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the Sacred Valley of Munzur in Dersim

When the Academy of Sciences organized the syimnpmos on the

ENVIRONMENTAL MINERALOGY the Sacred Valley of Munzuwill

disappear. It is an ecological and cultural geredig¢fore the world public
opinion. It is a violation of international law. iBhpractice of the imperial
Turkish government is opposed to the Final Dedlamabf the United Nations
Conference on Environment and the Kyoto Protocaht Convention for the
protection of national and international protectioh cultural and natural
heritage. Because we believe that degradationssrdb property of cultural and
natural heritage constitutes a harmful impoverightm& the heritage of all
peoples of the world, and the protection of thisithge at the national level
often remains incomplete because of the scale megamguires and of the
insufficient economic, scientific and technical\sees of the country on whose
territory the property to safeguard. Because thas@mtion provides that the



Organization will maintain, increase and diffuseoktedge by assuring the
conservation and protection of heritage, and recentimg to the nations
concerned the necessary international conventi@tause and conventions,
recommendations and resolutions in support of iegistultural and natural
property demonstrate the importance, for all peoptd the world, of
safeguarding this unique and irreplaceable propédaywhatever people they
belong. So the Turkish colonialists have no rightamove a natural civilization
of 42 million years. It is an ecological crime adrgpcide which my country has
undergone. Under the Convention on the Conservafiéguropean Wildlife and
Natural Habitats of Europe, it is unacceptable that Turkish colonial state
violates the convention that "This Convention atmensure the conservation of
flora and fauna and their habitats, including specand habitats whose
conservation requires the cooperation of severaleSt and to promote such
cooperation. Particular attention is given to segcincluding migratory species,
endangered and vulnerable "while with the constpacof eight dams on the
sacred river of my country in 1817 species willagigear. That this practice is
not consistent with the "Convention on the Conderaaof European Wildlife
and Natural Habitats of Europe, adopted at Beraptesnber 19, 1979.

The fauna and flora are a natural heritage of majerest to be preserved and
transmitted to future generations. Beyond the natiemergency, the parties to
the agreement believe that cooperation at Eurolez@h must be implemented.

The Convention aims to promote cooperation betwibensignatory states to
ensure the conservation of flora and fauna and tiegural habitats and protect
endangered migratory species extinction. " Moreotlex Bern Convention of
1982 "aims to ensure the conservation of flora fauha and their natural
habitat. It pays special attention to species (ewggratory) endangered and
vulnerable in the annexes. The Parties undertakeéake all appropriate
measures for the conservation of flora and faupaaally in the development
of national policy planning and development, andhia fight against pollution,
this objective be taken into consideration. Theti®arshall also encourage
education and dissemination of general informatregarding the need to
conserve wild natural heritage.

This practice of colonialist Turkish state is oppdsto the Convention on
Biological Diversity that "biological diversity andalue diversity and its
components on the environmental, genetic, sociabn@mic, scientific,
educational Cultural, recreational and aesthetid, @lso that where there is a
threat of significant reduction or loss of biolagjicdiversity, lack of full
scientific certainty should not be invoked as asogafor postponing measures to
enable avoid the hazard or mitigate its effectsl, famther that the conservation
of biodiversity requires essentially in situ consgion of ecosystems and



natural habitats and the maintenance and recovemnjiable populations of
species in their natural environment . Under thev@ation "a large number of
local communities and indigenous people close aaditional dependence on
biological resources embodying tradition and thesirdbility of sharing
equitably benefits arising from the use of knowkedgnovations and practices
relevant to the conservation of biodiversity andstaimable use of its
components "The colonial policy of Turkey in thetbrical heritage of Dersim
is a negation of international law and the Unive®aclaration of Human
Rights. As to the Convention for the Safeguardihghe architectural heritage
because of the archaeological heritage is essefaraknowledge of past
civilizations, the responsibility for protectingettarchaeological heritage should
rest not only the State directly concerned but #igoall the European countries
to reduce the risk of degradation and promote geaien by encouraging
exchanges of experts and experience, so the purpbghis Convention
(Revised) is to protect the archaeological heritagea source of European
collective memory and as an instrument of histbrdca scientific study. As are
included in the archaeological structures, buildinggroups of buildings,
developed sites, moveable objects, monuments @ &imds as well as their
context, whether situated on land or under watarally unfairly Department
Dersim disappear with the sacred river Munzur aeditdge. International
instruments relating to the preservation of culthexitage stipulate a system of
cultural references is essential to the developmkatnation and the people as a
whole, benefits from the preservation of culturatitage of every society. These
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instruments relating to the preservation of cultunaritage ranging from
protection of architectural heritage to the undeewdife through heritage
protection in wartime. The folklore is part of theiversal heritage of humanity,
it is a powerful means of bringing together differ@eoples and social groups
and of asserting their identity culturelleLe coklrgt government of Turkey has
not fulfilled the proposed resolution European iBarent has called "the
Turkish government to apply European standard$iénciase of projects with
significant impacts, such as construction of damthe valley Munzur, Allianoi
dam, construction of the llisu Dam and the goldingnin Bergama and other
regions which threaten both the historical and ueigites and precious invites
the Turkish government to make reference to Comtyueqgislation in the
context of developing regional development projécts

Dersim has stood for centuries to foreigmasions and has always
managed to keep a sort of "independence”. Thiatgitu has persisted sixteen
times under the Ottoman occupation and armed aesistlasted from 1908 to
1938 during the first two decades of the new TurkRepublic was proclaimed
in 1923 has committed genocide physical. After tiog of Turkey, Atatlrk
had one last thing to do "civilize Dersim". We urstand better the nature of
this "mission of civilization" through his speeclefbre the Turkish Grand
National Assembly: "Dersim is a tumor to the Gowveemt of the Republic.
Whatever the price, this tumor must be removedutdnca final transaction said
the "Eternal Leader" of Turkey. Everything happeesy quickly: In 1935 a new
law, it prohibits not only the use of the name @&réim Genocide, but also with
the people of Dersim been. and they renamed therregihe new name is not
without irony: Tunceli is to say the "hand bronze"Turkish. After prepared,
the Turkish army began moving in 1937 to "the lafidhe oak," Dersim. The
resistance leaders were arrested and then exeldotezgmber 15 in 1937 thirty



minuite when the arrival of Mustafa Kemal in Eligizage of 81, despite the
law prohibiting the execution of a person havingts@an age. The operation
lasted a total of two years and provides a tragtcame for the region: 170 000
deaths and thousands of people deported to the afeShatolia to facilitate
their assimilation. It was the only time the Dersmountains are considered
sacred by the locals have forsaken their peoplinao fate. Thus they tasted
defeat. At the heart of the region is the chainnmafuntains Munzur whose
highest peak reaches an altitude of 3462 meters.riMer which crosses the
region bears the same name. Dersim presents a eunigo-diversity.
Considering the wealth of the region, Decemberl®¥1 the Turkish state says
the River Valley Munzur 'first national park of ka&y and he is currently the
largest in the country. The valley has a lengtiB@fkilometers. With Munzur
Mountains is home to 1518 plant species of which @%ist in Turkey and 43
only in the valley Munzur. The natural wealth oé ttegion is comparable to that
of an entire country .. In the Valley and on thaiohof mountains Munzur we
also find a rich fauna. There are animals endanigasehe brown bear, wild cat,
wild sheep, mountain goat horns fangs, in the rithesre are trout whose
particularity is to have red scales.

Dersim region is certainly a veryhridut wealth did not put away a
potential disaster. The region is this time threatewith ecological disaster. For
the Turkish state plans to build in the Valley Munzeight dams and
hydroelectric plants. What can the constructionthifse dams in the region?
They provide 0.97% of total electricity productiaf Turkey. What are the
consequences? First, 84 villages will be submergeter water and dams will
cause irreparable damage to the region that ha&adirlost much of its
population because of the depopulation policy jpecadt by the Turkish state
during its war against the Kurdish guerrillas whicitensified in the 1990s.
Secondly, the region will be divided into two artug¢ lose its geographical
unity; the risk of creating many economic and awaku Thirdly, the drastic
climate changes occur and the endemic plants,amireals lose their habitat,
then disappear. Finally, the Valley Munzur whichswarmed 42 million years,
according to experts, will be completely destroy&dcording to expert opinion
a dam has an average life of 70 years and aftep#riod we will be left in ruins
in place of the heavenly beauty of the valley.

The symposium of the Academy of Sciences on the IRRINMENTAL
MINERALOGY was organized by the Scientific Comméteomposed by
scholars and academicians following 14 and Septet®b@ Paristhe
Scientific Committee composed by
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Gordon E. Brown, JrStanford University
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On the scientific question of the "geosphdras many definitions. Some
authors extend from the upper atmosphere to thieicehthe lithosphere! The
physical world, the universe, all things and bejribs reality: The wonders of
nature. Set of forces or higher principle, regardsdhe origin of things in the
world, its organization: Nothing is lost, nothirg greated, it is a law of nature.
All principles, forces, particularly of life, as ppsed to the action of the man
she had lost confidence in the nature and doctors.

Philosophy state of nature sitwatihat would have found the human
society, such as before when the men, while livoggether, would have created
no common institution and, thus, would have beemaidical authority . (The
state of nature is a commonplace of political @olghy of the seventeenth and
eighteenth century idea of nature, idea behindthanization of the cosmos, as
for Aristotle, or that a particular being.

The apprehension of nature asreative power uncreated,
impersonal sovereign and is probably the firstéarbposed on men, when they
had to continuously measure the "natural elemeirisiny case, since the sixth
century BC flourished in Greece, treaties Peri pbas( "From Nature"):
Anaximander, Anaxagoras, Parmenides of Elea, Harachnd Empedocles and
Epicurus have to turn physis ride called the iméir@and unchanging principle of
all things finite and perishable.

It is Aristotle who developed the furth&rstematization of the idea of
nature in a cosmology that was to rule unchallenged the advent of Galileo's
physics, and especially that of Newton. The Greekdwphysis, which we
translate as "nature" (Latin nasci, natus "bormfnb") and has given French"
physical "has the same root as" fetus "and conwes the verb phuein , which
means "grow", "push”, "grow" by saying physis, Aoite said, it feels like a
push perennial growth. Nature is indeed the camseanent "has in itself the
principle of its movement. And, says Aristotle,etgod and nature do nothing
In vain."

Nature is composed of four simgkreents: water, air, earth, fire. In



the center is the earth (severe absolute dry)eapérniphery, fire (dry and light

absolute) and in the meantime, air (light on ant) wed water (wet and severe
relative) . The man is a mixture composed of fdaments, called to join their

"natural places in the cosmos: geosphere (landdrasphere (water),

atmosphere (air), pyrosphere (fire). Einstein datl mde his admiration for this

ancient cosmology qualitative, which traces remaund in our language and

our attitudes, as shown by Gaston Bachelard.

Heir of Democritus and Epicurus, letars gives the Latin to turn in
his poemDe rerum natura image of a goddess "free, unencumbered by great
masters, self-governing his empire without coer@od without the aid of gods.
This idea of nature, perpetual scene of generatan corruptions, where
nothing comes from nothing but everything is transfed, influenced all the
"systems of nature" pantheistic materialists aheiats.

In my thesis in Greco Roman philologyn 1973 | analyzed the
materialist conception of the soul from Lucretiubave studied the report of the
physical and Aristote Epicurean physics that uletethe design of the world
of Lucretius. The declination of the atom and thalgies of the atom was
indivisible principles and elements indivisible léitically 2

| think the ideas of Lucretius on theunbEtna volcano are very accurate
and contemporary. It is a scientific and philosephiobservation. See the
comments of the Latin poet and philosopher Lucsetiu

“Who among us is surprised that a patient feelssiibbady burning with fever
or its members in the pain of any other ailmenip@®se that the foot swells
suddenly a sharp pain or seize the teeth, attheksytes, or the sacred fire broke
do, wandering throughout the body, burns all partiat reached and seizes the
body it is clear that the cause is in the multitoflexisting principles, the earth
and the sky of our world are in themselves enoughbid elements to enable
him to train sickness of appalling proportions.sboely as heaven and earth can
receive 665 infinite elements capable enough talenlg shake the earth, land
and sea travel in fast eddies, to fill 1'Etna Iggld ' light the fire in the sky. Yes,
the sky itself can catch fire, take the celestia, flike rain falling storm with
more violence when are assembled in more somewdleraents of water.

But it is huge, the fire blaziggna! Without doubt, but is there a
river that appears great who has never seen mand? & the same tree, so a
man in all things, what we've seen bigger, theygima vast. Yet all this, with
heaven and earth and sea, is nothing comparedetéotal mass of the great
whole. Now however, | will explain how the flamedslenly angry burst of 680
large furnaces of Etna. First the whole mountaihabow and almost all made

2 Dr Ali KILIC, La conception matérialiste de 'anmtez Lucretius, Istanbul , fevrier 1973,p.12



of granite caves. In all there are air, wind. Thadvfrom the air stirred and
shaken. When it has warmed and that it has inkdiall blazing around him,
rocks and earth, and he has brought forth rapgdgtfire, then stands and takes
his momentum straight through gorges of the volcéinman then 1) orter off the
flame, garlic disperse far cendrc, roll the blackoke swirling in  while
throwing stones enormously heavy, can you doulitdhahis has its cause in
the power of a raging wind? On the other hand,sthee bathing the foot of the
mountain on a wide range, including wind and theegaturn the reform. Now
from the edge of the sea caves of the mountaigegektending up inside the
volcano. Through it pass the winds when the seadest, it is necessary, and it
obviously, and that is where they direct their ldowwwards the top, then they
escape blowing flames, throwing stones and raisiogds of sand. At the top of
the mountain, in fact, are the craters is the ngiwen them by the locals, the
rest of us call them Gorges and mouth. There allensiny phenomena for
which he would not propose a single cause, buvén®us causes proposed one
Is true, so if, for example, you see at some deganman lying unconscious on
the ground, c ' is by listing all probable causkdeath that you tell the true. In
fact, you can not decide if he has perished bystherd, by cold, by illness or
perhaps by poison, but only one of these causdsasto his accident, is our
certainty.

This is in many subjects the right way. ThigNwells in the summer and
then overflows into the valley itself, which bathtee whole of Egypt, he alone
of all rivers in this plan. It I'Egypte watered uéarly during the full heat,
probably because in this season Etesian prevaiings, north winds are the
fly at the mouth of the river and their breath,itgkhim down, delaying its
waters, them back in his bed height and forces twestop. For it is certain that
these winds blow in the opposite direction of theen, as they arrive
constellations icy pole. And contrary to him, henmes from the torrid zone
where soils 1'Auster; among the races of menaonkostomplexion sunburned,

Giordano Bruno (1548-1600) was born in Nokar Naples where his
father was a humble soldier. After studying theglagd philosophy, he entered
the Dominican order. He quickly noted by his rebek spirit, and, knowing
himself suspected of heresy, he must leave lItdlyis Ifound in so many
universities and royal courts across Europe (F@nmgte, he teaches at the
College de France). His most striking feature eslihnquet of ashes where there
Is a vindication of Copernicus ( "It shows how Copeus is worthy of our
praise") and a critique of Aristotle. It goes begdPopernicus and declares that:
the mass of the universe is infinite and that itfusle to seek the center
or the circumference of the universal world. Hentls¢ates that: heaven of the
fixed [the sky and its stars] 's not a sky whee llbdies we see shining would
all laugh the same distance from the center, s@em<lose at hand, which are
more distant from each other they can not be ouletlaa other of the Sun and
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Earth. It endangers arguing that there are ottves snd other land where life
exists. He aggravated his case by denying trareuiistion®. the virginity of
Mary and the Trinity, and by resorting to magicedgiices. After a trial lasting
seven years, he was burned alive February 17, 1600

Unlike Galileo, G. Bruno has not recanted, anddhe his judges, December 21,
1599 "I do not repent, and there is not repentahlcere is no material on which
to repent, and do not know on what | have to red®nthe principle of inertia

Giordano Bruno almost borders on inertia. He urtdads that the motion of the
earth over didn't observable effect on the movemenhits inhabitants that the
uniform motion of a ship does on those objects tlxtanside a cabin. It is

therefore aware that the movement is that from ehiau@ical system and a place
(that is to say a point) can belong to two or meystems without prejudice to
the movement of objects in it found (De infinitmeoiverso e Mondi, 1584). But
unlike Galileo, he did not press the descriptiver@oof mathematics, much less
operating power, which will tell Kepler ‘unfortueatGiordano Bruno

Galileo's contribution is immense. He is the foundef mechanics,
general science movement. As Whitehead says: naldwee not been without
Newton Galileo, and it is just ironic that he wouldt have by Galilee without
Newton. He adds: Galileo represents an assault dewtictory.
Galileo can be considered the father of modernnseidbecause it does as a
criterion of truth that experience and careful @efion. It combines the use of
mathematics in a way which guarantees the objégtile puts the point very
clearly in it Saggiatore:

The philosophy [that is to say science] is writierthis great book which stands
continuously open before our eyes, the universg vench can be understood if
one has previously learned to understand language lenow the characters
used to write it. This book is written in mathemaltianguage its characters are
triangles, circles and other geometric figures with which means it is

iImpossible to understand a single word humanely aittdout which we do

wander in vain a dark labyrinth.

In 1616, the humanist Giulio Cesslianini published his speech on
the secrets of nature, queen and goddess of mortaight before an
ecclesiastical court, he maintained that "God nestsf itself at every moment,
more than a few miracles often challenged by thmesagmiracle undeniable,
relentless and always new that we call nature. Htegement, considered

%) This mystery is the transformation, at the coretimn of the host, the bread and wine into body lalood of Christ.



impious, condemning him to the stake, and he wasdouat Toulouse February
9, 1619 at the age of thirty-four.

Observe, measure and model out tanbetter understand, manage
and teach, summarizes the vision of Sciences Teéfi®.scientific approach
designs the geosciences as a whole, since thésesutffiace to depths of Earth
internal, and this at all scales in time or spdde multidisciplinary aspect of
research is highly developed to address the magues raised by the study of
the dynamics of Earth's internal structure andwgan of planets, the dynamics
of the natural environment and the impact of hunaativities, modeling,
prediction and management of natural disasterstheaakes and volcanic
eruptions.

Basically, Earth is a natural multiscadomplex which we seek to
understand the dynamics. Scientists are partigulenerested in following
items: Dynamic cooling of the Earth, convection timee mantle, the core
dynamics of volcanic eruptions, magmatic systenssientific structures were
built with the aim of understanding the inner woigs of the Earth's core to its
surface, using the methods of physics and chemidteytools of mathematics
and computer science. The Earth is a complex, dggeeous and range of time
scales (from seconds to billions of years) and esp@anometers to tens of
thousands of kilometers) is a research area vesgiap Without doubt the field
and observation of particular importance and coltabons with specialists
from the atmosphere, ocean and climate, and maently the life sciences, is
growing. The activity of scientific research thatcdentered around the study of
chemical and biological processes in aquatic etesysor not subject to heavy
pollution such as lakes, rivers, wetlands and estesys marins. His activity
revolves around 4 main themes:

The first deals with the dynamicsatrients (C, N, S, P, Si, I, Mn, Fe,
Mo) or related to the biological productivity ofettocean (Ba) in the water
column and aquatic sediments. Particular atteni®npaid to diagenesis
(physico-chemical and biological constituents ofgamic and mineral
sediments).

The second study addresses thefemaaf material in the soil solution
continuum, river and wetland and fate of microp@lhis such as heavy metals
(Cd, Pb, Zn, and Cr). The roles and functions ghaarc matter, mineral phases
and micro-organisms are studied in these two stbfmrause they play a major
role in the fate of these elements during diagenasd during their transfer to
the biosphere.

Our third area of research is daid to identifying the role of

10



bacteria (eubacteria and arche) in biogeochemicakesses. It involves
identifying metabolic pathways, to understand tlyaasinics of substrates at
stake The fourth section covers the developmestn$ors for data acquisition
physico-chemical in situ at high spatial and temapogsolution, in waters, soils
and sediment. Understanding the processes invatvéte global carbon cycle
and associated trace elements is the common deatwniof these four themes.

Therefore, the objective is a bett@emstific understanding of surface
processes and sub surface involved in environmesgaks. It is in this sense
that the statement of the Academy of Sciences efirtternational symposium
posed the following questions:

How minerals are they actors of dnstale development? How are
they? How do they degrade? What do they maintadetwith the living?

At this international conference, tthest experts, French and foreign,
will analyze the mineralogy, a field that focusestloe solid earth (geosphere) in
terms of its relations with the hydrosphere (rivargl oceans ) and biosphere
(life). At each of four sessions, two lights, ona basic knowledge and
experimental, the other on environmental and salkcietplications, renew our
vision of an inert minerals, showing their closetertwining with the
environment and our technological choices. This @nodcconcept of a mineral
dynamic, complex and reactive, based on the masntenstruments of physics
and chemistry, which dissect the minerals like aetbdano" in the community
living in contact which they are formed or degrad@de understands better and
better the role of soils as natural filters of ocemvironment, and as an
irreplaceable reservoir of nutrients for plants. rél@enerally, mineralogical
processes that play at the microscopic level arergéors of global issues,
recent developments in the Amazon to the impact cohtaminants.

The introductory lecture will explain this recenbncept of “environmental

sciences at the molecular level, based on numexgasiples in France and the
United States (Gordon Brown and Georges Calas Ganmers of the

conference).

Session | "mineral-solution interfaces: responsegsnto pollution process”
(Monday 10am-12.30pm), chaired by Georges Pedra@wog of Sciences, will

focus on interfaces, which determine the formatbminerals. The process of
pollution or pollution of soils are governed by tleease or otherwise trapping
heavy metals or arsenic (Laurent Charlet, Guillalwgin and Jerome Rose).
A thorough knowledge of the respective surfacesmifierals and bacteria
facilitates the direct approach interfaces (FaldibBomas). We understand now
how minerals become less harmful in the deeper $mylers (Ruben
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Kretzschmar).

Session Il "Interaction between minerals and biglalgactivity" chaired by
Gordon Brown of Stanford University (California)oks at relations micro-
minerals. We begin to realize the importance of fbenation of bacterial
biofilms, ubiquitous in the precipitation of specifninerals (David Vaughan).
The nano-materials (oxides of titanium, for examdt® industrial products
represent a new source of disruption in our enwr@mtal monitoring (Jean-
Yves Bottero). When minerals are synthesized byrooniganisms, their
biological origin is seen in texture and can thasedthe first traces of life on
earth (Karim Benzerara).

The Roundtable, chaired by Jean-Pierre Jolivet (&isité Pierre et Marie
Curie, Paris), will assess the relationships betwekemical processes and
process mineralogy.

Session Il "Minerals, witnessed the formation agwblution of the soil",
chaired by Adrian Herbillon (University of Louvala-Neuve, Belgium), show
the link between the wealth of a ground and theineabf its minerals. The
formation and degradation of spectacular Amazosa@ils represent a textbook
case of relations between the rivers and soil isymbolic environment
(Emmanuel Fritsch). The crucial role of clay mingra soils will be specified
(Sabine Petit). The state of iron also affectsféntlity of soils, as illustrated by
the extreme conditions, in reducing or oxidizingdpaols laterites in the Sahel
(Joseph Stucki).

Session IV "Mineralogy and strategy for waste gjefa, chaired by George
Calas (University Pierre and Marie Curie), will aglss the resistance to
weathering matrix storage of nuclear waste. Fromirtl2000 years, what
information we provide archaeological glasses (lileb Guy)? The uranium
deposits are they good models for improving thestgabf storage sites for
nuclear waste (Rodney Ewing)? What are the altee®mto glass (Jean-Marc
Montel)? Finally, we see the processes involvedgeological storage of
atmospheric CO2 (Francgois Guyot).

The final round table , chaired by Jean Dercouetnfanent Secretary of the
Academy of Sciences, will focus on knowledge tran&fom laboratory to field.

How to move from atomic scale to the landscape? Howproject into the

future, with time scales of geological processesw Ho use what is known
about the minerals to meet the challenges of owiego waste storage,
degradation or pollution of soil and water, and atis of mining and industrial
development sustainable?
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The opening of the symposium will be madey Jean Dercourt,
Permanent Secretary of the Academy of Sciences, thed the issue of
environmental mineralogy: understanding the behagfoelements chemicals
in ecosystems: Environmental Mineraloggtherwise Understanding Element
Behavior in Ecosystems will be the subject of asialgf Gordon E Brown* ,
Jr andGeorges Calas the two scientists Gordon E. Brown®.Jand Georges
Calag think There is growing recognition that minerals and the natural
environment are inextricably linked in a number of important ways.
Environmental Mineralogy is rapidly expanding, integrating mineralogy
with life sciences and geochemistry in order to understand interactions of
the geosphere, hydrosphere, atmosphere, and biosphere. Minerals
comprise many of the key components of our world, including soils and
modern sediments, mineralized parts of living organisms, atmospheric
aerosols, building materials such as cements, and many natural resources
used by modern civilization. Environmental Mineralogyis also concerned
with major issues such as the remediation of contaminated sites left by
centuries of mining and industrial activities and the rapid development
of commerce, the interaction of minerals with metal/metalloid
contaminants, water, and biological organisms in ecosystems, and the
disposition of contained nuclear and industrial waste. In addition, the
development of novel technologies, such as the use of engineered
nanomaterials as antibacterial agents, poses potential threats to human
health. To address such issues at a fundamental level requires molecular-
scale knowledge about biogeochemical processes at mineral surfaces, the
defective nature of minerals, the structural chemistry of disordered
materials (nanophases, glasses, gels, metamict minerals) and aqueous
solutions, and the speciation of trace elements in minerals and solutions.
Although they are not usually considered part of "classical" mineralogy,
research in these non-classical areas is necessary to provide a coherent
view of the interplay between pollutant release/sequestration/transport
and the functioning of geochemical and biogeochemical systems.

* School of Earth Sciences, Stanford University (JSA

5, Institut de Physique du Globe de Paris, UnivelBiés 6 et Institut de Minéralogie et de Physiges Milieux Condensés,
Université, Paris 7, Paris.

5 Surface & Aqueous Geochemistry Group, Departmg@iemlogical and Environmental Sciences, and
Department of Photon Science and Stanford Synamdadiation Lightsource, Stanford University,
Stanford, California 94305-2115, USA. gordon.browms@ford.edu

Institut de Minéralogie et de Physique des Mili€ondensés (IMPMC), Université Paris 6; Université
Paris 7; IPGP; CNRS; 140, rue de Lourmel, 75015 Pdfisnce.

" Institut de Minéralogie et de Physique des Mili@ondensés (IMPMC), Université Paris 6; Université
Paris 7; IPGP; CNRS; 140, rue de Lourmel, 75015 Pdfiance.
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Environmental mineralogists have used a number of modern
instrumental, laboratory, and theoretical methods to define how
contaminant and pollutant atoms and molecules are associated with
minerals at the atomic level and how various geochemical and biological
processes affect their release into ecosystems. For example, the intense
light from synchrotron radiation sources is now commonly used to
determine how inorganic pollutants, such as arsenite, are bonded to
mineral surfaces under various environmental conditions, to characterize
the structure of hydrated mineral surfaces to which pollutants are
attached, and to determine the alteration processes of minerals and
glasses. Such molecular-level studies are often coupled with macroscopic
studies of biogeochemical processes such as the interaction of microbial
organisms with heavy metal contaminants, forming biominerals or
transforming contaminants into more or less toxic forms, the corrosion
of waste matrices, the behavior of nanominerals and mineral
nanoparticles in different environments, and the formation of soils.
Because of their high surface areas and enhanced chemical reactivities
relative to their macroscopic counterparts, natural nanoparticles can play
an especially important role in controlling the chemical behavior and
transport of inorganic pollutants in natural waters and the atmosphere.
Our talks will focus on (1) the environmental mineralogy and
microbiology of mercury in mining environments, (2) the nature and role
of ferrihydrite nanoparticles in acid mine drainage systems, (3) the
interaction of Pb(II) with Fe-oxide and Al-oxide surfaces, (4) the
environmental mineralogy and geochemistry of arsenic in southeast Asia,
(4) the role of Zr in the durability of nuclear glasses, (5) the use of
radiation-induced defects of kaolinite in natural analogues and tropical
soils, and (6) element speciation in soils developed on geochemical
anomalies.8

The question of Reactivity at mineral-water integfs, redox processes and
arsenic transport in the environment was raisetdnyent CharlétGuillaume
Morin *° Jéréme Roséas follows;

Massive deleterious impacts to human health arsltieg from the use of
arsenic bearing groundwaters in South-East Asitaslednd elsewhere in the

8 & Aqueous Geochemistry Group, Department of Geolidgind Environmental Sciences, and
Department of Photon Science and Stanford Synamd®adiation Lightsource, Stanford University,
Stanford, California 94305-2115, USA. gordon.browné@ford.edu

2 Institut de Minéralogie et de Physique des Mii€ondensés (IMPMC), Université Paris 6; Université
Paris 7; IPGP; CNRS; 140, rue de Lourmel, 75015 Rdfimnce. georges.calas@impmc.jussieu.f
SLGIT, University of Grenoble | and CNRS, PO Box 38041, Grenoble charlet38@gmail.com

10 IMPMC Universités Paris 6 et 7et CNRS, 140 r. Lorm8D15 Paris guillaume.morin@impmc.jussieu.fr

1 CEREGE, Aix-Marseille Université et CNRS, Europ6ld’'debois, 13545 Aix rose@arbois.cerege.fr
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world for drinking, cooking and/or irrigation (Char and Polya, 2006; Polya
and Charlet, 2009). Unless a scientific understendof the redox
mobilization/immobilization mechanisms at work isch&eved and
comprehensive effective water treatment measures pat in place, it is
estimated that in Bangladesh alone, millions ofpteavill develop arsenicosis
and excess deaths of several thousand per yeaesuilt (Yu et al., 2003).

The fate of arsenic and other oxyanion forming Mets (Se, Mo, P..) is
controlled in natural systems as well as in engegsystems, such as modern
water treatment plants, by Fe nanoparticles (Mand Calas 2006). Depending
on redox potential, total sulfide and carbonatet&ain different particles may
constitute the controlling reactive surface. In ahwee groups we have
investigated by XAFS spectroscopy, neutron difftagt HRTEM and DFT
molecular modeling, the sorption of arsenic ontaideoxyhydroxides (Ona-
Nguema te al. 2005), nano-maghemite (Auffan et28l08; Morin et al. 2008),
nanomagnetite (Yean et al., 2005; Wang et al., 200&in et al. 2009), iron
hydroxycarbonates (Ona-Nguema et al., 2009), maekte (Wolthers et al.,
2005), calcite (Roman-Ross et al., 2005) and gypétemandez- Martinez et
al., 2008). Arsenite forms a specific triple corsearing surface complex both
with magnetite (Wang et al., 2008; Morin et al. 208nd maghemite (Auffan et
al. 2008), which explains in part the very highag@son affinity of arsenite for
these substrates. In addition, a “nano” effect estlobserved for magnetite
which may sorb 0.021, 0,388 and 1.532 mmol g-Iredmite, i.e. 5-6 Wmol m-2
to 18 Wmol m-2, when normalized to specific surfarea, for particle size
decreasing from 200 nm to 20 and 12 nm (Yean &04l5 ; Auffan et al, 2007;
2009; Morin et al. 2009). The origin of this incsed reactivity is still a matter
of debate, and could be due to increased surfarsote (Auffan et al. 2008,
2009) or to surface precipitation of arsenite (Moet al. 2009).. Polymeric
arsenite surface complexes may also form at thasof greenrusts and may
play an important role in delaying the releasergkaic in suboxic soils (Ona-
Nguema et al. 2009; Wang et al. 2009). While etecttransfer between
structural Fe(ll) and arsenate species is not gbdesn green-rusts (Wang et al.
2009), arsenate may be reduced by Fe2+ sorbed aasrand clays (Charlet et
al., 2005). In case of carbonate and sulfate misieitae isomorphic substitution
of the constitutive anion by the appropriate arsentyanion may enhance the
sorption as well (Roman-Ross et al., 2005; Fernaidigrinez ert al., 2008).
Within the complexity of delta hydrology and chetrygMétral et al., 2008) it
appears that within hundred meters the predomimemo mineral phase
changes. These nanoparticle may induce either riq@ping of arsenic (by
Fe(ll/1) oxides and hydroxides and carbonatesguboxic environments where
sandy soils allow a direct vertical recharge of tgeundwater, or its
mobilization to the groundwater when local imperbieasoils lead below in the
aquifer to anoxia and where the dominant nanopfmasekinawite) is a poor
sorbent. Transition from suboxia to anoxia is fartltontrolled by microbial
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activity, and the decoupling of Fe and As releaséictated by the solubility of
nano ferrinydrite (Burnol et al., 2007, Métral &t 008) or of lepidocrocite
(Ona-Nguema et al., 2009). The specific reactiatynanoparticles not only
accounts for the difference in As bioavailabilitytivin soils and aquifers, but
also open new avenues in water treatment and gresmistry.( in Biblography)

The question of exploration of natumlrfaces: from minerals to
biocolloids was raised by Fabien Thomas, JérémeaDuWaurent Michot,
Frédéric Villiéras® as follows;

On the surface of the planet, the solidemal is transported by water, air,
industry, and accumulated in soils and sedimenésfinely divided, often in the
colloidal domain. In these conditions, processdisl saterfaces dominate many
environmental phenomena as changes in soil, tramdfecontaminants, the
formation of biofilms. The last two decades haveensean impressive
development of methods analytical local and glogaling access to the
physico-chemical properties of these systems iemdint scales, and allowing a
rigorous study of the mechanisms at the interfaded-equeous solution of
scales ranging from angstroms to millimeters. Wi results of these methods,
it is thus increasingly obvious that the heterogeiseand evolutionary nature of
natural particulate matter can be taken into acctarma rigorous understanding
of these processes. Their model is developed in shene direction.
Conventional models based on interfaces theoriesaofymuir / Freundlich,
Poisson / Boltzmann DLVO, Stumm / Healy, Van Smbtueski, being strictly
valid only within a strict framework - diagram céditd spheres and homogeneous
smooth - it is essential to adapt to local condgi@f strong natural interfaces.
So heterogeneity of energy mineral surfaces isiified by the adsorption of
inert gas probes (Ar), polarizable (N2) or intenae{H20) or aqueous ions, and
modeled by the convolution adsorption isotherms lofcal theory.
Regarding the biocolloides (bacteria, viruses, lkuagids), the concepts of
interface, charge or surface potential must be&ddr@ed to those of interphase,
filler density, permeability, molecular configuat. The model must then be
done by coupling electrostatic and hydrodynamild&gionic transport and intra
/ extra particle. Measures must also be diverse @upled: electrokinetic,
potentiometric titration, diffusion light correlah spectroscopy, fluorescence
and AFM etc.. These fine knowledge of the solidilthjinterface are inserted
directly into the understanding mechanisms of as#eciation of natural
colloids including the dispersion of clay recendgdribed as liquid crystals or
the formation of biofilms. They are static (equillon thermodynamics) or
dynamic (transport coupling dynamic and kineticctems, chémodynamique

12 Laboratoire Environnement et Minéralurgie, UMR 7%89RS / Nancy-Université
BP 40 — 54501 Vandoeuvre-lés-Nancy Cedex
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ecosystems), these studies open up a fieldnewdisgitplinary research and to
better understand the reactivity of the particledogical / environmental in the
aqueous medium and thus processes such as aggnegati
bioadhesion, fixing and bioavailability of toxic.

Before asking the question on tBalfide formation and trace metal
mobility in floodplain soildhe should honor the ideas of Swiss scientistseRub
Kretzschmarl, Frank-Andreas Weber, Anke Hofackeif Raegi, and Andreas
Voegelin and the answers given by Ruben Kretzschtha five questions on
the science.

1 When did you decide to study soil science?

| first discovered my fascination for soils durimy undergraduate studies at the
University Gottingen, Germany, where | studied agltural sciences from 1983
to 1985. We had a truly excellent lecture in introry soil science including
several exciting field trips led by Prof. Brunk Me&yand his group. | was most
fascinated about the variability of soil propertieshe landscape and about how
much information one can read from a soil profilepne understands the
processes leading to its formation. During my geddistudies at the University
Hohenheim (1986-1989), | developed a special isteire soil chemistry and
soil-plant interactions. | was also impressed amgtihated by the lectures of
Prof. Ernst Schlichting on tropical soils and bynyp&xcellent field trips offered
at Hohenheim, including a 2-week trip through seuthSpain with Prof. Karl
Stahr. After graduating in 1989, | decided to joie Ph.D. program of the
Department of Soil Science at North Carolina Stateversity, USA.

2 Who has been your most influential teacher?

There is no short answer to this question, becens®y different teachers and
scientists have influenced my academic developnmedifferent stages of my
career. My most influential teacher during my graeéustudies was Prof. Horst
Marschner, who was my Diploma thesis advisor atUheversity Hohenheim.
During the time in his research group | experienfadthe first time what it
means to be a scientist. | studied the influencaldbxicity on growth of pearl
millet and other crops in acidic sandy soils of &igWest Africa. | conducted
growth experiments in soil and solution culturellemied and analyzed soil
solutions, measured root lengths, analyzed theemtitstatus of the plants, etc.,
and ended up with a large data set to be integhréeterst Marschner was a great
advisor during this time, because he always listelwemy thoughts and gave
inputs where needed. During the time at his ingjtd learned a lot about
rhizosphere processes, plant nutrition, soil-plamteractions, and about
conducting research in general. As a PhD studeniaath Carolina State
University, my most influential teachers were Pro¥Wayne Robarge and
Sterling Weed. Wayne Robarge taught me many impbrtancepts in soil
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physical chemistry, while Sterling Weed was a gteather in soil mineralogy.
As a postdoc at ETH Zurich, | further developed amgerstanding of colloid
and surface chemistry working with Profs. Hanst&tfcand Michal Borkovec.

3. What do you find most exciting about soil saénc

One of the most fascinating aspects about soilnseias that it is a truly
interdisciplinary science. One can study soils fittwa viewpoints of chemistry,
mineralogy, physics, biology, social sciences,tbeodisciplines. It's a universe
of its own. Also, many soils contain highly valuablinformation for
archeologists, climatologists, and geoscientistsotAer exiting aspect about
soil science is its importance for nature and huhianSoils are one of the most
important and vulnerable natural resources on edrthctically the entire
production of food and fiber depends on fertilelssoProtecting soils from
degradation by human activities and global climeitange will be one of the
greatest challenges in the near future. Soil sei@an make a big contribution
In this respect.

4. How would you stimulate teenagers and young umtes to study soll
science?

Students interested in the functioning, managereose of ecosystems will be
exposed to soil sciences at some point of themadum. At ETH Zurich, my
course inPedospherds mandatory for BSc students in agronomy, foyestr
environmental sciences, environmental engineegagh sciences and biology.
In this lecture course, | try to stimulate intergstsoils by explaining the role
and functioning of soils in supporting terrestiié® on earth. In the following
year, we offer a series of soil science field egmns and practical exercises.
Field courses are very important, because withoemt most students perceive
soil science as something very abstract. It is mamb to experience soils in the
field early on, because then also the theory bekwid functioning becomes
more fascinating. That's at least how it workedfae.

5. How do you see the future of soil science?

At the global scale, food production for a growimgpulation while preserving
soil fertility and water resources remains onehaf most pressing problems of
this century. Soil scientists can make importamttgbutions in this field, both
at the fundamental and applied level. Soil scieslse has an important role in
other environmental issues, e.g., protecting biedivy, predicting global
element cycles and the emission or absorptionagktgases relevant for global
climate change, improving hydrologic and climatiodels, or understanding
and controlling the fate of organic and inorganatiygants in the environment.
In all these and other areas, fundamental andexppdisearch on various aspects
of soils is essential. There are many exiting ofpoties, especially at the
interfaces between soil science and other sciemi§iciplines. Therefore, | think
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that soil science does have a positive future. Hewewe need to convince
policy makers that soil science should be givenigh hpriority and that
excellence in teaching and research in soil scieeeels to be maintained.

Concerning the question of th8ulfide formation and trace metal mobility in
floodplain soils exposed byRuben Kretzschmar, Frank-Andreas Weber Anke
Hofacker® Ralf Kaegi, and Andreas Voegéfin

During the past decades to centuries, margy floodplain soils in Europe
and other industrialized regions of the world haeeved as sinks for inorganic
and organic contaminants released into rivers widan wastewater and runoff,
industry, mining, and other human activities. Shidtorically contaminated
floodplain soils may now release contaminants inters and groundwater,
even long after the original contamination souricage been remediated. They
therefore can pose a continued threat to wateritguahd ecosystem health.
Biogeochemical processes in floodplain soils aghlyidynamic, e.g., periodic
flooding and drainage induce pronounced soil radacand oxidation cycles.
Our current research aims at a better understarafiie speciation changes
and mobility of trace metals and metalloids duriregdox fluctuations in
contaminated floodplain soils, in order to imprguedictions of contaminant
mobility and toxicity.

Different biogeochemical processes mayl I® increasing or decreasing
trace metal mobility during prolonged soil floodin@n one hand, reductive
dissolution of iron and manganese oxyhydroxidesiltesn a loss of sorbent
surfaces and increased concentrations of disséte@d and Mn2+ in solution,
which may promote the release of sorbed trace meAalditionally, increasing
concentrations of dissolved organic carbon in peaiger may contribute to trace
metal mobilization. On the other hand, trace meddde may be immobilized as
a result of rising pH and by formation of poorlyidae sulfide minerals during
sulphate reduction. The potential for trace metamobilization by sulfate
reduction, however, depends on the concentratidnsutlide-forming trace
metals and of available sulfate present in the 3bi€ amount of sulfate in river
floodplain soils can become the limiting factor,vihich case formation of the
most insoluble metal sulfides (e.g., CuS) may coresall available sulfide,
leaving other chalcophile metals in more mobilenfsr Furthermore, recent
results have shown that prolonged soil flooding rakp lead to the formation
of sulfide nanoparticles and colloids in the poegev, which may be mobile and

13 |nstitute of Biogeochemistry and Pollutant DynamE$H Zurich, CHN F23.1, 8092 Zurich, Switzerland.

14 Eawag, Swiss Federal Institute of Aquatic Scieamue: Technology, Ueberlandstrasse 133, 8600
Duebendorf, Switzerland
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thereby increase metal mobility. In this presentgtiour recent research on
metal mobility in river floodplain soils will be psented and discussed.

In light of the statement of Swiss stiEr, we should raise the issue of
contamination of land south of Kurdistan chemicshere weapons were used
by Saddam Hussein and chemical findings on thetthedlour people, and use
of biological and bacteriological weapons by thaed forces of Turkey and use
of chemical and biological weapons against the @iantis of the Workers Party
of Kurdistan and PhosfoR bombs thrown by the Tiwrlaemy on our forests in
northern Kurdistan and know what is thMeneral-organic-microbe interfacial
interactions: environmental impacts from molecularmacroscopic scalesn
Kurdistan, without forgetting the East Kurdistawlesiof Persia and chemical
weapons used by the reactionary Iranian mullahs soiblars answer the
following On this issue the English scientist David/aughatf thinks that
Human activities now have an unprecedented impacthe materials and
processes at or near the Earth’s surface, in trealged ‘critical zone’ which is
essential to all life. Here, where the lithosphdrgdrosphere, atmosphere and
biosphere meet, processes at interfaces play sokeyn scales from molecular
to global. A particularly important interface isathwhere the mineral surface
can interact with organic molecules, biomoleculesl anicrobes. At this
interface, microorganisms play a critical role iromoting electron transfer
(redox) reactions, which may lead either to theulsiibation of minerals or to
their precipitation. Microorganisms also produce txtracellular polymeric
substances (‘biofilms’) that may coat mineral scefs or form in fractures or
the pore space of sediments, thus influencing iregcand fluid flow.

In this presentation, mineral-organic-microbe iattions will be considered,
particularly with regard to examples such as iromd® mineral surfaces and
Fe(lll) reduction. The overall controls exercisgddpecific mineral substrates,
the molecular scale mechanisms which can involvenpounds acting as
electron shuttles, and the further impact of mi@bivon reduction processes on
the geochemical behaviour of a range of other aisnwill be considered. The
development, nature and importance of biofilms wiko be discussednd
their roles both in creating local environmentsatlow precipitation of dilute
dissolved impurities from circulating fluids, am ¢ontrolling the flow of such
fluids. Experimental studies of biofilms will be stgibed, ranging from imaging
of interstitial and simulated fracture-filling bitvhs at the micron-scale, to

PReferences: Weber, F.-A., Voegelin, A., Kaegi, R., and KretzsetinR. (2009): Contaminant mobilization by metallic
copper and metal sulphide colloids in flooded dddture Geoscience 2: 267 - 271.

Weber, F.-A., Voegelin, A., and Kretzschmar, R. @0Multi-metal contaminant dynamics in temporarily

flooded soil under sulfate limitation. Geochim. Cosmochim. Acta 73: 5513-5527.

18 David J. VaugharUniversity of Manchester, Williamson Research Cefaréviolecular Environmental Science, and
School ofEarth, Atmospheric and Environmental Sciences, Masier, Royaume-Uni
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mesoscopic scale column experiments, and to mampas(field) scale studies
of the hydraulic conductivity of unconsolidated iseents.

We know that regulate development of nanotechnoloepuires evaluation
work particularly impacts on ecosystems. This wisrlstill underdeveloped in
the world. At first it appears that propertiestthiay an important role towards
the disturbance of biological activity are stronglgpendent on the size of the
dispersed nanoparticles in natural environmentses&h properties are
mineralogy (eg TiO2), the crystallinity and surfaeactivity which affect the
toxicity or via the redox potential (Fe °), or byetrelease of toxic cations (Cd,
Zn), structural changes Fe203, Fe304). and trahspcontaminants proven (
The biological effects will then depend mainly themation of oxidizing
species oxygen entrainant oxidative stress. Tea/@ndoes not always seem to
be correlated to the surface specific (CeO2). dissolution of metal oxide
nanoparticles is causing significant toxicities oncro-organisms. Cations from
this solution (Zn, Cd, Ag) are known for their toixy. Of surface formulations
may reduce or delay their dissolution in aquatiwiemments. The silver
nanoparticles a few nanometers with a surface daedhby the faces (111)
penetrate within bacteria and react with sulfur agsftbsphorus. In fact,
guestions concerning the role of size with respethe responsiveness are still
wide open: - For example is it that the appearaoiceatalytic properties
interferes  with  electron  transfer in  the respinato chain?

- Is the production of oxidizing species dependimgthe size of nanoparticles
enhances DNA breaks?

Does the strong increase of specific surface aedawb30 nm can cause
inactivation of protein adsorption? Is there atiehship between size and the
inflammatory response and genotoxic? Finally, he tstudies focus on
nanoparticles "laboratories”, nothing is yet knoalmout nanoparticles from
materials widely available and are brought intotaohwith aqueous media to
deconstruct. This issue was raised at the Sympostinthe Academy of
Sciences which was the subject of the paper emtilanomaterials and
nanoparticles:

Disturbance of biological activity in the environntal sphere, it seems that the
intervention of Jean-Yves Bottero; Jerome Roseahlel Auffan; Celine Botta;
Jerome Labill&; Masion Armand, Antoine Thilt® Laila Benameur , Alain
Botta , Michel De Med®; Chaneac Corinne, Jean-Pierre Joffvet

17 Aix-Marseille Université, CEREGE, UMR 6635- CNRS, Europdle de I’Arbois, BP 80, 13545 Aix-en-Provence
cedex 4

18 CEA SaclayDSM/IRAMIS/SIS2M, LIONS, 91191 Gif-sur-Yvette

19 LBME- Aix-Marseille Université, UFR Médecine 27, bd Jean Moulin, 13385 Marseille Cedex 5
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had opened a path for other researchers who wookelLake Van, and |
thought the disappearance of Lake Ourmieh Eastewrdigtan. Thus the
guestion Nanomaterials and nanoparticles: Distumbani biological activity in
environmental setting was asked

As the river valley sacred Munzur Lake Ourmieh aavay with such a life in
Kurdistan millennium for a nation that is not fre&s my people under the
bombardments of napalm and chemical weapons aridgimal nature of my
country has been a cultural genocide ecological aotaeological heritage of
all mankind in our century and centuries of theufat The ideas of scholars ed
Academy of Sciences for the sacred river of Murana will ask my questions
and | am informed this matter to the world publmmon and lead scientists,
academicians, scientists from all over the worlérikh Benzerara, Georges
Ona-Nguema, Jennyfer Miot, Guillaume Mdrirwho worked on Lake Van
think, significance mechanisms and environmental imptoa of microbial
biomineralization processeblicroorganisms can form minerals and impact
subsequently the geochemical cycle of many difterelements, including
pollutants. These biomineralization processes @amdirectly triggered by the
metabolic activity of microorganisms and the rasgltchemical shifts in their

201 aboratoire Chimie de la Matiére Condensée, Université Pierre et Marie Curie, Tour 54 5eme étage, 4
laceJussieu, 75252 Paris Cedex

1 Institut de Minéralogie et de Physique des Milieux Condensés, UMR 7590, Université Paris 6, IPGP &
CNRS,140 Rue de Lourmel, 75015 Paris.
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surroundingmicroenvironments. Moreover, nucleation and growthmineral
phases can be impacted by microbglrfaces. Finally, biomineralization
processes may sometimes be genetically programiigebugh thesejuestions
are ancient, we still poorly know the diversitye thignificance and the impact of
the microbialmineralization processes in the environment. Thg twols that
are now available in the field of mineralogygochemistry and microbiology
however offer the opportunity to improve signifitlgnour understanding of
these processeslere, we will present a combination of field antdeatory-
based studies illustrating how bacteran form minerals. We will first review
the study case of the Carnoules acid mine drainf@perd, Francewhere
microorganisms and associated organic polymers baesm shown to impact
significantly thesequestration of arsenic in sediments by formiramimerals.
Then, we will give an overview of the diversity biomineralization patterns
that can be observed in the environment, illusttpBome of the mechanisms
that are involved in the precipitation of mineralbges by bacteria. This requires
the use of cutting-edgaicroscopy and spectroscopy techniques whichrstgd
further improvements. Finally, we will present ttricial information brought
by laboratory experiments focusing specifically @on biomineralization
induced by Fe(ll) bacterial oxidation at neutral pRder anoxic conditions. In
particular, we will show thaih some cases, biomineralization occurring at the
contact of microbial cells leads to their entombtan minerals and thus
fossilize them. This questions the impact of bicenatization on the viability of
microbes and the subsequent evolutionary pressure that ghimexert on
microbes. Alternatively, it forms nano tmicroscale objects that might be
preserved in the geological record opening promgigiarspectives for thetudy
of the history of life and biomineralization.

The question of Crystal-chemistry of iron and aluminum in tropical
environments:formation and degradation of the soils in the Anmadmasin
examined byEmmanuel Fritsch, Etienne Bafamy its surface, its location in
the tropics, its diverse coverage and alteratioronsitierable quantities of
materials exported to the ocean, the Amazon Basgion is emblematic both
from the perspective of understanding the operatioithe Geochemical Earth's
surface, as in that of sustainable development. stimeeys undertaken in the
project Radambrasil (1978) showed that there waorderly distribution of
soils across landscapes and also ordered distibofi these landscapes across
the basin. However, the mechanisms and chronolédlyeoprocess leading to
the orderly distribution remain poorly understoda. predict the evolution of
Amazonian soils, it is now essential to identifyatwtprocesses are still active
today and linking process old archived in minerahsformations geodynamic

22 Institut de minéralogie et de physique des milieux condensés (IMPMC), Paris
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and paleoclimatic changes affecting the basin athale. The structural and
mineralogical studies conducted on sites repreBeata of major
environments hydro-bio-geochemistry of the basiwvehaevealed the major
processes (laterization, waterlogging and podziodima have acted in different
compartments of these landscapes.

In compartments drained lateritic best, crystarltal study of secondary
minerals, mainly clays and iron oxides, can idgntihultiple generations
coexisting in the same profile, to determine thegsptochemical conditions
prevailing during training, and in some cases tovertheir age. Expanding
compartments and hydromorphic podzol in these itateformations is
attributed to the more recent development of systeand groundwater
acidification. These processes operate predominamthe central and upstream
basin, corresponding to the most rainy. The rengatibn of elements
previously accumulated (mainly Fe and Al) is panacly active in the
weathering front side located at the transitionMeein soil compartments, and
indicates the topicality of the processes involved
This multiscale approach allows to situate the sgdtems studied in a more
global geodynamics, assigned to the history of Hasin, and to better
understand the place of tropical systems in théuéeo of continental surfaces.

The two scientists Sabine Pdligminique Righi*believe that
Significance and role of clays in soils: use oferg@cexperimental data, is very
important and significant in terms of scientificsearch In soils, the transfer
elements are controlled by reactions at the intedabetween mineral
constituents, organic and biological. The clay mafse by their properties
largely govern these reactions. With a cation emgkacapacity (CEC), they
play an important role in controlling the flow ofatons. They also help
neutralize the natural acidification of soil satioa of CEC by the protons
released during the soil-plant interactions. Howeitds shown experimentally
that by altering the H +-smectites are not stabild that the pages whose
interlayer spaces are more accessible are selgctivgsolved, the chemical
composition of the octahedral layer also involv@tius, in soils moderately
alkaline very clay-rich smectites (Vertisols oflyda detailed analysis of the
value and location of the charge sheet of the stasduggests a quick selection
of minerals whose crystal chemistry is the bestptathto the geochemical
conditions prevailing in the different soil horizorWhile the CEC and expense
sheets available clays are identical, the locatibncharges is different in
different horizons. Only smectites at high tetraaédharges are present in the
upper horizons.

2 Sabine Petit, Dominique Righi, Université de Pati¢.aboratoire HydrASA, Poitiers
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Under the conditions of soil montmonilites (inherited from the
sediment) are unstable, they disappear in favobeadellites high load. The
experiment confirms the preferential alterationdefpendent octahedral clays
(montmorillonite). A "illitisation" apparent is obsved, caused by the binding of
K and the irreversible closure of part of the ileger spaces of beidellites high
load. The impact on the behavior of these soils iamgortant because they
progressively lose their ability to interchange.rtRarmore, to predict (or
reconstruct) the functioning of soill, it is appnape to use the crystal-chemical
characteristics of clay minerals if at the sameetimh captures their process of
formation and transformation. The relationship keswthe crystal chemistry of
clay minerals and their training requirements afecdlt to establish the study
of natural minerals, and speculative, because taoynparameters involved are
crucial. In simple systems, the syntheses minazah specify how
environmental conditions induce the formation ofnemals with crystal
chemistry or crystallinity particular: for examplee negative effect of pH paper
on the crystallinity of kaolinite has been cleadlgmonstrated. By cons no link
could be observed between the iron content andtatal crystallinity of these
minerals. Work in progress also emphasize the dflgoH in the crystal
chemistry of smectites synthesized especially énAhFe system.

The Effects of Iron Redox Cycles on Smectite Priperexamined by Joseph
W. Stucki®* The oxidation state of structural Fe in expandatag minerals is

known to assert a significant influence on the dicahand physical properties
of these ubiquitous soil constituents. Because xedgcles in nature are
common, the current state of an Fe-bearing clayralnn the soil is determined
by how it has responded to such cycles. In thisgr&tion the changes in
chemical and physical properties of smectite dueitgle and cyclic redox
events will be reviewed. Studies have shown thdwicton of structural Fe(lll)

to Fe(ll) increases the cation fixation capacity svhectite. If K+ is the

exchanged cation, reoxidation only partially reesrshe fixation and some of
the Fe(ll) is precluded from reoxidation. Furthedex cycles continue to
increase the residual Fe(ll) and fixed K+ in thexidized state, giving the
smectite an illitic character. Other changes alsmiowithin the 2:1 layer of the
smectite that may be irreversible, including panti@hydroxylation and solid-

state cation migration betweers- andtrans-octahedral sites. The reversibility
of these changes depends on the extent of reduddlacroscopic properties
affected include cation exchange capacity, specsiicface area, mineral
solubility, and swelling in water. Knowing the degence of these chemical
and physical properties on redox cycles providésimation from which a more
complete historical record of soil formation candoastructed.

24 University of Illinois, Department of Natural Resources and Environmental Sciences, Urbana, USA
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For Rodney C. Ewing’ think that scientific thought and technical Bine
“Back-End” of the Nuclear Fuel CycldRole of Mineralogy for the Safe
Management of Nuclear Wassgevery important. The disposal of fission
products and actinides generated by the “back-ehttie nuclear-fuel cycle is
one of the major challenges in environmental s@snior the 21st century.
Because some fission produatsy, 99Tc, 1291, 79Se and 135Cs) and actinides
(e.g.,239Pu and 237Np) are long-lived, they have a mapmact on the risk
assessments of geological repositories for nuchesste. Thus, demonstrable
long-termchemical, radiation and mechanical durability essential properties
of waste forms for the immobilization and disposal radionuclides.
Mineralogical and geological studies, so calledtina analogue studies,”
provide excellent candidates for long-term immaailion and a unique
database that cannot be duplicated by a purelyriastscience approach. This
“mineralogical approach” is illustrated by a dissios of pyrochlore as a phase
for the incorporation of transuranium elements inteclear waste forms and
inert matrix fuels.

Since the discovery of Pu in 1941, more than 1,8@@ric tonnes of Pu, and
substantial quantities of the “minor” actinidesclstas Np, Am and Cm, have
been generated in nuclear reactors. Some of thesseuranium elements can be
a source of energy in fission reactions (e.g., 239® source of fissile material

25 University of Michigan, Geological Sciences, Materials Science & Engineering, Nuclear Engineering
&Radiological Sciences, Ann Arbor, Etats-Un
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for nuclear weapons (e.g., 239Pu and 237Np), andngironmental concern

because of their longhalf lives and radiotoxicigg(, 239Pu and 237Np). In
fact, new strategies for the advanced nucleardyee are, in part, motivated by
an effort to mitigate some of the challenges of disposal of these longlived

actinides. There are two basic strategies for tbgogdition of these elements: 1.)
to “burn” or transmute the actinides using nuclemctors or accelerators; 2.) to
“sequester” the actinides in chemically durabléjaton-resistant materials that
are suitable for geologic disposal.

There has been substantial interest in the useid&tbearing minerals, such as
iIsometric pyrochlore, A2B207 (A= rare earths; B & 4r, Sn, Hf), for the
incoropation of actinides, particularly plutoniumto nuclear waste forms and
inert matrix fuels. Systematic studies of raretegyrochlores have led to the
discovery that certain compositions (B = Zr, Hf¢ atable to very high doses of
alpha-decay event damage. The radiation stabilitthese compositions is
closely related to the structural distortions tbatur for specific pyrochlore
compositions and the electronic structure of thesitB- cation. Recent
developments in the understanding of the propedfekeavy element solids
have opened up new possibilities for the desigadvanced nuclear fuels and
waste forms.

Role of mineralogical processes in the geologic@l2Cstorage exposed by
Francois Guyqté A large scale geochemical cycles, the earth's sphneric

CO2, continuously produced by internal geologicazivity is naturally stored

mainly in the form of carbonate minerals: silicateathering by water acidified
by CO2 leads to the formation of ions that preaigitwhen saturation with
respect to the solid is reached. The solid carlesnétius formed are then
integrated into a geological cycle length and renstable for several tens of
millions of years, making the mechanism attracfmepermanent sequestration
of CO2 excess. However, the scale of the injecéind geological storage of
CO2 envisaged in the coming decades in differenksato mitigate the

environmental impact of the anthropogenic increalsatmospheric CO2, the
intrinsic kinetics of silicate weathering and inns® cases the precipitation of
carbonates, making these incremental process. ditiesence strongly affects
the perception of the reliability of this futureckaology: mineralogy therefore
exerts an important mechanistic control on thisyveurrent environmental

issue. The mineralogical factors kinetics of digfioh of silicate and carbonate
precipitation, studied in the laboratory by sevepaups, particularly in France
(Grenoble, Montpellier, Nancy, Paris, Toulouse, -eahaustive list) are

presented and the dissolution of silicates is gdlyerdentified as the major

2 Francois Guyot®® Université Pierre et Marie Curie, Institut de maiégie et de physique des milieux condensés
(IMPMC), Paris
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limiting step. We show that this limitation is redd to the development of
amorphous silicon layers more or less passive ensthiface of silicates, the
guestion of predicting the degree of passivatioraigiven condition, due to
impurities in the layer which alters the microstwre, Left wide open. During
the dissolution process, the deviation from equiitm thermodynamics has a
significant effect on the structure of the surfafeminerals, and thus their
dissolution kinetics, an effect that is just begignto be examined carefully by
using new methods records available, in particite coupling between
Focused ion beam (FIB) electron microscopy andyéical transmission. In
some cases, the kinetics of precipitation of caalbes in turn can become the
limiting factor of the process, mainly formed whemnerals are dolomite,
ankerite, magnesite or siderite. From this perspectthe process of
biomineralization in the biosphere groundwatertiafly present at sites of
geological storage or imported, may play an impurteole and are just
beginning to be discovered and studied. Exampless&arch on these problems
will be presented.

Dr Ali KILIC, Paris, 14 09-2009
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