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AAAOTPOIMIA (Allotropy)
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GRAPHENE FLAGSHIP 3'

The European Commission has
chosen Graphene as one of

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

From v chalimers . se - January 30,
219 &AM

Graphene has been subject to a
scientific explosion since the
groundbreaking experiments an the
novel material less than ten years
ago, recognized by the Maobel Prize in
Physics in 2010 to Professar Andre
(seim and Professar Kostya
Movoseloy...

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




NMOAYMOP®IZMOZ (Polymorphism)

KYPIA MOAYMOP®A TOY CaCoO;

AZBEZTITHZ (CaCO;) APATONITHzZ (CaCo0,)



To KUpIO XapaKTnPIOTIKO
TWV KPUOTAAAIKWYVY OTEPEWV
gival n wePIOSIKOTNTA KAl n) Taén
ornv doun Toug

e MONAAIAIA KYWEAIAA
(Unit Cell)

e KPYZTAAAIKO NAEIrMA
(Crystal Lattice)

‘ NEPIOAAZH AKTINQN-X I




MONAAIAIEZ KYWEAIAE2
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TPOINOI ANATMAPAZTA2HZ TOY KPYZTAAAIKOY MAEMMATOZ
2IAHPOIYPITHZ (FeS,)




2YNAYAZMOZ TQN TMAPATANQ TPOMQN 2THN MEPIMNTQZH
[MTOAYTIAOKHZ XHMIKHZ 2Y2TAZH> KAI AOMHX

NaTtpio-kAivoap@ifoAog




ATOMIKH AKTINA (VFI rj CPK)

AvTinpoownelel To péyeboc (oe nm i A) evoc
ANOMOVWHEVOU KAl NAEKTPIKA OUBETEPOU ATOMOU
AVEMNPEACTOU Ano TOMOAOYIEC XNUIKWV OEOHWV
Kal e€apTaTal ano To NAEKTPOVIKO VEPOC

| 2r |

— MeTaAAIKn akTiva ‘ ‘

— OpolonoAIKn akTiva




ATOMIKH AKTINA (VFI)
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ATOMIKH AKTINA (CPK)
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"KPY2TAAAIKH" KAI IONTIKH AKTINA

— “KpuoTaAAIkn” akTiva | A
0

'l\\

— IovTikn akTiva (1)

d=r(cavon)+r [unmnj_

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

MoAUedpa cuvapUOyYNG




ANAAOI'TA TONTIKSCN AKTINSN

I‘c/ I'n (rc=rkationTos r 7a=FaniONTOZ)

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



ANAAOI'TA IONTIKQN AKTINSN

MoAUedpa cuvapUoOyYNG

[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— _

S
rel ra



TO MAPAAEIIT'MA TOY OAIBINH

(Mg, Fe),Si0,

H 1ovTikn akTiva Tou Si* eival
0.04 nm (0.4 A) kal eNopEVWC,
unoBeTovTac OTI ouvapuoleTal
pue O Tou onoiou N IOVTIKN
akTiva eivar 1.40 A, éxoupe
ref Iy (Fsiasd 155-)=0.286 onoTe
kal npokunTel [CN]=4
(TeTpasdpikn ouvapuoyn).
AvTiOeTa, yia To Mg?+ kai Tov
Fe2+ npokunTel [CN]=6
(okTaedpikn cuvappoyn)

[4/50,=0.4 A
[6) 1442+ =0.72 A, 111, ,=0.61 A



20&voc (valence) ka1 IovTikn AkTiva: O Aoyoc V/ r

AIZOENH KATIONTA ME [CN] = 6

Z+qd
Z+dN

Ta kaTiovTa pe napanAnaio Aoyo V/ravTikaBioTouv eUKOAa TO va
TO AA\O 0€ KPUOTAAAIKA MAEYHATA OTO 010 NOAUEDPO CUVAPHOYNC
(n.x. Ca2* < Cd?+, V/r=2 ka1 V/ r=2.1 avrioToixa, o [CN]=6)



TO MAPAAEITMA TQN NMOAYMOP®QN TOY CaCO,

AOMH AZBEZTITH

[6] /Ea2+= 1 '8‘

[CN]=6

AOMH APAT'ONITH

o

[9]/Ea2+=1.18 A huta hoop

[CN]=9

ION [XB8évoc (V)| HA. Aapopgwon | [CN] [ "KpuotaAhikn” Aktiva | TovTikn AKTiva (r) | V/r
ca*”* 2 3p° 6 1.14 1.00 2.00
ca** 2 3p6 7 1.20 1.06 1.89
ca** 2 3p6 8 1.26 1.12 1.79
ca** 2 3p6 9 1.32 1.18 1.69
ca** 2 3p6 10 1.37 1.23 1.63
ca** 2 3pb 12 1.40 1.34 1.49




H ENYAATQMENH IONTIKH AKTINA

OTav Ta kaTiovTa e6eABouv ano To KPUOTAAAIKO NAEYHA Kal
Bpseouv o€ U5CITIKC| dlaAUATa anoKTouv &va nsplﬁ)\npa
poplwv H,O evw TO psyseoq NG evudaTWHPEVNC IOVTIKNG
akTivag (ry) €ival avTioTpoPwe avaloyo Tou PeyeBouc TnG
IOVTIKNC aKTIivaG OTO OTEPED

I N —
H 1ovTIKn akTiva Tou 4.4-
Cs* eival 1.69 A ka '
N EVUOATWHEVN TOU

3.29 A. AvtioToixa n @I

Pb2*

IOVTIKI] OKTiVQ TOU o
Be2* gival 0.31 A kai 361
N evudaTWPEVN TOU . . o
4.59 A - R

T| Rb* Cs*
T+ T 7 T ! T T J T
02 04 06 08 1 0 1. 2 1 4 1.6 1 8 2. O 2.2

r (A)




KANONEZ TOY PAULING

[Repriot from the Joucusl of the American Chemical Saclety, 81, 1010 (1029).]

: THE NATURE OF
The Principles Determining the Struc- THE CHEMICAL BOND
ture of Complex Ionic Crystals

LINUS PAULING

Y

. {7 : 7
L. Pauling e ' : //AE*’
(1901-1994) | ‘ ‘
BPABEIO Nobel S
XHMEIAZ 1954 A
& L8, A 1 : ] £
BPABEIO Nobel Journal of the The Nature of the
EIPHNHZ 1962 American Chemical Chemical Bond

Society (1929) (1939)
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1oG kar 20c KANONA2 TOY PAULING

3 Na kabe kaTiov (0To KPUGTAAAIKO nAeyua) oxnuarideTal
£va NOAUEOPO cuvapuoync ano aviovra. H anootaon
KaTIOVTOC-aviovToc npoadiopileTal ano To adpoioua Twv
IOVTIKWV AKTIVWV Kal 0 apiBuoc ouvapupoync [CN] ano
TNV avaAoyia Twv IoVTIKWV akTivwv (7¢/ 1)

Q >e pia otabepn dopun cuvapuoyng n oAIKn 1I0XUC TwV
deopwv ano oAa Ta yerrvialovra KaTiovTa nNpoc eva aviov
IooUTdl PE TO (POPTIO TOU aAVIOVTOC (TOMIKN £€l00ppONNON
popTiou). Mnopei va ekppacBdei wc 0 Aoyoc Tou 08EvouUC
npo¢ Tov apiBuo cuvapuoync (V/[CN]). Eav n.x. To Si+*
o€ TeETpasdpIkn cuvappoyn avrikaraotabel ano AR+
TOTE 0 Aoyoc V/[CN] ano 1 yiverar 0.75 kar anarrouvTal
€NINAEOV PN-TETPAEOPIKA KATIOVTA YIa £EI00ppOMNNCT TOU
(pOpTIOU



30G KANONA2 TOY PAULING

Q To poipacua akpwv Kai 101KkoTepa £dpwv PETAEU OUO
NoAUEdPWV CUVAPHOYNC UEIWVEI TN OTABEPOTNTA TNC
I0VTIKNC douNC [mAnoialouv Ta KATiIOVTa nou BpiokovTal
LUECa oTa NoAUEdPa Kail evioxUETal n anwon]

Ta TeTpasdpa KATIOVTWV PE UPNAO 0BevoC Onwc To Sit*
oxnuaTilouv aAucidec, dakTuAiouc kal “"PUANA”HE KOIVEC
KOPUPEC, EVW TA OKTAEOPA OTOIXEIWV PE XANNAOTEPO GOEVOC
onwc 1o AR unopouv va £X0oUV KOIVEC aKUEC AAAG OXI OPEC



406 KANONAZ TOY PAULING

d >& eva kpUOTAAAO NOU NEPIEXEI DIAPOPETIKA KATIOVTA
ekeiva Ta onoia gugavidouv upnAn oEEIdWTIKN KATAOTAON
(0Bevoc) kal piIkpo apiBuo cuvappoync [CN] Teivouv va
unv poipalovral NoAUedpIKA OTOIXEIA METAEU TOUC

’ @ Ca2*: CN=12, 121/ ,.= 1.34 A
MOIPAZMA EAPON

[MEPOBZKITHZ (CaTiO,)



50¢ KANONAZ TOY PAULING

3 O ap1Buoc Twv daPpOpPETIKWV €10WV OOUIKWY CUOTATIKWV
(noAuedpa ouvapuoync K.A.n.) o€ Eva KpuoTaAAo TEIVEl va
gival JIkpoc, OnA. epgavidovral opola dopika nepiBaliovTa
yia opoia atopa (anAouotepn doun—xaunAoTepn duvaTn
EVEPYEIQ—O0TABEPOTNTA)
>Tn doun n.X. Tou oAIBivn
unapyouv povo 4
dIAPOPETIKEC OIATAEEIC
aTohwV: OAa Ta atopa O
uoipalovTal YETA&U €vOq
TETPAEOPOU (MOU NEPIEXE
navra Si*+) kal Tpiwv
okTaedpwVv (NOU NEPIEXOUV
OAIBINHZ : (Mg,Fe),SiO, Mg?*+ kal Fe2+)




AIATA=H ATOMQN zE KYBIKO NMAErMA

PCC BCC FCC

1/8 atopa o€ 8 1/8 atopa o€ 8 1/8 &Topa ot 8
KOPUEC KOPUQEG, 1 aTopo KOPU®EG, 1/2
OTO KEVTPO dTopa o€ 6 £JPEC
CN=6 CN=S8 CN=12
Atopa/KuyeAida: Atopa/KuyeAida: Atopa/KuyeAida:

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



AIATA=H ATOMQN 2E EEAINQ2NIKO NMAErMA (HCP)

CN=12

O1 diata&eic FCC (oupnaync kuBikn cucowuatwon) kar HCP
(oupnaync eEaywvikn cUCCWUATWON) OUVIOTOUV TO TEAEIOTEPO
NAKETAPIONA oPalpwV HUE TNV MeyIoTn duvaTn NUKVOTNTA NOU
sival n/(3V2) = 74.048% (YnoBeon Kepler). QoTooo £neidn
IOXUEl I/ r,=1 €ival onavieg o€ KOIva OPUKTA KAl GuvavtwvTal
KUPIWG O KPUOTAAAOUC QUTOPUWV OTOIXEIWV Kal 0€ KPAUdTa



ENEPIEIA NMAEFMATOZ

O1 oTOIXEIWOEIC OOUIKEC HOVADEC TWV NAEYUATWV TWV
kKpuoTaAAIKwV UAIKwV (aToua, 10vTa, Jopia) ouvoeovTal JETAEU
TOUC pE dIaPopwV 10wV XNUIKOUC OsopoUC UE anoTEAECHA va

nepikAgieTal evepyela. H evepyeia W anaiteital yia tnv
anopAakpuvon OUJETEPWV ATOUWV anoO TO KPUOTAAAIKO MAEYUA

npoc To aneipo, o€ Beppokpaacia 0 °K, ovoualeral evepyeia
nAeypaTtoc kai didetal og ki/mol:

W=(a*V RV, *eA2%N, [+ 1) *(1-1/m)

onou V¢, V, €ival Ta 06evn TV I0VTWV, /- Kal 7, Ol I10VTIKEG
AKTIVEG, € TO OTOIXEIWOEC NAEKTPIKO PopTio, N, 0 apIiBOC
Lodschmidt, m o ekBeTn¢ anwBnonc nou naipvel TIHEG PETAEU ToOU
5 kal Tou 12, kai a n otaBspa MADELUNG



FCC
AAITHZ (NaCl) kar ®O©OPITHZ (CaF,)

e Ma QE:I

[6INat+ & [6ICI- [81C32+ & [4IF-

rC/rA,(rNa+/rCI-)=O'55 1] Ia (Feap+l 17)=0.75
apa [CN]=6 apa [CN]=8



AAITHZ (NaCl) ®OOPITHZ (CaF,)

J
OKTaEDPIKEG TETPAEDPIKEG OKTAEPIKEC TETPAEDPIKEG
“oneg” pe Na*  “oneg” Keveg “OMEC” KEVEG “oneg” pe F




NaCl (AAITHZ) - FCC

o
gt

Ye
‘0
61/,.,=1.02 A
2.81 A
5.64 A=

HEYEOBOC Kuwelidag

61/, =1.81 A

‘Atopa/KuyeAida:
(1/8*8)+(1/2*6)=4



ATEAEIEZ KPYZTAAAQN (Defects)

ENAOIENEIZ
(Intrinsic Defects)

Frenkel
Schottky

H ZTOIXEIOMETPIA AIATHPEITAI

EZQIrENEIZ
(Extrinsic Defects)

XpwpupaTtika Kevrpa
MN-ZTOIXEIOHETPIKEC DACEIC



memsm)p> 2HMEIAKEZ ATEAEIEZ
(Point Defects)

sl EKTETAMENEZ ATEAEIEZ
(Extended Defects)

3

Apopgponoinon TUNUAToc
ToU kpuoTaAlou (Partial
Amorphization)

Ata€ia kal ehaTTwpAaTa
OTNV EUBUYPAUMION TWV KUPEAIDWV
E=APMOZEIZ (Dislocations)




2TEPEA AIAAYMATA
(Solid Solutions)

NMAPAAEIWHZ
(Omission)

ANTIKATAZTAZHZz
(Substitutional)

AIAMEZA
(Interstitial)




Frenkel Schottky

KENEZ ©EZEI> KPYZTAAAIKOY MNMAEMMATOZ (Vacancies)




NPOSMEI=EIZ (Impurities)




Mop@odpouio rnou deixvel TNV JeTaBoAn TnG MepiBoAnc (Tracht) Tou
ZYABITH (KCI) Aoyw TnG napouciac npoouei&ewv Pb kata tnv
kpuoTaAwon (o=Babuoc unepkopeapou Tou dialupaTtoc KCI)

a AT \ \ \\
\ \ N
(%) (C) ) \ \ N l\\%.
‘ oy
2 O (b 111
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O 0 L by 1 | i 3\
purc 100 200 200 600 800

1000 2000
Pb concentration (ppm)



MeTaBoAn TnG HoppoAoyiag pikpokpuoTaAwv AZBEZTITH (CaCoO;)
AOYW TNC Napouaciac NPoopEiEEwV O100evwV KATIOVTWV HETAAWY

Sr2+
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Enidpacn npoopuei€ewv pe udpoyovo oTo OXNUa Kalr oTnv TaxutnTa
avanTtuéng edpwv o€ KpuoTahhoug XAAAZIA (SiO,)

{1010} 'm’

{0111} ‘r

{1011} ‘2’




Enidpacn npoopuei€ewv pe udpoyovo oTo OXNUa Kalr oTnv TaxutnTa
avanTtuéng edpwv o€ KpuoTahhoug XAAAZIA (SiO,)

_zgrowth face
(slower thanr)

r growth face
(faster than z)

250 I

I Z I
sector sector sector
fast growth slow growth  fast growth
200
—m— AIOH 7
r
—— H O H sector zones s i
150 .
LIOH

100

Concentration
(Abs/mm)

30

0 300 1000 1500 2000 2500 2000

Distance

(microns)



Enidpacn npoopuei€ewv pe udpoyovo oTo OXNUa Kalr oTnv TaxutnTa
avanTtuéng edpwv o€ KpuoTahhoug XAAAZIA (SiO,)

< Quartz Crystal Growth Simu... E]@

< Quartz Crystal Growth Simu. .. E]@

£ Quartz Crystal Growth Simu. .. E]@

< Quartz Crystal Growth Simu. .. g@

Java Spplication Window

Java Application Window

Java Application Window

Java dpplication Window




MAHPH
>TEPEA AIAAYMATA
ME AKPAIA MEAH

H nepinTwon Tou
OAIBINH

OAIBINHZz
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Mg,SiO, - Fe,SiO,

0 20
MEQSiO,;

®OPZTEPITHZ (Fo) ,
Weight %

80 100
Fe,Si0,

®AYAAITHZ (Fa)




[2OMOPOI2ZMOx

Ta oTtepea dlaAupaTta duo akpaiwv PHEAWV
avagepovTal ouxva kal w¢ «IXOMOP®EZ NMAPAMEI=ZEIZ ».
Ioopoppiopoc (isomorphism) €ival To pavouevo
KaTa To onoio dUo I Kal NEPICCOTEPEC OUTIEC
(lIcopopPa — isomorphs) pe dlaPopeTIKN XNUIKN cuoTaon
£XouV TNV id1a kKpUaTAAAIKN dopr ONOTE Kal JNopouV vda
oxnuaticouv STEPEA AIAAYMATA

Fe,SIi0O,




[MTOAYMOPO®IZMOZ TOY OAIBINH 2E YWHAH TIE2H

Oceanic :: . Ot'(Mg,Fe)ZSiO4

Asthenosphere
L 150
Lithosphere f"m';t“"'a"'a' —
Veiticalscale B 10K v
the horizontal scale 410 Km

Mesosphere

coe,, 8-(Mg,Fe),SiO,

greatly exaggerated

Temperature
and pressure Mesosphere: hot but stronger
increase due to high pressure v

with depth

Asthenosphere: 520 Km

hot, weak, plastic

Surface cgoﬁsripgis,r%:nme ‘Y'(Mg, FE)ZSIO4

Copyrighl 1992 Jobn Wiley and Sons, Ine. All dghts resened,




a'(Mg, Fe)25|04
ONIBivNC

POMBIKO
(a=4.75, bh=10.2, c=5.2)
&
< B-(Mg,Fe),SiO,
L TouavTtoAeiTng
AL

POMBIKO
(a=5.70, b=11.71, c=8.24)

Bafog (Km)

v-(Mg,Fe),SiO,
PIVYKOUVTITNG

KYBIKO
(a=8.1)

n
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200 |
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ATEAEIEZ KPYZTAAAQN

\\\i\\\i\\\i

Juguy illlljlllijlll
o R0
(Edge Dislocation) “ll‘“]liﬂ\\jllllg_llll_'_m'

E=APMOZH

EMNI®ANEIAKH
KOXAIQAHZ EZAPMOZH
(Screw Dislocation)




EMNIOANEIAKEZ EZAPMO2EI2.:

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

MIKPOZKOINIO ATOMIKHZ AYNAMHZz (AFM)



MIKPOZKOMNIO ATOMIKHZ
AYNAMHZ (AFM)




2[NEIPOEIAHZ KPYZTAAAIKH ANAMNTY=H BAPYTH




EKTETAMENEZ KAI 2HMEIAKEZ ATEAEIEZ
KPYZTAAAIKOY NAErMATO2
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KOPAIEPITHZ

Fe?*),Al,Si:O,4

Poupiko (weudoeEaywviko)

Mg,

HAEKTPONIKO MIKPOzZKOINIO AIEPXOMENQN HAEKTPONIQN (TEM)



HAEKTPONIKO MIKPOzKOIIO
AIEPXOMENSQN HAEKTPONIQN
(TEM)

Bayerisches

Geoinstitut




EKTETAMENEZ ATEAEIEZ KAI AMOPO®OINOIHZH
METAMEIKTIKOY ZIPKONIOY (ZrSiO,)
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[MOAYTYNIZMOZ (POLYTYPISM)

O1 noAuTunol (polytypes) uiac xnuIKNG evwongc €ivai
OOMIKEC NapaAAayeC ol OMOIEC €ival NAvVOUOIOTUNEC O€ OUO
dIa0TACEIC Kal OlapEPOUV WC NPOC TNV TPITN dlacTaon.
'ETOI ynopouv va aneikovioBouv w¢ eNAAANAeC oToIBadec
TOMOBETNUEVEC O Mia CUYKEKPILEVN aAAnAouyia avaAloya
LE Tov noAuTuno. KAaoika napadeiyyata anoTeAoUV To
oouA@Iidio Tou Zn (ZnS) kai To kapBidio Tou Si (SiC), evw
OTNV NEPINTWON TWV KOIVWV OPUKTWV 101AITEPO EVOIAPEPOV
napoucialouv ol NOAUTUMNOI TV PUAAONUPITIKWV OPUKTWV
Kal KUpIwG TwV Japuapuyiwv. O NOAUTUNIOHOC HMOPEI
va yivel avTiIAnnTog o€ vavokAijaka Je xpnon TEM



H KPY2ZTAAAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[MglFez+]3[AIIFe3+]Si3010[OHIF]Z) 1l a

Fib

i

0 ‘ I
9 o N —




H KPY2ZTAAAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[MglFe2+]3[AIIFe3+]Si3010[OHIF]2) 1lc




H KPY2ZTAAAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[MglFe2+]3[A|IFe3+]Si3010[OHIF]2) 1 b
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H KPY2TAAAIKH AOMH TOY MAPMAPYTIA
BIOTITH 2TO TEM
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“Mapapoppwaon” Tou NoAuedpou
ouvappoync (ESAFQNIKO MPISMA —
AITPIT'QNIKO ANTIMPIZMA
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THE REACTION PRINCIPLE IN PETROGENESIS

N. L. BOWEN
Geophysical Laboratory, Carnegie Institution of Washington

TAELE IT
EracTIoN SERIES IN SUB-ALEALINE RoCEs
olivines

\l calele plagicclases
Mg pyroxe /
E“ calei-alkalic plagioclases
¥g-Ca pyroxenes /
\M alkali-caleic plagioclases

amphiboles /
\alk&l iec plagioeclase

biotites /

potash feldspar

!

muscovrite

|

quartz

(spinels)
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Journal of The American Ceramic Society—COsborn 1950 Vol. 33, No. 7

Segregation of Elements During the Crystallization
of a Magma

by E. F. OSBORN

Department of Earth Sciences, School of Minaral Industries, The Penmiylvania State College, State College, Pennsylvania

to react with the liquid to form minerals occur
ring lower down in the series, Olivine reacts with
the liquid to form pyroxene (MgO-FeO-CaO
metiasibeate) as in the familar relation of for-
sterite (Mg,Si0),) to clincenstatite {MgSi0O;), and
plagioclase continually reacts with the liquid to
form a more sodic member of the senes, If
equilibrmum were maintained throughout the

causing a relative ennichment of the iquid in Na* and Fe**,
Both AlI** and Fe?* which could not enter the olivine strue-
ture, are fixed in small to moderate amounts in the pyroxenes,

This outhne of iome and structiral relationships existing
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To TTUPITIKO TETPAEdPO: [SiO, ]+
(S1:0=1:4)
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“repupwpevo” aTouo oEuyovou

[Si,O-]° (Si:0=2:7)
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douIKN Hovada-1
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O1 okTaedpIkeC Beoelc M1 nepiexouv Ta PIKPOTEPA KaTiovTa (m.x. AR+, Fe3t)

kal ol M2 Ta peyaAuTepa kaTiovta (n.x. Mg?+, Ca%t, Fe 2+, Na*)
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Poupikoi nupo&evol (yevika M=Mg,Fe)
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MovokAiveic nupogevol (yevika M=Mg,Fe,Ca,Na)
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American Mineralogist, Volume 73, pages 1123-1133, 1988

Nomenclature of pyroxenes

Subcommittee on Pyroxenes

Commission on New Minerals and Mineral Names
International Mineralogical Association

N. MoriMoTo, Chairman
Department of Geology and Mineralogy, Kyoto University, Kyoto 606, Japan

Subcommittee Members
J. Fasrigs (France), A. K. FERGUSON (Australia) 1. V. GinzBurG (USSR), M. Ross (U.S.A.),
F. A. SpiFerT (Germany), J. Zussman (U.K.)

Nonvoting Members
K. AokI (Japan), G. GorraArDi (Italy)

ABSTRACT

This is the final report on the nomenclature of pyroxenes by the Subcommittee on
Pyroxenes established by the Commission on New Minerals and Mineral Names of the
International Mineralogical Association. The recommendations of the Subcommittee as
put forward in this report have been formally accepted by the Commission. Accepted and
widely used names have been chemically defined, by combining new and conventional
methods, to agree as far as possible with the consensus of present use. Twenty names are
formally accepted, among which thirteen are used to represent the end members of definite
chemical compositions. In common binary solid-solution series, species names are given
to the two end members by the “50% rule.” Adjectival modifiers for pyroxene mineral
names are defined to indicate unusual amounts of chemical constituents. This report in-
cludes a list of 105 previously used pyroxene names that have been formatly discarded by
the Commission.
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Q=Ca+ Mg+ Fe*
J=2Na




Mg,Fe,Ca-MYPO=ENOI

Avyitng

IIlovitng

Kiwoegvetatitng l Kiavogeppoorritng

Mg

YFe (= Fe*" + Fe*" + Mn*)

e Ca = 100Ca/(Ca+Mg+2Fe)
e Mg = 100Mg/(Ca+Mg+2Fe)
e >Fe = 100Fe/(Ca+Mg+2Fe)
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All Pyroxenes

Data from GEOROC, 2006, (wt%)

N=18372




CaMgSi,Og¢
AIOWIAIOZ

Mg,Si,O¢ (EN)
ENZTATITHZ
& KAINOENZTANTITH2

Mg,Fe, Ca-TTYPO=ENOI

AYTITHZz

MIZONITHZ
OPOOIYPO=ENOI

CaFeSi,0
EAENBEPIITHZ

Fe,Si,0 (FS)
SIAHPOSIAITHE
& KAINOZIAHPOSIAITHE
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Mg, Fe,Ca-ITYPO=ENOI

Forserite + Melt

Protoenstatite
(Pbcn)

Orthoenstatite
(Pbca)

Clinoenstatite
(C2/)

20

Pressure (kbar)




Mg,Fe,Ca-MYPO=ENOI

melt melt
o ()] . . 5 g .
E = pigeonite-augite solid solution
© ©
8_ ) ) O | 00 geeieeieiiiiennes ——
= pigeonite 3 pigeonite
o + ) +
Rt . — .
[ augite [ augite
Opx> Opx2
TS orthopyroxene S orthopyroxene
\\\ + \\\ +
S augite ™ augite
Mg, Fe)Si o Ca(Mg.Fe)ShOs (Mg,Fe)Si . Ca(Mg,Fe)SrO,
(Mg,Fe)Si0y Composition a(Mg,Fe)S0s (Mg, Fe)SiO; Composition (Mg, Fe)Sp0s

ANOMEI=H (EXSOLUTION)
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H kAipaka Tng pikpodounc TnS anoueiEng e€aptartal ano Tnv TaxutnTa YUu&ng
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AIOWIAIOZ [MIZONITHZ




Na-IMYPO=ENOI

Q (Wo En, Fs)

A,
/ \\
/ \

/ o Arwlpwuu—
/ s

| : ,
iadeite | o ladsitng Avnpivig

NaAlSi; Og (Jd) % NaFe®*Si;0g (Ae)

e Qd = 100(Ca+Mg+Fe?*)/(Ca+Mg+Fe?+ +2Na)
e Jd = 200AI*Na/(Al+Fe3+)*(Ca+Mg+Fe?*+2Na)
e Ae = 200Fe3+*Na/(Al+Fe3+)* Ca+Mg+Fe?+ +2Na)




Na-IMYPO=ENOI

NaAlSi, O, NaFe3*Si, O

CaAl(Al,Si),O0,

Ca-KAINOIMYPO=ZENOZ
Ca(Mg,Fe)Si,Oq

2e neTpwpara HP o1 nupo&evol eunAouTifovral o AR+ otn M, Beon
evw kaTiovra Na+* TonoBetouvTal otnv M, B€on. e T>700 °C
oxnuatideTal nAnpec otepeo dlaAupa peta&u Iadeitn kar Auyitn

(Na*y, + APty < Cazty, + (Mg,Fe)?*,,) evw o€ xaunAoTepn T Ta

katiovta Na,Ca,Al,Mg anoktouv Ta&n kar oxnuatifetal Ou@akitTng
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N.L. Bowen
(1922)

Felsic Minerals

Ca plagioclase

%

Hornblende Na-Ca plagioclase
Biotite Na plagioclase

K-feldspar

Muscovite

Quartz

Increasing Stability

S. Goldich
(1938)

Zircon
Hematite
Goethite
Gibbsite
Quartz
Kaolinite
Smectite
Muscovite
K-feldspar
Na-plagioclase
Amphiboles
Pyroxenes
Olivines
Glass
Calcite

-

Increasing Stability

Increase in weathering rate

~
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Table 9-1. Partition Coefficients (Cg/C,) for Some Commonly Used Trace
Elements in Basaltic and Andesitic Rocks

Olivine

8,010
S

0.23
0.34
0.42_

Rare Earth Elements

Data from Rollinson (1993},

e
0.542
506

Plag

Amph Magnetite

0.071
1.830
0.23
0.01

0.01
Sosord
e
A 05E
ti030
0.023
0.020
0.023
0.019

0.29
0.46
0.42
6.8
200
0.544
Gas
Ly
e
i
5094
o
i
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* Eu 3+,|’Eu =

ltalics are estimated
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(H*-H,0*, OH-, H,0)




KOZMOXHMIKES MHIES. (mBava <10% oupBorf and SN)

Hhako NepeAwpa  Kopnreg MeTewPITIKA YA
(Solar Nebula-SN) PUULLAT Vg

H, :96.1% £WG Kal £0C Kal

He :3.8% 50% 10%

CO :0.077 % H,0 H,O0

Ne :0.016 % 0€ avOpakikoug
N, : /8 ppm XONAPITEZ

20/H2 L 104



Time before present (Ga)

o
o

o
3

-
o

-
4]

ATMOZDAIPIKO
O2

N
o

N
o

A w W
(4] o (&) ] o
N O O [ o R o I o O O O O L O N O R O D U

METEQPITIKH
POH

POH YAHZ 2E THINOYZ MNMAANHTEZ
IDPs, MM : 20,000 — 40,000 tons/yr
MeTewpiTeC : 10 tons/yr

(MM)

180 90 0 90 180




Density (g/cm’)

1 o i
200+ 0 Orthopyroxcne
— (Mg,Fe)SiO,
et periintlie Olivine Garnet Clinopyroxene
Upper (Mg,Fe),Si0,  (Mg,Fe,Ca),ALSi,0,, (Mg,Ca)SiO,
Mantle
4%
7 400
£, , i’ Wadsleyite
= ik 3 (MgsFe)zSiOJ
B Transition \ |7
e Zone
Ringwoodite
600+ (Mg,Fe),SiO, Majoritic garnet
9 % (Mg,Fe,Ca),(Mg,Si,Al),Si,0,,
Lower
Mantle
Magnesium silicate
Perovskite
(Mg, Fe,Al)(Si,ADO, .
. —_— —t—
0.4 0.6 0.8 1

Volume Fraction



Bayeriscﬁes

Geoinstitut

SE% & LUCTEBRE D 8= =

ARERAR-AN



Fig. 6.4: (A Pholomicrograph of a garnet-bearing 141

Iherzolte xenolith from the Pall-alke volcanic field B

(Chilean Patagonia). FTIR specira cbizined from large
oliving crystals {colourless) reveal hydrogen depletion
towards divine rims and the development of hydrogen
diffusion profikes (B). These diffusion profiles provide
direct evidence of dehydration of mantle samples via
hyedrogen diffusion during transport into the crust.

waler content in wt ppm H, 0

L h

0
A 0.5 1.0 ;5§
Position (mm)
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Fig. 6.5: Results from investigation of H incorporation and water sclubility in synthetic jadeite. (4)
FTIR spectra for water-saturated jaderte synthesised at 3.0 GPa, 800°C (black = unpolansaed. red =
radiation polarised perpendicular to ¢ axk. biue = radiation polarsed parallel to caxis). Peaks In the
spectra imply absorption of radiation due to vibration of OH dipoks, indicating that H is present in
the structure, associated with specific oxygen sites. (B) Representation of part of the jadeite structire
showing mechanisms for H incorporation consistant with data from FTIR spectra. Model shows octa-
hedral sheet (yellow = M2sites, blue = M1 sites, red spheres = oxygen sites). Numbers refer 1o
possible H ncorparation mechanisms.
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Katavoun Tou H (wg H,O) oTo e0wTepIKO TNG 'RG
Kal o€ diagopa Kat’ ovopa “avudpa” NupITIKa OPUKTA
(Nominally Anhydrous Minerals - NAM)
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Water Solubility in Aluminous
Orthopyroxene and the Origin of
Earth’s Asthenosphere

Katrin Mierdel,' Hans Keppler,®** Joseph R. Smyth,>” Falke Langenharst®"

Plate tectonics is based on the concept of rigid lithosphere plates sliding on a mechanically weak
asthenosphere. Many models assume that the weakness of the asthenosphere is related to the
presence of small amounts of hydrous melts. However, the mechanism that may cause melting

in the asthenosphere is not well understood. We show that the asthenosphere coincides with a zone
where the water solubility in mantle minerals has a pronounced minimum. The minimum is due
to a sharp decrease of water solubility in aluminous orthopyroxene with depth, whereas the water
solubility in olivine continuously increases with pressure. Melting in the asthenosphere may
therefore be related not to volatile enrichment but to a minimum in water solubility, which causes

excess water to form a hydrous silicate melt.

arth’s asthenosphere 15 often assumed to
roughly comcide with the low-velocity
zone, a layer of reduced seismic veloc-
ities and increased attenuation of seismic waves,
The low-velocity zone usually begins at a depth

of 60 to B0 km below the oceans and ends around
2 km (I). Below contimental shields, the upper
boundary is depressed to 150 km. The seismic
charactenistics of the low-velocity zone could be
caaly explained by the presence of a small frac-

19 JANUARY 2007 VOL 315 SCIENCE www.sciencemag.org



Fig. 1.3: Optical photomicrograph (crossed polarisers) of a carbonaceous

chondrite with numerous chondrules (spheres) embedded in a dark, fine-
grained matrix that contains arganic matter. The chondrules display various

textures and are composed of olivine, pyroxene and glass. nYP 0— E N OI
o = -
|
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