H sival Atyotepo Stadedopevo (~0.53
PpM), €V OTOV OTEPEOD PAOIO TNG NG (WKEAVELD Kal
NMELPWTIKO) utoAoyiletal o€ ~0.14 wt% (~1400 ppm)
KATd PHECO OpPO.




Eival gpavepo otl evw tepaotia mooa H sivat
dlabsowpa otnv Yopoowaipa, 6sv cupBaivel To 1010
Kal otnv Atboopalpa omou to H amavia kupiwc ota

Aeyopeva “evudpa” opuktda (Nominally Hydrous
Minerals - NHM) twv metpwpdatwy. A€ilel va
ONHELWOEL OTL EVW Ol WKEAVOL amoTteAouV 1o 71%
TNG EMPAVEIAC TOU MAAVNTN AVTIITTPOCWITEUOUV
povo to 0.025% tng oAIknG padac, Kalt CUVETTWCG
TOAAQ £PWTNHATA TAPAPEVOUV YId TO Tl AKPIBWC
oupBaivel ye to H oto umoAoimo 99.975% tng
pnadacg tng Mg (¢pAoloc-pavéuac-mupnvagc).




KOXMOXHMIKEZ MHIEZ (mBavwg <10% cupBoAn amo SN)

HAlako NepeAwpa Kopnteg Metewprtikn "YAn
(Solar Nebula-SN)

H, :96.1% £00G Kal £0C Kal

He :3.8% 50% 10%

CO :0.077 % H,0 H,0

Ne :0.016 % o€ avOpakikoug
N, : /8 ppm XONAPITEZ
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Strong inheritance of texture between perovskite
and post-perovskite in the D” layer
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Disproportionation of (Mg,Fe)SiO;
perovskite in Earth’s deep
lower mantle

LI Zhang™** Yee Meng,® Wenge Yang,™ Lin Wamg, ™ Wendy L Mso,™ (fao-Shi Zeng*
Jong Seok Jeong” Andrew J, Wagner,” K. Andre Mkhoyan,” Wenjan Lin *
Ruging Xu,* Ho-lowang Mao™
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Fig. 2. Selection of MgSiO; pv and H-phase individual single crystals using the multigrain method.  Fig, 3. STEM-EDX analysis of the recovered products. (A) TEM-BF image. (B) STEM-annular dark-field (ADF)
(A) A representative spotty multiple-crystal XRD pattern of the H-phase and coexisting pv in Fs15 at image. (C to F) Corresponding STEM-EDX maps: (C) Mg K, (D) Si K, (E) Fe K, and (F) O K. STEM-ADF and EDX
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Earth’s most abundant mineral finally gets a name
Fosted by phompey

By JoAnna Wendel

The mineral said to be the most abundant of our planet, but found so deep within Earth's interior that scientists
usually cannot obseree it directly, now has a name.

Cn June 2, bridgmanite was appraved as the formal name for one of the Earth's most plentiful yet elusive minerals
known to exist in the Earth's lower mantle. Bridgmanite, which was formerly known simply as silicate-perovskite, is
named after the 1946 Mabel Prize winning physicist Percy Bridgman.

Scientists have known for decades that bridgmanite existed in the Earth's interior, but had been unahble to
successfully characterize a naturally occurring sample until this year

“This [find] fillz & vexing gap in the taxonomy of minerals,” Oliver Tschauner, an associate research professor at the
University of Mevada-Las “egas who characterized the mineral, said in an email.

MmplvTyKpavitng
(bridgmanite-
Mg5i0,)

bridgmanite

Tschauner, along with Chi Ma, a senior scientist and
mineralogist at the Califarnia Institute of Technology in
Pazadena, Calif., have been warking to chemically and
structurally characterize natural silicate-perovskite
(Mg=i0,) since 2009,
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Stability of hydrous silicate at high pressures and
water transport to the deep lower mantle

M. Nishi*2*, T. Irifune'?, J. Tsuchiya'?, Y. Tange'?, Y. Nishihara", K. Fujino' and Y. Higo®
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Earth may have underground 'ocean’

three times that on surface

sclentists say rock layer hundreds of miles down holds wast
amount of water, opening up new theories on how planet formed

Melissa Davey
The Guardian, Friday 13 June 2014 04 .53 BST

Three-guarters of the Earh's water may be locked deep underground in a layer of
rock, scientists sav. Photograph: Blue Line PicturesiGetty Images

Science 13 June 2014:
Yol 344 no. 6189 pp. 1265-1268
DOl 1011 26/science. 1253358

REPORT

Dehydration melting at the top of the lower mantle

Brandon Schmandti’i, Steven D. Jacuhseng’i, Thorsten WL Beckerg, Zhenxian Liu‘—‘, Kenneth G. Dueker®
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Serpentinite:

What, Why, Where?

Bernard W. Evans!, Keiko Hattori?, and Alain Baronnet?
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Available online at www.sciencedirect.com

scrence @ormeor- EPSL

IER Earth and Planetary Science Letters 223 (2004) 17-34

www.elseviercom/locate’epsl

Serpentine and the subduction zone water cycle

Lars H. Riipke™™™, Jason Phipps Morgan™", Matthias Hort"*,

James A.D. Connolly®
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Intermediate-depth earthquake
faulting by dehydration
embrittlement with

negative volume change

Haemyeong Jung', Harry W. Green II'* & Larissa F. Dobrzhinetskaya”

‘Institute of Geophysics and Planetary Physics, *Department of Earth Sciences,
University of California, Riverside, California 92521, USA

Earthquakes are observed to occur in subduction zones to depths
of approximately 680 km, even though unassisted brittle failure is
inhibited at depths greater than about 50 km, owing to the high
pressures and temperatures' . It is thought that such earth-
quakes (particularly those at intermediate depths of 50-300 km)

NATURE|VOL 428 | 1 APRIL 2004 | www.nature.com/nature ©2004 Naturel
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The word graphite comes from the

Greek graphein, meaning “to write".

MMore facts...
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The International llineralogy
Association recogzes more than 380
carbon-bearing mimerals. One of
those is diamond.

More facts...
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Fact: carbon is the fourth most
abundant element m the waverse by
mass, after hydrogen, helimm, and
oxXvgen.
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Polished thin section (70
micrometers) of volcanic
glass, sample catalog number
NMNH115296-3, in transmitted
light (14 by 18 millimeters).
Molten lava erupted onto the
sea floor freezes to glass and
minerals that contain clues to
the lava's ancient past and
origin in Earth's deep interior.
Volcanic glasses such as this
one may reveal a link between
Earth's oxidation state and the
deep carbon cycle. See
http://www.sciencemag.org/c
ontent/340/6138/1314.short .
Image: G. Macpherson, T.
Gooding, and E. Cottrell
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Hydrous mantle transition zone indicated by
ringwoodite included within diamond

doi:10.1038/ nature1 3080

D. G. Pearson’, F. E. Brenker?, F. Nestola®, J. McNeill*, L. Nasdala®, M. T. Hutchison®, 8. Matveev', K. Mather®, G. Silversmit’,
s. S.a:hmitzz1 B. Vekemans’ & L. Vincze’




Carbon substitution for oxygen in silicates in
planetary interiors

Sabyasachi Sen®, Scarlett J. Widgeon®®?, Alexandra Navrotsky®™", Gabriela Mera®, Amir Tavakoli®, Emanuel lonescu®,
and Ralf Riedel"

“Department of Chemical Engineering and Materials Sdence and Bpeter A. Rock Thermochemistry Laboratory and Nanomateriak in the Environment,
‘ Agriculture, and Technology Organized Research Unit, University of California, Davis, CA 95616; and "Institut fir Materialwissenschaft, Technische Universitat
Darmstadt, D-64287 Darmstadt, Germany

- Contributed by Alexandra Mavrotsky, August 22, 2013 (sent for review May 4, 2013)

Significance

Carbon is an important element in the Earth and other planets,
but its concentration, chemical and structural form, and dy-
namics throughout the crust, mantle, and core are incompletely
known. Based on the thermodynamic stability of a class of
synthetic materials, the polymer-derived ceramics containing
5i, €, and O, and on new NMR data for such systems containing
a network-modifying metal (Li), this paper suggests that the
substitution of C for O (rather than C for 5i) in molten, amor-
phous, and crystalline silicate structures may provide a hitherto
hidden reservoir of carbon in planetary interiors.

Fig. 4. Schematic representation of a “defect” created by the replacement
of oxygen by carbon in the lattice of an ortho-enstatite (Mg5iOs) structure.
The 5i, 0, Mg, and C atoms are shown in yellow, red, green, and dark gray,
respectively. The chains of QF Si04 tetrahedra in the structure are oriented
along the crystallographic ¢ axis indicated by the arrow. Two BO atoms
connecting two pairs of 5i0, tetrahedra in the neighboring chains have been
substituted by the carbon atom that now bonds to four 51 atorms (shown in
pink) and cross-links the two chains. This substitution results in the formation
of four 5i05C tetrahedra, as shown, Although not shown here, the structure
near the defect is expected to relax in resporse to this substitution.
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Carbon enters silica forming a cristobalite-type
C0O,-Si0O, solid solution

Mario Santoro'2, Federico A. Gorelli'"2, Roberto Bini23, Ashkan Salamat?, Gaston Garbarino®, Claire Levelut®,
6

Olivier Cambon® & Julien Haines!

o
P=7 GPa
C,Si,_,0, -
INaCl
1CO,-
Re
| N




5,000

4,000 -

SiO,
3,000 Melting
O
3 5
~ l
2 OQO i Coesite Stishovite
o
E‘-—b
&
1,000
- - - - - / -------- /— -------------- Ui 0 54 wouvi B
0 - I - I - I - I T
0 5 10 15 20 25
P(GPa)

Figure 1 | Pure SiO, and CO, phase diagrams and P-T path. Black lines:
SiO, phase boundaries'’. Light magenta, continuous and dotted lines: CO,
phase boundaries; light magenta, dashed lines: kinetic boundaries for
CO,"18-20 Blue dashed arrows and orange ellipse: P-T path followed in this
study. All five solid phases of CO, shown are molecular crystals. Non-
molecular CO, phases are formed above 25-30 GPa. Crist, cristobalite;
Tryd, trydimite.
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Carbon dioxide released from subduction zones by
fluid-mediated reactions

Jay J. Ague & Stefan Nicolescu

Affiliations | Contributions | Corresponding author

Mafure Geosclence T, 355-360 (2014) | doi10.1038/ngeo2143
Feceived 19 Septermber 2013 | Accepted 17 March 2014 | Published anline 20 April 2014
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MNafure 381, 55 - 61 (02 Mlay 1996); doi:10.1032/351029a0

Svnthesis of long prebiotic oligomers on mineral surfaces

JAMES P FERRIS', AUBREY R. HILL JR, RIHE LIUT & LESLIE E. ORGELT

¥ Depatment of Chemistny, Rensselaer Polytechnic Institute, Troy, Hew od 12180, USA
t The Salk Institute for Biological Studies, PO Box 85800, San Diego, California 82186, USA

MOST theories of the origin of biclogical organization assume that polymers with lengths in the range of 3060 monomers are needed to make a genetic system

viable!. But it has not proved possible to synthesize plausibly prebiotic polymers tlas long by condensation in aqueous solution, because hydrolysis competes with

polvmerization. The potential of mineral smfaces to facilitate prebiotic polymerization was pointed out long aguz. Here we describe a system that models prebiotic
polvinerization by the oligomerization of activated monomers—both nucleotides and amino acids. We find that whereas the reactions in solution produce only short
oligomers (the longest typically being a 10-mer}), the presence of mimeral swmfaces (montmorillonite for nucleotides, illite and hydroxylapatite for amino acids) induces
the formation of ohigomers up to 55 monomers long. These are formed by successive feedings’ with the monomers; polymerization talkes place on the mineral smfaces

34

in a manner akin to solid-phase synthesis of biopolymers™".
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Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 3370-3375, March 1998
Geology

Biochemical evolution. I. Polymerization on internal, organophilic
silica surfaces of dealuminated zeolites and feldspars

(biological evolution volcanic emissions)

JosepH V. SMITH™

Department of Geophysical Sciences and Center for Advanced Radiation Sources, 5734 S. Ellis Avenue, University of Chicago, Chicago, IL 60637 and
UOP Research Center, Des Plaines, 1L 60017-5016

Contributed by Joseph V. Smith, December 29, 1997
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American Mineralogist, Volume 97, pages 10131042, 2012

Mercury (Hg) mineral evolution: A mineralogical record of supercontinent assembly,
changing ocean geochemistry, and the emerging terrestrial biosphere

ROBERT M. HAZEN,* JOSHUA GOLDEN,? ROBERT T. DOWNS,? GRETHE HYSTAD,? EDWARD S. GREW,*
DAVID AZZOLINI,” AND DIMITRI A. SVERJENSKY?
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Mineral Surfaces, Geochemical Complexities,
and the Origins of Life

Robert M. Hazen' and Dimitri A. Sverjensky?

'Geophysical Laboratory, Carnegie Institution of Washington, Washington, DC 20015
“Department of Earth and Planetary Sciences, Johns Hopkins University, Baltimore, Maryand 21218

Correspondence: rhazen@ciw.edu

Crystalline surfaces of common rock-forming minerals are likely to have played several
important roles in life’s geochemical origins. Transition metal sulfides and oxides promote
a variety of organic reactions, including nitrogen reduction, hydroformylation, amination,
and Fischer-Tropsch-type synthesis. Fine-grained clay minerals and hydroxides facilitate
lipid self-organization and condensation polymerization reactions, notably of RNA mono-
mers. Surfaces of common rock-forming oxides, silicates, and carbonates select and concen-
trate specific amino acids, sugars, and other molecular species, while potentially enhancing
their thermal stabilities. Chiral surfaces of these minerals also have been shown to separate
left- and right-handed molecules. Thus, mineral surfaces may have contributed centrally to
the linked prebiotic problems of containment and organization by promoting the transition
from a dilute prebiotic “soup” to highly ordered local domains of key biomolecules.

Editors: David Deamer and Jack W. Szostak
Additional Perspectives on The Origins of Life available at www.cshperspectives.org

Copyright © 2010 Cold Spring Harbor Laboratory Press; all rights reserved.
Advanced Online Article. Cite this article as Cold Spring Harb Perspect Biol doi: 10.1101 /cshperspect.a002162
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Four Billion Years Ago...

UV radiation (A < 150nm):
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Photoelectrochemistry on Mineral
Particles
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Serpentinites,
Hydrogen, and Life

Thomas M. McCollom' and Jeffre) ewald?

1811-5209,13 /0009-1 205250 DOL: 10,2113/ selements.0.2. 129

produces flulds that are highly enriched In molecular hydrogen and

methane. Some microorganisms are able to exploit these compounds
to galn metabolic energy and to generate blomass, leading to the devel-
opment of blolegical communities based on chemical energy rather than
photosynthesls. The abundance of chemical energy and favorable conditions
for organic synthesis make serpentinites a strong candidate for the site of
the orlgin of life on Earth, as well as a prime target In the search for life
elsewhere In our Solar System.

The process of serpentinlzation creates strongly reducing conditlons and

Eerworps: chemosynthesls, hydrogen metabolism, ablotic organic symthesls,
early Earth, origin of life, methane

SERPENTINIZATION AND
HYDROGEN GEMNERATION

The presence of flulds containing
high levels of Hz and CHy is one
of the most distinctive character-
Istlcs of rocks undergolng active
serpentinization (Abrajano et al.
1988; Charlou et al. 2002; Eelley
et al. 2005). Serpentinites form
through the agqueous alteration
and hydratlon of rocks composed
predominantly of the minerals
allvine and pyroxene (Le. ultra-
mafic rocks), and Hz and CHy are
senerated through the reduction

Chrysotile serpentine
fibers growing on olivine
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The Origin of Membrane Bioenergetics

Mick Lana’-" and William F. Martin?

"Rezearch Department of Ganetica, Evolution and Environment, University College London, Derwin Buillding, Gower Strest,
London WG 1E 68T, UK

“inatiute of Molecular Bvolution, Hemrich-Heine-Univeraitat, Univeraitatastr. 1, Sullding 28.13.01, 40225 Disasidort, Germany
“GComsapondencs: nick lans@ucl.acuk

htipfdx dalora 101 018 call 201211050

Hamessing energy as ion gradients across membranes is as universal as the genetic code. We
leverage new insights into anaerobe metabolism to propose geochemical origins that account
for the ubiquity of chemiosmotic coupling, and Na*/H* transporters in particular. Natural proton
gradients acting across thin FeS walls within alkaline hydrothermal vents could drive carbon assim-
ilation, leading to the emergence of protocells within vent pores. Protocell membranes that were
initially leaky would eventually become less permeable, forcing cells dependent on natural H* gradi-
ents to pump Na® ions. Our hypothesis accounts for the Na'/H" promiscuity of bioenergetic
proteins, as well as the deep divergence between bacterda and archaea.

Serpanfnization is IMpotant in the conext of bicahamical ofiging
becalesil isthe soune of for g OOz in by wal
systams. Al the high pe and modarstely high temperatures of
T daap ocean aust, minerals with low Si0; content such as olivine
mact with water o form a hy mimers, and
1020 miM concenfrafons of Hy, dissolved in aksine fluids (Seep
ot al, 200). Proskurowsk e al. (2008) wiite the ssrpertinization mac-

fion as:
6 (Mg, sFeus) Si04 = THaO —» 3Mg,ySOs(OH), = Fey0y =Ha
el i o i gt

Sarpentifizalion acours when rocks deived from the upper manls
Irich in olivine) are exposad to cosan walker, which percolales down
Factums saveral km to react with rodks baneath the sea flooe. This
axonainic raaction, combned with geotharmal heat, wams he

dreuatng flud © ~150°C, a fpH 911,
note magnesium hycroxids in the above equation) minsrakiaden
e 8l fhuid, fom the aeaan, hat figss Up 1o

e saa floor and exhales at 70-30°C.

nl_mtw e axhalte pradpitaies o large spires (<80 m) of
i rrinasls asting of cakium magnesium carbonale
mutal.zmn 2005). The hin mineral walls thereof (100 nm to
5 um in diametsr) form csmetic barriers hal separaie wam He-feh
akaine fluids fram cooler, more oxidized ocean waters (Kelley at al,

2004, 200S). d, warm,
wmwummmmam and
BH gmdisns witin ha vanls, in the ama

onean wHers guaraniees a sleady nm of GOy mdulhlsm
e e oUn's Manging. AL the ntarfacs with Fe™ - containing cosans
{Aeneit and Kishat, 2[12), the hydrothemal meunds on he aarly Earth
woild not have Been carbonate spires as at Lost City today but would
have baen rich in transition metsl sufides instead,
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Wolfgang Nitschke , Shawn E. McGlynn , E. James Milner-White , Michael J. Russell
On the antiquity of metalloenzymes and their substrates in bioenergetics
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XABBATO 18 AEKEMBPIOY 2004

Karmote otov nmAavnin Apn...

H Uniap&n vepou otny em@aveld Tou givai n IPWTN QIO uc (ETIVEC OI.VO.KO.)\UIIJSIC

To. .Eplll'l:npn TIOlES TITav 01 onuavn—
KOTEPES  ETIATNHOVIKES KATAKTA-
OE1S OUYKEXPIPEVIIS XPOVIAS OTIg-
viws pnopel va anavinBei av dev
JECONABNOEL KATIO1A XPOVIKN Amo-
otaon. Ilapoia autd, Xabe xpovo,
n embe@pnon Science gUVTACOEL
KAl a@nvel oTnv Kpion 10TopiKev
NS EMOTHHNS, KATAAOYO TWV Ka-
TAKTAOEMV TIOU N EMOTNHOVIKN €-
mporm TS Bewpel onpavukote-
pes. ZTov Katdioyo tou 2004, tnv
Tp@tn O¢on xatéAaBe n avaxdhiu-
tbn ™ms NASA OT1 KAToTE owv Apn

ogata, o OXéon PE TNV 10Topia
Tou avlpamvou £iSous) pia QUATL
avepONWV-vavwy, ToU ovopaoTn-
ke Alayk Mmouva 1, nn LB 1. «To eb-
pnpa eEnPe Tn @aviacia MOAAGOV»
gypaype o Ntévaivt Kévevn, exdo-
NS ToU ieprodikov Science, apou-
oiadovtas tov kataioyo. «To Kpa-
vio Kal ta undhotna supnpata Te-
pa enavegetalovtal Kai mePIPEVOU-
e va Soupe n@s Ba eEeAxOei to B&-
na auto.

ISwaitepa onpavtkn Bewpnén-
K€ Kal n xAwvoroinon 30 avlpw-
mivev epppinv and Notiokoped-
tes emotnpoves. H Khwvornoinon
Bev gixe ¢TOX0 TN YEVvnon avoph-
mvev KAOVEVY, adka tn Snpoup-
yia BAaotoxuTTapmv pe to ido a-
Kkp1Bis DNA evos evilika, GOTE
va XpnatpoTnomeouV yia HeEAAOVTI-
KEs, eEaTopIKeEUpEVES Bepaneies.

xp1 Tipv 13.000 xpovia (oAl TIpo- it

Nepé avov Apn. Ta okdon Spirit kai Opportunity tng
+ NASA avakdlugav neioukeg evBeieig yia thy napate:
muevn unapin atov Apn, ahpupod, 68ivou vepou.
lps 41 otn vAoo m.\ope: ng Iv&ovnmuc Zoucrs srﬁoc av-
Bpwnwy nou eixav Gyog HoNg éva pétpo.

AvBpa KA . Notiokopedrtee enmotripo-
Ve avakoivisoay 6t Klmvonomcmv uvepmmvu Euppua.
Mpdtn popd anobefEelc yia v Texvikn auth npooigs-
Bnkav o= emotpovikh emBewpnon.

Eupnepipopd nohd nukvev agpiwv. To 2004 or enr-
otipioves £kavay onpavtikd Bripata yia Ty katavonon e
Kpuppévo: Bnoaupoi tou DNA. Ta Bswpotpeva wg -
xpnata Tprpata tou DNA anodeixBnke 6u enelolv
anpavtiké pélo oto va BonBodv ta yovibia va evepyo-
noloUvtal Ty katdMnAn aTiypn.

Z:uvor; NéAoap. Au-:poq;umml uvukuhuq.luv 0 NPWTIo
yvwot6 Cetyog Mdkoap, agtepiciv and VETPOVIa MOV K-
népnouv nidake¢ padievépyeiag.

EZagdvion purev kal {dwv. Mehétec katédnEav o
avnouxnTIkd CUPNEPACHATA yia TN Peiwen g nolkiAiag
Twv e1bwv ap@iBiwy, netahoidwy, NOUNMY Kal QUIGV.
Nep6 uné éheyxo. Néeg pehétec yia t Sopn kai T xn-
LIKRA gupnepipopd tou vepol dvoikav VEoug &pdpoug
o KAiBoug NG XnpElag Kal PEAETNG TG aTHOGPAIPG.
®ddppaxa yia Toug @raxeis. O1 «ouppaxieg dnpoat-
ou-BiwnKoU Topéan evioxiOnkay to 2004, ennpedlo-
vIag tv épeuva Kal Slavopn papparwy.

Tovidia oe pia orayéva. Eniotipoveg Bprikav véo Tp6-
no va avahiouv noAd pikpous Euplouc opyaviopous.
YuvéheEav vepd kar anokwdikonoinoav tn Sopn twv yo-
vidiwv nou KOAUPNOUV O aUTo.




MARS LANDINGS (1976-2004)

Beagle 2
256/12/03*

Wiking 2 Viking 1 HIGH
(1576 GROUMD

LOW
GROUND

Nasa Opportunity Nasa Spirit - Pathfinder (1997)
25/01/04* 04/01/04*

* landing date Source: Science
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Mossbauer Spectrum of Clovis (200 - 220K)
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NASA rover Opportunity finds signs
Mars once had fresh water

BY IREME KLOTE
Thu Jan 23, 2014 6:41pm EZT
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Mineralogy of a Mudstone at Yellowknife Bay, Gale Crater, Mars

D. T. Vaniman-~, D. L. BishZ, D. W. MingZ, T. F. Bristow2, R. \l. Morris=, D. F. Blake2, S. J. ChiperaZ, S. M. MorrisonZ,
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IInyéc

Tou WARREN
THE NEW YORI

arooTOAN TOU OTI0i0
Bws n peAéin twv @
uravtos, €otpePe T
TOU OTn ZEANVN p1as
Ye exei v Umapén |
VOOEWV, TIOU iows
TIAOUGIES TINYES 0EUY(
avOpMVOoUS ETIOKE
puodpou s I'ns.
Me autn tnv aguv
Tou XaprA, o1 actpo
Yav 1o yiyavtio ThAg
TO QPEYYAp1, Tov AuY(
eEao@aiioouv T1s Tip
Oels pwtoypapies 1e
YEWAOYIKO evBla@epo
QUTES EMITPETIOVV OT
VIKI KOwotnta va
v unapén TePIoX®
S1apopes 0Ta PETAAA
ous Tous. O1 mapatn
EMITPETIOUV L€ TN OF
EMAOYN TOV 18AVIKOY
Y14 HEAAOVTIKES TIPOOC
MavipwHEVHOV A 1N, ¢
«O1 g1koves tou Xaj
TpeYav va Kortagouy
He véo part. IMoté o
dev Srabetape 1600 1
én ameikdévion», €i

To SiaoTnpiké tnht:i

O1 €MIOTNOVES &€~
KTIPOUV OTi O 1APEVITNS, TO KPU-
OTAMIKO OPUKTO TIOU dnUIoUPYEL-
Tdl anod TITavio, oidénpo ka1 o§uyo-
VO, TIapouco1adel 10 HEYAAUTEPO EV-
Sr1a@Epov, Kabws HIOPEL va aroTe-
A€o¢€1 TInyn o§uyovou yia Tous EMl-
OKETTES TNS ZeAnvns. MeyaAes mmo-
oOTNTES IAREVITN AVAKAAU@ONKav
OTOV Kpatnpda tou Apiotapxou.

O 1Apevitns €ixe evtomoOel o€
Seiypata mou €gac@aiicav ol a-
otpovavtes tou AnmoArwva 17. Ta
deiypata auta enetpePav gtous a-
OTPOVOLOUS va pudpidouv KATaA-
AnAa ta opyava tou XaptmA, WOoTE
Va €VIOTIioEl Ta EMOUKNTA UAIKA.

u ITavemotnpiou Nop-
o EBavotov tou In-

E0WTEPIKO TOY Kpatnpa. O emi-
otwpoves Eex@ploav petafu auv-
v Bacditio, YABivn, avopbwaoi-
N Kal IApevitn. O1 EMOTAHOVES £-
KTIHOUV 0Tl O 1Apevitns, TO Kpu-
OTAMIKO OpUKTO TIOU dnpioupyei-
Tail and TTavio, oidnpo xai o§uyod-
VO, TIapouc1alel TO HEYAAUTEPO EV-
S1agpepov, kabws propel va anote-
Aéoe1 nyn o&uyovou yid Tous £l
OKETTes Tns ZeAnvns. MeyaAes mo-
oOTNTES IAHEVITN avakaAugoOnkav
OTOV Kpatipa tou Apiotapxou.

O 1Apevitns eixe evromobei oe
Seiypata mou efacpdhicav o1 a-
oTpovavtes Tou Anodwva 17. Ta
Seiypata autd enetpePav oTous a-
otpovopous va pubnifouv Katdh-
AnAa ta opyava tou XaurA, OoTe
va eVToTioe Ta EmOUPNTAa VAIKA.
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Comet-like mineralogy of olivine crystals in an
extrasolar proto-Kuiper belt

B. L. de Vries', B. Acke', J. A. D. L. Blommaert', C. Waelkens', L. B. F. M. Waters™, B. Vandenbussche', M. Min®, G. Olofsson®,
C. Dominik™>, L, Decin'~, M. J. Barlow®, A. Brandeker®, J. Di Francesco’, A. M. Glauser®”, J. Greaves'”, P. M, Harvey",

W.S. Holland™'?, R. J. Ivison”, R. Liseau®, E. E. Pantin'®, G. L. Pilbratt’, P. Rover' & B. Sibthorpe”

doi:10.1038/naturellds9

0'? I I I
0.6
o FUL
= .
= 00K 250 K
E 0.5
=
5 250K~
£ 04 200K,
E r
=
5 03
.
5
= 02
=
[Fe
0.1
0.0 L L

695 700
Cantral wavelength (umj

Figure 2| Diagram demonstrating the dependence of the 69-pum band on

! grain temperature and composition. The diagram gives the width and central

22 24 26 28 30 92 34 685 690 695 wavelength of the 69-pum band for six temperatures and for crystalline olivine
Wavelangth (um) Wavalangth (um) (Mg 2 Fe2,Si0,) with x = 0.0 (black), x = 0.01 (red) and x = 0.02 (green).

The width and central wavelength are measured by fitting Lorentzian profiles to

laboratory measurements™* of crystalline olivine at different temperatures

and compositions (see Supplementary Information for additional




Olivine in an unexpected location on Vesta’s surface

doi:10.1038/ nature12665

E. Ammannito', M. C. De Sanctis', E. Palomba', A. Longobardo', D. W. Mittlefehldt?, H. Y. McSween®, S, Marchi'*, M, T. Capria’,
F. Capaccioni', A. Frigeri', C. M. Pieters”, O. Ruesch®, F. Tosi', F. .-"f;_E]'J]|}nl‘||, F. Carraro', S. Fonte', H. Hiesinger®, G. Magni',
L. A. McFadden’, C. A. Raymond®, C. T. Russell” & J. M. Sunshine"”
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Ab Initio Calculations of the Main Crystal Surfaces of Forsterite
(Mg,SiOy): A Preliminary Study to Understand the Nature of
Geochemical Processes at the Olivine Interface

M. ]Z"trl.mnzr,""Jr F. K. hlas.uru,t M. I’rem:lpe,f R. ]Jem'u:helis.,ﬁ M. De La I’lerrEJ" and F. Nestola®
"Dipartimento di Scienze delly Term, Universiti degli Studi di Toring, Via Valperga Caluso 35, 10125 Torino, ltaly
*Dipartimento di Geosdenze, Universiti degli Studi di Padowa, Via Gradenigo 6, 35131 Padowa, [taly

*N.mnchernjstr:.r Research Institute, Department of Chemistry, Curtin University, P.O. Box U1987, Perth, WA 6845, Australia

IDipartimento di Chimica, Universita degli Studi di Torino and NIS -Nanostrucured Interfaces and Surfices - Centre of Excellence,
Wia P. Giuda 7, 10125 Torino, Italy

B Supporting Information

ABSTRACT: We present an accurate ab initio study of the
structure and surface energy at 0 K of the {010}, (101), (111),

Forsterite (Mg,Si0,)

(001}, (110}, (120), and (021) faces of forsterite (Mg, Si0,)

i
i

using the hybrid Hartree—Fock/density functional B3ILYFP e | ..
Hamiltonian and a localized alleledron Gaussan-type basis B B e e e .h..“\
set. According to the surface energy values, the stability order '1:_.:: _.;{ ;:}' :'.::.:: .;: Ay
of the forsterite faces was found to be (0100 < (120] < (D01) = }_'{ _.: _{ o _.|:'. _.,|: _.{ '
(101) < (111} < (021) < (110). Then, the equilibrium shape | 9 S 09 1 g S ..I
of forsterite was drawn and compared with the previous ones ﬁﬁﬁﬁﬁrﬁﬁﬁ /,-"
obtained at an empirical level. Our results were combined with RSEE B BE B 41"' o oo
experimental evidence to develop some considertions about S F "

the shape and genesis of olivine inchided in diamond They

provide cucial information on the diamond formation

mechanism with resped to its guest indwsions, a topic that i still under strong debate in the scientific community. In
particular, we disouss the peculiar crystal morphology of alivine included in diamond, and we demonstrate that it cannot be
considered as evidence of qmgenm:isrge_, indusion and host diamond formed at the same time ). Furthermore, if the maorphology
of olivine iz modified dwring its encapsulition in diamond but it does not show a preferential orientation with respect to
diamond, we can state that (i) the bulk of olivine i protogenetic (ie., a piece of previoudy formed olivine is encapsulated by the
host diamond ), whereas (i) its shape is syngenetic, that i, the morphology is reamanged during the encapsulation
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Amorphous Ammonia—Water Ice Deposited onto Silicate Grain:
Effect on Growth of Mantles Ice on Interstellar and Interplanetary

Dust

Elizabeth Escamilla-Roa®'* and C. Ignacio Sainz-Diaz*

"Instituto de Astrofisica de Andalucia (CSIC), Glorieta de la Astronomia s/n, 18008 Granada, Spain
*Instituto Andaluz de Ciencias de la Tierra {CSIC-UGR), Avenida de las Palmeras 4, 18100 Granada, Spain
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Adsorption Absorption

(solid solution through diffusion)

Sorption 00 ®0 b)

¢ Adsorption @@ ®0 00O
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¢ Surface 8 6 —

(Co-)precipitation

Surface Precipitation - Surface Co-precipitation
(solid solution through crystai growth)

Crystal Growth

through
Heterogeneous
Nucleation

GODELITSAS & ASTILLEROS, EMU Notes 2010
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O’DAY & VLASSOPOULOS, Elements 2010




A Stochastic Treatment of
Crystal Dissolution Kinetics

Dissolution of diage-
natic pore-filling calcite
(lefty and barite (right})
highlight variability

in reactivity (Permian
Upper Rotliegend

1811-5200/13/0009-183%2.50 DOI: 10.2113/gselements.9.3.183 ~ sandstona, 200 pm
image, crossed nicols).
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URBAN ATMOSPHERIC PARTICLES




mun /0.5 (0 px =0.013)

GODELITSAS et al., NIMB 2011



(As5*, As3+)

normalized pd

GODELITSAS et al., NIMB 2011




ACTINIDES IN GREEK Al-ORE (BAUXITE)

ROI0: 4380 - 4650 [eV] detector 1234567

GAMALETSOS et al., NIMB 2011
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Fe- & As-(BIO)MINERALS
FROM AEGEAN SUBMARINE VOLCANOES

Explore the ocean LIVE with Dr. Robert Ballard and his
Corps of Explorers aboard E/V Nautilus




Fe- & As-(BIO)MINERALS
FROM AEGEAN SUBMARINE VOLCANOES

—+— As2S3 (Orpiment)
== Kolumbo chimney
As203
—*—NaAsO2
—*— FeAsO4.2H20 (scorodite)
——Ni3(As04)2-8H20 (annabergite)

— FeAsS (arsenopyrite)
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Energetic ion beam analysis in the

Earth sciences
J.-C. Petit, J.-C. Dran & G. Della Mea

Analytical techniques using energetic ion beams are now being used to address important problems of
water-rock interaction and mantle dynamics. Their unique capability is to probe the outermost few

micrometres of minerals and glasses, providing multi-element depth profiles of this very important
surface layer.
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Application of Proton Microprobe

and “C-Rutherford Backscattering Spectroscopy
to the Identification of Hg(II)-Cations Sorbed by Granite Minerals
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Skm colour Is an imprecise indicator of race, which pomtstowhere in the world our ancestors evolved Photograph Natlonal Geographlc:

Diaspatch

Medicine exploits genetlc variations, not stereotypes writes David Adam

Cure is more than skin deep

The central Greek town of Orchomenos seems
an unlikely place to start a debate on race and
genetics in the 21st century. It is home to several
archaeological relics that demonstrate the town’s
Bronze Age power and influence. The inhabit-
ants of Orchomenos live with a famous tomb,
a well preserved 2,400-year-old theatre and a
part-excavated Mvcenaean palace. Thev also live

down to “their” disease —

these. Historically, biological studies of race
have been tainted by eugenics. But in the
geneticists’ absence, others have stepped in
to argue that race is irrelevant to medicine.
In-2001 the New England Journal of Medicine
went as farin an editorial to declare it “hinlogic-

when they probably are?
Geneticists tend to avoid questions. like.

evolved. Skin colour is affected by the environ-
ment and varies a lot within groups; what we
think of as “race” is a crude attempt to group
people together for social reasons that do not
always tally with their geographical ancestry,
and so their biological differences. .

A sterotypical term like “Asian” is too broad,

Kidd arenee “Tt mioht malke a difference Mnathair

- metal escapes. “But we learned

few inches of soil and does not
\migrate beyond that,” he said.

Don’tdrink,
just think

Scientists at the University of
North Carolina have watched a
burst of new brain cell develop-
ment during abstinence from
chronic alcohol consumption. It
happened in rats, but there could
be a message for humans too,
they report in the Journal of Neu-
roscience. “When used in excess,
alcohol damages brain structure
and function,” said Fulton Crews,
of the university’s Bowles Centre
for Alcohol Studies. The research-
ers studied laboratory ratson a
four-day binge, and then watched
what happened when the rodents-
went on the wagon. There was a
pronounced increase in neuron
formation in the hippocampus
within four to five weeks.

Doyoufeellucky, \
doyou, punk?

In America, where all citizens
have the right to bear arms, the -
bullets fly. An estimated 20m met-
ric tons of lead flew out of Ameri-
can gun barrels during the 20th
century. But the US Forest Service ||.
firing range near Blacksburg, Vir-
ginia, is not suffering from lead
poisoning. Donald Rimstidt, a
geoscientist at Virginia Tech, told
the Geological Society of America,
meeting in Denver, that he and
colleagues found 11 tons of shot
and 12 tons of lead bullets on the
range. Did the lead leach into the
streams? The metal corrodes in
air and water: some of the voxic

that itis absorbed in the top
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Alepeuvnon TG ATHOCYAlIPLIKNG putravong oild tng HEAETNG
(PALVOUEVWY OPUKTOYEVEONG OTNV EMIPAVELA HETAAAIKOU Pb

GODELITSAS et al., NIMB 2011
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GODELITSAS et al., NIMB 2011
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Bentonite / Clay minerals
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The main

types of particles and ag-
gregates of clay minerals.
a) Epitaxy, i.e. growth
on a crystalline support.
b) Aggregation of rigid
or flexible particles or
crystallites (tactoid or
quasi-crystal networks).
¢) Coalescence: neigh-
bouring crystals are
joined by the growth of

common layers

common clay particles

a epitaxy

b aggregation

—
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thick

Interlayer
cation

*5“/%————“ Localized charge in tetrahedral layer (Al** for Si**)

JOHNSTON, Clay Mineral. 2010
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Ociika Kal o€u-udpofu-0eiika opukta tou Fe3* o 0€Iveg amoppoEg
HETAAAEIWYV

A. GODELITSAS et al., Goldschmidt 2009
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ACID MINE DRAINAGE

evaporation

B!

Efflorescent

wash out

7

sulfate
minerals

schwertmannite
ferrinydrite

goethite

m The three steps

of AMD. In step 1,
pytite is oxidized by O, or Fe3* and
releases ferrous sulfate and sulfuric
acid into solution. In step 2, Fe?* is
oxidized to Fe3*. This reaction is
catalyzed by acidophilic microbes.
Much of the Fe3* is consumed by
fast reaction with pyrite. During
dry periods some of the iron is
stored in efflorescent sulfate salts
but is returned to solution by rain
events. In step 3, the Fe3*
undergoes hydrolysis to produce
Fe3* polymers, which aggregate
into|s tmannitejor
ferrihydrite. These minerals
eventually convert to goethite.
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XHMIKH 2Y2TAZH NEPQN

CONC. [mg /L]

10000

pH=3 , Q=290 m?3 h

1000
100
10
1
SO4 TDS TSS Ca Mg cl
Reihel 4920 4760 470,72 299,11 178,78 | 25,86

A. GODELITSAS et al., Goldschmidt 2009




XHMIKH 2Y2TAZH NEPQN

CONC.[mg /L]

pH=3 , Q=290 m®/h

1000 -

100 -

[EEN
o
|

1,
Fe Zn Mn Cu Pb Cd As

Reihel 465,6 128,4/99,39| 5,44 2,48 | 2,48 | 1,45

HEAVY METALS

A. GODELITSAS et al., Goldschmidt 2009
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AIATPAMMA KABOIZHXHY OAZEQN

A. GODELITSAS et al., Goldschmidt 2009
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Mg /

As 4920
Pb 565
Zn 410
Ce 80
Cu 59
Sh 30
Ba 27
\Y 26
Zr 19
ST 13
Bi 8
Cr 8
Ga 8
Cd 6
Y 6
Rb 4
Pr 3
Nb 2
Th 0.7

XHMIKH 2Y2TAZH 2TEPEQN
(avaAuoelg pe ICP-MS)

A. GODELITSAS et al., Goldschmidt 2009




Alakpion As3* Kat As’* 6€ OpUKTA OEIVWYV ATOpPOowv
He paopatookomia XANES

—— As-containing Schwertmannite
—— As(V) reference (Na,HAsO,)

— As(lll) reference (NaAsO,)

N
]

—_
1

Normalized absorption (a.u.)

I ' | ' | ! | !
11860 11880 11900 11920 11940
Energy (eV)

A. GODELITSAS et al., Goldschmidt 2009



76 Science and technology

{Fhe i
Economist

Volume 374 Number 8416

First published in September 1843
totake part in "a severe contest between
intelligence, which presses forward, and
an unworthy, timid ignorance obstructing
ourprogress. "
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Astrobiology

Life on Mars!!!
(Not)

Martians, or the lack of them, sow
discord on Earth

NE can easily be forgiven for suffering
confusion over whether life has been
detected on Mars. On February 18th,
America’s space agency, NAsa, moved
quickly to quash reports that two of its sci-
entists were about to announce strong evi-
dence for it. Five days later Vittorio Formi-
sano, an Italian scientist working with the
European Space Agency (Esa), was keen to
make just such a claim, and did so at a sci-
entific meeting in the Netherlands. Most of
his colleagues remain sceptical, but esa,
notably, as not issued any official denial.
So whatis going on?
The whole issue of life on Mars is a
source of much scientific controversy.In a
poll taken at a recent meeting of 250 scien-

A ruse-hnted view of the case for Martian life

tists who study the planet, and released on
February 25th, only one-quarter thought
thatlife could exist there now. But nobody
can truly say yea or nay yet. There are cer-
tainly signs that could be interpreted as ev-
idence of life—in particular the presence of
methane in the Martian atmosphere—but
they are ambiguous. On Earth, methane is
often associated with bacterial activity.
But the methane on Mars may have anon-
biological origin, such as a volcano.

What Dr Formisano did to fuel the de-
bate was to announce that the instrument
heisin charge of on EsA’s Mars Express or-
biter has detected a lot of formaldehyde.
One way to make this chemical is to oxi-
dise methane, and Dr Formisano claims
that there is so much of the stuff in the
Martian atmosphere that if it is there as a
result of methane oxidation, then Mars
must be producing about 2.5m tonnes of
methane a year.

If that is the case, then either Mars is
harbouring a lot of microbial life, or the
planet is a lot more volcanically active
than it looks at first sight. But perhaps it is.
Gerhard Schwehm, head of planetary mis-
sions at ESA, says that Mars Express has
also provided evidence of such recent geo-
logical activity. Moreover, not everyone is
convinced that Dr Formisano’s evidence
actually proves that formaldehyde exists
on Mars. The evidence has yet to be pub-
lished in ajournal.

Although NAsA’s researchers may not
have discovered life on Mars, they have
produced some interesting work that sup-
ports a biological explanation for the ori-
gin of the methane. Later this month Carol
Stoker, of the agency’s Ames Research
Centre in California, and her colleagues,
will tell the Lunar and Planetary Science
conference in League City, Texas, that they
have the firstreport of a subsurface ecosys-
tem that can use sulphide minerals as an
energy source.

Dr Stoker has been exploring a place on
Earth that looks geochemically similar to

The Economist March 5th 2005

an area of Mars called Sinus Meridiani.
The place in question is near the source of
the Rio Tinto, in Spain, and the similarity is
the presence of a mineral called jarosite.
The team drilled beneath the ground to
take sample cores fmm up to165 metres be-
neath the surface g thev found a mi-

praTecosystem that appeared (O D
ducmg jarosite (a sulphate-based mmeral)

whose carbon comes frnm atmospheric
carbon dioxide. And Mars, too, has carbon
dioxide in its atmosphere. It has yet to be
established whether points of methane
concentration in the Martian atmosphere
coincide with jarosite deposits. If they do,
though, the case for life on Mars willlook a
lotstronger than it does at the moment. m
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At least for the next few
decades, there are only a
few realistic options for
F UIHRJIL reducing carbon dioxide
emissions from electricity
I ‘ ] generation:

AN INTERDISCIPLINARY MIT STUDY

.... increase use of nuclear power !
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World Uranium Resources (RAR)

[t U] Reasonahly Assured Resources as of 1/1/2001, Cost range US$80/kg U or less {OECD 2002)

Uzbekistan
Qo020 t

1

South Africa
Mamibia
1423870 1
(1)

() WISE Uranium Project 25

(1) In situ resources
t = metric tonne - NA = Data not availahle
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Uranium: the B The fuel assembly How a nuclear reactor generates electrical power

. . Based on a superhoated water reactor
beginning n | S
s tro Containment building
Uranium, a naturall e L ) g

The fuel assembly’s role e : (5] High-energy stear

ri e el ass 3 e
C r I C{ l C t O / C of fuel rods. £ A inside the reactor core rough ol f;‘i:@';::‘-ﬂﬁ&"m"
‘ L ) sintered pellets of low-enric Pr} 4 n producing slectrici
brask: cers rods are made of 4 - - bl S
C-r,\ [ i i (i b e X X M
g ] g ! 5 d 2 1 sz Zoa\
=4 ! ¥ o llec .- § } ST s / v 3
2

The Energy Department has received and are
congressional approval to ship the nation's Plerum assernb Channel
high-level nuclear waste to Yucca Mountain { ) ' 3
for disposal. The materials the department

plans to seal inside the mountain, 100 miles -

northwest of Las Vegas, weigh 77,000 tons, or s 1 Zirconium alloy
70,000 metric tons. One metric ton of these . {Zheatoy)
heavy metals would fill a space the size of a
refrigerator. Since the first U.S. power reactors
were built in the late 1950s, spent fuel has
been stored at those sites. The Environmental © e Fuel rods dad in 2ircanium alloy hold
Protection Agency has required that the t uranium oxide fuel peliets, Tne fuel rods are
repository protect the public from harmful . Fuel pellets Z:f’,’,",,‘;‘f,":(!’,',,:(’,‘:,,,f:,“,;,ff,E:,{f;};‘,:‘*w"“]-

o e " = < 0 i 5 sucl s Control rods containing b  cadmiu P
radiation for 10,000 years. However, some of s such as sta N - " ool o Sbeki 60 s Gy sk
a

Fuel
assembly
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those materials will remain dangerously {or cadmium) is an sbsorber of neutrons and = o the steam generstor. The reactor water g(wl\ngwulerl‘rm
radi i 1 r i itrols th ction. The reaction then heats. @5 nOt enter the environment a lake or rlver passt
radicactive beyond the 10,000-year period. controls the reaction. The reaction then heat 3k or lver passes

; es not boil because it is
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i rheated” wats d is sent through tubes.
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Possible national waste routes
Although the Department of Energy has not
designated routes for shipping h:eh-level nuclear
waste to Yucca Mountain, a Clark County report
says much of it probably would be hauled across
the nation on interstate highways that funnel
into Southern Nevada. The thicker the lines on

the madp the more intensely the routes woul
Ibe used by trucks hauling waste, the report
suggests. The Energy Department would prefer
to ship most of the spent fuel by rail.
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Zeolite Distribution
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Welcome Address The 9th International Conference on the Occurrence, Properties,
Venue and Utization of MNatural Zeoltes - Zeolite 2014 wil be held from
Organizing Committee the 8th to 13th of June 2014 in Belgrade, Serbia, On behalf of the

Scientific Committee Organizing Commitee of Zeolite 2014, we have the pleasure to
cordially invite Al researchers and interested parties to join Us in
Scope

participating in the scientfic conference and related events.
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guardian

Jennifer Duggan, Wednesday 19 March 2014 19.42 GMT

Beijing brings forward deadline for world's
first thorium-fuelled facility in attempt to
break reliance on fossil fuels



Second Announcement

Expansion fo
Nano, Bio, and Planetary Worlds

IMA2006-Kobe, Japan, July 23~28, 2006
At International Conference Center Kobe

hitp:/eww. congre. co. | pimaZ0 06/

A Joint meeting of the Mineralogical
Society of Great Britain and Ireland, the
Mineralogical Society of America and the
Mineralogical Association of Canada

Fitzwilliam College and the Department
of Earth Sciences, University of
Cambridge, Camhndge UK

26-28 June 2007




planet earth
from core to rurface

2012

2 - 6 feptember 3
european mineralogical : { ) 8

conference

frankfurt / main
germany

The first European Mineralogical
Conference will take place

at the Goethe University in
Frankfurt am Main, Germany,

in September 2012.
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Sandton Convention Centre, Bﬁmm _
www.ima2014.co.za -



MODERN MINERALOGY

Prof. J.V. Smith Prof. G. Rossman, Prof. D. Bish,  Prof. A. Putnis,

(1928-20077) CalTech Indiana Univ. Univ. Mlinster
Univ. Chicago

Prof. Th. Armbruster,  Prof. D. Vaughan, Prof. M. Hochella Jr, Prof. R. Hazen,
Univ. Bern Univ. Manchester VirginiaTech Carnegie Inst.
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