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Kottdopata xpwpitn

Avaokomnon



O xpwpitng (Mg, Fe*)( Cr, Al, Fe**),0,

dIxvootoweia: V, Ti, Mn, Ni, Zn, Co, PGE.

J Ixnpatilel peyaAa KOTAOHOTA OE:

1. Eotpwpeveg dletoduoelg (kupLa tnyn, >80%),
2. OdLoABka ocvpumAeypara,

3. Tumou AAAoKac Ko

4. Kopoartlitec.
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EUTTAOUTLOMEVO LETAAAEL LA XPWLLLTN-
Tpododoacia Tou EpyooTtaciou Kol TNV
rniopaywyn FeCr

P
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Kotwtaopota xpwpitn mou
ouvdsovtal pe OPLoAOka
OUMITAEYHOTO



2Tpwpotoypodlkn otnAn
OPLoAlBLKOU GUUTTAEYLLATOC

hiolite Model of Ocean Crust

Seismic Layer
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lotoAoyikot Tumot (CAipev)

(mAaoTikn mapopopdwon
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[MAQLOTIKN TTAPALOPDPWON XPWULTLKOU
LETAAAEV LLOTOC
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lotoAoykot Tumol/popodn
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Kotovoun odloAlBikwv cupumAEyHATWY

LEGEND
Metamorphic Massifs External Geotectonic Zones

[ Rhodope Massif [ Pamassus-Ghiona Zone
[ servo-Macedonian Massif I 0'onos-Pindos Zone

- Gavrovo-Tripolis Zone

Internal Geotectonic Zones ’: Tonian or Adriatico-Tonian Zone
- Cir.culn Rtdbrealt |: Paxos or Pre-Apulian Zone
Erém&m’ru jan Zo; TR s
oui S SR Teiggn Zono I Boctian Zone

[ Attico-Cycladic Massif or Complex

Figure 1. Structural zones of the Hellenides (Modified after Mountrakis, 1992)
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OdLoAOkO cuumAeyua Boupivou

AmoBepata
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Kowtdopata xpwuitn
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XHMI2MO2 XPQMITH

Al203 | 16,12 15,46 18,78 19,48 23,24 16,34 14,64 12,42
Cr203 | 55,72 53,88 51,67 51,11 | 41,62 54,37 56,5 58,67
Fe203 | 0,02 2,13 0,67 0,76 3,96 1,58 0,12 0,43

FeO 15,71 16,83 15,41 13,34 19,71 13,45 15,99 15,22
MgO 12,35 11,51 12,66 13,96 10,94 13,45 11,84 12,04
MnO n.d. n.d. n.d. 0,37 0,41 n.d. 0,51 n.d.

Total 99,92 99,81 99,18 |99,02 99,88 |99,19 99,6 98,78
Cr# 69,87 70,04 |6464 |63,74 |54,56 |63,12 72,13 76,01
Mg# 58,4 54,91 59,44 | 65,08 |49,76 |[69,06 |5688 |58,51

Kottaouparta xpwpitn
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AlakUpavon TnS XNULKNC oUoTAoNC
xpwitn (1/2)
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Kottaopata xpwpitn o€ opLoAdika
ovunAgyuata MNpokapuBplov/MeoolwikoU.

180° |40° 100° 60° 20° 2‘0° 6\00 100° 1 flO° 180°
Q e s
R =
20°
o
207

Archean cratons
40° O Precambrian crust
Phanerozoic crust

A Podiform chromtiite,
@ Archean Proterozonc Phanerozoic

60° ‘

6()0

Figure 1. Distribution of Archean cratons, areas underlain by Precambrian crust, and Phanerozoic crust
and podiform chromite deposits (modified after Kusky and Polat, 1999). Filled patterns show locations
of major ophiolitic podiform chromite deposits in relation to crust and accretionary orogens of different
ages. Squares—Archean; triangles—Proterozoic; circles—Phanerozoic. Zunhua podiform chromitites
are associated with the 2.505 Ga Dongwanzi and related ophiolites of North China craton.
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Elkovec amo petaA\oypodlko HIKPOOKOTILO,
netaAAsvpa xpwuitn (1/5)
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Ewkovec amo petaAAoypadLko
LLKPOOKOTILO
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[Mou kat NMwc oxnuotifovtol T
KOLTOLOMOTAL XPWHLTN;



Mapayovtec nov emnpealouv TNV
XN LK cuoTtoon TOU XpWULTN ;

Ol dLadopEC oTNV XNULKA cuoTtachn Twv
LETOAAEVLATWVY XpWHLTN €xouv amodobel o€
Sdlapopec TNC ovoTAoNC TOU KNTPLKOU
LAY LOLTOC.

» FEWTEKTOVIKO tePLBAAAoV ;
» Awadopornoinon ;
» AVTIOpAOELC LAYUOTOC — TIETPWHATWV ;



[€WTEKTOVLKO TIEPLBAAAOV
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[ewTeEKTOVIKO TtepLBaAlov- Meoolwiko

Type of
ophiolite: back - arc island - arc Jore - arc
chromite: large deposits small occurrences
high-Al high-Cr  high-Al & high-Cr, in a spatial association
tholeiitic |
magma: tholeiitic boninitic boninitic
examples: Othrys (1) Vourinos(2) Pindos(3), Kissavos (4), Rodiani (5)
I | Euboea (6), Skyros (7)

— Oceanic crust
—— lithosphere

asthenosphere

mantle

Pindos

Vourinos
Kissavos

Othrys

Mg x100
Mg + FeZ*
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Napadeypo oploAiBwv Maioolwikng
nAwkioc - OupaALa

Island-arc

Mid-Ocean Ridge (MOR) Fore-arc
Spreading
Yy \'i"—\

* Enriched In fuld-
‘* 43 moblie slemants
[K.Ba, 51, Th&
LREE}

Continental
Rifting

Back-arc
Spreading

H.0

Boninite

Intra-plate MORB Island-Arc Tholeiities (IAT)

Low-intermediate partial
melting, sub-continental
source, anhydrous

Low-intermediate partial
melting, shallow, fertile
source, anhydrous

High partial melting,
shallow, depleted source,

Intermediate-high partial melting,
depleted, selectively enriched source,
hydrous

Back-arcs typically have a depleted
source

Figure 2.2.1: A schematic detailing the differing melt-types and the tectonic
settings associated with their formation.

Adapted from R. Lilly, 2006
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Apeoo mepLBaAiov
TOU XpwHitn €lvat
douvitng, mou
d\oevouvtal peoca
o€ yaptoBoupyitn,
Kazakhstan

2ta petaAAodopa
oTpwHOTO
napepPariovral
OTPWHOTA OTE(POU
XPwHitn

Kowtdopata xpwuitn
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MovteAo YEVEONC XPWHLTN VLA TO
Koltaopo xpwpitn ota OupaAla
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“igure 9.3.1: A 3.D model of the Voskhod chromite deposit Ewkova 27
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H XHMIKH 2Y2TA2H TOY METAAAEYMATO2
XPOMITH eéaptatat amo:

e JUOoTOON TOU HNTPLKOU HAYHOTOC,

e XNUIKN ovotoon TNC TNYNC mou vdlotatol Tn
HepLKn Tén,

* 10 BaBuod pepikig TN,

* TLC avTLOpAOELC LETOEU UTTOAELUUATIKOU
rniepldotitn KoL Tou OLEPXOUEVOU PaocaATLKOU
pAypoTog,

e TN SLoKUAVON TWV GUCLKOXNMLKWY cuvONnKwv
Kata TNV KpuotaAAlwon (fO2, P, T).
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ATtoBeon YpWHLITN KATA LAKOC Oy WY WV

(Lago et al., 1982)
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Orthopyroxene
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AvTIOpaoeLlC HETAEU UTTIOAELMMOTIKOU
nepLdoTitn KAl OLEPYOUEVOU LAY LLOTOC

Epappoyn twv tootonwv Re—0s o’ eva
0PLOALBLKO cUuTAeyHa TOU OLBET,

" OTNV XPWLLTOYEVEDH KOl

" TO YEWTEKTOVLKO MEPLBAANOV.

h ,,@‘ Kottaopata xpwuitn 36
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OL TIMEC TwV LooTtonwy 870s/1880s og xpwpuitn (cupumukvwpoTa)
TOPOUCLALEL ULKPO EVPOC

(0.12318 - 0.12354)

O€ OXEON HLE TOUC TIEPLOOTLTEC IOV ToV PpLtAoéevolv

Yrtootnpiletal n drodn 6Tl pdypo,/peuctd ou pogpxovTaL
aro tnv katofuBlopevn Adka SLEVUKOAUVOUV TNV HEPLKA TNEN
otnv povduakn odpnva KoL TpooOETOUV CGNLLAVTLKY TTOCOTNTA
padlevepyou Os otouc MepLOOTiTEC

1870S

1880 ¢

Kat 0Tl ouoTtoon Tou Xpwiitn mBavwc va ennpeadletal amo TV
avtibpaon paypatoc-netpwpdtwy. (Shirey et al. 1998)

:0,34484
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Kottdopata xpwpitn
Koltaopato XpwHitn 0 EOTPWHEVEC
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Eotpwpevec S1eLoOUOELC

v Bushveld Complex
v’ Stillwater Complex

v Great Dyke
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To peyaAutepo kottaopa apaywync Cr

-
L T
had A )
3 i h:}‘m o 4 c
'\\
@ N ﬂ\‘
Chromite Production A2 J s
Tonnes - 2007 [ '.\ | ¥
I 50,000 t0 9,650,000 ,1 8 Bushveld .
18 e o
| 500,000t0 660,000 < To peyardTEpo &
| B 190000t 500,000 b Koitaopna :
§ o
Bl 2000 1000 & B e e
; - 0t°-«~ g o e e R Ewkova 32




Bushveld

To ocuumAeypo Bushveld eival n peyaAutepn
gotpwpuevn dtetodbuon otnv yn

KUpla tnyn:
* XpWHULoOU, Kal

* TWV OTOLELWV TNC opadac Tou AeuKoxpUOoOU
(PGE).
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YTpwpatoypadkn otnAn, Bushveld (1/2)
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YTpwpatoypadkn otnAn, Bushveld (2/2)

9_—

5 Uz 4 kupLec {WVEC:
- * avwtepn lwvn (Fe-yaBppot
A MR kat Fe-6Lopiteg, voplteg,
6 ‘N vapBBpot kat avopBooiteg)
2l il . +  kpiown LWvn (xpwpLTkoi
LS =eua opilovteq LG6 kat PGE-
nAovoLoL opl{ovTeg

Merensky kot UG-2.

e kotwtepn {wvn
(Bpovlitite,
xaptoBoupyitec kat
douvitec)
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Opilovtec xpwpitn Bushveld




XNULKN cvotaon Ypwuitn
AvoAUOELC Ao xpwLtitec tne Kplowne Zwvnc (1/2)

26. 25. 24, 23, 22, 21, 20. 19. 18.
Aeiypo  61-46-  15-128  15-18 15-35-A- 15-35-B- 15-36-1  15-48 15-125-  11-15-B

260 2-1 2 C-2
TiO, 1,29 0,62 0,89 1,01 1,24 1,19 1,14 0,93 0,97
FeO 23,86 22,20 19,64 22,13 22,77 21,83 23,31 21,48 23,61
MgO 7,45 8,47 10,20 8,32 8,38 9,16 7,48 9,12 7,60
Cr,0, 44,77 45,74 41,62 43,48 43,82 43,66 44,13 43,01 43,86
AlLLO, 13,69 16,67 16,77 15,67 15,67 15,78 14,99 17,18 16,03
V,0, 0,46 0,35 0,30 0,40 0,61 0,43 0,43 0,51 0,59
Fe,0, 8,41 5,89 10,19 7,48 7,59 9,00 8,00 7,55 6,86
Total 99,93 99,92 99,61 98,49 100,06 101,05 99,84 99,78 99,52

Mivakog 1

Kowtdopata xpwuitn 45




XNULKA cuoToon XPWMULTN
AvoAUOELC oo xpwHLtitec tne Kplowne Zwvnce (2/2)

17. 16. 15. 14. 13. 12. 11. 10. 9.
Aeiypo  8-146 11-16-1  15-148  15-19-  LM. 11-241  12-33 J-40 W-53-23
83
TiO, 0,67 0,72 0,75 0,84 0,63 0,58 0,61 0,55 0,52
FeO 19,54 20,84 20,70 19,83 20,18 19,03 19,22 18,96 17,99
MgO 10,23 9,60 9,57 10,02 9,53 10,07 10,20 10,21 10,82
Cr,0, 42,16 42,18 43,04 43,36 46,45 47,31 47,42 47,70 49,43
AlLO, 18,00 13,30 17,95 16,70 14,26 14,49 14,83 14,48 14,67
V,0, 0,47 0,37 0,33 0,33 0,38 0,23 0,27 0,27 0,22
Fe,0, 8,27 8,11 7,25 8,32 8,54 7,44 7,35 7,31 5,61
Total 99,34 100,12 99,15 99,39 99,97 99,15 99,89 99,48 99,26
Mivakog 2

Kottaouparta xpwpitn
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O xpwprtitnc UG1 otov mota o Dwars

Bushveld complex, UG reefs

u: - ‘i_""‘-

UG Chromitite reef
associated with

anorthosite
‘

Ewkova 36
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Ewkovec armo to SEM yua tov xpwpttitn UG2 tou
Bushveld

ol G SEI\I unaoes tloml G chromitite reef. Bushv eld

0‘;

Ewkova 37
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To oupumAeypua Stillwater

"
Stillwater
Complex

USA

ond ~ West Fo

Paleozoic/Mesozoic
sedimentary rocks

“.i',| Upper Banded Series
| Middie Banded Series
j Lower Banded Series :
- Ultramafic series Cordierite-pyroxeyne

E Basal series hornfles
» a Picket Pin PGE zone
e Quartz/Monzonite
— Fault 0 2 X +
i
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Tpwpatoypadlkn otnAn, Stillwater

Eandad Soies

Lnpr

s Pt AN

EXPLANATION

I eronzitite

- Olivine and bronzite cumulates
e LM Rzl Br.  Bronztite Zons
Perid. Peridotite Zone

Figure 6. Generalized stratigraphic section of the Stillwater
— B n Complex with the main chromite-bearing seams identified.
o B throndteSaan Modified from Campbell and Murck (1993).
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Opilovtec YpwHLTn

| P |
ety Yakan - 1 CENTIMETER

Figure27. Typical chromite-bearing rock from the Stillwater Figure 29. Thin chromite-bearing seams (black) located in the

Complex. Photograph courtesy of Bruce Lipin, U.S. Geological Stillwater Complex. Photograph courtesy of Michael Zientek,
Survey. U.S. Geological Survey.
Ewova 40 Ewkova 41
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Eotpwpevol xpwpuLtitec tou Great Dyke

Stratiform chromitites of the Great Dyke

11 chromitite layers

Resource: 10 billion tons chromite
Production: 0.65 Mt in 2000 (Zimbabwe total) |

_—

Chromitites C 7 — C 10, south of Mutorashane BGR -

— . UNd Rohstoffe

| Ewkova 43
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Tpwpoatoypoadikn otnAn touv Great Dyke

Stratigraphy of the Great Dyke

upper

Mafic Sequence, + 1150 m
middle

lower Gabbros, Norites, Gabbronorites

Dunites/Serpentinites, Harzburgites,
Olivine-bronzitites, Pyroxenites,
. Websterite

Dunite
succession

Chromitites

2
Bronzitite Ultramafic Sequence, + 2300 m
succession

Ewova 44
BGL- AUV TV T e L)

OLTACLOTAL XPWHLLTN




Mwc oxnuatiovtol Ta KOTAo T
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» KAoopatikin KpuoTtaAAwon

» KAaopatikn KpuotaAAwon Kot adopoiwon
METPWHATWY OTOV Yo ¢AoLo

» AVAELEN HLOYUATWVY
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2UYKPLON XNULKNC ocuoTtoong XPwULtn o€ opLloABika
OUMTAEYHATO KOl E0TpWHEVEC Sleltodbloelg (1/3)
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2UYKPLON XNULKNC ocuoTtoong XPwULtn o€ opLloABika
OUUTTAEYLLATO KOl EOTPWHEVEC SLELOOVOELC
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Eotpwpuevn dtetoduon Bushveld / O poAoc

TNC AVALELENC TWV MOYUATWV
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Frog Hollow, Mcintosh

McKenzie Spring
Keller Creek
Norton

Sally Malay
\\ Radio Hi
Voisey's Bay

Crustal assimilation
Gravitational settling

| Gabbroic |
| cumulates ||
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Crystallisation
followed by mixing

Ultramafic >
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Increasing
crystallisation
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Ynueiwpa Xpnonc Epywv Tpitwv (1/8)

To Epyo auTO KAVEL Xprjon Twv aKOAoUBwWV Epywv:
Ewkovec/Zxnpato/Awaypappato/Dwtoypadisg

Ewkova 5: Ztpwpatoypadiky otnAn odoABkov cupumAgypatog, Copyright Elsevier. Mnyn:
Rotational deformation in the Jurassic Mesohellenic ophiolites, Greece, and its tectonic
significance, by Rassios A.E. & Yildrim D., 2009. In Lithos 108:192-206

Ewkova 10: FewAoyikoc xaptng EANadac. Copyright GEER. Mnyn: Preliminary report on the
principal seismological and engineering aspects of the Mw=6.5 Achaia-llia (Greece)
earthquake on 8 June 2008. Zuvbeopoc: http://www.geerassociation.org

Ewkova 18: Katavoun kolttaopdatwy xpwuitn NaAatolwikng nAwkiag. Copyright Geological
Society of London. Mnyn: Archean Podiform chromitites and mantle tectonites in ophiolitic
melange, North China Craton:A record of Early oceanic mantle process, by Jianghai et al,
2002. Zuvbeopoc: http://sp.lyellcollection.org
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>nueilwpa Xpnonc Epywv Tplitwv (2/8)

To Epyo auTO KAVEL Xprjon Twv aKOAoUBwWV Epywv:
Ewkovec/Zxnpato/Awaypappato/Dwtoypadisg

Ewkova 19-21: Etkovec uTtepBacikol METPWHATOC o€ pLkpookorio. Copyright Caroline
Johnson, Cardiff University. Mnyn: Podiform chromite at Voskhod, Kazakhstan, PhD Thesis.
Yuvbeopoc: http://orca.cf.ac.uk

Ewkova 22: EEEALEN yewTekTOVIKOU TtepLBarAovtoc. Copyright U.S. Geological Survey.
Yuvbeopoc: http://pubs.er.usgs.gov/

Elkova 24: TUToL peUOTWV Kol TEKTOVLKA TiepLBaAlovta. Copyright Caroline Johnson, Cardiff
University. Mnyn: Podiform chromite at Voskhod, Kazakhstan, PhD Thesis. 2Uvdeopoc:
http://orca.cf.ac.uk

Ewkova 25: Koltaopa xpwpitn MNaAatolwikng nAtkiag ota OupaAia. Copyright Caroline
Johnson, Cardiff University. Mnyn: Podiform chromite at Voskhod, Kazakhstan, PhD Thesis.
Yuvbeopoc: http://orca.cf.ac.uk
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>nueiwpa Xpnonc Epywv Tpitwv (3/8)

To Epyo auTO KAVEL Xprjon Twv aKOAoUBwWV Epywv:
Ewkovec/Zxnpato/Awaypappato/Dwtoypadisg

Ewkova 26: 3D povtelo kottaopatog Kazakhstan. Copyright Caroline Johnson, Cardiff
University. Mnyn: Podiform chromite at Voskhod, Kazakhstan, PhD Thesis. 20vdeopoc:
http://orca.cf.ac.uk

Ewkova 27: 3D povTtéAo yla To Koitaopo xpwuitn ota OupdAla. Copyright Caroline Johnson,
Cardiff University. Mnyn: Podiform chromite at Voskhod, Kazakhstan, PhD Thesis. 20vdeopuoc:
http://orca.cf.ac.uk

Ewkova 31: AnoBeon xpwpitn katd punkog aywywv. Copyright Caroline Johnson, Cardiff
University. Mnyn: Podiform chromite at Voskhod, Kazakhstan, PhD Thesis. 2Uvdeopoc:
http://orca.cf.ac.uk

Ewkova 32: To peyaAltepo koitaopa napaywyng Cr. Copyright Likedin Corporation 2015.
Yuvbeopoc: http://www.slideshare.net
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>nueiwpa Xpnonc Epywv Tpitwv (4/8)

To Epyo auTo KAVEL Xpon TwV ALkOAOLBWV £pywV:
Ewkovec/Zxnpato/Ataypappato/Dwrtoypadieg

Ewkova 33: Ztpwpatoypadikn otnAn Bushveld. Copyright U.S. Geological Survey.
Mnyn: Stratiform Chromite Deposit Model. 20vdeopoc: http://pubs.usgs.gov

Ewkova 34: Ztpwpatoypadukn akoAouvBia cupunAeypatoc Bushveld. Copyright
Schweizerbart Science Publishers. ZUvdeopoc: http://eurjmin.geoscienceworld.org

Ewkova 35: Opilovtec xpwuitn armo to Bushveld. Copyright U.S. Geological Survey.
Mnyn: Stratiform Chromite Deposit Model. Zuvbeopoc: http://pubs.usgs.gov

Ewkova 36: O xpwpttitng UG1 otov motapo Dwars. Copyright Regents of the
University of Minnesota 2015. Y0vdeopoc: http://www.d.umn.edu/
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To Epyo auTo KAVEL Xpon TwV ALkOAOLBWV £pywV:
Ewkovec/Zxnpato/Ataypappato/Dwrtoypadieg

Ewkova 37: Elkovec amo to SEM yla tov xpwuititn UG2 tou Bushveld. Copyright
Mineralogical Association of Canada. MNnyn: Exploration for platinum-group element
deposits. Short courses series, vl. 35. Editor J.M. Mungall

Ewkova 38: To cupmAeypa Stillwater. Copyright Mineralogical Association of Canada
2015. Mnyn: petrographic and geochemical characteristics of postmagmatic
hydrothermal alteration and mineralization in the J-M Reef, Stillwater Complex,
Montana. Canadian Mineralogist 2004, 42:261-277. 2Uvdeopoc¢:
http://www.canmin.org

Ewkova 39: 2tpwpatoypadikn otiAn, Stillwater. Copyright U.S. Geological Survey.
Mnyn: Stratifirm Chromite Deposit Model. ZUvbéeopoc: http://pubs.usgs.gov
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Stratiform Chromite Deposit Model. ZUvdeopoc: http://pubs.usgs.gov

Ewkova 42: FewAoylkoc xaptng tng Zwumnapnove. Copyright El Source Book 2015.
Yuvdeopoc: http://www.eisourcebook.org

Ewkova 43: Eotpwpévol xpwpttiteg tou Great Dyke. Copyright reacearchgate.net
2008-2015. Platinum mineralization, Great Dyke and Bushveld Complex-the fate of
PGM from sulfide ores via the weathering cycle(oxide ores) into placers.
Bundesanstalt flir Geowissenschaften und Rohstoffe (BGR). ZUvdeopoc:
http://www.researchgate.net/
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Ewkova 44: Ztpwpatoypadikn otnAn tou Great Dyke. Copyright reacearchgate.net
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Bundesanstalt flir Geowissenschaften und Rohstoffe (BGR). 2Uvdeopoc:
http://www.researchgate.net/
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Springer-Verlag. Mnyn: Magmatic sulfide deposits; Geology, geochemistry and
exploration. Editted by A.J. Naldrett, 2004
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Mivakeg
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Zwvnc. Mnyn: Chromite in the central sector of the Eastern Bushveld Complex,
South Africa. American Mineralogist 1977, 62:1082-1096. 2U0vdeopoc:
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