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H emotrpn g Frewloyiag Bswpsitatl amo moAoUE wE Hia «vea»
EMLOTN N, TAPA TO YEYOVOC OTL OL TPWTEC YEWAOYLKEG 1) YEWAOyL-
KOU TUTIOU TPAYMATEIEC ypadTnKav Katd TV apyaLotnta HE
KUPLOTEPQ T £pya TOU APLOTOTEAN, Tou Os0dpactou, Tou ITpa-
Bwva, Tou MAiviou, k.a. H Bpadutepn £€£AEn tng Mewloylag, o
ox£on pe g «napadooiakégy OeTikég Emotipeg, odsiletal v
pépst otnv aduvapia tou avBpwmou va avtAndBsl T xwpikn
KaL KUPLWE TN XPOVIKN KALpaka mou StEmet Tig yiveg Siepyacieg
TOU TEAOUVTAL CUYVA WITPOCTA OTa MATIH pag. H mapatrpnon
Kot MEAETN OTOV Mapovia Xpovo mapéxel MANPohOopLe OYETIKA
ME Ta yeyovota Tou £Aafav ywpa oto mapsABov (pakpvo n/kat
npoodaro), svw mnapdAnla mpoidsalsl yia TNV Tbavh
peAhovuikn £€EM€n, évvoleg Tou OXETL{OVTAL APPNKTIA WE TO
rewAoylkd Xpovo kat To Fewloyikd KukAo. MNa eva peyalo
XPOVIKO Sractnua n Bswpnon tng Mg NapEPeve TIPOCKOANLEVN
os Bewpleg kat anoPeLg Tou Asttoupyoloav aflWUATIKE, OTWG O
«ANHLOUPYLOHOCH KOt 0 «KaTaoTpodLopocs.

H smotun tng lewloyiag Sev Paoiletal os afuwpata. O
Baoweg kar Bspshuwdel apyeg g umEotnoav Staypovika
obodpr) aupoPnTnon KoL QTOTEAECQAV QVTIKELUEVO EVIOVNG
avTuUtapaBeong MEXPL TIOU TPWTOTOPLAKEG Bewpieg, OmMwWg 1)
«Qswpla Twv ABoodapikwv  MAakwv», Kabiepwbnkav
dEpvoviac TV EMaVACTAon OTov TPOmo aviAndng Kot
Bewpnong ¢ Mg nov ¢’ £€n¢ Bewpeitat éva ProyewSuvapiko
oloTnua ouveXwg £EEMOCOUEVO OTO XWPO Kai TO Xpovo. H

TIUPNAVA KOL QIO TN HEYQ- OTN VAVO- KALLOKX Kot akoAoUBwe otn
povtedonoinon toug. Na napadsiyua, n duvatotnta HeAETNG pe
Sopudopikeg pebBodouc, n avaluon Kat XpovoAoynon METPWA-
TWV Kot aOABWHATWY, OKOMN KAl OF JUKPOOKOTILKY) KOL UTIO-
HIKPOOKOTULKI KALUOKQ, O oUVEUQOoMO PE o OELpa GAAWY EmL-
oTNUOVIKWY peBodwy, £8woav véa wBnon wg mpog tnv emiluon
EPEUVNTIKWVY EPWINUATWY, TIOU QITOVIaL TOU EUPUTEPOU
EMLOTNHOVIKOU MAQLOLOU.

H rewloyia, w¢ Stakpitr MAEOV EMLOTAUN, AoTEASiTaL anod £Est-
SikeVoELS TOAWY EMPEPOUC KAASWVY-, Baotkng KaL ebapuoopE-
vng €psuvag, onwg n Opuktoloyia, n Metpoloyia, n Ouoikn
rewypadia, n NaAawovroloyia, n Itpwuatoypadia, n KAyuato-
Aoyia, n Zewopoloyia, n Tektovikn, n Frewynpeia, n rewduoikn, n
Hoawotewohoyia, n Kowtaopatoloyia,n YSpoyswloyia, n Mew-
Bepuia, ESado-/Bpayo-Mnyavikr, n Frewloyikn Qksavoypadia,
n NepiBariovrkn, kat n NMAavntikn Fewloyia. Emuméoy, n afto-
noinon ano tn MEwloyla HLag OELPAG CUYYEVWV KaL [ ETLOTN-
pwv (oo ta Mabnuatikd, Ty Mnxavikn, T Xnueia, Tn Blioloyia,
£WC kaL TV latpikn kat Apxatohoyia) npoodidst oto yewemotr)-
pova pia oAoTikn prhocodia SLayELPLONG KOL QVTLLETWILONG
TOU EPEUVNTIKOU TOU QVTIKELUEVOU. O TEWAOYOC, WG EMLOTAHWY,
sivat £poSLaopEVoC KaTd TPOTIO TIOU VA JITOPEL va avtamokpBel
OTLG TPOKUNTOUCECG TOAU-TIOPAYOVTIKEG, TOAU-TIAPANETPLKES KAl
SLEMLOTNHOVIKEG TIPOKANCELS. QOTO00, 0 MEwAoyog sEakohoubeL
va £ival 0 EMLOTAOVAC TOU QVTAEL Ta TPWTOyEvr) Tou Sedopsva
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Dr. Athanasios Godelitsas

iSchool of Science

National and Kapodistrian University of Athens\
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* NEWS *

Glad to be invited speaker at ZEOLITE 2018 in
Krakow

NEW Project (DAAD), about Nanogeoscience of
the marine environment, in collaboration with
University of Bremen

NEW Erasmus+ Agreement at University of Oulu
(Finland), concerning teaching & research

Our NEW paper, on the role of nano-perovskite
in the negligible thorium release in seawater
from Greek bauxite residue (red mud), just
accepted in Scientific Reports

Our NEW paper, on amorphous As-sulfide
precipitates from the shallow-water
hydrothermal vents off Milos Island (Greece),
accepted in Marine Chemistry

Athanasios Godelitsas (born 9 August 1967) received his PhD in
chemistry from Aristotle University (Greece) and then he did a
postdoc in mineral surface science and nanogeoscience at the
group of Prof. A. Putnis at University of Muenster (Germany).
He is an Assoc. Professor of Mineralogy-Mineral Chemistry at
National & Kapodistrian University of Athens (NKUA, Greece),
Visiting Professor of Environmental Mineralogy and
Geochemistry at Complutense University of Madrid (Spain) and
Erasmus+ Visiting Professor at University of Oulu (Finland).

He is actively involved in a wide range of research areas in
modern mineralogy, mineral-chemistry and geochemistry. For
this purpose he mainly uses electron and atomic force
microscopies, surface analytical techniques and
accelerator/Synchrotron-based spectroscopies.

Dr. Godelitsas is President of the International Natural Zeolite
“a\u:al Zeo,, Association (INZA), National Representative and Member of
‘e the CNMNC of the International Mineralogical Association
(IMA), President of the Scientific Society of the Mineral Wealth
Technologists of Greece, member of the European Association
of Geochemistry and of the Geochemical Society (USA).

http://lusers.uoa.gr/~agodel/



Highlights of Earth & Environmental Sciences
See also: Mineralogy, Geochemistry, Mineral
Surfaces & Nanogeoscience at Scoop.it!

Selected recent Discoveries [link]

Most important works on the Geology & the
Environment of Greece [link]

<Mand Geochemistry: Pam

and Future [link] )
~— //

Dr. Athanasios Godelitsas

%School of Science National and Kapodistrian University of Athensi

Home > Past, Present and Future

Main menu Mineralogy and Geochemistry: Past, Present and Future
» CV
»  Publications
) HISTORY OF MINERALOGY IN GREECE
» Group B\
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BAUGUST 2008 WVOL 321 SCIENCE  weww.sciencemag.ong

SCIENCECAREERS GEOSCIENCE STATS
Employment
“ by Eegt?ur
43 % Petroleum
“ W 18%: Gowrernment
W 17% Aademnia
12% Mining
W 8% Enviranmental

1% Exec. Mgmt.
1% Other

Starting Salaries
Geascience Masters

In the Geosciences, ‘ olmics
Business Is Booming '

Hury Government

Flat federal funding meanstight times in academia, but jobs abound inthe
petroleum, mining, and environmental consulting industries
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SPMINICELIY Research foundarion hires
in-house speciailscpan

FTAMUT! Moes physics PhD holders find
permanent pasiicas 373
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ﬁ;;s and downs

Unsettled markets lead to shifting employment prospects
for petroleum geoscientists.

BY VIRRINIA GEWIN
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STUDIENORTE IN DEUTSCHLAND

.. fiir das Studium der Mineralogie bzw. Geowissenschaften
mit Spezialisierung in Mineralogie

MINERALOGIE
. Diplom
GEOWISSENSCHAFTEN

. Diplom

A Bachelor/Master of Science

A BSc/MSc in Vorbereitung

Hannover
oA

Informationen zum gewiinschten Studienort
sind auf der Homepage der jeweiligen Univer-
sitat abrufbar unter www.uni-Stadtname.de

Die Zentralen Studienberatungen der Unis
geben ebenfalls Auskunft.

2 ; 204
Weitere Infos sind auch auf unserer Homepage ~ Tubingen Miinchen
oder direkt bei uns per e-mail zu erfragen: SFcbiig. oA

www.dmg-home.de DMG
Mineralogische

dmg@uni-frankfurt.de

Gesellschaft
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North America 2015-16 position UK 2015-16 position Europe (excluding UK) 2015-16 position  Asia 2015-16 position

California Institute of Technology 1 University of Oxford 2 ETH Zurich - Swiss Federal 9 National University of Singapore 26
Stanford University 3 University of Cambridge 4  [Institute of Technology Zurich Peking University 42
Massacinisetts Institiite of Imperial College London 8  Karolinska Institute 28 university of Tokyo 43
Technology : LMU Munich

&

Europe

345 Oceania 38

South America 27
Africa 14

*Totals 801. This is because four
institutions share 798th position

South America 2015-16 position Africa 2015-16 position - Oceania 2015-16 position
University of Sao Paulo 251-300 b University of Cape Town =120 i University of Melbourne 33
University of Palermo, Argentina 351-400 University of the Witwatersrand 201-250 Australian National University 52
State University of Campinas 351-400 Stellenbosch University 301-350 University of Sydney =56 timeshighereducation.com

-~




vamsnv
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351-400

501-600

601-800

601-800

601-800

601-800

PROFESSIONAL

University of Crete
¥ Greece

National and
Kapodistrian University
of Athens

¥ Greece

Aristotle University of
Thessaloniki
¥ Greece

University of loannina
¥ Greece

National Technical
University of Athens
¥ Greece

University of Thessaly
¥ Greece

13,321

57,697

46,505

21,902

14,133

17,004

JOBS

234

28.4

26.8

20.6

38.9

EVENTS

4%

10%

5%

3%

8%

4%

RANKINGS

62:

62 :

58 :

47 :

33

51

38

38

42

53

67

149
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NOY EXOYN AH®OEI YINOWH
'A THN AIAPOPQ2H TOY MAOHMATOz

"~ ovizos =1 Eation ?‘-{.‘: A;; A INTRODUCTION TO

Mineral Sciepces
22 o

a —~<UA E
MANUAL OF ‘
| MINERALOGY

Mineralogy

and Optical Mineralogy

Cornelis Klein |
Cornelius S. Hurlibut, Jr. |
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American Mineralogist, Volune 63, pages 840-846, 1978

How much crystallography should we teach geologists?

GABRIELLE DonNNAY axD ). D, H. DoNNAY

Department of Geological Sciences, McGill University
Montreal, PQ, Canada H34 247

Abstract

A crystallography course, consisting of 24 lectures and 12 three-hour laboratory periods, is
shown to cover the foundations of morphological as well as structural crystallography. It i1s
meant to give the entering geology student the basic erystallographic understanding on which
to build the solid knowledge of minerals without which no study of rocks is conceivable,
Facing his overwhelming responsibility, the crystallography teacher in a geology department
must select his topics with extreme care and strive to impart the know-why as well as the
know-how, A realistic goal is to bring the student to a point where he can: morphologicaily, get
all information from the external form (to be ahle to find the morphological space group of a
euhedral crystal) and, struciurally, understand how a crystal structure is built and how it can
be solved by diffraction (to be able to build a crystal-structure model after studying a structure
paper 1n the hiterature),
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ENMNIZTHMONIKA BIBAIA

INTRODUCTION TO
Mineral Sciences

Mineralogy

and Optical Mineralogy
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Mineralogical Society of Amench
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European

1 Mineralogical
Union
INTERNATIONAL
MINERALOGICAL
ASSOCIATION

KaA®@g npbars otnyv Welcome to

EAAHNIKH GEOLOGICAL

FEQAOTIKH SOCIETY OF
ETAIPIA GREECE

http://www.geosociety.gr
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OPYKTOAOIIA (MINERALOGY)

OpukTa (Minerals)




OpUKTQ €ival Ta OPOYEVI PUOIKA CWPATA
ano Ta ornoia anoTeAEITal 0 oTEPEOC PAOIOC TNG 'NC

E3 ES &S

Yopa Iootpono  Zwpa Aviootporno  2wpa OPOYEVEG

Ta opuKTa €ival PUOIKWE ENPaVICOPEVEC AVOPYAVEC
EVWOEIC, OUVNOBWC KPUOTAAAIKEC, EXOUV KaBopiopevn XNMIKN
oUoTaon Kai PUOIKEC I0I0TNTEC, KAl £XOUV OXNUATIOOEI
WC ANOTEAEOUA YEWAOYIKWV dIEPYACIWV

'——wv‘



OpPUKTO €ival Eva OJOYEVEC OTEPEO OWA, TO OMOIO
oxnuaTileTal JE PUOIKEC OIEPYATIEC, KAl EXEI
OolN YE KAvovikn aTtopikn O1aTta&én** n onoia BETEN
OpIad OTO €UPOC TNC XNUIKNG TOU oUOTAoNG Kal TOU
npoodidEl TIC XAPAKTNPIOTIKEC (PUOIKEC TOU IOIOTNTEC

* Ta opukTa €ival puaika (natural) oTeped UAIKQ,
OnNA. PUOIKWC oXNUATICOPEVEG XNMIKEG EVWTEIC,
kal gival dnuioupynuarta tng duong, os avtibeon
UE Ta ouvOeTIKa (synthetic) uAika nou eival
ONUIoUPYNHATA VONHOVWYV OVTWV

** KouoTaAAIKOTNTA - ZUPUIETPIA

'——wv—
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OPYKTOAOI'IA
eival o kKAadoc Twv OeTiIkwv EnioTnuwy,
Nou AanTeTal TNS Xnueiac, Tnc Puaikng,
Kal Tov MabnuaTikwyv, Kal aoxXoA&iTal
LUE TNV
MEAETH TQN OPYKTQN

H digepelvnon TNC XNUIKNG cUuoTACNC Kal
TWV XNUIKQV 1010TATWV TwV OpUKTWV
ovopaletal OPYKTOXHMEIA

'——wv‘



H OpukToAoyia €Xel QUECN OXEON WE TNV
KpuotaAAoypaia (Crystallography),
Tnv MeTpoAoyia (Petrology),
TNV M'ewynueia (Geochemistry),
kai Tnv Emotnun Twv YAikwv (Materials’ Science)
Kal anoTeA&l Baciko kalr avanoonacTo nedio
Twv FewAoyikwv kar MepiBarlovTikwv EnioTnuwy

'——wv—



H OpukToAoyia anoTeAEl Enionc onNUAvTIKO
avTIKeipevo TNC MeppoAoyiac, Tnc Edagoloyiac,
NG MeTaAAoupyiac, Tnc XnUikNG TexvoAloyiac,
NG Qkeavoypagiac, TG OdovVTIATPIKNC,
NG MikpoBioAoyiac, Tnc KoopeToAoyiac,
NG ApxaioAoyiac, Tnc Zuvtnpnonc ‘Epywv
Texvng, kar Twv MAavnTikwv Eniotnuwv

'——wv—



June 2009
Volume $, Number 3

ISSN 1811.5209

Pearls and Corals:
“Trendy Biomineralizations”
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4 OMBRES A PAlfPIERES POUDRE
4 EYE SHADOW COLLECTION

PUDERLIDSCHA’!TEN-QUARTEFT 7 TA LC

4 KLEUREN POEDE::R-OOGSCHADUW

QUATTRO ON.IBRETTI BASE

4 SOMBRAS DE PA}QPADos EN POLVO
4 SOMBR;\S EM PO

4 QJENS' GER
VAR KOKOELMA
4 PUDEROGC.)NSKUGGOR
TETPANAH ;KIA MATIQN

INGREDIENTS:
TALC « PARAFFINUM LIQUIDUM (MINERAL OIL) « ALUMINA « BENTONITE « AMMONIUM SILVER ZINC ALU-
MINUM SILICATE « LANOLIN ALCOHOL » ZEA MAYS (CORN) STARCH « METHYLPARABEN  PROPYLPARA-
BEN « MAGNESIUM ALUMINUM SILICATE « TIN OXIDE « DEXTRIN » ALUMINUM HYDROXIDE « BHT
[+/-(MAY CONTAIN) C1 75470 (CARMINE) » CI 77007 (ULTRAMARINES) « CI 77163 (BISMUTH OXYCHLORI-
DE) » Cl 77288 (CHROMIUM OXIDE GREENS) « CI 77289 (CHROMIUM HYDROXIDE GREEN) « CI 77491,
C1 77492, CI 77499 (IRON OXIDES) « CI 77510 (FERRIC FERROCYANIDE) « Cl 77742 (MANGANESE VIOLET) «
C1 77891 (TITANIUM DIOXIDE)  MICAH HPSARH > MICA

MADE IN FRANCE
CHANEL CHANELS.

PARIS NEW YORK. N.Y.10019

92200 NEUILLY SUR SEINE
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MEAETH (XAPAKTHPIZMO2)
AIrNQ2TOY OPYKTOY

m——— KOUOTAAAIKN OOUN
———  XNJUIK OUCTAON

e DUOIKEC & XNUIKEC
1010TNTEC
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MEAETH OPYKTSQN

e MAKPOZKOINIKH EEETAZzH

e MIKPOZKOINIKH EZETAZH




XAPAKTHPIZMOZz OPYKTQN

I

XAPAKTHPIZMO2 YAIKQN

AkoAouBeiTal n idla peBodoAoyia PE EPpacn
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EARTH SCIEMCE

On the evolution of minerals

Minik T. Rosing

The vari ety of mineral species has increased since the birth of the Solar
System and the development of terrestrial planets. A refreshing view
likens the steady rise inmineral diversity tobiological evolution. HATURE Wal 458 27 Mavambas 2008
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Comet-like mineralogy of olivine crystals in an
extrasolar proto-Kuiper belt

B. L. de Vries', B. Acke', I. 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. 5. Holland”"*, R. 1. Ivison”, R. Liseau", E. E. Pantin'®, G_ L. Pilbratt™, P. Rover' & B. Sibthorpe”

doi:10.1038/naturel1469
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Figure 2| Diagram demonstrating the dependence of the 69-pm band on

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

22 24 26 28 30 32 34 685 600 695 wavelength of the 69-pm band for six temperatures and for crystalline olivine
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The width and central wavelength are measured by fitting Lorentzian profiles to

laboratory measurements™™ of crystalline olivine at different temperatures

and compositions (see Supplanentary Information for additional
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Olivine in an unexpected location on Vesta’s surface

doi:10.1038/ naturel 2665

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. Zambon', F. Carraro’, S. Fonte', H. Hiesinger®, G. Magni',
L. A. McFadden’, C. A. Ravmond®, C. T. Russell”’ & J. M. Sunshine"
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Discovery of a pure rhenium
mineral at Kudriavy volcano

M. A. Korzhinsky*, S. I. Tkachenko™,
K. I. Shmulovich*, Y. A. Taran’ & G. S. Steinberg]

* Institute of Experimental Mineralogy, Russian Academy of Sciences,
142432 Chernogolovka, Russia

T Institute of Volcanic Geology and Geochemistry,

Russian Academy of Sciences, 683006 Petropavliovsk-Kamchatsky,
Bulv. Piipa 9, Russia

I Institute of Volcanology and Geodynamic ANSRF,
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Mineralogical Co-Evolution of the Geo- and Biospheres

“Ur”-Mineralogy
Pre-solar gralm eonhh about a dozen

¢ Mg,Si0,)

+ Nano-particles of TIiC, ZrC, MoC, FeC,
Fe-Ni metal within graphite.

* GEMS (silicate glass with embedded
metal and sulfide). M

By Professor R. Hazen:
http://www.youtube.com/watch?v=PcktDStIfiQ
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Dobrzhinetskaya et al., PNAS 106 (2009) 19233-19238
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Mineral evolution

REVIEW PAPER
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Figure 1| Oxygen on the up. A gap of around 300 million years separates our best estimate for the

first significant production of oxvgen by cyanobacteria 2.7 billion years ago (Gya) and irrefutable
evidence for the rise in atmospheric oxygen around 2.4 Gya. Some estimates put the first appearance
of cyanobacteria back to 3.5 Gya or more, bolstered by the appearance of stromatolites — fossilized
microbial mats — in the geological record, but a cyanobacterial origin for these earliest mats has not
been demonstrated convincingly. Kump and Barley” explain the time lag by invoking reduced gases
released from abundant submarine volcanism up until 2.5 Gya, which consumed oxygen produced
photosynthetically by cyanobacteria. As continents stabilized, the locus of volcanism shifted towards
the land, gas emanations became more oxidized, and the buffer that inhibited oxygen build-up waned.
After around 2.4 Gya, atmospheric oxygen began its climb towards levels that, almost 2 billion years

later, spawned the rise of animals.



- XnueioouvBetika
Baktpia

é 3 o o)
Mpiv ano 3,8 bioekar. xpévia  Mpiv ané 2,4 Sioexar. Xpovia
H nepiekukdtnta tns atpéopaipas Bakthpia atnv enipavela tns BAAacoas epnAod-

g o€ o€uyovo eival apeAntéa, KaTw udav, yéow s PWIooUVOETNS TOUS, TNV ATO6-
g an6 0,0002%.lows o1 nprol opaipa pe o§uyévo eni 300 ekatoppdpIa Xp6VIa.
g €uPior opyaviopoi va ftav xnpelo- H nepiekukdtnta s atpdopaipas ae 0uyovo
g ouvBetka Bakthpia nou ovoav au§avetal oto 0,2%. O1 NP®TOI EUKAPUWTIKOF

oto BuB6 Tou wkeavou. opyaviopoi, ta UKN, epeavifovial atn OAAacaa.

2,4 bioekar. €ws 580 exat. xpovia npiv

H e§€Ni§n akoAouBei Brpia onpeiwtov enf 1,8 ioe-
katoppdpia xpévia. Ta enineda o§uyévou otnv atué-
opaipa au§avovial noAU apya kai ota téAn auths
s nepi6dou eivar pois 2,1% (to 1/10 tou onpe-
pivod). O1 ematipoves éxouv Bpel afpepa pia e€h-
ynon yia tov apyé pubué autis ts iabikaolas,

————

1| ————

' Mpivand 4 3 bioekar. 2 biogkar.
dloekatoppUpia Xpovia xpovia
Xpovia , ,

11111 e
1 bioekar. 900 ekar,
Xpovia Xpovia

800 exar.
Xpovia



MepiekukonTa
s atpéopaipas

o€ o§uyovo (%)

Tepdoua &
NBeNolha g Y S

~ 580-500 exat. xpovia npiv
- Ta enineda tou o§uydvou otv atudoaipa
. gavouv oto 20%. O1 npdrol ouvBetol
{wikoi opyaviapoi avantiooovtal otn 64-
Aaooa kai n BionoikiAdtnta au§averal pa-
ydaia. O1 npbyovor oxed6v OAwv Twv opa- j
6wV {dwV Mou undpxouv i/ AUt R e ) R e e
onpepa epgavicoviai Kard ‘ i3 , .
I Aeydpevn «Expnén

To npwto BnAaotiko

\‘%‘ = xepoaia {oa y' = AL P -” ‘* -

500-345 ekatoppupia  300-251 exaroppipia = 230-65 exatoppipia 65 exaroppipia Xpovia

Xpovia npiv xpévia npiv Xpovia npiv npiv £€0s onpepa
Ta putd eGanA@vovtai otn  H ouykévipwon oguyovou H atpéopaipa nepiéxel AiagoponoloUviai Ta BnAa-
AnGAGLTO RSB otepid. To i6io Kai Ta np@ta  GnNpEIMVEL PEKGP, Pravovias tpa pokis 12% ofuyévo, | omkd. Mianepiodos katdmy
(HIKp6 QOMOVEUAO HiIkp@G aonévéuia Zwa, 6- o010 31%. Ta {a anoktoty .  kai pia véa opdda {dwv, -
apBponodo nou Jovoe nws ol apaxves. To o§uy6-  peyahes diaotdoels. OrAl o1 deivéoaupol, Kupiap-
ot0 BuBd s BaAacaas) vo tns atpéopaipas @ravel  BeAAoUAes eixav Gvolypa xouv otn In.
o010 25%. QIEPMV HIOO PETPO.
[ ] [ ] ll [] —- . u -
700 ekar. 600 exart. 500 exar. 400 exar. 300 ekar. 200 ekar. 100 ekar. Lnpepa
Xpovia Xpovia Xpovia Xpovia xpovia Xpovia xpévia




Atmosphere

750
Plant : :
: mm s0 61 Clah;dn?jes;n I;n:s:l_iual
¥ w 15 05 55 90 a2
@ & Py Terrestrial
S
w,
& o

1 600 = PO st erthsinctotles “mat et Marine organisms s
Dissolved 3
|l .-+ - organiccarbon =i
s _!.‘_L_-vl»"—’Ll“.Al »L—.-:;,-. ;-_::;' m
e = Surface water
' Coal deposit Oil and gas deposit
3 000 : 300
Marine sediments

and sedimantary rocks
66 000 000 - 100 000 000

Intermediate
and deep water
38 000 - 40 000
BIOFEQXHMIKOZ KYKAOZ TOY ANOPAKA
ETH IH (x10°T) bt

150



YAPOI'ONO 2TA OPYKTA
(H+'H30+, OH-, HzO)

HYDROGEN IN MINERALS

PR



KOZMOXHMIKES. MHIES (mbavie <10% cupBoAr and SN)

HMiako NepeAwpa  Kopnrec MeTE@DITIKR YA
(Solar Nebula-SN) PITIKN YAN

H, :96.1% £WG Kal £WG Kal

He :3.8% 50% 10%

CO :0.077 % H,0 H,O

Ne :0.016 % o€ avOpakikouc
N2 : 78 ppm XONAPITEX



O
o

POH YAHZ 2E T'HINOYZ MNMAANHTE2
IDPs, MM : 20,000 — 40,000 tons/yr
MeTewpiTeC : 10 tons/yr

o
3

-
o

ATMOZ®AIPIKO

T m
O u
g - °:
L 2.0-
5 u
o .
o =
© 257
2 =
2
= 3.0
3.5 METEQPITIKH
POH
4.0
4.5




American Mineralogisi, Folume 96, pages 953-963, 2011

Needs and opportunities in mineral evolution research
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American Mineralogist, Volume 97, pages 1013-1042, 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. DOWNSs,> GRETHE HYSTAD,? EDWARD S. GREW,*
DAVID AZZOLINL® AND DIMITRI A. SVERJENSKY!?
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Caption: The mineral hazenite,
named after Robert Hazen,
which is only found in one
locality, Mono Lake, California.
Like hazenite, 22 percent of
known minerals are found in just
one locality. The image is
courtesy of Courtesy of Hexiong
Yang.
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Mineral Species Frequency Distribution Conforms
to a Large Number of Rare Events Model:
Prediction of Earth’s Missing Minerals

Grethe Hystad! - Robert T. Downs? -
Robert M. Hazen>
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© International Association for Mathematical Geosciences 2015

1 Abstract A population modelis introduced to describe the mineral species frequency
distribution. Mineral species coupled with their localities conform to a large number
of rare events (LNRE) distribution: 100 common mineral species occur at more than
1,000 localities, whereas 34 % of the approved 4,831 mineral species are found at
s only one or two localities. LNRE models formulated in terms of a structural type
¢ distribution allow the estimation of Earth’s undiscovered mineralogical diversity and
7 the prediction of the percentage of observed mineral species that would differ if Earth’s
s history were replayed.
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in mineral diversity-distribution relationships. Hundreds of mineral species, including most common
rock-forming minerals, distinguish an “Earth-like” planet from other terrestrial bodies. However, most

Editor: M. Bickle of Earth’s ~5000 mineral species are rare, known from only a few localities. We demonstrate that, in
spite of deterministic physical, chemical, and biological factors that control most of our planet’s mineral
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OUTLOOKS IN FARTH AND PLANETARY MATERIALS

On the mineralogy of the “Anthropocene Epoch”

ROBERT M. HAZENY*, EDWARD S. GREW?, MARCUS J. ORIGLIERI®, AND ROBERT T. DOWNSs?
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ABSTRACT

The “Anthropocene Epoch™ has been proposed as a new post-Holocene geological time interval—a
period characterized by the pervasive impact of human activities on the geological record. Prior to the
influence of human technologies, the diversity and distribution of minerals at or near Earth’s surface
arose through physical, chemical, and/or biological processes. Since the advent of human mining and
manufacturing, particularly since the industrial revolution of the mid-eighteenth century, mineral-like
compounds have experienced a punctuation event in diversity and distribution owing to the pervasive
impact of human activities. We catalog 208 mineral species approved by the International Mineralogi-
cal Association that occur principally or exclusively as a consequence of human processes. At least
three types of human activities have affected the diversity and distribution of minerals and mineral-like
compounds in ways that might be reflected in the worldwide stratigraphic record. The most obvious
influence is the widespread occurrence of synthetic mineral-like compounds, some of which are
manufactured directly for applications (e.g., YAG crystals for lasers; Portland cement) and others that
arise indirectly (e.g., alteration of mine tunnel walls; weathering products of mine dumps and slag).
A second human influence on the distribution of Earth’s near-surface minerals relates to large-scale
movements of rocks and sediments—sites where large volumes of rocks and minerals have been
removed. Finally, humans have become relentlessly efficient in redistributing select natural minerals,
such as gemstones and fine mineral specimens, across the globe. All three influences are likely to be
preserved as distinctive stratigraphic markers far into the future.

Keywords: Mineral evolution, archeology, new minerals, mining, philosophy of mineralogy,
sociology of mineralogy, Anthropocene Epoch



Geologic Time Scale

EPQCH DESCRIPTION

HOLOCENE Glaciers moved into norhaast Kansas at least twice, leaving
behind red quartzite boulders and pawdery silt called loass,
ISTCCENE Latar By clirnaie was dry, Sand dunos formed by wind in the
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Indicators of the Anthropocene in recent lake sediments differ
markedly from Holocene signatures

- - »
---------

S
ST

Colin N. Waters et al. Science 2016:351:aad2622

-

Glacial

" sediment °

These include unprecedented
combinations of plastics, fly
ash, radionuclides, metals,
pesticides, reactive nitrogen,
and consequences of
increasing greenhouse gas
concentrations. In this
sediment core from west
Greenland (69°03'N,
49°54'W), glacier retreat due
to climate warming has
resulted in an abrupt
stratigraphic transition from
proglacial sediments to
nonglacial organic matter,
effectively demarcating the
onset of the Anthropocene.
[Photo credit: J. P. Briner]
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Minerals formed due to people’s 0. Y
activity may mark Anthropocene “*™°
epoch

Researchers catalog more than 200 human-influenced minerals
By Ryan Cross, special to C&EN
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Welcome to the Meghalayan Age - a new
phase in history

By Jonathan Amos
BBC Science Correspondent
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New Geologic Ages
as announced by the International Commission on Stratigraphy
Thousands of calendar years before 2000 CE
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NorthGRIP2 ice core,
Greenland (192,45 m depth)
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Triazolite, NaCu,(N;C,H,),(NH;)2Cl;-4H,0, a new mineral
species containing 1,2,4-triazolate anion, from a guano
deposit at Pabellon de Pica, lquique Province, Chile
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(b} Macula and otoliths
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| wironmental Mineralogy: -
“New Challenges, New Materials p=

Georges Calas', Paul F. McMillan?, and Rizlan Bernier-Latmani?

1811-5209/15/0011-0247$2.50 DOI: 10.2113/gselements.11.4.247

are leading to
major developments in how society deals more effectively with energy
and environmental challenges. The fast expanding field of “environ-
mental mineralogy” helps mitigate major environmental issues related to the
impact of anthropic activities on the global ecosystem. Focusing on energy-
related materials and environmental cleanup, this article shows how minerals
inspire us to design new materials for advanced technologies needed for
energy production, managing contaminated areas, and disposing of nuclear
waste. We illustrate the environmental importance of nanomaterials, non-
and poorly crystalline phases, and the interactions between minerals and
ubiquitous microbial activity.

Cryo-transmission
electron microscope
image of a bacterial

cell surface encrusted
by UO;, and budding

a vesicle, after reduc-

tion of aqueous U(VI)
to U(IV) by Shewanella
oneidensis strain MR-1.

IMAGE FROM SHAO ET AL.

by these instruments and methods
have led to more robust environ-
mental models.

A unified view of the environ-
mental behavior of specific
elements comes from determining
their speciation in fluids, in
minerals and on mineral surfaces
and, more recently, at the biomin-
eral interface. It is now recognized

o1 P | . 1. 1

(2014)
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INTERSTELLAR DUST

Evidence for interstellar origin of
seven dust particles collected by the
Stardust spacecraft

Andrew J. Westphal™ Rhonda M. Stroud,* Hans A. Bechtel,” Frank E. Erenker,*

Armma L. Butterworth,' George J. Flymn,* David R. Frank,® Zack Gainsforth,"

Jon K. Hilller,” Frank Postberg,” Alexandre 5. Simionovic,® Veerle J. Sterken, ™12
Larry K. Nittler," Carlton Allen,'* David Anderson,' Asna Ansarl,'” Safa Bajt,"

Ron K. Bastien,” Nabil Bassim,* John Bridges,” Donald E. Brownles,™ Mark Burdiell,"™
Manfred Burghammer,™ Hitesh Changela,™ Peter Cloetens,™ Andrew M., Davis,™

Ryan Doll,* Christine Floss,™ Eberhard Griln,™ Philipp B. Heck,™ Peter Hoppe, ™
Eruce Hudson,™ Joachim Huth,* Anton Kearskey,™ Ashley J. King,* Barry Lai,**

Jan Leitner,™ Laurence Landle,™ Aviel Leonard, ™ Hugies Leroux,™ Robert Lettier,!
‘William Marchant," Ryan Ogliore™ Wel Jia Ong™ Mark C. Price,'” A Sandford, ™
Juan-Angel Sans Tresseras,™ Sylvia Schmite,* Tom 5 jans, ™ Kate 5 ey,
Geert Silversmit,*® Vicente A. Solé,** Ralf Srama,™ Frank Stadermann,* |

Thomias Stephan, ™ Julien Stodolna,” Stephen Sutton,™ Mario Trieloff,” Peter Tsou,™
Tolek Tyliszezak,” Bart Vekemans, ™ Laszio Vincee,™ Joshua Von Korfl," Naoui Wordsworth,™
Daniel Zevin," Michael E. Zolensky," 30714 Stardust@home dusters™

Fig. 2. Track 11047,1,34,0,0 ("Hylabrook™). (A) Bi-cclor ¢livine + amorphous phase map derived
from STXM Mg XANES data. (B) XRD pattemn taken at 13.S keV. Tick marks at d-spacings of 6, 3, 2,
and 1.55 A are indicated.



“lepl ANlBwV







NMAATQNIKA 2TEPEA




KANONIKA 2TEPEA (KYPTA)

0600

TETPAEAPITHX 2IAHPOMYPITHZ AIAMANTI



Georgius Agricola
(GEORG BAUER)

De re metallica
1556

&

GEORGII AGRICOLAE

DPEREMETALLICALIBRIXII>» QVIs
bas Officia, Inftramenra, Maching 2¢ omnia davige ad Megdlis
cam [pedtantia non modao lncalenaflime dt{\_'_ribur.tux,l'rd Spee

civies, s locs nﬂ.(l’l.ﬂ, adiundems l.umis. Ciermania 'Jppd‘
Latonibus itaob oazlos ponuntur, urdarius tradi noa pol;mr.

E I ¥ 5 D& M
pE ANIMANTIZVS SVETERREANEIS Liborab Autore re:

cognituscem Indicibus diverhis guicquid in opere iadtasum off,
pulchré demonlizanubus,

BASILEAE M» D» LVI»

Cum Priuileaio Iperatoriein annos. v
& Gallizrum Regls ad Sexcanisn.




NICOLAUS (NICOLAI) STENO (STENONIS)

De Solido intra Solidum naturaliter contento,
Dissertationes Prodromus (1669)

NICOLAI STENONIS
DE SOLIDO
INTRA SOLIDVM NATVRALITER CONTENTO
DISSERTATIONIS PRODROMVS,
A D
SERENISSIMV i

FERDINANDVM 1L

FLORENTIE

s et e ot | i S Sttt At i

——— e e

Ex Typographia fub figno STELLZ MDCLXIX.
SVPE]QO&VM PERMISSY .




Essai
de
Cristalographie
0 (1772)

Jean Baptiste
Romé de 1’1Isle

ESSAI

CRISTALLOGRAPHIE,
oU

DESCRIPTION

DES FIGURES GEOMETRIQUES,
Propres a différens Corps du Regne Minéral ,

connus vilgairem ent fous le nom de Criﬂaux »
Avec Figures ET DEVELOPPEMENS,

Par M. pe RoME DELISLE , de I’ Académie
Eledorale des Sciences utiles de Mayence,

t‘ L]
‘(i ;
A PARIS,

DivoT jeune, Libraire, Quai des

. Augutftins, prés le Pont S. Michel.
Chez< KNaPEN & DELAGUETTE, Libraires-
Imprimeur, en face du Pont Saint

Michel.
T T TR e
M. DCC.LXXIIL
Avee dpprobation & Privilége du Roi,




MEPIMPA®H KPYSTAAAQN
ASBESTITH (CaCO,) TO 1781

e vy ———
5luﬂl Caleaire mpmhcxae'dm,n'mqml net anx 2. bouts ;
du Hacts
Tore de & Collection de M Jacob Forvter

s’ Crsarss o Lesgrmoone’ o FinSow £, Dy 5 Rl

Grouppe de Spath Calcaire TEnticudaive,

Tirv' e Cabunat e M e Rome’ de Lnke )

i’ lvows’ ot S par Folion & Bapry 1~V

Corouppes ef Costaux detaches de .‘[k\!)l-( alcaire I-\lﬁ\nli('n]

T e

Ll

Cabanor

M’ vees’ 0 Bopras g Pk (5 Pqui 4.

Fe M de Rome' o

Livde 2

/




Essai d'une théorie sur a structure
des crystaux, appliquée a plusieurs

P Traite de Mineralogie
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Carl Zeiss, Jena, 1884
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Atlas der Krystallformen

Heidelberg, den 28. Marz 1923

Victor Goldschmidt

Tafel .90 Band 4
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KaOnyntng¢ K. KTENAZ
(1884 -1935)

Vowe e S

Teievraia pwrtoyoapia tov xablnynrov KTENA,
Ingbeica mo tov xabnyyrov II. KOKKOPOY.

:::::::

Y®HCHTOY THE OPrKTOAOTIAZ KAl FEQLNOZIAZ TOY E@NIKOY MANEMIZTHMIOY

DPYRTOTNDZTIAOT HTYAREL

META

KATAAOTOY TON EN EARADI OPYKTAON

KAI TON NAPATENETIKON TON XYNOHKON

EN AOHNAIZ
TYNOIS I A SAKEAAAPIOY

1910



KaOnyntfng¢ II. KOKKOPOZ

ApLOTOT€éAELO
HaveniLotiuLo
@®ecoaAov iKkyQG

KTENAZITHE - 3
(1950) e

Aws dem Mmerslogisehen Institut der Universitéit Thessaloniki, Griechenland.

Ktenasit, ein Zink-Kupfersulfat aus Lavrion
(Griechenland).

lerl'l_
P. Kokkoros.
Mit 2 Texlabbildungen,

{Eingelangt am 29, Mdrz 1949 )

Bei Gelegenheit der Bestiminung der Mineralarten einer aus der
ammenden Samimiung
Instituts der Universitit Thessaloniki bin ich
fen, das, seinen fuleren Merkmalen nach, mir
Deshalb habe ich es vorerst einer quali-
tativen chemis Intersu 1, wohei h 5-
slellte, g 1 isisches Zink-Kupfersulfat
handelte, gfiltigen Untersuchung konnte ich
tstellen, dall  diese Substanz  mit
keinem der bisher bekannten Eupfer-
sulfate | sch ist. Es handelt sich
wohl um eine neue Mineralart, die sich
durch folgende Merkmale auszeichnet,
Die Stofe auf der das Mineral sitzt,
besteht aus einem zelligen Smithsonit,

dessen  Ober (i

Kruste von feinf

Vermessaner %I:ra:l 114 X linear. ]-JEE]'UEIQI ]bl iul b

lich  radialblitirige L
blauen Serpieritkristallen und da schen auch viel seltene

n von blavgrimen tafelfdrmigen Kristallen des betreffenden
als, deren Grifle etwa 1 mm erreicht. Die Téfelchen sind in an.
rnd paralleler Verwachsung oder zu radial gruppierten Biindeln
inigt. Fin ziemlich gut ausgebildeter Kristall worde avs dem
te heraunsgelist und réntgenograph . kristallometrisch
und optise rsucht (Abb. 1}, Er zeigt gerade Ausloschung par-
allel zur griiliten Kante. Durch Drehung wm diese Richtung wurde
ein Schichtliniendiagramm und darauf ein We thergdiagramm
der Agquatoriinie erbalten. Nach diesen Diagrammen ist der Kristall




O KAOGHIHTHX KOQNXTANTINOX A. ZEITEAHY
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LES NINERAIS ET MINERAUX

[4 UTILES DE LA GRECE
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KPYZTAANOIPADIA
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*  Meletn TnC EEwTEPIKNC
Mopgpohoyiac KpuoTaAAwv
(TEQMETPIKH n MOP®OAOI'IKH
KPYZTAAAOTIPA®DIA)
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(ONTIKH KPYZTAAAOIPA®IA)



BA2IKE2Z KATA2TAZEI2 TH2 YAHX

o AEPIA
e YI'PH
o 2TEPEA

2 TEPEA YAIKA

* KpuoTaAAIKA

* Aupopo@a



HpuotaAiiuo [NoAvikpuotaAdLKo Apopgpo

@® AOMIKEZ MONAAEZ (ATOMA, IONTA, MOPIA)




KPYZTAAAIKO YAIKO AMOP®0 YAIKO



BAXIKA EIAH KPYXTAAAQN

IONTIKOI Etepomoikog NacCl

OMOIOIIOAIKOI | Opovomoiikdg C (Awpavr)

Opovomtolkog / Van
MOPIAKOI omehads /¥ C.H,,O,
Yopoyovov
METAAAIKOI MeTalMKOg Fe

Evoudueceg kataotacelg : 'PAGITHX



rPA®ITHE (C)

AIAMANTI (C)



AAAOTPOIMNIA (Allotropy)

NANOA®POZz C

AONZAAAEITHZ
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GRAPHENE FLAGSHIP ;

The European Commission has
chosen Graphene as one of

Europe’s first 10-year, 1,000 million euro FET
flagships

From wyww.chalmers se - January 30,

2:19 AM

Graphene has been subject to a
scientific explosion since the
groundbreaking experiments on the
novel material less than ten years
ago, recognized by the Nobel Prize in
Physics in 2010 to Professor Andre
Geim and Professor Kostya

MNovoseloy...

http://www.graphene-flagship.eu/GF/index.php



NMOAYMOP®IZMOZX (Polymorphism)

KYPIA MOAYMOP®A TOY CaCoO,

AZBEZTITHZ (CaCO3;) APAIONITHZ (CaCoO,)









MikpokpUoTaAAog
OAIBINH
navw o€
NMYPO=ENO

(ZEAHNH)



MikpokpuUoTaAAog Fe navw os MYPO=ENO (d<ciypa Apollo 15)



[MPQTEINE2




KpuaTaAAlor IvaouAivnG (C,e;HagsNgO5-S,)
QVETITUYHEVOI OTN 1) Kal oTo AldoTnua




[MTOAYMEPH

NavokpuaTaAhol noAuaiBuAeviou (-C,H,-)n
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ANOPI'ANE2 & OPI'ANIKE2 ENQ2EI>




2OYKPOZH (B-D-fructofuranosyl a-D-glucopyranoside)

C12H22°11
M.W.=342.34 g/mol

M.P.=186 °C
d=1.587 g/cm?

g ZOYKPOZHZ/g NEPOY
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2YNOETIKA KPAMATA
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[Tepr16€paro pe merpaot
QAII0... KOOUIKN €Kpnén

To 1996, oOTav 0 OPUKTOAOYOS Bi-
VTo£vToo vie MIKEAE ETMOKEPONKE
0 Aryurntiodoyikd Mouogiou Ttou
Kaipou evtunwoldotnke amo £va
Tapa&evo KITPIVoTpAacivo TETpadt
TIOU KoouoUoe €va arnod ta mepidé-
paia tou ®apa® Toutayxapev. H
avaAuon tou €6e1&e OTL EMPOKELTO
via £va XoppdaT yuaAi pe a e&ai-
PETIKA ONpavTikn 181a1tepoTNTA:
NTAV MaAaioTePO amod TV avaToAn
aKOpa TOU QalyuTITIaKoU TIOAITI-
opou. O vie Bivtoévioo Kai o Ar-
yumtios yewAoyos AAi Mmapaxat
KatéAn&av ot o Aibos Tou Kooun-
patos TpogpxOTAvV amnd Koppdata
YuaAioU Tiou Bp€dnkav oxoptmia o€
ATIOPAKPUOPEVN TIEPIOXN TNS €PN-
pou. [Ios, opws, Bpednke otn péon
TOU TIOUBEVA Kal KUPiws TI010S 1 Tl
TO KATAOKEUACE;

O Auotpiakos aotpoxnpikos Kpi-
otiav KounepA anéder&e 611 10 yua-
Al TOU KOOPNHATOS OXNHATIOTNKE
o€ Oepuokpacies 1000 UPNAES, TTOU
HUrmopoloe va Tis TIPOKAAEDEL HOVO

n TIPOCKPOUOT €VOS PNETEWPITN 0TI
I'n. O Apepikavos Yew@UO1Kos T(ov
Oudaoov, Tiou evdlagEPONKE yia thv
TIPOEAEUON TOU YUaAloU, €Aafe urr’
oYV éva TEPIOTATIKO TIOU TOU @a-
vnke va €xe1 xamola oxéon. To
1908, pia TPONAKTIKN €Kpnén agd-
vioe 80 ekatoppupla 6évdpa otnv
TouykoUvoKda tns XiBnpias. Kabws

To HUomPIDSES YUAAIVO KOoUnpa

ToU Papaw Toutayxap®yv anoodel-

KVUEL 0TI €iXE TIPAYHATONONOEL Tave anod T Zaxdpa EKpnén e élaomn-

uiKa aiua.

pws peyaAutepn. IIpo@aves autd
TIou ouvEéRn otnv Aiyurrto ntav mo-
AU 10XUPOTEPO ATIO N1a TIUPNVIKD €-
kpnén. Mia tétoia @QUOIKN €Kpnén
TapaxoAoubnoav o1 EMOTNHOVES
KaTd Tnv mpOoKPoUon TOU KOPNTN
Toupéikep-AéBL mavw otov Aia. O
Mapx MrmooAdou Snpioupynoe tnv

TIPOOOOIWOoN 11as TETOIAS EKPNENS
otn I'n. Eva tétolo yeyovos 6a dnyi-
oupyouUoE «PMaAa QuTias» otnv a-
ooaipa, avepaloveas tn Ogpuo-

‘Kpaoia otnv €m@Aaveia tou mAavi-

tn otous 1.800 Baduous, TTPOKAAR-
vtas tn Snpioupyia tepaoctias yua-
AIVIIS €MQAVEIAs».






TEKTITEZ

0.005% H,0
(50 ppm)
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“ANYAPEX" KOINAAEZ THZ ANTAPKTIKHZ




N x 1;. Gk 4
D © 2001 Natlonal Geographic Sodety. All rights reserved. nationalgeographic.com



To KUpPIO XapaKTnpIOTIKO
TWV KPUOTAAAIKWY OTEPEWV
gival n rePIOOIKOTNTA KAl N TAén
ornv doun Toug

e MONAAIAIA KYWEAIAA
(Unit Cell)

e KPYZTAAAIKO NAEIMMA
(Crystal Lattice)

‘ NEPIGAAZH AKTINQN-X I




MONAAIAIEZ KYWEAIAE2
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TPOIOI ANAMAPAZTAZHZ TOY KPYZTAAAIKOY MAErMATOZ
2IAHPOMYPITHZ (FeS,)

AN

1

ISy
N5y

U

DN 21
SR 7
g

"’A
-l
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Space filling (CPK) Polyhedra



2YNAYA2MOZ TQN MAPATMANSQ TPOMNQN 2THN MEPIMTCQ2H
[MOAYTIAOKHZ XHMIKHZ 2Y2TA2H2 KAI AOMHX

NaTpio-kAIvoau@iBoAog
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© /& rruffgeo.arizona.edu/AMS/result.php B U4 Q

American Mineralogist Crystal Structure Database

45 matching records for this search.

[] Quartz
@Levien L, Prewitt C T, Weidner D J
E?ﬂﬁmerican Mineralogist &5 (1980) 920-930
Structure and elastic properties of quartz at pressure
P=1 atm
database code amcsd 0000789
0

4.916 4.916 5.4054 90 90 120 *p3 221
0 0 .666666667
atom X y z B(1,1) B(2,2) B(3,3) B(1,2) B(1,3) B(2,3)
Si .4697 0 0 .0093 .0078 .0049 .0039 -.00001 -.00002
0 .4135 .2669 .1191 .0190 .0144 .0083 .0106 -.00250 -.0035
Download AMC data (View Text File)
) Download CIF data (View Text File)

Download diffraction data (View Text File)
View JMOL 3-D Structure (permalink)

[] Quartz

@ Levien L, Prewitt C T, Weidner D J

EEﬂAmerican Mineralogist 65 (1980) 920-930
Structure and elastic properties of quartz at pressure
P = 20.7 kbar
_database code amcsd 0000790
4.8362 4.8362 5.3439 90 80 120 *p3_221
0 0 .c6kbbb6e7
atom X ¥ z B(1,1) B(2,2) B(3,3) B(1,2) B(1,3) B(2,3)
Si .4630 ] 0 .0070 .0057 .0035 .0029 .0002 .0004

0 .4111 .2795 .1095 .0148 .0108 .0076 .0075 -.0034 -.0029



@‘ - C @ ‘@ & https://jp-minerals.org/vesta/en/gallery.html

S

j )\
@ Visualization for Electronic and STructural Analysis »
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Software > VESTA >

Screenshots

Fistory Windows




Vesta

File Edit View Objects Utilities Help

a b cabcDt § e Step("):{fts.o; + § @ 1 Step(x: 10 J+ - Step(%):{jo |
k Tools | Style |Objects) | AMSDATAif |

Structural models

Show models
[]Show dot surface

Style
() Ball-and-stick

() Space-filling
(®) Polyhedral
() Wireframe
() Stick

Volumetric data

L R

Show sections c
Show isosurfaces
Surface coloring

Style

® Smooth shading a b
Wireframe
Dot surface
Crystal shapes
Show shapes
Style
X 4 z Occ. B Site Sym.
® Unicolor 1851 si 0.46970 0.00000 0.00000 1.000 0.elé 3 -
Custom: color 20 0 0.41350 0.26690 0.11910 1.000 1.058 6 -
Wireframe
Number of polygons and unique vertices on isosurface = 0 (0)
3 29 atoms, 28 bonds, 7 polyhedra; CPU time = 2 ms
[ Properties... ‘
‘ Boundary... H Orientation... ‘

Qutput | Summary l Comment ]




Crystal Maker

X

% File Edit Selection Model Rendering Transform Window Help }THEW;‘
A 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 |Augite A~

Crystal
structure data
from: Bertolo S,
Nimis P, Dal

0 \? Negro A (1994)
Low-Ca augite
Ck Vis  Lbl from
- [ 7 experimental
k i alkali basalt at
e - Lo
f / f— 0 variation near
AL W — O the miscibility
Q -
L o =i oy aeie
— from ICSD.
A :/-' American
— O Mineralogist
=1 O 79:668-674
— O
— O
— O
— O

<

| Options >

Tuesday, October 6, 2020
Localtime Tue 3:10 AM
! % > Clock 1 Mon 8:10 PM

For Help, press F1 Clock 2 Tue 5:40 AM




ATOMIKH AKTINA (VFI rj CPK)

AvTinpoownevel To péyeboc (oe nm i A) evoc
ANOPOVWHEVOU Kal NAEKTPIKA OUOETEPOU ATOHOU
AVENNPEAOTOU Ano TOMOAOYIEC XNUIKWV OETUWV
Kal eEapTATAl ANoO TO NAEKTPOVIKO VEPOC

| 2r |

— MeTaAAIKn akTiva ‘ ‘

— OpOoIONOAIKN akTiva
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ATOMIKH AKTINA (CPK)
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"KPYZTAAAIKH" KAI IONTIKH AKTINA

— “KpuoTaAAikn” akTiva

e
d = r (cation) + r (anion)

— IovTikn axTiva ()

E=APTATAI AIO TON APIGMO 2YNAPMOI'HZ [CN]

MoAUedpa cuvapUOYNG

[CN]=8




ANAAOI'TA IONTIKSC2N AKTINSN

I‘c/ I'n (rc=rationTos 1 7a= FanionTos)

[CN]=3 [CN]=8
r./ r, = 0.155 I./ r, = 0.414



ANAAOI'TA IONTIKSC2N AKTINSN

MoAUedpa cuvapUOYNG

[CN]=3 [CN]=4 [CN]=6 [CN]=8 [CN]=12

0.15-0.22 0.22-0.41 0.41-0.73 0.73-1 1
N~— 7

S
rel ra



TO MAPAAEITMA TOY OAIBINH

(Mgl I:e)ZSiO4

H 1ovTIkn akTiva Tou Si+* eival
0.04 nm (0.4 A) Kal ENOPEVWC,
unoBeTovTac o1l cuvapuoleTal
e O2 Tou onoiou N IOVTIKN
akTiva eivar 1.40 A, €xoupe
Ief 1y (Fsia4/ I,-)=0.286 onoTe
kal npokunTel [CN]=4
(TeTpacdpikn ouvapuoyn).
AvTiBeTa, yia To Mg?*+ kai Tov
Fe2+ npokunTel [CN]=6
(okTaedpikn cuvappoyn)
[4r,,=0.4 A

[6)/14g2+=0.72 R, 11, =0.61 A




20&vocg (valence) ka1 IovTtikn AkTiva: O Aoyoc V/ r

AIZOENH KATIONTA ME [CN] = 6

e
D
+
4.3 ~~
3.8
D
33 =+ (-]
. —/\ o &
y + =
—_— = O —
—~ =28 (i< R +QNQ
—+ o —+
~> = D D F rofhro o
+= = = + P -«
—roT H > o o5 o
2.3 —+ ~ + >0
o o o J
[@B) —+ C 1= S [da»)
-+ N e =+ -+ =
1.8 > w + 5RO S
5 S IH
(NG SSRO S
+
1.3 DD

Ta kaTiovta Pe napanAnoio Aoyo V/ravTikaBioTouv eUKOAd TO eva
TO AAAO O€ KpUOTAAAIKA NAeyuaTa oTo id10 NoAUedpO ouUVAPUOYNC
(n.x. Ca2* < Cd?+, V/r=2 ka1 V/ r=2.1 avriotoixa, o [CN]=6)



TO MAPAAEITMA TN NMOAYMOP®2N TOY CaCoO;

AOMH AZBEZTITH AOMH APATONITH

[]/E 2+ _]_A []/E: 2+ —1 18A hula hoop

¢
ION [XBévoc (V)| = 777 77 [ [CN] | "KpuotaAAikn" Aktiva | lovtikn Aktiva (r) | V/r
ca* 2 3p° 6 1.14 1.00 2.00
Ca* 2 3pb 7 1.20 1.06 1.89
Ca™ 2 3pb6 8 1.26 1.12 1.79
Ca™ 2 3p6 9 1.32 1.18 1.69
Ca™ 2 3pb6 10 1.37 1.23 1.63
Ca™ 2 3pb 12 1.40 1.34 1.49




H ENYAATQMENH IONTIKH AKTINA

OTav Ta kaTiovra eEEABOUV ano To KPUOTAANIKO MAEYHA Kal
Bpeeouv o€ U5CITIKCI dlaAUPaTa anokTouv £va nsplﬁ)\npa
poplwv H,O sva) TO psyseoq NG EVUOATWHEVNC IOVTIKNG
akTivag (ry) €ivar avtioTpoPws avaloyo ToU HEYEBOUC TNG
IOVTIKNG AKTiVvaC OTO OTEPED

I P T
H 10vTIKN akTiva Tou 44-
Cs* eival 1.69 A kai '
N EVUOATWMPEVN TOU

3.29 A. Avrictoixan < | Pb2*

IOVTIKN QKTiva TOU Bl ;
Be?* gival 0.31 A kai 36- )
N EVUOATWWEVN TOU . w o |

4,59 A ! " & 5

T| Rb Cs*
H I : T Y T T 1 T T T
02 04 06 08 1 0 1. 2 1 4 1.6 1 8 2. O 2.2

r (A)




KANONEZ TOY PAULING

[Reprist from the Journal of the American Chemical Soclety, 81, 1010 (1929).]

THE NATURE OF
The Principles Determining the Struc- THE CHEMICAL BON
ture of Complex Ionic Crystals SRR B BOID

LINUS PAULING

< 80

L. Pauling

(1901-1994)
BPABEIO Nobel S,
XHMEIAZ 1954 .
& [ e
BPABEIO Nobel Journal of the The Nature of the
EIPHNHZ 1962 American Chemical Chemical Bond

Society (1929) (1939)



1oc kal 20 KANONAZ TOY PAULING

QA lNa kabe kaTiov (0To KPUOTAANIKO NAEYHa) oxnuaTideTal
£va NoAUEOPO cuvapuoync ano aviovra. H anootaon
KaTIOVTOC-aviovToC npoadlopileTal ano To abpoioua Twv
IOVTIKWV AKTIVWV Kal 0 apiBuog cuvappoync [CN] ano
TNV avaloyia TwV IoVTIKWV akTivwv (r:/r)

d >e pia otabepn doun cuvapuoync n oAIKn 10XUC TwV
deopwv ano oAa Ta yeirvialovra KaTiovTa nNpoc £va aviov
IooUTal JE TO (POPTIO TOU avIOVTOG (TonIKn £€l00ppPOMNNON
popTiou). Mnopei va ekppacdei wc 0 AOyoc Tou 0Bevou(
npoc Tov apiBuo cuvapuoync (V/[CN]). Eav n.x. To Si+*
o€ TETpAsdpIKN cuvappoyn avrikaraotabei ano AR+
TOTE 0 Adyoc V/[CN] ano 1 yiveral 0.75 kal anarrouvTal
eNINAEOV UN-TETPAEOPIKA KATIOVTA YIa £El00ppONNOT TOU
(popTiOU



30G¢ KANONA2 TOY PAULING

Q To poipacua akpwv Kai €10IKkoTEPa 0pwV PJETAEU dUO
NOAUEOPWV OUVAPHOYNC LEIWVEI TN 0TABEPOTNTA TNG
I0VTIKNG OouNn¢ [mAnoialouv Ta KaTiovTa rnou PpickovTal
LUeoa oTta noAuedpa kai evioxueTal n anwon]

Ta TeTPAEdPa KATIOVTWV PE UYPNAO 0BevoC Onwc To Sitt
oxnuaTi(ouv aAuaidec, dakTuAiouc kal “PUAANG”HE KOIVEC
KOPUPEC, EVW Ta OKTAEOPA CTOIXEIWV PE XAUNAOTEPO 0BEVOC
onwc To AP+ pynopouv va £X0uV KOIVEC AKUEC AAANG 01 EOPEC



406 KANONAZ TOY PAULING

Q >& eva kpUOTAAAO Nou nepIEXEl OIAPOPETIKA KATIOVTA
ekeiva Ta onoia gu@avifouv uwnAn o&eIdwWTIKN KATAoTAON
(0B€voc) kal YiIkpo apiBuo cuvappoync [CN] Teivouv va
unv poipadovral noAuedpika oToIxeia HETa&u Toug

» Ti**: CN=6, [61/7,,= 0.60 A
MOIPAZMA AKMQN

% ® Caz+: CN=12, 12/, = 1.34 A
MOIPAZMA EAPCN

MEPOBZKITHZ (CaTiO,)



50¢ KANONAZ TOY PAULING

3 O apiBuoc Twv d1aPopETIKWV E10WV OOMIKWV CUCTATIKWV
(noAUedpa ouvappoyng K.A.n.) og Eva kpUOTAAAO TEIVEl va
gival Yikpoc, dnA. sugavifovral opola dopika nepIBaiiovTa
yia opoia atopa (anAouoTepn doun—xaunAoTepn duvaTtn
EVEPYEIQ—O0TABEPOTNTA)
>Tn doun n.X. Tou oAIBivn
unapyouv Povo 4
OIAPOPETIKEC OIATAEEIC
aTohwV: OAa Ta atopa O
uolpalovTal PETA&U evog
TETPacdpou (NOU MEPIEXEI
navra Si+) kar Tpiwv
okTacdpwv (Mou NEPIEXOUV
OAIBINHEZ : (Mg, Fe).SiO, Mg?+ kal Fe2+)




AIATA=H ATOMQN zE KYBIKO NAErMA

PCC BCC FCC

1/8 atopa ot 8 1/8 atopa o< 8 1/8 dTopa ot 8
KOPUPEC KOPUQEC, 1 dTopo KOPUPEC, 1/2
OTO KEVTPO aTopa o€ 6 £0pEG
CN=6 CN=8 CN=12
Atopa/KuyeAida: Atopa/KuweAida: Atopa/KuweAida:

1/8*8=1 (1/8%8)+1=2 (1/8%8)+(1/2*6)=4



AIATA=H ATOMQN ZE EEAINQNIKO NAErMA (HCP)

O1 diata&eic FCC (cupnaync kuBikn cucowpaTtwon) kar HCP
(oupnaync eEaywvikn cUCCWUATWOT) OUVIOTOUV TO TEAEIOTEPO
NAKETAPIOUA oPaIpwV UE TNV MEYIOTN duvaTn NMUKVOTNTA NOU
eival n/(3V2) = 74.048% (YnoOeon Kepler). QoToco eneidn
IoXUEl 1/ r,=1 €ival onavieg o€ KoIva OPUKTA KAl GUVAVTWVTAl
KUPIWG O KPUOTAAAOUC AUTOQUWV OTOIXEIWV KAl O KpauaTa
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ENEPI'EIA TNAEIMATOZ

O1 OTOIXEIWOEIC OOUIKEC HOVADEC TWV NAEYHATWV TWV
KPUOTAAAIKWV UAIKWV (GTopa, 10vTa, popla) ouvoeovTal JETAEU
TOUG PE dIaPopwV 10wV XNUIKOUC OeopoUC UE anoTEAECUA va

nepikAgieTal evepyela. H evepyeia W anaireital yia tnv
anopakpuvon OUdETEPWY ATOUWY Ao TO KPUGTAAAIKO NAEyUa

npoc To aneipo, o€ Beppokpaacia 0 °K, ovopaleTal evepyeia
nAeyuatoc kai dideral og ki/mol:

W=(a*V*V,,*e2*N, /r-+r)*(1-1/m)

onou V¢, V, €ival Ta aBevn TV I0VTWV, /- KAl 7, Ol I0VTIKEG
AKTIVEC, € TO OTOIXEIWDEC NAEKTPIKO opTio, N, 0 apIiBuoc
Lodschmidt, m o ekBeTnc anwBnong nou naipvel TINEC HETAEU TOU
5 kal Tou 12, kai a n otabspa MADELUNG



A NEW YORK TIMES BESTSELLER

A World History

“The fascinating, indispensable history of an
indispensable ingredient . . . a must-have for any
serious cook or foodie.” ~ANTHONY BOURDAIN

Salt—the only rock we eat— MARK K1VRLELANSKY

has made a glittering, often surprising
contribution to the history of humankind Author of Cod and The Basque History of the World
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®OOPITHE (CaF,) - FCC




®OOPITHZ (CaF,) - FCC




FCC
AAITHZ (NaCl) kar ®O©0PITHZ (CaF,)
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AAITHZ (NaCl) ®OOPITHZ (CaF,)
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“oneg” pe Na* ONEC”™ KEVEG “OnEC” KEVEG “oneg” pe F



NaCl (AAITHZ) - FCC
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Atopa/KuyeAida:
2.81 A (1/8%8)+(1/2%6)=4

5.64 A=
HEYEO0C KuwpeAidac
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X, ¥, Z . KPY2ZTAANOIPAOIKOI A=ONE2

T a, b, c: STAGEPES KYWEAIAAS
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KPUGTAAAIKA 2UCTNHUATA

« KuBiko cuoTnua
« TETPAYWVIKO cuoTNUA
* PouBiko cuoTnua
# EECIY(,[)VIK(') 0) l'JOT I’] |,,|C| Kata tnyv apepIkavikn Tagivounon
: : Ta OUO CUCTNUATA KATATAooOoVTdl
. Tp|Y(DV|K0 ouoTnHa oav UnoouoTnuara Tou E&aywvikou
* MovokAIVEC cuOoThUa
« TpIKAIVEC cuOTNMG
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TETPAIQNIKO POMBIKO

a=b#c a#b#c
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E=AI'QNIKO TPIMQNIKO

C

a=b#c
a=p=90°,y=120°



OIKOZ MONAAIAIAZ KYWEAIAAZ T'TA KAOE

KPYZTAAAIKO ZY2THMA (V)

KPYZTAAAIKO 2Y2THMA

OrKOZ (V,c) MONAAIAIAZ KYWEAIAAZ ZE A3

KYBIKO V=as

TETPAIQNIKO V = aZc

POMBIKO V = abc

EEAFQNIKO V = a2c sin(120°)

TPIFQNIKO V = a2c sin(60°)

MONOKAINEz V = abc sin(B)

TPIKAINES V = abc ((1- cos? a - cos2 3 - cos? y) +

2(cos(a) cos(B) cos(y))"




MONAAIAIA KYWEAIAA KAI XHMIKOz TYOZ

O XNUIKOC TUNOC TOU KpUOTAAAIKOU UAIKOU O€ixVel T
XNMIKG OTOIXEId MOU CUUUETEXOUV OTNV KPUGTAAAIKN OOUN
Kal avapepeTal oto adpoioua (Pe TNV Npolinobeon oTi
dlaTnpPEITal N CUVOAIKN NAEKTPIKN OUOETEPOTNTA) KAl OTNV
avahoyia (OTOIXEIOMETPIA) TWV OOUIKWV HOVAdWV Mou
anapTifouv Tn povadiaia kuweAida Tou NAeypaToc. 'ETol
n.x. otnv nepintwon Tou NaCl (kuPiko cuoTnua), nou
QVTIOTOIXEI OTO OPUKTO ANITNG, xoupe 4 atopa (1ovta) ava
kuweAida dnA. Na,Cl, onote n avaAoyia Na:Cl eivar 1:1.
AlaIpwVvTac JE TOV KOIVO OUVTEAEDTH 2 NPOKUNTEI O
anAonoinuevoc xnUIkoc Tunoc nou eival NaCl



>TnVv nepinTwon Tou XaAadia (TpIywVvIKO) TO NEPIEXOUEVO TNC
kuweAidac eival 3 atopa (10vta) Si ouv 6 atopa (10vta) O. MpokeiTal
yia Tpia nupiTika TeTpagdpa (TO, onou T=Si dnA. [SiO,]*) Ta onoia
OMWC evwvovTal JETa&U Touc Pe 3 koiva atopa O nou PBpickovTal
OTIC KOPUPEC TWV TETPAEOPWV HE anoTeEAeoUa va diaTnpeiTal n
NAEKTPIKN oUdETEPOTNTA. ONOTE NPOKUNTEI O XNMIKOG TUNOG Siz0g O
oroiog o0Tav anAonoinBei yiveral o yvwaTog Tunog Sio,



















KPY2ZTAAAOI PAOIKH IMYKNOTHTA

Dcryst = MWy / Vyc (g/cm?3)
MW, = MW/N, (g) onou N, = 6.0221367*10/23

kal Vye (€m3) = Ve (A3) * 10°(-24)

MAPAAEIT'MA I'TA TO XAAAZIA
(Tpiywviko, a=b=4.92 A, c=5.41 A, a=B=90°, y=1200°)

MW =MW, 306/N,=180.252/6.0221367%10/23=
29.931%107(-23)=299.31*10~(-24) g
Vyc=(a*2*c*SIN(60*ACOS(-1)/180)*(10~(-24))
=113.412*%10~(-24) cm?

Dcryst=MWyc/Vyc=
(299.31*%107(-24))/(113.412*107(-24))=2.639 g/cm?



OI KPYZTAAAOI TQ2N OPYKTQN
EINAI TEQMETPIKA MNOAYEAPA
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5 NMAATQNIKA 2TEPEA
KANONIKA MNMOAYEAPA (KYPTA)
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NAATQNIKEZ MOAYEAPIKEZ AOMEZ
2E MIKPOKAIMAKA

ZXNHATIOHOG HIKPOKPUOTAAAwvV acBeoTitn (CaCO3)
napoucia noAupepouc (PSS-co-MA)



NAATQNIKEZ NMOAYEAPIKEZ AOMEZ
2E MIKPOKAIMAKA

ZMB
Uni Basel

F‘enta\]l th L

Brriarodaha s Ferd vedd

Braarudosphaera bigelowii



NAATQNIKEZ MOAYEAPIKEZ AOMEZ
2E NANOKAIMAKA

Kavoviko TETpAsdpo
oxnuaTi(OPEVO ano
opadec Mnhovikou Mg




13 APXIMHAEIA ZTEPEA / NMOAYEAPA




APXIMHAEIE2 NMOAYEAPIKE2Z AOME2

2E NANOKAIMAKA




EAPEZ + KOPYOEZ = AKMEZ + 2
(Faces + Vertices = Edges + 2)




F+V=E+2
AEN I2XYEI 2TA E=H2 NMOAYEAPA:

{5/2 , 5}* {5, 5/2}*
MIKPO AZTEPOEIAEZ MEIAAO
“AQAEKAEAPO” “AQOAEKAEAPO”

KEPLER - POINSOT
KANONIKA AZTEPOEIAH NMOAYEAPA (KOIAA)

* ZOpBoAa Schlafli



E=QTEPIKH MOP®OAOI'TA KPY2TAAAQRN
MOP®H 1} OWH (EXHMA)- Habitus & NMEPIBOAH- Tracht

E€aedpo

NEPIBOAH-17acht : OKTAEAPOY KAI EZAEAPOY
MOP®H (2XHMA)-Hab:tus : OKTAEAPOY



MeTaBoAn Tng NMNEPIBOAHZ
KpuoTdAAwv Zidnponupitn (FeS,)

AlapopeTikn MOPOH
KpuoTtaAAwv AoBeoTitn (CaCO;)




KPY2TAAAOI ME XOANQAH MOP®OAOITA
(Hopper Crystals)

KpuoTaAAol puoikoU AAITH (NaCl) ka1 ouvOeTikoU BIZMOYOIOY (Bi)

MikpokpUOTAAAOG
AZBEZTITH (CaCoO;)
nou avanTuxonke
NEIPAPATIKA HECA OE
nOPOUC NNKTNAG
nupitiag (silica gel)



KpuoTaAAOI OPUKTWV COE NETPWHATA
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2UCOWUATWNATA KPUOTAAAWV OPUKTWV







! XAPTINA MONTEAA KPYZTAAQN ;




=YAINA MONTEAA KPYZTAAAQN
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JCrystal 1s a Java application for creating,
editing, displaying and deploying crystal
shapes.

Note: exportad Java applets are no longer supportad by latest web
browszars

More ... Download FREE
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KrystalShaper 1s a Windows application
for creating. editing. displaying and
deploying crystal shapes.

Note: exported Java applets are no longer supported by latest web
browsers

More ... Download FREE
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. Research Associate Professor
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interactive diamond don't ses?
alz0 try the intemet explorer

WinXMorph i3 a software program for creating realistic still or animated crystal shapes
(morphologies) from crystallographic data (metric, (hkl) - Miller indices and central
'distances) as input and *.wrl (VRML V2.0 utf8) files as output, that can be inserted on web
'pages (see publications in J. Appl. Cryst. 2005 and J Appl. Cryst. 2007)
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Mughal I'timad al-Daula Mausoleum in Agra, India (c. 1622 AD)
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A
A/B=B/C : A=B*®d, B=C*®D

(¢ ~ 1.618)

X2—x-1=0

Axolovbia Fibonacci

0,1,1,2,3,5,8, 13,21, 34,55, 89, 144, . ..

Atopopd a6 (0

°
9.9 0-0-0- 0000000000
1 ® 10 100 1000 10000
. ApBuot Fibonacci
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Bacikoi TUNOI CUNUETPIAC

« JUUUETPIa O OXeEON
UE EVA CNHEIO
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>UULETPIa O OXeon UE EUBsia
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A=ONEZ 2YMMETPIAZ 2TA OPYKTA

JOROE..

L> L3 L4 L°

To 2009 avakoivawdnkav L og ouaoika kpduaTa



A=ONEZ 2YMMETPIAZ TOY KYBOY (E=AEAPQY)




NMOAIKOI AZONEz

AEovec ue avouola /leparwTika Znueia




A=ONEZ A=ONEz A=ONEZ
NMOAIKOI 2TPODOOKATOINTPIKOI 2TPOOOANAZTPOODOHZ
H diepyacia nou KaTta tnv dlepyaacia
AEOVEC HE nepIANAUPBAVEl OTPO®I NEPI OTPOPNC Nepi c"|Eovc|
avopola Tov L% KAl KAl KaToNTPIoUO Kal avaoTpo@ng we
NEPATWTIKA WG MPOG TO £MiNed0 KAOBETO rpOG TO KEVTPO
oToIxeia orov aéova napayel veo napayovTai ol 'AEquq
kKalouUvTal OTOIXEIO CUMMETpPIAg nou >TpoPOAavacTpoPng ol

MoAikoi AEoveg
Atovag (L3,,).

413
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XapakTnpIloTIKO napadeiyua

KAA€iTal ZTpopoKaTONTPIKOG

onoiol napioTavovTal
hME nauAa (-) nou
TiIOETAI NAvw ano Tov
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TNV TA&n Tou a&ova.
AuTO cupBaivel oTav
dIEVEPYEITAl OTPOPN
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avaoTpo®n wg Npog 10
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OUMMETPIA: 4 = [ 42 .
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Quasicrystals
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HuikpuoTaAAol
Al-Pd-Re

(KANONIKO) NENTAIQNIKO AQAEKAEAPO pe L>




HuikpuoTaAAol
Zn-Mg-Ho

(KANONIKO) NENTAIQNIKO AQAEKAEAPO pe L>



HuikpuoTaAAol
Al ,Li;Cu TPIAKONTAEAPO pe L5

2-folg 710l 3-fold

Figure 2. An idealized triaconta-
hedron with one of its six 5-fold
axes indicated.

Figure 1. SEM photo of an isolated, triacontahedral
quasicrystal of Al ,Li,Cu made at AT&T Bell Laboratories.

The grain is 0.1 mm across. SEM photo courtesy of A. R.
Kortan, AT&T Bell Laboratories.




HuikpuoTaAAol




Al-Cu-Co




PRESSMEDDELANDE

Press release

5 October 2011

The Nobel Prize in Chemistry 2011

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Chemistry for 2011 to

Dan Shechtman

Technion - Israel Institute of Technalegy, Haifa, Israel

“for the discovery of quasicrystals”.

A remarkable mosaic of atoms

In quasicrystals, we find the fascinating mosaics of the
Arabic world reproduced at the level of atoms: regular
patterns that never repeat themselves. However, the
configuration found in quasicrystals was considered
impossible, and Dan Shechtman had to fight a fierce
battle against established science. The Nobel Prize

in Chemistry 2011 has fundamentally altered how
chemists conceive of solid matter.




REPORTS 5 JUNE 2009 WVOL 324 SCIENCE www.sciencemag.org

Natural Quasicrystals

Luca Bindi,* Paul ). Steinhardt,?* Nan Yao,? Peter ]. Lu®

Quasicrystals are solids whose atomic arrangements have symmetries that are forbidden for periodic
crystals, including configurations with fivefold symmetry. All examples identified to date have been
synthesized in the laboratory under controlled conditions. Here we present evidence of a naturally
occurring icosahedral quasicrystal that includes six distinct fivefold symmetry axes. The mineral, an
alloy of aluminum, copper, and iron, occurs as micrometer-sized grains associated with crystalline
khatyrkite and cupalite in samples reported to have come from the Koryak Mountains in Russia. The
results suggest that quasicrystals can form and remain stable under geologic conditions, although there
remain open questions as to how this mineral formed naturally.
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American Mingralogist, Volume 96, pages 928931, 2011

LETTER

Icosahedrite JAl;Cu,,Fe;;| the first natural quasicrystal

LucA BINDLY:* PAUL J. STEINHARDT,** NAN YAO0,® AND PETER J. LU*®

‘Museo di Storia Naturale, Sezione di Mineralogia, Universita di Firenze, Via La Pira 4, I-50121 Firenze, Italy
*CNR-Istituto di Geoscienze e Georisorse, Sezione di Firenze, Via La Pira 4, I-50121 Firenze, Italy
*Princeton Center for Theoretical Science, Princeton University, Princeton, New Jersey 08344, US A
*Joseph Henry Laboratories, Department of Physics, Princeton University, Princeton, New Jersey 08344, US A
*Princeton Institute for the Science and Technology of Materials, Princeton University, New Jersey 08544, US A
“Department of Physics and SEAS, Harvard University, Cambridge, Massachusetis 02138, US. A
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Natural quasicrystal with decagonal
symmetry

Luca Bindi', Nan Yao?, Chaney Lin?, Lincoln S. Hollister*, Christopher L. Andronicos®, Vadim V. Distler®,
Michael P. Eddy”, Alexander Kostin®, Valery Kryachko®, Glenn J. MacPherson?, William M. Steinhardt'®,
Marina Yudovskaya® & Paul J. Steinhardt®'’

'Dipartimento di Scienze della Terra, Universita di Firenze, Via La Pira 4, 50121 Florence, ltaly, ZPrinceton Institute for the Science
and Technology of Materials, Bowen Hall, Princeton University, Princeton, NJ 08544, USA, *Department of Physics, Princeton
University, Jadwin Hall, Princeton, NJ 08544, USA, “Department of Geosciences, Princeton University, Guyot Hall, Princeton, NJ
08544, USA, *Division of Earth and Atmospheric Sciences, Purdue University, West Lafayette, IN 47907, USA, ®Institute of Geology
of Ore Deposits, Petrography, Mineralogy, and Geochemistry (IGEM), Russian Academy of Sciences, Staromonetny per. 35,
Moscow, 119017 Russia, “Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology,
Cambridge, MA 02139, USA, 8Geoscience Technology, BHP Billiton, Houston, TX 77056, USA, “Department of Mineral Sciences,
National Museum of Natural History, Smithsonian Institution, Washington DC, 20013, USA, '°Department of Earth and Planetary
Sciences, Harvard University, 20 Oxford Street, Cambridge, MA 02138, USA, ''Princeton Center for Theoretical Science,
Princeton University, Princeton, NJ 08544 USA.
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American Mineralogist, Volume 100, pages 2340-2343, 2015

LETTER

Decagonite{ Al,,Ni,,Fes| a quasicrystal with decagonal symmetry from the Khatyrka CV3
carbonaceous chondrite

Luca BINDIY*, NAN YAQ?, CHANEY LIN®, LINCOLN S. HOLLISTER?, CHRISTOPHER L. ANDRONICOS?,
VADIM V. DISTLERS, MICHAEL P. EDDY’, ALEXANDER KOSTIN®, VALERY KRYACHKO®,
GLENN J. MACPHERSON’, WILLIAM M. STEINHARDTY, MARINA YUDOVSKAYA® AND PAUL J. STEINHARDT3!

Dipartimento di Scienze della Terra, Universita di Firenze, Via La Pira 4, I-50121 Florence, Italy
“Princeton Institute for the Science and Technology of Materials, Bowen Hall, Princeton University, Princeton, New Jersey 08544, U.S.A.
‘Department of Physics, Princeton University, Jadwin Hall, Princeton, New Jersey 08544, U.S.A.
‘Department of Geosciences, Princeton University, Guyot Hall, Princeton, New Jersey 08544, U.S.A.
Division of Earth and Atmospheric Sciences, Purdue University, West Lafayette, Indiana 47907, U.S.A.
fInstitute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry (IGEM), Russian Academy of Sciences, Staromonetny per.
35, Moscow, 119017, Russia
"Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, U.S.A.
!Geoscience Technology, BHP Billiton, Houston, Texas 77056, U.S.A.
“Department of Mineral Sciences, National Museum of Natural History, Smithsonian Institution, Washington, D.C. 20560, U.S.A.
"Department of Earth and Planetary Sciences, Harvard University, 20 Oxford Street, Cambridge, Massachusetts 02138, U.S.A.
"Princeton Center for Theoretical Science, Princeton University, Princeton, New Jersey 08544 U.S.A.

ABSTRACT

Decagonite 1s the second natural quasicrystal, after icosahedrite (Als;Cu,,Feys), and the first to
exhibit the crystallographically forbidden decagonal symmetry. It was found as rare fragments up to
~60 wm across in one of the grains (labeled number 126) of the Khatyrka meteorite, a CV3 carbona-
ceous chondrite. The meteoritic grain contains evidence of a heterogeneous distribution of pressures
and temperatures that occurred during impact shock, in which some portions of the meteorite reached
at least 5 GPa and 1200 °C. Decagonite 1s associated with Al-bearing trevorite, diopside, forsterite,



>UUETPIA OE OXEON UE ENINEDO

Al

a

Eav ano eva onueio pePOUPE KABETO O€ eva €ninedo Kal € ion

anooTacn ano THV. dAAN PEPIA GUVAVTHNOOULE ICOTIUO ONUEIO,

TOTE TO €MiNedO auTo eival eva EMINEAO ZYMMETPIAZ (m)
TO OMOoI0 avapePeTal WE Pn



>UUUETPIA OE OXEON UE GNUEIO

'Eva onpeio ival eva KENTPO ZYMMETPIAZ (1) otav
OAd Ta ONMEId MOU BpiokovTal O€ I0EC ANOOTACEIC AMO
auTO, AAAd O€ avTIBETEC KATEUBUVOEIC, €ival I000UvVapa.
To KEVTPO CUUMETPIAC avapepeTal wé C



EMINEAA ZYMMETPIAZ (P)

KENTPO XYMMETPIAZ (C)




26/09/2005 21:51




ONOEAPIE2

O1 TA&EIC TOU 010U KPUOTAAAIKOU
OUOTNATOG UE TO MEYAAUTEPN MANBOC
2 [OIXEION >YMMETPIA> (A=ONE2,
EMINEAA, KENTPO) ovopdalovTal
OAOEAPIEX. ‘Exouv dnAadn tnv
ueyaAuTEPN OUVATH GUUUETPIA VIa TO
oUOTNA OTO OMOI0 KPUOTAAWVOVTal




AIAOOPETIKH E=QTEPIKH MOP®OAQOI'IA KPYZTAAAQN TOY IAIOY OPYKTOY




NMAPAMOP®QMENOI KPY2ZTAAAOI

XANAZIAS
SiO,




ANANTY=H KPYZTAAAQN/KPYZTAAAQZH

(CRYSTAL GROWTH)

OpoI6HoP PN Avopolopoppn,
TPOPOO0CIia UAIKOU TPOPO0O0Cia UAIKOU

AnuioupyouvTal EOPEC I0EC H £0pa anopakpuveTal TaxUTEPA ano
HETAEU TOUG Kl OE I0EG TO KEVTPO TOU KPUGTAAAOU Kal
CanoOCTACEIG ANO TO KEVTPO TOU HEIWVETAI O€ EHPAdO eV 01 AAAEG
KPUOTAAAOU £0pEG HEYAA®VOUV O EUPado

(QOTO00, KAl OTIC OUO MEPINTWOEIC,
Ol OIEOPEG YWVIEG TWV EOPWV MAPAHNEVOUV. OTABEPEG



NOMOG TG OTABEPOTNTAGC TWV OIEOPWV YWVIWV
(N. Steno 1669 kal Rome de |” Isle 1783)

« O1 OIEOPEC YWVIEC TWV. EOPWV. TWV. KPUGTAAWV. (KUPTWV
VEWUETPIKWY. MOAUEDPWV.) EVOC UAIKOU OPIGHEVNG XNMIKNG
oUOTACNG, MOU oxNuamiCovral KaTw ano OPIGEVEC
ouvenkec T/P, exouv mavrmote omabepn TipN

« Eav amo 1o KevTpo EVOC
OMOIOUDNMOTE KPUGTAAAOU
(PEPOUE KABETEC EUBEIEC MPOG TIC
£0PEC TOU, N YWVIEC MOU
oxnuamifouy. auTeG ol euBEeiec eival
Kal 01 (NTOUEVEC DIEOPEC YWVIEC,
AUTEC NPEMEI va €ival oTabBePEC yia
KAVOVIKOUC Kdl MapduoppwUEVOUC
KPUOTAAAOUG Kal JETPWVTAI JIE
Ola(opa YWVIOHETPA




XpNon YoVIOUETPOU @
NEPICTPEPOUE TOV. KPUGTAAAO KATA

TOV. A€ova Tou (1) TO OMTIKO
oUOTNUA TOU YWVIOUETPOU)

KAl JETPAE TRV, YWVid /
LETAEU OUO BECEWY E '60°
LEVIOTN avakAaon
PWTOG

/

[Nla peyalouc kpuoTaAAouc, kabwg Kai

yia Ta JOVTEAA TOU £pYACTNPIOU, UMOPOULE
Va XPNOIKOMOINCOUE Eva anAO YWVIOUETPO
OMNWC AUTO OTA ApPIOTEPA
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Nopoc tou Hauy (1801)

T

= 0'| KPUOTAAAIKEG £DpPEC
TEMVOUV TOUG
KpuoTaAAoypaPiKoug
(aEOVEG OE

1 GKEPAIEG HOVAOEG

HNKOUG
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Nopoc 1ou Bravais

2UNVOTEPH ENPAVIon (Kal kAT ENEKTAGH NEYAAUTEPO EUBAOOV)
EXOUV O KPUGTEANKEG EOPEG MOV EIVAl NAPEAAAAEG GE KPUGTAAAIKA EMINEDG
E MEYAAR MUKVOTHTG O OOUIKEG HOVADEG (ONMEIa MAEYHATOG)

_onueia 6x6

—— =1.44
EMPadov 5x5
onueia 6x5
. 106
eEMPaddv 5x42
onueia 6x3
= =% 80
eEUPadoV 5x2+5 I\
/ @ 4
B




AEIKTEC EOpwWV kaTa Weiss

a +C

+20

17.57

1. MeTpape OUO EOPEG
EVOG KPUOTAAAOU p Kal S.

20
+b
+2
“a

2. YTTOAOYiCOUME O€ TTOI0 ONUEIO QUTEC TEJVOUV TOUG AEOVEG a, b Kal c, 1T.X.
S,=7.08, s,=8.70, s.=17.57
p,=14.94, p,=18.34, p.=11.65



3. ATIO TIG OUO £0PEG MEYAAUTEPN AVATITUECH EXEI N S, OTTOTE TTAIPVOUUE TAV. AVAAoyia:

P Py . Py, P 1494 18.34 11.65

S S." s, S, 7.08 807 1757 2.11 :2.11: 0.70

4. KavoVIKOTTOIOUME TO TTAPATIAV) ATTOTEAECUA UE TOV. MIKPOTEPO OPIBUO:

2.11 211 . 0.70

070 070 070 = 3.003: 2.998 : 1.000 = 3:3:1

+20 7

5. To (831) €ivai ol OEIKTEG

+10

+b

Z/
+
Vg



A€IkTEC 0pwWV KaTta Miller

1. AV aVvTIGTPEWYOUHE TOUG OEIKTEG \WeEISS (331) EXOUpE (%%%)

2. [IoANaTTAOOIGCOVIOG ME TO 3 TTOU EiVAl O KOIVOG TTAPAYOVTOG

TWY. KAOOMATWY. EXOUE:

(113) Acikteg Miller

3. H yevikeupevn popor Twyv osikTwyv Miller givai:

(h k1) omou h20, k=20 kai 120



4. O1 ogikTeg Miller ummopouy va TTAPOUY. KOl OPVNTIKEG TIMEG AV TEUVOUV. TO

APVATIKO MEPOG TWV ACOVWY, TT.X.:

(h K1) (L01)A (111) A (211) K.T.A.

5. [a 10 EGaywVIKO Kal TpIYyWVIKO oUCTNHO OTTOU aVTi yIa ACoVeG a, b

EXOUME a,, ay, a3 YPAPOUUE TOUG OEIKTEG WG EENG:
(h ki), ommou h+k+i =0
N kaAuTepa (h K * 1) kaBwg I = -(h+kK)



« Touc oeikTec Miller ToUG UNOAGYICOUPE EMIGNG ONWG Kal Touc Weiss
aAAd UE TRV, OlaMOPAd OTi OlaIPOUUE MAEOV. TIC GUVTETAYUEVEG THG

LUE TIG GUVTETAYUEVEC TWV. AAAWV E0PWV. EREITa
KAVOVIKOMOIOUE WOTE VA NAPOUNE aKePaIoUG apiBuouc (o1 OEikTeC Ba
NPENEI VA EXOUV. TILEC akePAIwV. APIBPwWY GUPP®Va e Tov NOopo Tou
Hauy).

« [lavra kavovIKOMOIOUE TOUG OEIKTEG UE TO EAAXIOTO KOIVO
NOAAGRAGGIO, M.X. EGTW KAl AV IPOKUNTOUV ano TOUC UMOAOYIGHOUG
OEIKTEG OMWG (224), autoi Ba yivouv (112) diaipwvTac Ue TO 2 Nou
ival To EAAYIOTO KOIVO MEAAANAAGIO Touc. Emionc To (363) Ba yivel
(121) apou OlaIpEGOUNE |UE TO 3

« O1 OEIKTEC OTNV. YEVIKN YpAdn TouG cupBoAifovTal e (AkY). AvtioToixa,
€ivVal EMTPENTEC Kal ol HopPeC onwc (047, (A0)), (HKO) KTA. Q0TOCO
note 0gv ypa®oupe (AAA) ala navra (111). Oute (040) aAAa (010)



>NUacia Ty oeiktwy. Miller

Me TnVv xpnon Twv dcikTwv Miller anopeuyoupe 10O
oupuBoAo Tou “aneipou” co nou gugpavideTalr oToug
OcikTec Weiss yia €dpec nou €ival NapaAlAnAeC e eva
N OUO A&OVEC OUVTETAYUEVWV.

'ETo1, kata Weiss pia €dpa nou €ival KaBeTn oTov
aova +a eival napaA\nAn nNpoc Toug agovec b kai ¢
Kal exel OEIKTEC (1oo o), AuTn n £dpa kata Miller exel

deikTec (100).



AeikTec Miller




To emitredo (100)




To emitredo (010)

+C

(010)




To emitredo (001)




To eTritredo (111)




Ta emitreda (111) kai (221)




[FIGTI 610 ECAVWVIKO KAl TRIVWVIKO oUCTAUC
+a; loxUel To h+k+1 = 0 ;

loxueEl:

Eupodov(AOAT )= Eufadov(AOAB)+Eufadov(AOBT)=>

1, - 1y -5it 120 P - Kl - Sif] 60" +m;rﬂ-xq:,-5in 60" »

e P 2 2
Nag . Kol €TTEIdr  sin120°=sin60°
T Tay
O Xao 60° -7 o
P Hi, m;ra sity B0 _ g :.-.:a:;:J sinn B0 L By xac, sit] B

60 <
B m% 7L 7L

o7 = xmt xn=> am = Xt = x=
- — A+
A (1010) \ O1 rapapeTpor Weiss gival: ma,:na,:-xas,
el Apa ol Miller ivar:
, = L B T L —r”+m} OTTOTE
H mmAeupd (1010) 1.x. éxel aBpoloua 5t & =N

htiti=—+——
For B 52

h+k+i= 1+0+(-1) = 1-1 = 0. 11 rn+mJ rn+m}_rn+m}_0

om0 s



ZONE2 KPY2ZTAANAIKQN EAPSCN

O1 (WVEG €ival Hia opada KPUOTAAAIK®V EOpwWV NOU Eival
napaAAnAec o€ evav asova (£xouv akpeG napaAAnAeg peTagu Touc)

01 £0peG A, B, I' ka1 A anoTeAouy pia wvn Kal gival napaAAnAeg oTov
asova Tou oxXNHAaTog

A

.........

A&ovag TnG
¢wvng

v



Flapaoelyua (VNG EO0PWV

Ol AKUEC MOU YivovTal
eival mMapaAAnAeCc HETa&u TouC

O1 EOPEC MOU MEPIEXOUV AUTEC
anoTeAOUV Mia




apaoelyua ouo (VWY Kal KOIVAG E0PAc

Mia £6pa pnopeEi
Va AVNKEI O€
NEPICCOTEPEC

(WVEC




O a&ovac TNG CwvNG pNopsi va exel enionc OsikTeC Miller [uvw]
01 onoiol unoAoyilovral WG £ENG:

\ 4

Acovagc TnG
cwvng [uvw]

1. EoTw OUO £0peG e OeikTEG (hKI)

Kail (qrs).

2. 2XNMaTiCOUPE TO TTAPAKATW TTIVAKQ:

h

o

k | h Kk
X X X
r s q

S

3. KaAvoupE TIG TTIPACEIC OTTWG
TTAPAKATW:

u=k*s—1*r
v=|l*g—-h*s
W=h*r—k*q

4. O1roTe N wvn £xel OEIKTES [UVW]



[NapPAOEIVUA UTTOAOYIGUOU CWVV
‘EcT0) OUO E0PEG ME OEIKTEG (100) Kkai (01.0).
>XNUATICOUNE TO TTIVAKQ: 1 {0 0 1 0 u=0*0-0*1=0

XX% = =0%*0-0*1=0

0) 0O O 110 w=1*1-0*0=1

O10TE N Cwvn £xel OeikTES [001].

. 1 Me 1oV i510 TPOTIO AV SIGAEYAHE TIG
T © /| €dpeg (100) kai (010), n wvn Ba eixe
OeikTEG TOUG [001] TTOU WOTOCO
Yo TOUTICETON e Tov [001].
| ooy 4. x| Emiong (010) ue (100) diver ahi [001],
/' KkoBwc Kai o1 (010) pe (100).

[001]
Acovag TNG
vGwvng




[loTE pia E0pa avikel o€ (wvn

« ‘Eotrw n Zwvn [210]. Na BpeBei av n €dpa (103) avnkel
oTn C(WvN:
= AMO TO ABpPoICHA TWYV. VIVOUEVMV.
2*1 +1*0+0*3=2%#0 '
OUMREPAIVOULIE OTI N E0PA OEV.AVNKElI 0T (WVN.

« ‘EoTtw n Zwvn [112]. Na BpeBei av n €dpa (31-2) avnkel
oTn Cwvn:
= AMO TO dBpoIcuad TV VIVOUEV®Y
1*3 + 1%1 + 2%(-2) = 3+1-4=0
OUMMEPAIVOUE OTI N €0PA AVNKel oTn (wVvn.

« [evikd, av. TO ABPOICHA TWV. YIVOHEVWV. TWV OEIKTWV TG
(VNG JE TNV €0PA EIVAI UNOEV, TOTE AEUE OTI N €0PA
avnkel orn wvn. 2 KABE AAAN NEPINTWON OEV AVNKEL.



2YNOWH
KPY2ZTAANOIPADIKCN 2YMBOASN

® Afovec GUUUETPIAC
Lz(-)l L3 (A )I L4 (. )I L° (. )

® Fnineda oUUPETPIAC
P2, P3, P4, P6

® KevTpo OUUUETPIAC
C




—> AcikTeC edpwv KpuoTaAlou (o€ napevOeTEIC):

(hkl), n.x. (100), (010), (001), (111) via
kpuoTaAlo Tou Kupikou

* KpuoTaAoypagpika /ooduvaliec edpec {0 ayKioTpa}:
{hkl}, n.x. {100} yia To KupikO onuaivel OAG ol
KPUOTAAAIKEC £OPEC TOU £EaEdpoOU

—> AcikTec (wvnc (a&ovac (wvnc N akoun Kail
KpuoTaAAoypagiko avuopa) [o€ ayKUAec]:
[uvw], n.x. [001], K.A.n.

* Opada KpUoTAAAOYPAPIKWY AVUCUATWV:
<uvw>, rn.X. <001>, k.A.n.



OEMEAIQAH KPYZTAAAIKA 2XHMATA

NMINAKOEIAEZ NMPIZMATA
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KPYZTAAANOIPADIKA 2YMBOAA KATA

HERMANN-MAUGUIN
m=P Az L2 A3 L3, A |4
Ao Aq Al Ao
------ : SGT . K
S | el = 2e & |NET ga
- A | m T ey b m e
_____ - *///‘ i ""‘2'/// L
ﬂ Ao v i Ao ) AN )
.ef:z & A A \7.3. 2
3A,, 3m, i 1A,, 2m 1A, 4A,,5m, i 3A,, 4K, 6A,, 9m, |
3A, I 299 1A1: 1A, 4A, =422  3A, 4A, 6A,=43 2
2m 2m 2m 2 m m 4m 2m 2m Am 3 2m

l l i i

2/m2/m2/m 2mm 4/m2/m2/m 4/m73 2/m




KPYZTAAAIKO 2YZTHMA

KPYZTAAAIKH TA=H

2YMMETPIA

TPIKAINEZ ? iKAMIA
2 1A,
MONOKAINEZ m 1m
2/m I, 1A,, Im
222 3A,
POMBIKO mm2 (2mm) 1A,, 2m
2/m2/m2/m I, 3A,, 3m
4 1A,
; i,
4/m I, 1A, 1m
TETPAIQNIKO 422 1A,, 4A,
4mm 1A,, 4m
42m 14,, 2A,, 2m
4/m2/m2/m i, 1A,, 4A,, 5m




KPYZTAAAIKO ZYZTHMA

KPYZTAAAIKH TA=H

2YMMETPIA

3 1A,

3 12,

32 1A,, 3A,

3m 1A;, 3m

32/m 1%, 3A,, 3m
E=AIQONIKO-TPIFQNIKO 6_ 1'_6\6

& 14

6/m I, 1A5, 1m

622 1A, 6A,

6mm 1A, 6M

6m2 1%, 3A,, 3m

6/m2/m2/m i, 1A 6A,, 7m

23 3A,, 4A,

2/m3 3A,, 3m, 24
KYBIKO 432 3A,, 4A;, 6A,

43m 34, 4A,, 6m

4/mZ=2/m 3A,, 44, 6A,, 9m




> TEPEOI'PA®IKH NPOBOAH

zZenith

H avaykn pog va TTapoOUCIOCOUE TIG TPEIG OIOOTAOCEIG TOU
XWPOU GE 6UO0, TTAVW OTO XOPTI | OKOHN KAl TTAVW OTHV
000vn auToU TOU UTTOAOYIOTH), MOG EKOVE VO ONMIOUPYNCOUME
peBodoUG oTTwg 1o AIKTYO WULFE

OuCI100TIKO ONMIOUPYOUHE MIO VONTH CQAipa TTOU
TTEPIBAAAEI TOV KPUOTAAAO (] BPICKETOI HECO OE
OUTOV) aAAQ Ta KEVTPA TOUG VO CUMTTITTTOUV.

AV OT1TO TO KEVTPO OUTO PEPOUUE
gUBEiEg KABETEG TTPOG TIG EOPEG TOU
KPUOTAAAOU, auTég Ba TEvouv
BeBaiwg Kal TV EMTIPAVEIN TNG
'''''''''''''' o@Qaipag O€ KATTOIO ONHEIa.

Mpoooxn!!!
To pATI pqg}rdvm givai
0170 TO TTAVW MEPOG KAl
KOITOME TTPOG T KATW.

To TPOBANUA HOG EiVAl TWPO TTWG
OUTA TO onpEia Oa Ta OEICOUME OE pIA
ETMIPAVEIN, OTTWG N KOKKIVN TOU
OXNMATOG XWPIG va XaBei katrola
TTAnpo@opia.

2TOXOG MOG gival BERaIa v MTTOPOUME VO
EOVOOXEOIAOOUHE TOV KPUOTAAAO poévo atrod
TTANPOYPOPIEG TTOU EXOUMNE KATAYPAWEI OTNHV
ETTIQPAVEIA AUTIH.



-
- -

2 XEOIOTUOG TWV
UEVAAWY. KUKAWYV
TOU OIKTUOU

AV PEPOUNE KUKAOUG
(OTTWG O UTTAE) TTOU Va
TTEPVAVE ATTO TOV AEOVa a
Kal KABE onuEio TNG
TTEPIPEPEIAG TOUG TO
evwoouue pe To Nadip, ol
VEWMETPIKOI TOTTOI TWV
TOUWY TWV EUBEIWV
QUTWY JE TO ETTITTEOO TOU
OIKTUOU OpIiCouV TOCA TTOU
QTTOTEAOUV TOUG
MEYAAOUG KUKAOUG GTO
oiktuo Wulff, 6TTwg auto
@aiveral Oecia 0TO £VOETO.
OI YWVIEG TWV ETTITTEOWV
AUTWY WG TTPOG TOV ACoVa

C €ival Ol YWVIEG P



YEOIAOUOG TWV UIKPWYV.
UKAWYV TOU OIKTUOU

Av @EPOUE KUKAOUG
(6TTWG O KIiTPIVOG) TTOU TO
ETTITTEDOO TOU Eival
TTapdAAnAo TTpog 10
ETTITTEGO TWV a{OVWY (C b),
KOl EVWOOUHE KABE onueio
TNG TTEPIPEPEIAG TOUG UE TO
] Nadip, ol YEWHETPIKOI
A — TOTTOl TWV TOHWYV TWV
EUBEIWV AQUTWV ME TO
ETTITTESO TOU OIKTUOU
opifouv TOEa TTOU
OTTOTEAOUV TOUG HIKPOUG
KUKAoug oTo dikTuo Wulff,
OTTWG AUTO PaiveTal OESIA
oT10 £vOeTO. H ywvia Tou
agova a pE TnV gudgia TTou
opidEl TO KEVTPO TNG
o@Paipag Kal TO ONMEio
TOMAG CPAIPag Kal
KiTPIVOU KUKAOU gival Ol
YWVIEG @.

-
-
-
-
-
-
-

EmiTEOO ITPOLOANG
oIkruou \\Vulff

d




[[lpof5oAn oT0
oIkTUO Wulff

Omwg paiveral oTo
oxnNMa, yvwpifoviag Uovo

_______ TIG YWVIEG () KOl P EVOG
~~~~~~~~~ onueiou (TIG TTOAIKEG TOU
» OUVTETOYUEVEG ONAADI WG
TTPOG TO oUCTNMO
QCOVWYVY) NTTOPOUE VO
KAVOUUE TNV TTPOBOAN
QUTOU OTO ETTITTEOO TOU
OIKTUOU.
‘ET01, uE QUTEG TIG
TTAnpPoPopicc, Ba
MTTOPOUUE Va
TTPOBAAANOULE CNUEIQ.
MITOpOUME OUWG VO
TTPOBAANOUME EUBEIEG N
Kal ETTITTEOA.

e =—-—
-
-
-
-
-
-

ANy

oIkruou \Wulff




To emITTEOO TOU OIKTUOU WUulf

RSN BRI SAANSON To ETITEDO TTOU TEAIKG TIPOKUTITE
et NN\ UE OAEG TIG OIaBABUITEIC TOU O
S A R T T T MOIPEG €ival TO OIKTUO

OTEPEOYPAPIKAG TTPOBOANG
Tou Wulff
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SN W AUTO Ba TO XPNOIUOTTOIN-
...... GOUIE (VOTE VO TIOORAANOULE

L )9 OAa Ta oTOIXEIG OULPETPIAG
EVOG KPUOTAAAOU.
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R I B S o A R S Eival onuavTiko 611 o116 TIG

"""" : — = [ o TTANPOYOPIEC TOU BIKTUOU
MTTOPOUUE KABE OTIYUN Va
R0 N T U WO s S S S SO SN A A 4 O X1 LIOTICOUE Kal TTAAI OAOKANPO
P N R Sl 10V KpUOTOAAO GTOV XWPO, GAAG
S0V R VS’ (o Vo uGBoupe Via OAa Ta OTOIXEID
NNy | T S OUMUETPIOG TOU KOBWG Kal yIa TO
1O KPUOTOAAIKO GUOTNUO TTOU OV KEI
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oG TMPoSAANCULE EVa onuEio (1)

Mag divovral
Ol YWVIEG:

¢ = 30°
p =45°

2. XEOIACOUME apXIKA
TO OUCTNMO ACOVWY
TTAVW OTO OIAPAVEG

XOPTi.



EVA onueio (2)

[1EPIOTPEPOUNE TO
Ola@AVEG XaPTi KaTA
+30° JETPWVTAG TTAVW
OTOUG MIKPOUG
KUKAOUG.

ATTO TO KEVTPO KOl O€
ammooTaon +45° Tmavw
oToV 0opICOVTIO Acova
TOU OIKTUOU YPOPOUUE
TO ONEio.



............
----------------

[FloG TIPO[SAANOUE EVA oNUEIO (3)

ETTavagEpoupe TOuG
(ICOVEG,
TTEPIOTPEPOVTAG KOl
TTAAI TO OIOPAVEG XOPTI,
WOTE Va TauTidovTal JE
QUTOUG TOU OIKTUOU.

To {nToUEVO onuEio
METAPEPETAI KAl AUTO
oTnVv B€on TTPOOANG
TOU.



G TTPO/AANOUNE EVA ETTITTEOO (1)

Ta emriTredoa TpofaAAovrail
TTAVTA OE HEYAAOUG
KUKAOUG.

‘Eva etritredo KAOETO OTOV
agova C (Tov KAaTOKOPUYPO)
TTPORAAAETOI OTOV
HEYOAUTEPO KUKAO TTOU
mePIBAAAEl To OikTUO WUIT.

To ixvog H10g euBeiag
KABETNG TTPOG EVa ETTITTEDO
TTPORBAAAETOI OE ATTOCTACT
90° METPWVTAG TTAVW CTOV
opICOVTIO Agova Kal agpou
TOUTIOCOUME TO ETTITTEDO ME
Evav HEYAAO KUKAO.

2TO OXNMO PAiVETAI Eva
emritredo 1Tou givai 30° amrod
TOV KOTOKOPU®PO agova Kal
TO iXVvOG Tou. To £TTiTreEdO

gival TTapaAAnAo oTov a.



g npoﬁa)\)\oupa EVA ETTITTEQO (2)

['la va mrpofBaAAoulE Eva
emrimredo 1ou givai 30° aro
TOV KOTOKOPU®PO Agova Kal
TTapaAAnAo oTov agova b

EVEPYOUME WG EENG:

[epIOTPEPOUME TO
olapavég katd 90° TTpog
TNV OETIKA KATEULOUVON KOl
YPA@POUHE TO ETTITTIESO
TTAVW OTOV HEYAAO KUKAO

Twyv 30°




[Fl0G TIPO[AAANOUUE EVA ETTITIEDO (3)

90°~

ETIOTPEPOUNE OTNHV
apxikn O€on.

‘Eva CULHETPIKO ETTITTEOO
HE KAion -30° TTpoAaAAETaI
OUMMETPIKA WG TTPOG TOV
agova b kara 30° Ko TTAaAl
(T6GO pE PTTAE
OIOKEKOMMEVN YPOAMHMN)-




[FlpoSoAn Tou ecacdopou (1)

a8 900.
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HPOBOM'] TOU £§d£6pOU (2)
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[Flpo[SoAR TOU Ecaedpou (3)
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[101]

... KOBWG kal Ta diaywvia
ETTITTEQQ OCUMMETPIAC ATTO
TIG AAANEG QKUEG:

[OlI] yia 10  Kal
[011] yia TO




[ipofBoAR Tou ecaedpou: Acovecg L4




[[lPoOAR TOoU £caedPOU: ACOVEG |_°




[[lPOOAR TOU EcaeOPOU: ACOVEC |2




[FlPpo[SOAR TOU £cOEOPOU: EOPEC
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B RN YAPEY O £opec mpoPdaAlovTal cav onpeia yiari
S N Y OUCIOCTIKG TIPOBAAANOUNE Ta iXVN TWV
ol £UBEIWV TTOU EEKIVAVE ATTO TO KEVTPO KOl
kaTeuBuvovTal KABETA TTPOG AUTEG.
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[[lPOSOAN TOU OKTOEOPOU: EOPEG
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IAIOTHTEX TOY AIKTYOY Wulff

1. Otav TpofoAEg
£OpWV OVAKOUV
TTAVW OTOV idIo
KUKAO TOTE Ol
£0pEG ATTOTEAOUV
¢wvn E0PWV. (1a
ETTITTEON TOUG €ival KABETO
TIPOG TO ETTITTEDO TTOU
opiCouy Ta onuEia
TTPOBOANR TOUG)

2. 210 OikTuo Wulf
MTTOPOUNE VO
OlaACcOoUNE
atreuBeiag TNV ywvia
METOCU OUO EOPWV

3. ETmiong va doupe
EOPEG TTOU AVIKOUV
o€ Mia dwvn

4. Na OIaKPIVOUME
OTOIXEIO CUMMPETPIOG




KYBIKO KPYZTAAAIKO 2Y2THMA

Cy A N R
i
// /
S/ b
a=b=c

o=P=y=90°



5 KpuoTtaAAikeg Ta&eig

oo
- E 4
|

3L4 413, 6L2 3P4 6P2 C

OAOEAPIA
3L4 4L3 6L2 3P4 6P2 C






NMOAYEAPA KPYZTAAAQN OPYKTSQN

> MPOZOXH ZTHN YIMNAP=H 2ZYMMETPIAZ

» MPOZOXH KAI >THN TASH TQN A=ONQN
SYMMETPIAS (L2, L3, L4, LS)

AEN ANTIZTOIXOYN OAA TA n-EAPA
2E KPYZTAAANOYZ OPYKTSN !



“OKTAEAPA": 8-EAPA (n=8)

OKTAEAPO: 3L44L36L2 3P4 6P2 C (KYBIKO)

Beowal actahedron frincated sglicire irfangular
fetrahedron dipyramid cupela
i ()
gyrobifasiigium atgmented tridiminished hexagohal heptagonal
(J26) triangielar icosahedron prisim pyramicd

prism (J63
19) i i

ESEANQNIKO NPIZMA: L% 3L23L'2 Pé 3P2 3P’2 C (EEAIQNIKO)




>TEPEA JOHNSON (92)

KYPTA MOAYEAPA ME KANONIKA
NMOAYI'QNA Q2 EAPEZ KAI IZE2 AKMEZ

NT71660@6







N>

TO ENINEAO (111)




VO gy v 3
) B |
ST
— o A

Z10nponupiTNG
(FeS,)

FaAnviTng

(Pbs) ——> Ag



MikpokpuoTaAAog POopiTn (CaF,) navw oe Zkopoditn (FeAsO,.2H,0) ano 10
AAYPIO. MikpopwTtoypa®ia ano HAekTpoviko Mikpookonio Zapwong (SEM)



3L4/20‘K. 4L3no)\. 6P2

Tetpdedpo Tpig TETPHEOPO
3L24L3 _,, 6P2






KANONIKO TETPAEAPO

EINAI ENA AlNO TA 5
KANONIKA KYPTA
(NMAATQNIKA) 2TEPEA

A=a*V3
V = ll—gaax/i

h=v6(a/3)



TO “TEAEIO” 52
TETPAEAPO - OXI o
ANATKASTIKA
KANONIKO
(TETPAEAPO TOY
HPQNA) >

117

;*12\/5(3—&-){5—5)(3—6)

a+b4c
5 :

B s =

| J(@+ 82+ )? —2a* + b + )

N 4


http://en.wikipedia.org/wiki/Image:Triangle_with_notations_2.svg

2OHNOEAPA
(DISPHENOIDS)

TPITQNIKH
NMNYPAMIAA

S e W




POMBIKO AQAEKAEAPO

3L4 4L3_,_6L2 3P4 6P2 C

3L4 4L36L2 3P4 6P2C




POMBIKO AQAEKAEAPO

KPYZTAAAOz

'PANATH




(MH KANONIKO) NENTAIrQNIKO AQAEKAEAPO

3L4/2 413, 3P4/2 C

3L24L33P2C




(MH KANONIKO) NENTAIrQNIKO AQAEKAEAPO

MYPITOEAPO
Z10nponupiTnNG
(FeS,)

g [T T]
-

L LT T T By
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=

[
F=]

I
=

JAIEEEEEEEEEEE ™

ST TTTTTITTT11

EEEEEEEEEEEE
L B
[INEEEEEEEEEEEE
L B
INEEEEEEEEEE
[HEEN
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AEATOEIAEZ AQAEKAEAPO

3 L4/20‘K. 4L3no)\. 6 p2

3L24L3__, 6P2

AEATOELOEG SWOEKAEDPO




TETAPTOEAPIKO NENTAIN2NIKO AQAEKAEAPO

3 L4/2 4L3no)\.

3L2 413,




EVCIVTIO[]Op(plo'p(')(; (Ena ntiomorphism) (A M l.\.’n‘ I,";]'-‘
Xeipopoppia (Chirality) Al ) O

D- ka1 L-Mop@p&Eg

EvavTiogop®pol KpUoTAAAOI ‘

Anouocia eninedwv ocuppeTpiac (P) ka1 kevrpou cuppeTpiag (C)



NMENTAINQNIKO
EIKOZITETPAEAPO
(D ka1 L)

3L4 4L36L2

Anoucia eninedwv
ouppeTpiac (P) kai
KEVTPOU cuppeTpiag (C)



AEATOEIAEZ EIKOZITETPAEAPO

3L4 4L3_,_6L2 3P4 6P2 C
3L4 4L36L2 3P4 6P2 C

} KYBIKH OAOEAPIA




AEATOEIAEZ EIKOZITETPAEAPO

KPYZTAAAOZ I'PANATH



AIZAQAEKAEAPO

3L4/2 413, 3P4/2 C
3L24L33P2C

Enineda (P) kal KEVTpO
ouppeTpiag (C)



3L4 4L3_, 6L2 3P* 6P2 C TEZZAPAKONTAOKTAEAPO

3L4 4L36L2 3P4 6P2C
. _

Y
KYBIKH OAOEAPIA







ABIOTIKOZ (ABIOTIC)
n ANOPFANOZ (INORGANIC)
MAINHTITHZ i
Fe;O,

!

ENIMHKEE {110}

11

011
{110}+{111}

0C1

{100}+{111} (KYBOKTAEAPO)

NAPAMOP®QMENO {111}

111
e B _
‘K‘111
011

001 011
{110} +{111}+{100}

ENMNIMHKEZ {100}+{111}

ENIMHKEE {111}

111

—t—_ 101

110D "~
011 110
~011

{110}+{111}

}

011 110
_ \‘LA
111 -
001 111
{110}+{111}+{100}

1

001
= T >
111
010 ‘
J"’117
EMNIMHKEZ {100} +{111}



BIOTIKOZ (BIOTIC) MAINHTITHZ
(BIO-MAIMNHTITHE)
ME MEFEOO3 KPYSTAAQN
30-120 nm (NANOKPYZTAAAOI)

MAI'NHTOTAKTIKA BAKTHPIA

(
e 0h]

(011)

Mayvnroowuara
oTa kUTTapa Tou oTeAexouc MV-1

(010)

(111)

KOAOYPO (100)

EZEAOKTAEAPO
(TRUNCATED
HEXAOCTAHEDRON)

(011)

(001)



.~13000 yrs
O METEQPITHZ N . S -
ALH84001 ALH84001 .

Collection Site

(1.93 Kq) 1984
4.5x10° yrs

Z —



METEQPITHZ ALH84001
OYAAKEZ ANOPAKIKQN OPYKTQN
ME NANOKPYZTAAAOYZ MAINHTITH



{110}y  [111]-THO [111]-ECO  2-D FFT

{100}_

{109?"5. (111} {111}
125° » ~
MV-1 145 5.
145 .
‘Epeuva: 2004
(109} {111} o {111}
ANOPIANOSZ o ™ 125°
MAFNHTITHZ 145' . "
‘Epeuva: 2004
{100} {111} {100} 111y
ALH84001 {111} 125° 125° 7

‘Epeuva: 2004

o

{100} ., (1 00}

(111) < {111}
ALH84001 () {111} [125° /
‘Epeuva: ‘ 5 . 110"
2000-2002 o g ~_ |

!

{100)




TETPATQ2NIKO KPYZTAAAIKO 2Y2THMA

/

C

R
s Y
x/’ b
a=Db#c

o=p=y=90°



7 KpuoTaAAikeg Ta&eig




OkTaedpo (KYBIKO) TETPAYWVIKN TETPAYWVIKO
Ap@inupapida Tpanefoedpo

3L4 4L3_, 6L2 3P* 6P2 C L4 212 2L"2 L4 21L.22L"2
P4 2P2 2P"2 C

3L4 4L36L2 3P4 6P2C



I MTPOZOXH !

(1010;

AiTeTpaywviko Mpioya EEaywviko Mpioua
8 EAPEZ nepipeTpIkKa 6 EAPEZ neplpeTpIKA
L4 202212

P4 2P2 2Pp2 C



L, 4/2 2L2 2P"2 L 4/2

OK.
TeTpaywviko ZKaAnvoedpo L2

TeTpaywviko ZPpnvoedpo TeTpaymwviko ZPpnvoedpo



ZIPKONIO (ZrSi0,)

2Y2XETIZH THZ MOPOOAQOI'TAZ TQN KPYZTAAAQN ME THN
OEPMOKPAZIA 2XHMATIZMOY KAI THN XHMIKH 2Y2TAZH TOY
MHTPIKOY MNMETPQMATOZ




Temperature (x 50° C)

550

600

650

700

750

800

850

900

NMYPAMIAEZ

(211) (101)<<(211) (101)<(211) (101)=(211) (101)>(211) (101)>>{211) (101) (301)
b1O | 0| e | @ | @ o
B AB1 AB2 AB3 AB4 ABS5 A C
ZN
510 8 |0%
@ @ @ N <
H L1 L2 L3 L4 L5 Gl G3 1
@ ZN
0 9186|6000
Qi §2 S2 S3 S4 S5 P1 R1
@02 @SG @ST @38 @SQ S10 fﬁ P2 @ R2
®Q&@ @2@ @21@ @1 3 @ 1@ S15 @st] R3
©Q4 @515 @517 @818 @519 S20 @ P4 @FM
@05 @521 @522 @523 @324 525 > P5 ©R5
@E @M @Jz J3 ©J4 ©J5 D D F
Al/(Na + K) (Index A)

(110)

(100)<<(110)

(100)<(110)

(100)=(110)

(100)>(110)

(100)>>(110)

(100)

MPIZMATA



MOP®OAPOMIO (Morphodrom)

Aiaypappa oto onoio ansikovidovtal ol HETABOAEC TNC
LHop@oAoyiag evoc kKpuoTaAhou, OnA. ToU ZxXNUATOC Tou (Habitus)
N TNG MepIBoAnC Tou (Tracht), OE GXEON HE TIC (PUCIKOXNMIKES
ouvonkec kpuoTaAAwaonc (Bepuokpaacia, nMieon, UNEPKOPECHO,
K.d.). Ta MOP®OAPOMIA npokUnTouv TOOO NEIPANAaTIKa 000 Kal
LE xpnon HEBOdwV TNG YNOAOYIOTIKNG OpUKTvovica

(Computational Mineralogy)

- > o
> > SO

>OCoOOOOO
> > OoOOOOS



KPYZTAAAOI ZIPKONIOY ZE NAOYTQNIKA
NMETPQMATA THZ AYZTPAAIAZ

~—MNYPAMIAEZ——
550
600
Type 2
650 L2}L3
S2}53 -
O 700 S7+S8 <
ol- ‘ f w Z
750 / / W
’ 7 o
800
) Type 1
850 S16517
§21[522
900
Al/(Na + K) (Index A)

0 Inherited Type 1 : Type 2

15.0kV 16.4nA



POMBIKO KPYZTAAAIKO 2Y2THMA

B s .
Sl === 7 Y
_ - a
x/ b
a#b#c



3 KpuoTtaAAikeg Ta&eig

a#b#c d

ka1 TauTiovTal ;m —
HE avioouc L2



OkTaedpo (KYBIKO) TeTpaywvikn PouBikn

Ap@inupapida Ap@inupapida
3L44L3, 6L23P16P2C L4 22 2L'2 L2 L'2 "2
P4 2P2 2p"2 C P2 pP'2 2p’"2

3L4 4L36L2 3P4 6P2C



Lo, /2 L2 L’2L""2

L2 L2

TeTpaywviko ZPpnvoedpo PouBIKO ZPNnvoedpo



MONOKAINEZ KPYZTAAAIKO 2Y2THMA

|
|
|
|
|
: [ >~y
7 -\m‘:, R
y =
Ve a
V4
V'
4

a#b#c
o=y=90°, $>90°




3 KpuoTtaAAikeg Ta&eig




OAOEAPIA: L2 P2 C




AZTPIOZ
(OpBokAaaoTOo)







TPIKAINEZ KPYZTAAAIKO 2Y2THMA

1

B{&;__ -
Vd i




2 KpuoTaAAikec Ta&eig

MONO C 2THN OAOEAPIA

AEN YITAPXOYN A=ONEX
KAI EININEAA 2YMMETPIAZ






EZEAMQNIKO KPYZTAAAIKO 2Y2THMA
&
TPIMT'QNIKO KPYZTAAAIKO 2Y2THMA

Z

/120U - 4
a=b#c
a=p=90°,y=120°

X



EEANQNIKO : 7 KpuoTaAAikec Ta&eic

3 I20I KAI OPIZONTIOI A=ONE2
2T0 IAIO OPIZONTIO EMNIMEAO

(IZEZ TQNIEZ 120°) = 3L2 R 3L72

O TETAPTOZ (ANIZO3) = LS

TPIFTQNIKO : 5 KpuoTtaAAikeg Ta&eig

3 1201 KAI OPIZONTIOI A=ONE2
2T0 IAIO OPIZONTIO EMNIMNEAQO

(IZEZ TQNIES 120°) = 3L2

O TETAPTOS (ANIZO3) = L3



26/09/2005 21:53

LS 3L23L"2

Pé 3p2 3p”2

C




LS 3L23L"

1010y i
10111

ESaywviko Mpiopa EEaywviki) ApQInupapida P6 3P2 3P’2

C

R ekl Watatalalatat

{2130} (2121}
AicEaywviko Mpioya AigEaywviki Ap@Iinupapida



ArreTpaywviko Mpiopa

8 EAPEZ2

L4 212 2L"2
P4 2P2 2P"2 C

I MTIPOZOXH !

ri“‘t-sl‘jj---——f

00y {2130

EEaywviko Mpiopa  AieEaywviko Mpiopa

6 EAPEZ 12 EAPE2

L6 312 3L"2
Pé 3P2 3P"2 C



12131}

1 TIPOZOXH !

OkTGEDpO
(KYBIKO)

TeTpaywvVvikn
Ap@pinupapida

PouBikn
Ap@inupapida

EEaywVIKn
Ap@inupapida

AieEaywvikn
Ap@inupapida

3L4 413, 612
3P4 6P2 C

L4 212 2L"2
P4 2P2 2P2 C

L2 LIZ LIIZ
P2 p'2 2p’"2

L6 3L23L"2
Pé 3P2 3P’2 C



' MPOZOXH !
TETPAYWVIKO EEaywVvikO
Tpaneloedpo Tpaneloedpo

L4 212 2L"2 LS 3L23L"2



Tpryoviké cvotnua.
Xapaxtnpiletar ané cOotnuo Kpvotolroypapik®dv GEovev 1810 pé
adtd Tod EEaywvikod, pé pdvn 1 dtaeopd 8T & katakdpveog dEovag ¢ &l-

var A3 dvti AS.

PopPoedpixkn ohoedpia. A3 312 3P C 3m
Ot d&oveg 2n¢ t6éemg elvar kGBetol otdv A3 xai dvtictoya otd 3 émi-

nedo ovppetpiag kol maipvovrtol odv kpvotailoypagikol dEoveg ay, a,, a;. '
To6 oyfpa deiyver otepeoypapixy tpoforn 1@V oToryeiwv THG TG- N
Eewg avtfc £ni (0001) kabdc kai Tig Oéosig TV TOrOV TV £3pAHY popfdedpov \
(+) xal okoAnvoedpov. O1 pobpor kOKAOL dvticTolryobv oTovg mOAOLE TOD

Tave Muioeaiptov, vd ol Aevkol tod kdT®.

Poupfoedpo
2TEPEOYPAPIKY] TPOLOAR |
oToIYEIWY guUUETPIAC
poufoedpikiic oAoedpiac
TPIYWVIKOD GUOTHUATOG.
- 2Kainvéedpo

@, O = Poufibedpe
®,0 = [kaf?oudcé'pa



L3 3L23P2C




I TTIPOZOXH !

12131}



I MMPOZOXH !

TETPUY(:)VIK() EEaymviko ToIy®VIKd
Tpaneggoedpo Tpanegoedpo TpaneZo6edpo

L4 212 21" L6 3L2 3L"2 L3 312,



AnatiTnc (Apatite) :
Ca.(PO,);(OH,FCl)

XaAadiac (Quartz) :
SiO,

TouppaAivng (Tourmaline) :
NaFe;Al6(BO5);Si0,5(0OH),

AcpeoTiTng (Calcite) :
CaCo,



AMNATITHz :
Ca(PO,);(OH,F,Cl)




BIO-ANATITHz







XaAadiac xaunAnc T
(low quartz)
a-XaAadiac
KpuoTaAAwvVeTal o€

T<573 °C

Tpiyoviko
Tpaneloedpo

L3 3L2no)\.

XaAaliac uynAng T
(high quartz)
B-XaAadliag

KpuoTtaAAwveTal o€

T>573 °C

EEaywviko
Tpaneloedpo

LS 3L23L"2









MIEXZH (Kilobars)

0

a0

70

b0

a0

40

30

20

10

NMOAYMOP®IZMOZ PYZIKOY SiO,

2TiIo0BiTNG
(TeTpaywviko)

Koeoitng
(MovokAIvég)

TRypa

B-XaAadliag

(Eéaywviko)
a-XaAadiag
(Tprywviko) Tp1dupiTng XpioToBaAiTng
(Pouiko?) (Terpaywviko)
500 1000 1500 2000

OEPMOKPAZIA (°C)






XAAAZIAZ : SI0O,




Evavtiopop@iopog (Enantiomorphism)
Xeipopopwia (Chirality) Ea Q%

D- ka1 L-Mop@p&Eg

EvavTiOHopPOI KPUOTAAAOI ‘

Anouoia enineédwv cuppeTpiacg (P) kair kevrpou cuppeTpiacg (C)



NMIEZOHAEKTPIZMOZ
Piezoelectricity
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Pierre CURIE, 1880 "f




PoAoi XaAalia - Quartz Clock (1927)




PoAoi XaAadlia

. "’-' l',. — unartz

"\ S ~ oscillator

microprocessor

circuit board

coil magnet
\ =

Ny
© 2008 Encyclopaedia Britannica, Inc. motor



TOYPMAAINHZz

XY3Z6(Sig045)(BO3)5(0,0H);3(OH,F)

X: Na,Ca
Y: Mg, Fe2+, Mn2+, Li, Al
Z: Mg, Fe3+ , Al

XY 3ZB3Si5(0,0H);,(OH,F)

NaFe;Al;(BO,);SicO0,5(0OH),




TOYPMAAINHZ




KpuoTaAAol
TOYPMAAINH
oc XANAZIA




TOYPMAAINHZ

O &
B &




NaFe2" Alg(BO3)3SicO15(OH)4

Z

1070

1130

ANTILOGOUS PoLe

AU+ 4-

T3

AnaLoGous Port

R

Y

— B
qéU- #+



NMYPOHAEKTPIZMOZ
Pyroelectricity
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CaCo,

A2BE2TITHz




>kaAnvoedpo (scalenohedron) acBeoTiTn







& f~’r »\_} &', b\
Gelatinous “ 5L T F oy @ A0S
g LN a\f
material I SN RN N B
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Hair cells ‘\;»‘__.',

Nerve fibers<-__ >
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(b} Macula and otoliths



2YMOYZEIZ KPYZTAAAQN OPhiYKTQN

AIAYMIEZ - MOAYAYMIE2




O1 KPUGTAAAOI TWV OPUKTWV Eival KUPTA YEWUETPIKA
noAuedpa, onAadn dsv napoucialouv EI0XWPOUTEC
vywviec. Enopevwe, kabe edpa tou
KOUOTAAAOU rpOEKTEIVOLIEVN apriVEl OAOKANPO TOV
KoUOoTaAAo npoc 1o 1010 HEPOC

> MONOKPYZTAAAOI

Av oupPaivel To
avTifeTO,
NpOKEeITAl yia dUo
N NEPICOOTEPOUC
KpuoTaAAoug
nou cup@uUovTal




2YMOYZEIZ KPYZTAAAQN TOY IAIOY OPYKTOY

> MapaAAnAn ocupeuon
> A1dupia (EMINEAO kai A=ONAZ AIAYMIAY)

AIAYMOI EMNA®H2-AIAYMOI AIEIZAYZEQ2

O1 didupol KpuoTaAAol €ival KOIAD VEWUETPIKA
noAuedpd, dnAadn napouacialouv YwVIEC Mou
EI0XWPOUV EVTOC TWV KPUOTAAWV. Q0TO0O, Ol
ZupnAnpwpartikoi Aidupor napoucialovTal
WC JOVOKPUGTAAAOI UE TNV HOPPN
KUPTOU YEWUETPIKOU NOAUEDPOU




2YMOYZEIZ-AIAYMIEZ-MOAYAYMIEZ

KYBIKOY, TETPAIQNIKOY, POMBIKOY



To eninedo dIdupiag UNopei va ival
napdAAnAo npoc Tnv €dpa (111)
Kal o a&ovac d1dupiac Osv UMOPEI va TAuTIOOE]
ue aéovec L4 kal L2 (tauTileTal ue L3).

Ai1dupia ®OOPITH (CaF,)
KuBiko




Ai1dupia ZIAHPONYPITH kata {110}
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¥ e PRIy s e
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Pyrit, Zwilling nach (110)
~ Vlotho an der Weser /
Nordrhein-Westfalen




Ai1dupia ZIAHPONYPITH kata {110}

Mineralogical Magazine, October 2016, Vol. 80(6), pp. 937-948

On the origin of ‘iron-cross’ twins of pyrite from
Mt. Katarina, Slovenia
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Aidupia ZIAHPONYPITH kata {1103}
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One monolayer of Cu atoms is necessary to
stabilize the {110} twin structure

ALEKSANDER RECNIK ETAL.

Fe -A
45~ inclined 7 ?:ge‘w‘"

(’boundaly =

edge-on
{701 boundaries : =t
i S W CEP/EDS c
type-B | Ltype-Af = - Thc
' e = Fe type-B
.‘(;14!_ . i ;_ {100} twin
Ties Mno dop'n‘n‘lr!., S ‘ Fe

tilt | HEH TR B i v e T L J X

Gy 2 4 6 8 10

‘:_ls'ymmét'ric twin ta+ b HHERRE energy keV



To eninedo dIdupiac UNopei va ival
napaAAnAo npoc Tic €dpec (hOI) kai (hkl)
Kal o aEovac Osv UNopPei va TauTIoBOE|
ue L4 kar L2,

Aidupia POYTIAIOY (TiO,)
TeTpaywviko
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American Mineralogist, Volume 99, pages 612—624, 2014

Atomic structure and formation mechanism of (101) rutile twins from Diamantina (Brazil)

NINA DANEU"*, ALEKSANDER RECNIK! AND WERNER MADER?

'Department for Nanostructured Materials, Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
’Institut fiir Anorganische Chemie, Universitit Bonn, Rémerstrasse 164, 53117 Bonn, Germany

ABSTRACT

We studied the atomic structure and the chemical composition of (101)-type rutile (TiO,) twins from
Diamantina in Brazil by electron microscopy methods to resolve the mechanism of their formation. The
twin boundaries were studied in two perpendicular orientations to reveal their 3D structure. The pres-
ence of a precursor phase, such as Al-rich hydroxylian pseudorutile (HPR; kleberite), during the initial
stages of the crystallization appears to be the necessary condition for the formation of (101) twins of
rutile at this locality. The precursor with a tivanite-type structure serves as a substrate for the topotaxial
crystallization of rutile. Depending on the initial crystallization pattern the rutile can grow either as
a single crystal or as a twin. During the progressive crystallization of the rutile Al-rich oxyhydroxide
(diaspore, a-AIOOH) clusters are concentrated at the center of the precursor where they are pinned to
the twin boundary as the precursor is fully recrystallized into rutile. At the increased temperatures the
remaining diaspore precipitates are converted to corundum (a-Al,O;), while the two crystal domains
continue to grow in the (101) twin orientation. In addition to the primary (101) twin, series of secondary
{101} twins are formed to accommodate the residual tensile stress caused by the diaspore-to-corundum
transformation. Based on the observed corundum-rutile [0001]¢(1120)|[010]x(101); and ilmenite-
rutile [0001],(1100),/|[010]x(301)g crystallographic relations a unified mechanism of the genesis of the
{101} and {301} reticulated sagenite twin clusters is proposed.

Keywords: Rutile, alumina, dehydration, exsolution, mobility, epitaxy, twinning
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NMOAYMOP®IZMOZX (Polymorphism)

KYPIA MOAYMOP®A TOY CaCoO,

AZBEZTITHZ (CaCO3;) APAIONITHZ (CaCoO,)



2YMOYZEIZ-AIAYMIEZ-MOAYAYMIEZ

EZATQNIKOY, TPINTQNIKOY
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g \CS Publications

Published in: Marco Bruno; Francesco Roberto Massaro; Marco Rubbo; Mauro Prencipe; Dino Aquilano;
Crystal Growth & Design Article ASAP
DOI: 10.1021/cg100233p
Copyright © 2010 American Chemical Society
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A1dupia AZBEZTITH kata (108)

KPYZTAAAQZH MNAPOYZIA NMPQTEINHZ

(Caspartin, 17k-Da eviokpuoTaAAIKN NPWTEIvVN ano
TO KEAUPOG TOU Pinna nobilis)

(012) -Plane
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2YMOYZEIZ-AIAYMIEZ-MOAYAYMIEZ

MONOKAINOYZ, TPIKAINOY2



To eninedo d1dupiac Osv MMOPEI va TAUTIOBEI UE
To P2 kal o aéovac degv UNopel va TauTIoOEl
LUE TOV unapyovta a&éova ocupueTpiag L2 kai
ENOMEVWC KAl JE TOV KpuoTaAAoypa@iko aéova b
(L2 = b)
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Aidupia FTOYEFOYEAITH (CaC,0,H,0)
WHEWELLITE: Calcium Oxalate Monohydrate (COM)

MovoKAIVEC
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2YMOYZEIZ KPYZTAAAQN AIAQOPETIKQN OPYKTQN
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Science News

Magical Viking stone may be real

A Viking legend which tells of a glowing "sunstone” that, when held up to the sky,
disclosed the position of the Sun on a cloudy day may have some basis in truth,
scientists believe.

Iceland spar is atransparent form of calcite, with unusual light-polarizing properties  Photo
ALANMY

crystals in a device like




AIMATITHzZ: Fe,O;
( Tprywviko)

POYTIAIO: TiO,
( TeTpaywviko)






Contrib Mineral Petrol (2015) 169:19
DOI 10.1007/s00410-015-1107-x

ORIGINAL PAPER

Topotaxial reactions during the genesis of oriented rutile/hematite
intergrowths from Mwinilunga (Zambia)

Aleksander Rec¢nik - Nadezda Stankovié - Nina Daneu
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ENITAZH (Eniteic) EPITAXY

EniTta&n ovopaleral To paivopEVO TOU apoifaiou npoocavaToAicHoU
OU0 KPpUOTAAA®WV J1APOPETIKWV UAIK®DV, CUVIOWG HE 51031a0TATN OXEOT
TWV KPUOTAAAIK®V NAEYHATWV, NMOU £XEI WC ANOTEAECHA TV
KPUOTAAAIKR avanTu&n Tou EvOG UAIKOU NAvm oTnV ENPAVEIa Tou aAAou
(emTa&ikn avanTuén)

EniTa&ikn avantuén anAwv Kal noAUSUUWY UIKPOKPUOTAAAWV
avOpakikoU HOAUBSou otnv (001) emipaveia Tou apayoviTn




Enita&n BiBepiTn (BaCO;) < ACS Publications

o€ a-xaAadia (a-Sio,)

witherite lamellae
in epitaxy on
O.-quartz

Published in: Erica Bittarello; Francesco Roberto Massaro; Marco Rubbo; Emanuele Costa; Dino Aquilano;
Crystal Growth & Design 2009, 9, 971-977.
DOI: 10.1021/cg800771q
Copyright © 2009 American Chemical Society



ENITA=H XOAHZTEPOAHZ (C,,H,.O0)
>E AZBEZTITH (CaCO,)

XOAHZTEPOAH AZBEZTITHZ
(TpikAIvEcg) (Tpiywviko)

@

(100)

(110)



EMNITA=H XOAHZTEPOAHZ (C,,H,.O)
>E AZBEZTITH (CaCO,)

scale bar=1pm, z-scale=800 nm



EMNITA=H KPYZTAAAOY ZIAHPOMAINHTH (MnAs)
2THN ENI®ANEIA HMIAINQrikoy KPYZTAAAOQOY (GaAs)

aMnAs(1100) (0001 hard axis
<+ [1130] easy axis

BMnAs

GaAs: APZENIKOYXO NrAAAIO



TONOTAZ=H (Tonotaéic) TOPOTAXY

TonoTa&n ovopaleral To PAIVOHEVO TOU AHOIBAiou NPOocavaToAIGHOU
OU0 1 Kdl NEPICCOTEPMWV KPUOTAAAWV S1APOPETIKMV UAIK®V NMOU
NPOKUNTEI ANO HETACYXNHATIOHO OE OTEPEN KATACTACN N Ano XNHIKN
avtidpaon (KkpUOTAAAOI OPICHEVNG CUOTACTC NEPIEXOVTAI HECA OE
KPpUOTAAAO AAANG oUOCTACNG ANO TOV ONOI0 NPOEKUWYAV HE XNHIKA
avTidpaon Kai NPo¢ TOV Ornoio EXoUV KaBopICHEVO NPOCAVATOAICHO)

3

BPOYZITHZ
Mg(OH), Tpiywviko

MEPIKAAZTO
MgO KupBiko




ANMOMEI=H (EXSOLUTION)

®daIvOHEVO KATA TO ONOI0 £va APXIKA OHOYEVEC OTEPEOD d1AAUMa
diaxwpileTal, kaTa TNV YuEn THYHATOC, OE TOUAAXIOTOV 3UO KPUOTAAAIKA
UAika (nou ocup@uUovTal) Xwpic TNV NPoodnKn N TNV anopakpuvon UANG

Mg,Fe,Ca-TTYPO=ENOI

(Ca,Si,0,)

I
\
LA
\

CaMg5i,0, CaFeS5i,0,
AIOWIAIOZ EAENBEPIITHZ

AYIITHZ

MIZONITHZ
OP@OITYPO=ENOI

Mg,Si,0, (EN) Fe,Si,0, (FS)
ENZTATITHX STAHPOZIAITHZ
& KAINOENZTANTITHZ & KAINOZIAHPOZIAITHZ

igeonite
amella
~|1 (001)

AYTTTH2

100

o

x lamellae
(100)

(010) section

MIZONITHZ

100

(010) section)



KYPIEZ AIEPITAZIEZ AHMIOYPI'TAZ OPYKTQN

ANANTY=H KPYZTAAAQN/KPYZTAAAQZH
(CRYSTAL GROWTH)

— WY=H THIMATO2
— XHMIKH KAOIZHzH zE YNEPKOPO AIAAYMA

— BIOAIEPIrAzIE2

Fe;0, (MATNHTITHZ)  HgO (MONTPOYAITHS) PbHPO,



WY=H MAITMATOzZ - NYPITENH OPYKTA
(os1pa kKpUOTAAA®WONC OPUKTWV kKaTtd Bowen)
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_ N. L. BOWEN \&alknlin plagioclase
Geophysical Laboratory, Carnegie Institution of Washington
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OAIBINHEZ : (Mg,Fe),SiO,




A2+ B3+204
FeCr,0,

2MINEAAIOI
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OAIBINHZ ME ZOYA®IAIA Fe-Cu-Ni

MayvnToTrupiTng
Fe, S

XaAKOTTUpiTNG
CuFeS,

MevrAavdiTng
(Fe,Ni)ySq

- Pyrrhotite - Chalcopyrite - Pentlandite - Olivine

Bear Creek open pit of the Noril'sk-1 intrusion (Russia)

http://elementsmagazine.org/past-issues/sulfides/



OPYKTA TQN 2TOIXEIQN THZ OMAAAZ TOY AEYKOXPYzZOY
(kupiwc kpapara & couAPidia)

NMOAYTIMA METAAAA - Ru, Rh, Pd, Os, Ir, Pt (PGE)

, Pentlan— {1: 7%
Wlth exsered

(yréchpyrlte ,.

Waterfall Gorgeﬂ, inS|zwa, South Africa.

https://www.researchgate.net/publication/264860881 _THE_MINERALOGY_OF THE_PLATINUM-_GROUP_ELEMENTS



AHMIOYPI'IA OPYKTQN AINO YAPOOEPMIKA PEYZTA
(kupiwG couAidia & o&eidia)
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https://www.geochemicalperspectives.org/online/v4nl/



AHMIOYPI'IA OPYKTQN AINO YAPOOEPMIKA PEYZTA
(couA@idia Fe)
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AHMIOYPI'IA OPYKTQN AINO YAPOOEPMIKA PEYZTA
(couA@idia Fe)
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AHMIOYPI'IA OPYKTSQN AINO YAPOOEPMIKA PEY2TA

NMOAYTIMA METAAAA - Ay, Ag

Metal Complexes

Ag AgCl,” | AgCl” AgHS® | Ag(HS),”
Au AuCl,” AUHS? | Au(HS),¢
Co CoCl,’ CoCl,”~ | CoHs*

Cu* CuCl,™ Cu(HS),”

Cu?* CuCl* CuCl,? | Cu(HS);

Fe FeCl* FeCl,’ FeHS*

Hg HgClL® | Hg(HS),? | HgHS, HgS,”
Ni NiCI* NiCl,° NiHS*

Pb PbCI* PbCl,° Pb(HS)5"

Sn SnCl* SnCl,’ SnCl;y

Zn ZnCl* ZnCl,° 2Cl2 | Zn(HS),® | Zn(HS);

https://www.geochemicalperspectives.org/online/v4anl/




AHMIOYPI'IA OPYKTQN AINO YAPOOEPMIKA PEY2TA

NMNMOAYTIMA METAAAA - Au, Ag
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Sulfide saturation before fluid saturation u

http://elementsmagazine.org/past-issues/sulfides/



EMNIAPAzZH NIEZHZ: METAMOP®IKA OPYKTA
NMOAYMOP®A AlL,SiO;g
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EMIAPAZH NIEzZHzZz:

METAMOP®IKA OPYKTA METAMOPO®QMENA MNMETPQMATA

FPANATHZ

EKAOINITH2

https://www.virtualmicroscope.org/content/s339-13-eclogite



EMNIAPAZH NIEzZHZ: METAMOP®IKA OPYKTA

IZHMATOIENH NETPQMATA METAMOPO®QMENA MNMETPQRMATA

m Dark, fine-grained sedimentary shale, such as (A), is this transition, the rock loses several weight percent H;O. Such a
transformed at intermediate pressure and temperature transition is an important source of metamorphic fluid. Scale for
into bright, shiny, mica schist with large garnet crystals (B). During these samples is similar to that of Figure 1.

F

© B. Jamtveit; Elements (2010)



EMNIAPAzZH NIEzZHZ: METAMOP®IKA OPYKTA

MYPITENH NETPQMATA METAMOPOQMENA MNMETPQMATA

m Dark, fine-grained basalt, such as (A), is transformed

into a spectacular, coarse-grained, green and red
eclogite (B) during metamorphism at high pressure and tempera-
ture. During the metamorphic transition, augite (pyroxene), plagio-
clase, and olivine in the basalt are transformed into garnet (red),
omphacite {green} and clinozoisite {whlte} Density increases from
about 2.9 g/cm? to about 3.5 g/cm?®, making the rock’s transition
important for large-scale gen{lynamlc processes, including basin
subsidence and subduction.

© B. Jamtveit; Elements (2010)
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NMYPITENH & METAMOP®IKA

Midocean ridge IRttt
Ocean water circulating metamorphism ... High-T, Low-P High-T, Low-P
through hot rock causes High-P, Low-T 4, metamorphism metamorphism

e -

© Cambridge University Press (2013)



METAMOP®IKA OPYKTA
FAAYKODANHZ

X. Die Einlagerungen im krystallinen Gebirge
der Kykladen auf Syra und Sifnos.

Yon Konstantin Anton Ktenas.

(&lis 5 Figuren wod einem Prodl im Text und sloer Tafel I

Glankophanschiefer

Si0, . . 5540

S bi {5 N 096

ALO, . . 930

Fe,0,. . 6:70

FeO . . 4'26

CaO . . 9'05

MgO . . 10:92

Na,O . . 6°89

KO & 085

, 7 Gliihverlust 090
K rrancs 10173

Tschermaks mineralog, und petrograph. Mitteilungen, Bd, XXVI, Heft 4.
Veriag von Alfred Hilder, k, v, k Hof- und Universitits-Buchhindler, W‘iEn.(1907)



METAMOP®IKA OPYKTA

FAAYKO®ANHZ: O (Na,Ca,0),[(Mg,Fe2*,Mn),(Al,Fe3+),]Sig0,,(0H),

https://www.mindat.org/photo-812707.html




METAMOP®IKA OPYKTA

[EVIKOG XNMIKOG TUNOG: AB, . Tg0,,W,
FAAYKO®ANHE: [ (Na,Ca,l), Siz0,,(OH),
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B }v ‘
AZBESTITHE: | rvwoi:
Caco, CaS0,2H,0



Living coral and algae Calcareous
forming reef beachsand ©oidsin

Calcareous mud channel
Siliceous and in lagoon

calcareous plankton Calcareous

green algae

Restricted lagoon with
evaporite formation

------

Calcareous ooze

Carbonate compensation depth
Siliceous ooze

Evaporites

Calcareous mud

Coarse clastic reef material Reef Volcanic core of island
Siliceous sediment

© Cambridge University Press (2013)



Silicate rock
(CaSiO;)

CaSiO; + H,CO; Ca*? Si*4
HCO,"
lons dissolved
In river water

Silicate  Carbonic acid
bedrock in soils

Weathering Transport
on land In rivers

SiO, + CaCO,

Shells of
ocean plankton

Deposition
in ocean



Railsback's Some Fundamentals of Mineralogy and Geochemistry

Reactions for the precipitation of CaCO4

The ultimate fundamental chemical expression of the
precipitation of CaCOg is this reaction:

Ca2* + CO3%" --> CaCOg)

However, the most abundant form of inorganic carbon in most natural waters is HCO3"
rather than CO32". Thus, to understand natural processes, the better chemical
expression for the precipitation of CaCOg is this reaction:

C82+ + 2HC03- -—> CaCO3(s) + H20 + C02

One should realize the two bicarbonate ions have very different fates. One
goes into the CaCO4 and the other is liberated as COx:
Z
N \

Ca2*+HCO3 +HCO3™ --> CaZ*+H*+C032"+HCOj3 --> CaCOg +H,CO5 --> CaCO5+H,0+CO,

Bicarbonate Bicarbonate \/“/ Bicarbonate i
that will enter  that wil Bicarbonate  ih 5 i i s
CaCO3 become CO, dissociates  pecome CO, 2
The reaction in bold letters shows that any natural process In marine precipitation of CaCOs5, Processes 4 to 7 can all occur at
removing CO, from a solution favors precipitation of CaCOs. shelf breaks (changes in slope from shallower landward to deeper
That helps explain why CaCOj precipitates when seaward). These are common sites of reefs or ooid shoals.

1. CO, degasses from dripwaters in caves,

2. CO, degasses from springs at which travertine forms,
3. CO,, degasses at travertine dams,

4. CO, degasses with warming of seawater,

5

6

7

Breaking waves g

. CO, degasses with agitation of seawater by waves, 7
. CO, degasses with upwelling of seawater, M
. CO,, is removed from water by photosynthesis.

There is a corresponding page titled "Reactions for the dissolution of CaCO3".

LBR 8200CarbonateReactions 04 10/2006
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AZBEZTITHZ : CaCO;
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NMOAYMOP®IZMOZz TOY CaCO; KATA THN
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KPYZTAAANQZH Zn0O (ZINKITHZ)

E&aywviko

@O 0 @ 193 2YITKENTPQ2H KITPIKQN

YWOZ/MAATOZ

KITPIKO O=Y: C4HgO,

G ! 1 I
KITPIKA ANIONTA: 0 04 08 1.2 16§

CsHs0,3 N
C;H50(C00),3- KITPIKA (mg/30 mL)



KPYZTAAAQZH CaC,0,-H,0 1 COM (FTOYEFOYEAITHZ)

KITPIKO O=Y: C4Hg0,

KITPIKA ANIONTA:
CeH50,° 1
C,H;0(C00),3-

MovokAIveg
o 0O O=AAIKO OZY: C,H,0,
> < O=AAIKA ANIONTA:
HO OH C,0,% 1 (C00),%-

KANONIKH (IZOTPOIMH) KPYZTAAAQZH

%*%*%*% ﬁa

KPYZTAAAQZH MAPOYZIA KITPIKQN
(‘Epeuva 1992)

o= %_,©+

»




NMAPEMNOAIZH KPYZTAAAQZHZ
(Crystal Growth Inhibition)

KPYZTAAAQZH CaC,0,-H,0 NMAPOYZIA KITPIKQN
(‘Epeuva 2004)




*  MeAeTn TNC EEWTEPIKNC
Mopgohoyiac KpuoTaAAwv
(TEQMETPIKH KPYZTAAAOTIPA®DIA)

* MeAETN TNG AoNNC
ue MepiBAaon AkTivwv-X
(AOMIKH KPYZTAAAOIPA®IA)

*  MEAETN TNC CUNNEPIPOPAC TWV KpUuoTAaAwV
otn 0iod0 Tou PWTOC peaa ano Tn palda Touc
(ONTIKH KPYZTAAAOIPA®IA)



BA2IKE2Z KATA2TAZEI2 TH2 YAH2

o AEPIA
e YI'PH
e 2TEPEA

2 TEPEA YAIKA

* KpuoTaAAIKA

* Apopo@a
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BAXIKA EIAH KPYXTAAAQN

IONTIKOI Etepomoikog NacCl

OMOIOIIOAIKOI | Opovomoiikdg C (Awpavr)

Opovomtolkog / Van
MOPIAKOI omehads /¥ C.H,,O,
Yopoyovov
METAAAIKOI MeTalMKOg Fe

Evoudueceg kataotacelg : 'PAGITHX



To KUpPIO XapaKTnpIOTIKO
TWV KPUOTAAAIKWY OTEPEWV
gival n rePIOOIKOTNTA KAl N TAén
ornv doun Toug

e MONAAIAIA KYWEAIAA
(Unit Cell)

e KPYZTAAAIKO NAEIMMA
(Crystal Lattice)

‘ NEPIGAAZH AKTINQN-X I




X, ¥, Z . KPY2ZTAANOIPAOIKOI A=ONE2

T a, b, c: STAGEPES KYWEAIAAS
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MeAeTn OpukTwv Pe MepiBAaon AKTiVov-X

| |
e —

—
E—

e TAYTOMOIHZH OPYKTOY
e KPYZTAAAIKH AOMH




To KUpPIO XapaKTNPIOTIKO
TWV KPUOTAAAIKWY OTEPEWV
gival n rePIOOIKOTNTA KAl N TAén
ornv doun Toug

e MONAAIAIA KYWEAIAA
(Unit Cell)

e KPYZTAAAIKO NAEIMMA
(Crystal Lattice)

‘ NEPIGAAZH AKTINQN-X I




>uvnbeic “aTta&iec”
OTO 10aVIKO KPpUOTAAAIKO NAEYHA
(=00oun NoU avTanokpPiveTal NANPWC
OTOV BEWPNTIKO XNMIKO TUMO)

¢ PEYZTA ETKAEIZMATA

¢ ATEAEIEZ

U

2TEPEA AIAAYMATA
(Solid Solutions)



PEYZTA EFrKAEIZMATA
(Fluid Inclusions)

APIOMOZ @ 1.E+09
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ATEAEIEZ KPYZTAAAQN (Defects)

ENAOINENEIZ
(Intrinsic Defects)
Frenkel
Schottky

H 2TOIXEIOMETPIA AIATHPEITAI

EZQIrENEIZ
(Extrinsic Defects)

XpwpuaTtika Kevrpa
MN-ZTOIXEIOHETPIKEC DACEIC



2HMEIAKEZ ATEAEIEZ
(Point Defects)

| |

EKTETAMENEZ ATEAEIEZ
(Extended Defects)

3

Apopgponoinon TUAUAToC
ToU KpuoTaAlou (Partial
Amorphization)

Ata&ia ka1 eAaTTWPATA
oTNV EUBUYPANMION TWV KUWEAIDWYV
E=APMOZEIZ (Dislocations)




2TEPEA AIAAYMATA
(Solid Solutions)

NMAPAAEIWHZ
(Omission)

ANTIKATAZTAZHZ
(Substitutional)

AIAMEzZA
(Interstitial)
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Frenkel Schottky

> TEPEA AIAAYMATA
NMAPAAEIWHZ (Omission)

KENEZ OEZEIZ KPYZTAAAIKOY MNMAEFMATOZ (Vacancies)
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Mop@odpopio nou deixvel TNV HeTaBoAn TnG MepiBoAnc (Tracht) Tou
ZYABITH (KCI) Aoyw Tn¢ napouciac npoopei§ewv Pb kata tnv
kpuoTaA\won (o=Babuoc unepkopeapou Tou diaAupaTtoc KCI)
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MeTaBoAn Tng HoppoAoyiag pikpokpuoTalwv AZBEZTITH (CaCoO;)
AOYW TNC Napouaciac NPooMEIEEWV OI00EVWV KATIOVTWV HETAANWY

Sr2+

300 um




20 April 2000, . International weekly journalof science
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U585 €F 75 7754 DS Lis 5000 2505 % www.nature.com

Crystal growth speedometry




Enidpaon npoopueifewv ye udpoyovo aTo OXNUA Kai otnv TaxutnTa
avanTu&ng edpwv os kpuoTahloug XAAAZIA (SiO,)

{1010} 'm’

{0111} ‘r

{1011} ‘2’




Enidpaon npoopueifewv ye udpoyovo aTo OXNUA Kai otnv TaxutnTa
avanTu&ng edpwv os kpuoTahloug XAAAZIA (SiO,)
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Enidpaon npoopuei€ewv pe udpoyovo GTo OXNUA Kal oTnv TaxuTnTa
avanTu&ng edpwv os kpuoTahloug XAAAZIA (SiO,)

< Quartz Crystal Growth Simu... g@

& Quartz Crystal Growth Simu. .. E]@

< Quartz Crystal Growth Simu. .. E]@

& Quartz Crystal Growth Simu. .. g@

Java dpplication Window

Java Spplication Window

Java Application YWindow

Java Application Window




nature communications

Article | Open Access | Published: 05 October 2020

Episodes of fast crystal growth in pegmatites

Patrick R. Phelps &3, Cin-Ty A. Lee & Douglas M. Morton

Nature Communications 11, Article number: 4986 (2020) | Cite this article
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Trace Elements Concentration (ppm)
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Metamorphic garnets
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I2OMOPOIZMO2

Ta oTepea diaAupaTta dUo akpaiwv PHEAWV
avagepovTal ouyxva kar w¢ «IXOMOP®EZ NMAPAMEI=ZEIZ ».
Ioopopgpiouoc (isomorphism) €ival To paivouevo
KaTa To onoio ®Uo 1 Kal NEPICCOTEPEC OUTIEC
(lcopop@a — isomorphs) pe dlapopeTIKN XNUIKN oucTaon
£xouVv TNV i01a KpUaTaAAIKn dourn onoTE KAl PnopouV va
oxnuaTicouv STEPEA AIAAYMATA

Mg,SiO, Fe,SiO,
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QAGU Blogosphere

American Geophysical Union

HOME BLOGS ABOUT , | _:- : ‘ M"prtYKUGViTng
| N AU (bridgmanite-
Mg5i0,)

ABOUT CONTACT US

6 JUNE 2014
Earth’s most abundant mineral finally gets a name

Posted by nbompey

bridgmanite ———

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 observe it directly, now has a name.

On June 2, bridgmanite was approved 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 MNobel Prize winning physicist Percy Bridgman.

Scientists have known for decades that bridgmanite existed in the Earth's interior, but had been unable to Tschauner, along with Chi ba, a senior scientist and
successfully characterize a naturally occurring sample until this year. mineralogist at the California Institute of Technology in

. 3 : 3 ’ y Faszadena, Calif., have been warking to chemically and
“This [find] fills a vexing gap in the taxonomy of minerals,” Oliver Tschauner, an associate research professor at the  gycturally characterize natural silicate-peravskite

University of Nevada-Las Vegas who characterized the mineral, said in an email. {(MgSi0,) since 2009,
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Enidpaon npoopeiEewv & aTteAeiwv OTO XpwHa ToU
AIAMANTIOY (C)

Natural Diamonds Treated Natural Diamonds Synthetic and Treated Synthetic Diamonds
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Enidpaon npoopueiEewv & ateAciwv 0TO XpwHA TOU
AIAMANTIOY (C)

Type laA Type laB
laA C—C—C—C C—C—C—C
Type la (A-aggregated N pairs)
(aggregated C—N—N—C C==N=—=Cr==(
N impurities) laB
(B-aggregatedd4N+V) Cc—C—C—C N-—V-—N-—C
Typel C—C—N-—N C—N—C—C
(N impurities)
C—C—Cc—n
Type Ib C—N—C—C
(isolated single
N impurities) C==C==C—C
Le=hb—r—k C = carbon atom
N = nitrogen atom
G e s i B = boron atom
V = lattice vacancy
Typella C—C—C—
(no N or boron
impurities) L=tk

Typell

(no N impurities)

Typellb ===t

(boron impurities) Coms Bt Qi 'C
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Type Ba brown diamond : TypeBabrowndiamond . L(i/)

before HPHT turns collorless after HPHT ?‘b :

C— C=CliF—C—C ; C—C = Co—C—C {ﬁl-ﬂ:'

C—VWC-C ¢ ) C—lrlC—C C —» v With no impurities to
Lattice V -— trap them, vacancies

Cl¥—Cc—cC ¢ distortion L —C—Ca=C migrate through the

due to strain diamond lattice until

C—C C - C causes CA=C—lle=C—C they are eliminated by
“brown recombination with an

C €~ C-——C graining” C—pt—¢ \C ¢ interstitial C atom during

v HPHT annealing. No new

color centers are formed.
Plastic deformation results in abundant |

distorted and broken carbon bonds (and HPHT treatment heals lattice distortions and broken
associated vacant lattice sites) concentrated bonds, releases vacancies, and thus removes brown
along bands of brown color known by color in graining, leaving only remnant colorless internal
gemologists as “brown graining.” graining that is common in HPHT=treated diamonds.
Type la brown diamond “’\ Type la brown diamond
before HPHT 6 turns yellow after HPHT
\r v

N C-C¥y N N

X
N~ VC—C—C Lattscs [ | — — ¢ Asvacancies migrate through
= Q% the diamond lattice during
CF—nu—cC C distortion ’ N—V—C N-——C  HPHT annealing, they are
due to strain trapped by aggregated N
C—N =g N c—cC C/ € C  impurities (A centers) to form
L. H3 defects IN-VNIC. Some
C C N N graining C N v N C

aggregated N also breaks

down to release isolated N
atoms at high temperatures. The combination of H3
defects and isolated nitrogen imparts a yellow color

C = carbon atom to the diamond. If abundant N occurs adjacent to the

original brown graining, H3 defects will become

concentrated along the formerly brown grainlines and

will appear as treated yellow graining.

N = nitrogen atom
V = [attice vacancy
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Figure 5. GIA uses an
FTIR spectrometer such
as this Thermo Nicolet
6700 (top left; 1 c! res-
olution, KBr beam split-
ter, mid-IR range) to
determine diamond
type. A faceted diamond
like the one shown here
(top right) is placed
table-down on a special-
ly designed beam con-
denser stage to focus the
IR beam through the gir-
dle of the stone (bottom
right). The result is an
absorption spectrum
from which diamond
type can be determined
(bottom left). Photos by
C. M. Breeding and
Robison McMurtry.

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

ELOisE GAlLLOU,*»* JEFFREY E. POST,! DETLEF ROST,* AND JAMES E. BUTLER

'Department of Mineral Sciences, Smithsonian Institution, Washington, D.C. 20560, U.S.A.
“Department of Terrestrial Magnetism, Carnegie Institution of Washington, 5241 Broad Branch Road N.W., Washington, D.C. 20015, U.S.A.
3School of Earth, Atmospheric and Environmental Sciences, Williamson Building, The University of Manchester,
Oxford Road, Manchester M13 9PL, UK.
4Chemistry Division, Naval Research Laboratory, Washington, D.C. 20375, U.S.A.

ABSTRACT

The presence of boron in the structure of diamond is rare in nature, and even when present, reported
values are <0.5 ppm. This study used various spectroscopic methods and time-of-fight (ToF-) SIMS
to characterize and analyze for boron in natural type IIb blue diamonds, including the well-known
Hope and the Blue Heart diamonds, and on one high-pressure, high-temperature annealed natural
stone. Infrared spectroscopy measurements reveal uncompensated boron values as large as 1.72 +
0.15 ppm, which is significantly higher than the previously reported maximum of 0.5 ppm. ToF-SIMS
analyses gave spot total boron concentrations as high as 8.4 + 1.1 ppm for the Hope diamond to less
than 0.08 ppm in other blue diamonds. By comparison, a type la diamond did not show detectable
boron. ToF-SIMS analyses revealed strong zoning of boron in some diamonds, which was confirmed
by mapping the uncompensated boron using synchrotron infrared spectroscopy. This greater range of
boron concentrations compared to previous studies might be explained by the larger number of natural
diamonds analyzed here, 78, compared to <10 samples reported in the literature. The samples in this
study are all gem-quality diamonds, including some Intense to Fancy-Deep blue diamonds; color
intensity, however, only loosely correlates with the boron content. Boron is also likely responsible
for the phosphorescence emissions of type IIb diamonds, in the red at 660 nm and in the blue-green
at 500 nm. Our results are consistent with previous work suggesting that the emissions are caused
by donor-acceptor pair recombination processes involving boron and other defects. The exact nature
of the phosphorescence processes 1s still not fully understood, but likely involves complex steps of
charge carrier trapping and detrapping.

Keywords: Type IIb diamonds, boron, ToF-SIMS, synchrotron FTIR, cathodoluminescence,
phosphorescence, plastic deformation
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Blue boron-bearing diamonds from Earth’s lower

mantle

Evan M. Smith!*, Steven B. Shirey?, Stephen H. Richardson?, Fabrizio Nestola*, Emma S. Bullock®, Jianhua Wang? & Wuyi Wang!

Geological pathways for the recycling of Earth’s surface materials
into the mantle are both driven and obscured by plate tectonics! .
Gauging the extent of this recycling is difficult because subducted
crustal components are often released at relatively shallow depths,
below arc volcanoes* 7. The conspicuous existence of blue boron-
bearing diamonds (type IIb)%° reveals that boron, an element
abundant in the continental and oceanic crust, is present in
certain diamond-forming fluids at mantle depths. However, both
the provenance of the boron and the geological setting of diamond
crystallization were unknown. Here we show that boron-bearing
diamonds carry previously unrecognized mineral assemblages
whose high-pressure precursors were stable in metamorphosed
oceanic lithospheric slabs at depths reaching the lower mantle. We
propose that some of the boron in seawater-serpentinized oceanic
lithosphere is subducted into the deep mantle, where it is released
with hydrous fluids that enable diamond growth!®, Type ITb
diamonds are thus among the deepest diamonds ever found and
indicate a viable pathway for the deep-mantle recycling of crustal
elements.

in sublithospheric diamonds tend to destabilize during ascent in the
mantle and break down to lower-pressure minerals, often unmixing
into composite assemblages'*!”. Many inclusions described here are
multiphase assemblages, as is the case with previously studied inclu-
sions in super-deep diamonds and their high-pressure experimental
analogues'*'®7 1t is implausible that the same multiphase assemblages
could be coincidentally replicated by random sampling of lower-
pressure mineral aggregates at shallower, lithospheric depths®.

The most abundant inclusion identified, in 31 of 46 samples, was
Ca-silicate dominated by CaSiO; walstromite, sometimes with larnite
(3-Ca,8i0y) and other phases of CaSiO; composition (Extended Data
Table 1). These inclusions are commonly interpreted as retrogressed
CaSiO; perovskite (Ca-Pv)'>171%, As retrogression of pure Ca-Pv alone
should maintain a bulk Ca:Si ratio of 1, the presence of (Ca-rich) larnite
in some inclusions may indicate that diamond growth occurred in a
chemically evolving system with variable calcium enrichment, as seen
in other super-deep diamonds!'®1%%,

Other observed inclusions also correspond to retrogressed high-
pressure minerals (Extended Data Table 1). For example, inclusions
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EKTETAMENEZ ATEAEIEZ KAI AMOPOOINOIHZH
METAMEIKTIKOY ZIPKONIOY (ZrSiO,)
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[MOAYTYMNIZMOZ (POLYTYPISM)

O1 noAuTunoi (polytypes) piac XnuUIKNG Evwonc €ivai
OOMIKEC NapaAAayeC Ol OMOIEC €ival NAvVOUOoIOTUNEC o€ dUO
dIa0TACEIC Kal OlIapEPOUV WC NPOC TNV TpiTn dlacTaon.
'ETOI ynopouv va aneikovioBouv w¢ ENAANAEC oToIBAdEC
TOMOBETNUEVEC OE Wia OUYKEKPIMEVN aAAnAouxia avaioya
LE Tov NoAUTuUno. KAaoika napadeiyyata anoTeAOUV TO
ooUA@IidIo Tou Zn (ZnS) kai To kapBidio Tou Si (SiC), evw
OTNV NEPINTWON TWV KOIVWV OPUKTWV 101AITEPO EVOIAPEPOV
napouoialouv ol NOAUTUMOI TV (PUAAOMNUPITIKWYV OPUKTWV
Kal KUPIWC TWV PJapuapuyiwyv. O noAUTUNIOHOG HNOPEI
va Yivel avTIAnNnToG o€ vavokAipaka Je xpnon TEM



H KPYZTAANAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[Mg,Fe?*]5[Al,Fe3*]Si;0,,[OH,F],) L a




H KPYZTAANAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[Mg,Fe?+]5[Al,Fe3*]Si;0,,[OH,F],) L €




H KPYZTAANAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[Mg,Fe?*]5[Al,Fe3*]Si;0,,[OH,F],) L b
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H KPYZTAAAIKH AOMH TOY MAPMAPYTIA
BIOTITH >2TO TEM

L .-




NOAYTYTNIZMOZ
MAPMAPYTIQN

[121f =1.64 A

“Mapapoppwaon” Tou NoAUEdPoU
ouvappoync (ESAFQNIKO MPISMA —
AITPIFQNIKO ANTIMNPIZMA
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EMNIOANEIAKEZ EZAPMO2EI2:

OEZEIZ ZNEIPOEIAOYZ KPYZTAAAIKHZ ANANTY=HZ
2E NANO-KAIMAKA
(Nano-scale Spiral Crystal Growth)

MIKPOZKOINIO ATOMIKHZ AYNAMHZ (AFM)
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2[NEIPOEIAHZ KPYZTAAAIKH ANATITY
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ONTIKO MIKPOzKOINIO
AIEPXOMENOY ®QTOx
(NMOAQTIKO-TNETPOIrPA®IKO)
& ANAKAQMENOY ®QTOZ
(METAAAOIPA®IKO)

SAPQTIKO
HAEKTPONIKO
MIKPOZKOMIO (SEM)

HAEKTPONIKO

MIKPOZKOMIO

AIEPXOMENSQN
HAEKTPONIQN (TEM)

MIKPOzKOIIO
ATOMIKHz
AYNAMHZz (AFM)
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107" nm-

107° nm+

10=* nm—T

1073 nm+

1007 nm—

107! nm—T

1 nmT

1O nm T

100 nm—T

10° nm = 1 pmT
10 pm T

100 pm—T

1000 pm = 1 munT
10 mm = | emT
10 crn—+

100 em = | mT
10 mT

100 m—

M0 m =1 km=
10 kT

100 km -

Gamma
rays

X rays

Ultraviolet Violet

radiation o Blue

| Green

\ Yellow

Visible light gr:“g"

i €700 nm

N Infrared

radiation

Microwaves

Radio waves

10 nm ——

400 nm———

E = hv=hc/A

124 eV

3.10 eV

1.77 eV

N =6.626x10-3%Js =
= 4.135x10% eVs

C =3x108m/s =
= 3x10Y nm/s






W.C. Rontgen (1845-1923)

AKTINEZ-X (RONTGEN)
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Max von Laue (1879-1959)

BPABEIO Nobel ®YZIKHZ 1914 ou
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William Henry Bragg (1862-1942)
William Lawrence Bragg (1890-1971)

BPABEIO Nobel ®YZIKHZ 1915

Fig. 6. Calaife ({CaC Q). The wihite balls represent calcium: the black balls, carbon: and
the cubes, oxygen.



NOMOzZz Bragg

nA = 2dnuo



NMEPIOAAZH AKTINSQN-X
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(single-crystal XRD)
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NMEPIOAAZH AKTINQN-X
2E ZKONH

(powder XRD / PXRD)



XAAAZIAZ (SiO,)




MeBodoC
Debye-
Scherrer

P.W. Debye P. Scherrer
(1884-1966) (1890-1969)

BPABEIO Nobel
XHMEIAZ 1936
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KYBIKO: a=b=c=a, kot d,, = a,/(h2+k2+[2)1/2
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L (CuK,) = 1.54 A, ® K
3

a,(NaCl) =5.6402 A © ®

‘Q pe




200

() o)

ofy 1— '
it | 2] To oiaypappa
il aKTivomv-X oKOVNG
p , givail 1o
(il b= it ; v
| “"OAKTUAIKO
I3 = v 74
AnoTuUN®WMA
AT | = : Y
TOU KAOE OpUKTOU
= 997 :
i At 2
' i 16 | o
o) | ey . - £
W b o | J{ A |
’«'j l : _F "":" :"':c—-'-' '—“T"—" o --f-.f.-{r—'-_-:_r.'__,r. ._..,,,_,-,f- 1,.._.,,_,.,:_ k_"_"'_Jr’_"-*r-n-'-—

a1 Al i) £l 7 BHly )

e

)



NaCl

JCPDS Card

Quality of data
{2 - . l
5-628
d 2.82 1.99 163 3.26 NaCl *
/75 | 100 25 15 13 Sodium Chloride {Halite)
Rad. CuKay 4 1.5405 Filter Ni  Dia. dA L7l | hkl dA 7L | hkl
Cut off UL Diffractometer L/ cor 3258 | 13] 1M
@..J Ref. Swanson and Fuyat, NBS Circular 539, Vol. 2, &1 2821 |100] 200
( 1953) 1994 55| 220
Sys. Cubic S.G. Fm3m (225) Lk £ 2
1.628 15| 222
@-0-1 & 4 Z b Dx 2.164 :
f Tbid 7 1.294 11 33
Ref. Ibid. 1.261 11| 420
e nwg 1542 ey Si gn 11515 | 7| 422
(D=2 D mp Color Colerless 1.0855 1] 51
Ref. Ibid 0.9969 | 2| 4L0
09533 | 1| 531
An ACS reagent grade sample recrystallized twice from 0.9401 3| 600
hydrochloric acid. 0.8917 41 620
*- X -ray pattern at 26°C 0.8601 1] 533
Merck Index, 8 th Ed., p. 956 0.8503 3| 622
Halite - galena - periclase group. 0.8141 2| L4k

?

®
1.file number 2.three strongest lines 3.lowest-angle line 4.chemical

formula and name 5.data on diffraction method used 6.crystallographic
data 7.optical and other data 8.data on specimen 9.data on diffraction pattern.

Joint Committee on Powder Diffraction Standards, JCPDS (1969)
Replaced by International Centre for Diffraction Data, ICDF (1978)
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A = 2% *SING

A = 1.54056 A

SIN28 = SIN(8*PI()/180)"2

0 = 20/2

d = N/(2*SIN(6*ACOS(-1)/180))

0 20 Cps sin26 | rel d 1*sin20/sin28min| 2*sin268/sin26min | h2+k2+12 hkl a(A)
1 13.676 27.351 50 0.0559 4 3.258 1.487 2.974 2 110 4.6076
2 15.846 31.692 1280 0.075 100 2.821 1.984 3.967 4 200 5.6420
3 22.725 45.450 420 0.149 33 1.994 3.970 7.941 8 220 5.6397
4 26.926 53.852 10 0.205 1 1.701 5.456 10.911 11 311 5.6416
5 28.239 56.477 40 0.224 3 1.628 5.956 11.912 12 222 5.6396

NaCl: a, = 5.6402 A
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POWDLL . nerconverter for XreD fites

PowDLL is a .NET dynamic link library used for the interconversion procedure
between variable formats of Powder X-Ray files. The DLL is capable of handling the
most common file formats (binary and ASCII). The library can be used as a reusable

PowDLL

@ e @ &

Home (Lab) Download

component with any .NET language or as a standalone utility.
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. Search

Hints'n'Tips

€

Screenshots For programmers Updates

PowDLL.

PowDLL can run on windows OS as long as they have dotnet runtimes version 2 (or ?‘} F:; ’a
later) installed (i.e., Windows Vista SP1 or later). Linux is also supported through Y Ji ; ¥ Ha ;;‘* 'i
Wine. NN LY
Imports Exports Citation

Bruker/Siemens RAW (versions 1,2,4),
Bruker BRML, STOE RAW (plus multi-
range files), Scintag RAW (plus multi-
range files), Rigaku RAW, Shimadzu
RAW, Philips RD, Philips SD, Scintag
RD, Panalytical XRDML, INEL Binary,

Bruker/Siemens RAW (versions 1,2),

Philips RD, Scintag ARD, Sietronics CPI,
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Jade MDI, Rigaku RIG, Philips UDF,
UXD, XDA, XDD, Panalytical XRDML,
ASCII XY Files, MS-Excel Multiple XY,

Please cite if you find PowDLL useful:

PowDLL, a reusable .NET component
for interconverting powder diffraction
data: Recent developments, N.
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C B
C |00-406-7719 C32H32Br2 N4 Pd 52 0.56521 0.32987 0.24452 0.71042 1830 |
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C |00-900-0763 | [whewelite] C4 H2.57 Ca2 010 062778 | 042135 | 081057 074431 | 1000% [
C |00-200-6013 C20H23 CI0B Si 0.56582 015625 |0.69373E-01| 0.63989 azo1 |
C [0D0-450-9958 C14 H14 N2 02 0.55268 014034 ([0.91320E-01| 063778 0878 |
C [00-411-0698 C12H14 B7 Mn 03 0.58353 014500 (0.87603E-01| 0.63769 1.054 |
C [00-200-7903 |(4-dimethylaminophenyl)(2-nitrophenyl)diazene NO2CEH4NNCEH4N(CH3)~2~ 0.56369 011108 ([0.44670E-01| 0.63678 0614 |
C [00-221-9184 |[<i>E</i> <i>E</A> <> N< /> <i>N< /> -Bis(4- methoxybenzylidene)cyclohexane-1,2-diamine C22H26 N2 02 057914 |(0.94471E-01(0.48481E-01| 0.63678 0733 |~
C |00-710-9260 C22H24 N2 04 0 3 [0.76102E-01({0.50941E-01] (0.63665 1.017 |
C |00-413-2162|nv236-E1 C17H19N O3 0.58420 010930 |0.40372E-01( 0.63601 0762 |
C |00-154-5235 C21H29N 04 0.54385 010084 |0.38313E-01| 0.63600 0568 |
C |00-722-2891|13 CI2 I Cl4 AICI6 13 0.55258 0.30778 |0.62159E-01| 0.63545 1.258 |
C [00-723-9148 CBH12CICu2NED14 Tb 0.56284 0.20033 01607 0.63527 3832 |
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Earth, Moon, and Planets (2005) @ Springer 2005
DOT 10100731 1038-(05-9013-2

INSTRUMENTATION FOR GEOLOGICAL FIELD WORK
ON THE MOON

D. L. TALBOYS, G. W. FRASER, R. M. AMBROSI, N. NELMS

N. P. BANNISTER, M. R. SIMS, D. PULLAN and J. HOLT
Space Research Centre, University of Leicester, University Road, Leicester, LE2 7RHUK
{ E-mail: dit3@starde.acadk )

(Accepted 26 May 2005)

Abstract. A human return to the Moon will require that astronauts are well equipped with instrumen-
tation to aid their investigations during geological field work. Two instruments are described in detail. The
first is a portable X-ray Spectrometer, which can provide rapid geochemical analyses of rocks and soils,
identify lunar resources and aid selection of samples for return to Earth. The second instrument is the
Geological and Radiation environment packapge (GEORAD). This is an instrument package, mounted on
a rover, to perform ir-sitv measurements on the lunar surface. It can be used for bulk geochemical
measurements of rocks and soils (particularly identifying KREEP-enriched rocks), prospect for ice in
shadowed areas of craters at the poles and characterise the lunar radiation environment.
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Field deployment of a portable X-ray diffraction/X-ray flourescence
instrument on Mars analog terrain

P. Sarrazin®
inXitu, PO. Box 730, Mountain View, California 94042

D. Blake and S. Feldman
NASA Ames Research Center, M5 239-4, Moffert Field, California 94035

5. Chipera and D. Vaniman
Los Alamos National Laboratory, M5 D469, Los Alamos, New Mexico 87545

D. Bish
Indiana University, 1001 E 10th Sireer, Bloomington, Indiana 47405

(Received 31 October 2004; accepted 22 March 2005)

CheMin 15 a mimature X-ray diffraction/X-ray fluorescence mnstrument that 1s included in the
pavload of the Mars 2009 Mars Science Laboratory mission. A portable CheMin prototype was
built to test the capability of the instrument for remote in sifu mineralogical characterization
of geological matenials. The instrument was successfully deploved at a wvariety of Mars
analog sites in Death Valley, CA, in May 2004, © 2005 International Centre for Diffraction
Data. [DOI: 10.1154/1.1913719]
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Lunar and Planetary Science XXXVIII (2007)

MINERALOGICAL IN-SITU INVESTIGATION OF ACID-SULFATE SAMPLES FROM THE RIO
TINTO RIVER, SPAIN, WITH A PORTABLE XEIDVXERF INSTRUMENT. P. Sarrazinl, D.W. I'-;Ii.ﬂgz.. V.
Morris”. D. Fernandez-Remolar’. R. Amils’. R E. Arvidson®, D. Blake’. D. L. Bish® linXitu Inc. 2551 Casey Ave
Ste A. Mountain View, CA 94043 psarrazin@inxitu.com: *NASA Johnson Space Center, Mail Code KX3. Hous-
ton. TX 77058: ° Centro de Astrobiologia (CSIC/INTA) 28850 Torrejon de Ardoz, Madnd. Spain: * Earth and
Planetary Sciences, Washington Umiversity, St. Lowms, MO 63130; *NASA Ames Research Center. Moffett Field.
CA 94035; ﬁI}h&pﬂ:. of Geological Sciences, Indiana Univ_, Bloomington, IN 47405-1405.
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About Ames The Chemistry and Mineralogy Instrument

News & Events

David Blake, geologist at Ames, is the principal investigator for the The
Chemistry and Mineralogy (CheMin) instrument that uses X-ray diffraction - a
Missions first for a mission to Mars and a more definitive method for identifying minerals
than any instrument on previous missions. It supplements the diffraction
measurements with X-ray fluorescence capability to garner further details of
composition.

Multimedia

Research
Education

History

Some minerals detectable by CheMin, such as phosphates, carbonates,
sulfates andsilica, can help preserve hiosignatures. Clay minerals trap and
preserve organic compounds under some conditions. Some minerals that form
when saltywater evaporates can encase and protect organics, too. Other
minerals that CheMin could detect might also have implications about past
conditions favorable to life and to preservation of biosignatures — or evidence of
life.

Doing Business With Us

More Resources:

Ames' contributions page
Ames MSL press kit

http://www.nasa.gov/centers/ames/research/msl_chemin.html
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NA,A Jet Propulsion Laboratory
California Institute of Technology BRING THE UNIVERSE TO YOU:

Mars Science Laboratory \ ’
Curiosity Rover

e -
MULTIMEDIA r ALL MARS

MastCam | MAHLI | MARDI
APXS | ChemCam | CheMin | SAM
RAD | DAN

The Chemistry and Mineralogy instrument, or CheMin for short, will identify and measure the
abundances of various minerals on Mars. Examples of minerals found on Mars so far are olivine,
pyroxenes, hematite, goethite, and magnetite.

Minerals are indicative of environmental conditions that existed when they formed. For example, olivine
and pyroxene, two primary minerals in basalt, form when lava solidifies. Jarosite, found in sedimentary
rocks by NASA's Opportunity rover on Mars, precipitates out of water.

http://mars.jpl.nasa.gov/msl/mission/instruments/spectrometers/chemin/



ENITONOY (/n-situ) OPYKTOAOI'TKH ANAAYZH ZTON APH ME XRD
(OxTwRpI0G 2012)

nasa.goy

[ EQ\! HOME NEWS MISSIONS MULTIMEDIA CONNECT ABOUT NASA

® Send 4 Share

MNASAHome > Missions > Msl

Missions
Missions Highlights Curiosity: Could Mars Have Once Harbored Life?
¥ Current Missions oA P a

Current Missions

Mars Science Laboratory Latest News MSL Videos
s . Working with Curiosity's
News & Media Resources ChemCam Laser
Multimedia Mars Soil Sample Delivered
Images

Past Missions ' Here's the Scoop!

Future Missions
Launch Schedule

Mission Calendar

| Latest Images

raes

LT N g S HOR oS
Curiosity Analyzes First Taste of Martian Soil
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POPHTO 2Y2THMA XRD/XRF

in situ XRD/XRF

Specifications
XRD resolution: 0.25° 26 FWHM

XRD range: 20-55° 28

Detector type: 1024 x 256 pixels - 2D Peltier-cooled CCD

XRD geometry: Reflection based

Sample orientation: Flat or convex of infinite size

XRF energy resolution: 200 eV at 5.9 keV

XRF energy range: 3 to 25 keV

X-ray target material: Co or Cu (Cu standard)

X-ray tube voltage: 30kV

X-ray tube power. 10W

Data Storage: 40 Gb - Ruggedized internal hard drive

Wireless Connectivity: 802.11 blg for remote confrol from web browser
Operating Temperature: -10°C to 35°C

Dimensions: 48.5 x 39.2 x 19.2cm base; 8.5 X 16 X 4 cm Head
Weight: 12 kg base; kg head

About inXitu inc.

inXitu Inc. is a leader in portable
XRD/XRF based instrumentation. We
specialize in developing the technologies
required to enable the next generation of
scientific instruments used for materials
analysis. The technology used in our por-
table rock and mineral analyzer received a
prestigious R&D 100 award and has been- X-ray Diffraction / X-ray Fluorescence instrument for art conservation
chosen to fly on the Mars Science Labora-
tory rover scheduled for launch in 2011.

nXkuinc 2551 Casey Avanua Sutte A, Mountain View, Caltfomia USA 04043
Tal 001 (650) S67-0081 Fax 001 (650) 567-0082
amall: Salesginxku com wabwww.ireku.com



OEPMIKH 2YMMNEPID®OPA OPYKTQN
& OEPMIKH ANAAYZH

THERMAL BEHAVIOR OF MINERALS
& THERMAL ANALYSIS



OEPMIKH ANAAY2H

.

OepMIKEC MEBOOOI
OcpMIKEC TEXVIKEC

Mo opddu TEYVIKOV IE TIC OMOIEC LETPEITAL KATOLX

(PLGIKT] 1010TNTA IUC 0VGIUC 1] TOV TPOTOVTOV UVTIOPUGTC

TS S GLVAPTNGT) TS Beplokpaciag, OTuv 1) TeAevTUia

LETUPALAETAL KOTA EVOV TPOYPUULUTIGUEVO TPOTO”
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APXEY THX TitAog: ApxEg Evopyavng

ENOPI AN H 2 BAZUEATE Gttt
ANANYZHZ BEsY

2uyypadeic: D. A. Skoog, F. James
Holler, T. A. Nieman

Metadpaon: M. |. Kapaylavvng,
K. H. EvotaBiou, N. Xaviwtakng

2tolxeia Ekdboonc: Xpovoc £k0.
2003, oeA. 1090, ISBN: 0-03-
SKOOG-HOLLER*NIEMAN 002078'06




Katnyopie¢ OQepuIKwy TEXVIKWYV

OepUOCTABUIKN avdAuon

MeTUBOAN HAZUC WE CUVAPTNON TNS BEPHOKPUATING
Ala@opIk @epuiki AvaAuon
AldQopIK QepUIdOUETRIA ZApWONg

MeTaBoAn evOaATTIOE W¢ ouVAPTNON TNE BEPHOKPATIAC

EVOOATTILUETPIKEC OYKOMETPATEIC

MeTaf oA EVOOATTIOC WC ATTOTEAETHA HIOC XNHUIKAG avTIOPATEWC

\- /




O©epuooTABUIKA avdAuaon

thermogravimetry, TG

KATaYPAQETAI CUVEXWC 1 HAda Tou deiyuaTtog o€ Hia
eAEYXOHEVN QTHOO@AIPU, WE TUVAPTNON TNG BEPHOKPATIUag
I TOU XpOvou, KaBwg n BepHoKpacia Tou SeiyHaTOC AUEAVEI

(OCuVRBWC YPOHHIKA JE TO XPOVO).

Beppoypdenua (thermogram)
N KAUTTUAN Bgppikng didoraong (thermal decomposition
curve):

Q{ivpuppa Malac w¢ ouvdpTnon ToOU Xpovou /




OpyavoAoyia

‘Evo gpmoptko opyovo yio Oeproctabiuki) Avaivon
OTOTEAELTOL UTTO:

(1) evaicOnTo avarvTIKO JuVvo

(2) éva @ovpvo

(3) cvonua kabupio o e dwwPifacn uepiov mov
eCacpaiilel adpavn (1] LEPIKES QOPEC OPUCTIKT))
aTHOGQUIp

(4) évav LUKPOBTOAOYIGTI)/ LIKPOETESEPYUCTI

THMEIQXH: & NepIKEC TEPITTMGELS LIUPYEL 1) OVVATOTI T

\ar&}._}-.a'ff]n; 0TO OEPIO OE UEPLD




OepPUIKOC ZUYOC 11 Oepuoluyoc

Eheyyoc Tpnuota Geppucon Covon:*
PODPVOL A: Ppayiovas,
E— B: doysio delylatos + LEoGOYENS,
= st pog A - o 5 Baooe-
Dovpvoc thnunxmn{i;q ‘@ I ||1:n Tlﬂ?zfuaulﬁﬂﬁoqﬁ?ﬂ?ﬂj,
1 L AT Auyvig 101 QoTO010001,
- E: mpvio,
£ Z: nopnmme,
| /.f( H: svigyumic eh&yyon,
| ©: vroioyiomic andfapou,
I snoyumis,
! H 8 ! K wotoypogisd.

. J

*(APXEZ ENOPTANHEZ ANANYZHE, D. Skoog, F. J. Holler, T. A. Nieman, 51 ‘Exdoon, EAAmviKD 5
Metagppaon Kapayidvvn-Evotabiou-XoviwTdrn, Exdoosig KwaTapden)




[Mapadeiyuata

Cal’,0,H.0

Maga, 2

540 980

Geppokposir, T

Oeppoypaonuo arocvvleong CaC,0, H,O

\ GE 0OPUVY] ATULOGOUIPU /

* (APXEZ ENOPrANHE ANANYEZHE, D. Skoog, F. J. Holler, T. A. Nieman, 57 ‘Exdoan, EAAnviKR 9
Merdgpaon Kapayidven-Evotaliou-XaviwTdkn, Exkddoeic KwaTtapdkn)




EIVOL ENPUVELS GTO UPYIKO

e | Beppoypionua
Bepuospadio, C
\ () epopiest BEppcypapRgIL

| NI 30 0 < W + 500
z ML = MO+ OO
= L T, = Call .
+C0, Avdaenoen Tov CaC,0, ‘H,0,
- S RO, SrC,0, ‘H,0 ka1 BaC,0, H,0"
| | | | |
LU GO HO0 1000 130A
Breppospaoin, °C
(&) Bepoypienie
=
2
<

H mopoyoyos Begppoypupipotog
UTOKOCADTTEL TANPOPOPIES, TOL BEV

/

* (APXEZ ENOPTANHE ANAAYEZIHE, D. Skoog, F. J. Holler, T. A. Nieman, 51 ‘ExSoarn, EAAnvikn
Merdappaon Kapayidven-EvoTaBiov-XaviwTdkn, Exkdooeig KwaTtapdkn)
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Alapopiki Oepuikn) AvdAuaon

.

differential thermal analysis, DTA

mopuKorovOital 1) S10Qopd 6T Beppokpacic neTulv

ILOS 0VGIUC KU1 £VOS DAIKOV avaQopdac
MC GUVAPTIGN] TIC Bgppokpuciag,

O0TUV 1] OVGIU KUl TO VAIKO UVUQOPUS VTOKEIVTUL GE

APOYPUPNUTIGNEVI) NeTUPorr] Beprokpacivc.

J
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BEpnoven) SETTNUTOS KU1 VATKOU OVUQOpUC £TGL, OGTE 1] HEpRoKpUcia TOL

oelypotos T vo avidvel YPoiiIKaG IE TO ¥povo. ITI) GUVEYEW KUTUYPAPETUL )
owQopd AT netalv TiC GepuoKpUGIUs TOU SEVYNUTOS KUl TOU DAIKOD
avagopas T (AT =T —T) kol GYE01GETUL 1] YPOPIKI| TUPAGTUGT O TPOS TI)

Beppokpucic Tov SEIYHATOS

TN, AT /\ \/
- e o/

12




UAIKO ava@opdc: ouaia TTou dgv UpioTaTal
LMETABOAEC OTIC BEPUOKPATIEC TTOU
XPNOIUOTToIoUVTAl

adpavnig ouaia, OTTWC 0&eidlo Tou
apylAAiou, KapRidlo Tou TTUPITIOU 1 HIKPA
udAiva opaipidid.

. J

13




Dy pnTng

Peipvog

1

Ry icio . . . .
deiypurtog TyNUOTIKO S1aypuppa VS TUTIKOV
OpPYUVOL Y10 S1UQOPIKI] OpHIKI)

avarven (TC = Beppolevyoc).

L B O O

Lchglycn;
uirvanig boathand
HeppavTisg
: . EVTIE TG
- ! Erenog

© gotpvou U /

* (APXEZ ENOPTANHE ANAAYEZHE, D. Skoog, F. J. Holler, T. A. Nieman, 51 ‘ExSoan, EAAnvikn 14
Metdgpaon Kapayidvvn-Evotabiou-XaviwTdkn, Exkddozig KwaTtapdkn)




ECobepun

AT

Evdatepun

OZeidmon

—1;3\_/\ Epvotdlheaaon

Yodhebdnz
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Tign

-
o
oZeidoorn
[
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Gepuokpuoio

/

" (APXEZ ENOPTANHE ANAAYEIHE, D. Skoog, F. J. Hollar, T. A, Nieman, 51 'Exdoan, EXAnvikr

Meragpaon Kapaydwn-EvataBiou-Xaviwrtdkn, Exkbooeic KwaTtapdrn)
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[EVIKEC QpXEC

H Ala@opikf @eplIK AvdAuon TmapakoAouBei MONO
METOROAEC TTOU oUVODEUOVTAI ATTO METAROANR EVBAATTIAC,
ONAadn QUOIKEC DIEpYATiEC ) XNHIKEC HETAPBOAEG. AEN
QVTATTOKPIVETAI O& HETABOAEC padac.

L @vekis evao0sppes digpyucise givan 1) THEN. 1| £2ATINGI, 1] E2AYVOGT), 1)
UTOPPOON G KUl 1] EKPOPNGT).

L ECO0spuES drEpyucisg sival cuvijBmS 1] TPOGPOPIGT] Kul 1] KPUGTALLOG):
L O kés avnidpacalg propovv TGS va gival evaoBepuss 1 eEM0eppes
Evéofepues uvT1dpacels £ival 1] ¢QUaATOG, 1] CVUYOYI G ATHOGQUIPU
UEPLOV Kol 1) S1AGTUCT).

L EE@Bepucs uvTIdpaceis £ival 1] 0Z£id®61 Tupovsid uépa 1 oZvydvou, o

Q}mpepmpﬁq KU1 01 KUTUAVTIKES UVTISPUGELL. /
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E@apuoyEc-2

2CaC,0, + 0, - 2CaC0, + 2C0,

I= Bl

- {‘:lf_'{'lj = ) + E,'[‘}:
CaC,0,H,0 > CaCy0, + H,0

AL0POPTKE BEp oK i
=
I

Evadlepun

| | 1 | 1 | | | J
0 100 200 3040 400 500 &0 T 800 K

P UORPLD BEY PO, C

Alagopiko Beppoypadgnua CaC,0, -H,O mrapouaia O-.

\ PuBuoc avgnong Bepuokpaciag = 8 °C/min* /

* (APXEZ ENOPTANHEZ ANAANYEHE, D. Skoog, F. J. Holler, T. A. Nieman, &1 'Exdoan, EAAviKR 20
Merdgpaon Kapayidvvn-EvoTaBiou-XaviwTtdkn, Ekddoeic KwaTtapdkn)




Ala@opIK OepUIOOUETPIO 2APWONC

differential scanning calorimetry, DSC

MNapakoAouBeiTal n dia@opd por¢ BEpHOTNTAUC TTROC Hia
oucgia-Beiypa Kal TTpog Hia oudia ava@opdc, w¢ ouvdapTnon
NS BEpUOKpATiag Tou SeiypaTog, éTav ol dUO OUTiEC
UTTOKEIVTOI OF Eva EAEYXOHEVO TTPOYPANHA BEPUOKPATIaC.

OepHIBOUETPIKN HEBODOC [ KATAYpAPOVTAI BINPOPEC EVEPYEING.
(BlapopIkn BEpUIKA avdAuon: KaTaypd@ovTal SIapopig

\ BepHOKpUTiag) /

23




e DSC avriordéuiong ioxuo¢ (power compensated DSC):

Geiypa Kal UAMKO ava@opdc BEpUaivovTal HE EEXWPIOTEG
TNYEC BEPUAVONC, WOTE 01 BEPHOKPUTIEC TOUC Va
GlarnpouvTal idIEg, EVW oUYXPOVWE auidvouy I
HEIWVOVTal YPAHMIKA

e DSC porc¢ Bepudrnrac (heat flux): perpeital n diagopd
TWV powv BepUOTNTAC TTPOC TO BEIYHA Kal TTPOC THV
ougia ava@opdcg, KaBw¢ auiavel 1) HEIWVETAI YPAUHIKG N

BepHOKpacCia Tou deiyUaTog

\- /
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Application:
Building materials
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2YNAYAZMENH
ANAAYZH
TG-MS:
Evolved Gas
Analysis (EGA)
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2YNAYA2ZMENH
ANAAYZH

DTG /(%/min)
transftele TG % TIC *107 fa.u. Temp. /°C
el ) 10 1.8 5
/- 1 3610 mMin'566.2 °C, 15,30474E+068.L. 900
- - 4 11 5 o : ) s fo [
sample loop / ! 4 15 Lo
TG sample gas -10 te00
§ [ outlet (pump) 15 lsgo
2 -20 {400
= valve -25 300
2 &, GCarie 20 200
JAS UNIS 500
injector system A -35 [100
-40 [0
35
TG cell Time /min
Abundance X o
Adogtor and fronsfexling TIC: PC.D\data.ms (36 min, 563.3 °C)
RT to 300°C 1.4e+07 1

Peak RT/min component m/z
1 36.10 Carbon dioxide 44

1.2e+07
2 36.136 Toluene 91
1e+07 3 36.161 o-Xylene 10€
4 36.188 1-ethyl-4-methyl-Benzene 12C
8000000 6 5 36.220 Phenol 94
6 36.310 4-methyl-Phenol 10€
- 6000000 7 36.470 4-ethyl-Phenol 122

2

£ 8 36700 3-ethyl-Phenol 122

4000000

2000000

ﬂ Time-> 36.0 36.1 36.2 36.3 364 36.5 36.6 36.7 36.8 36.9

MsD GC TG 209 F1 Libra™
1.6 uto 1050 u 35°C to 425°C 10°C to 1100°C, 0.1 pg

ekoxgr  NETZSCH Polycarbonate in He
(>3O



XAPAKTHPIZMO2z OPYKTSQN

e MAKPOZKONIKH EZEETAZH —> rEQMETPIKH
KPYZTAAAOTIPA®IA

e MIKPOZKOMNIKH EZEETAZH — ONTIKH
KPYZTAAAOTPA®IA

e MEPIOAAZH AKTINQN-X — AOMIKH
KPYZTAAAOIPA®DIA
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ONTIKO MIKPOzKOIIO
AIEPXOMENOY ®QTOz
(NMOAQTIKO-MNMETPOIPA®IKO)
& ANAKAQMENOY ®QTOz2
(METAAAOIPA®DIKO)

SAPQTIKO
HAEKTPONIKO
MIKPOZKOMIO (SEM)

HAEKTPONIKO

MIKPOZKOMNIO

AIEPXOMENQN
HAEKTPONIQN (TEM)

MIKPOzKOIIO
ATOMIKHz
AYNAMHZz (AFM)




MIKPOZKOMNIKH MAPATHPHZH OPYKTSQN & NETPQMATQN
(cm/pm-kAipgaka)

ONTIKO MIKPOzKOIMIO AIEPXOMENOY ®QTO2
(MOAQTIKO-MNMETPOIPA®IKO)
& ANAKAQMENOY ®QTOZ (METAAAOTIPA®DIKO)

LEICA,
oUyxpovo




ONTIKO MIKPOzKOINIO

NMEPIOAAZH
AKTINQN-X



AiaTa&n npoeToipaciag

NapacKeEUoHATwWY, STRUERS, olyxpovo
STEEG & REUTER, 1924



MIKPOZKOINIKH MNMAPATHPHZH OPYKTQN & NETPCMATQN
(nm/A-kAipaka)

MIKPOZKOMIO
ATOMIKHZ
AYNAMHZ (AFM)

MIKPOzKOIMNIO

AIEPXOMENQN

HAEKTPONIQN
(TEM)




ONTIKO MIKPOzKOIMIO AIEPXOMENOY ®QTOz
(NMOAQTIKO-MNMETPOIPA®IKO)
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Petrographic Microscope

Condenser Lens
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