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Kottdopata tTwv Ztoxeiwv tng opddacg tou Asukoxpuoou N PGE

PGE o0& mPOooYWwHATIKA KOLTAOUATA TIOU ocuVOEovTal
He TOTou AAGoKaC Kol OPpLOALOLKA CUUTAEYOTA



Mpooywpotikeg anoBeoelc PGE-PGM

= O pOAOC TNC XNMLKNC cuoTaoNnC Kot AAAwWV
XOLPOLKTNPLOTIKWY OTNV TIPOEAEUCH) TOUC.

" Epappoyn Beppoduvopkwv 6eSOUEVWV.

" OpPUKTOAOYLKQO XOLPOKTNPLOTLKO KOLL N YEVETLKN
TOUC onuaola oTNV TIEPLITTWON TWV HUEYVOAWV
KpUOTAAAWV PGM.

! OLTACUOTA TWV XToXELWV TG opadag Tou Aeukoxpucoou 1 PGE




Kotavoun PGE og mpooxwHATIKEC
artoBEoELC

Ewkova 1

* Kottdopata tTwv ITolxelwv g opddag Tou Asukoxpucou i PGE
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2uvnOn opuktd PGM o0& MPOOXWUOTLIKEC
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Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE
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Meyaloc kpuotaAAoc opuktou PGM

Ewkova 9




Meyaloc kpuotaAloc opuktou PGM
Kpapa Pt-Fe (Aeuko) peoca o€ payvntomupitn

1868

Fig. 40-2. SEM photomicrograph of a graphic intergrowth Pt-Fe alloy
(white) with pyrrhotite (po), with attached pentlandite (pn). River Valley ,
property, Ontario, Mustang Minerals Corp. Ewova 10

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE




MeyaAoc KpUOTAAAOC OPUKTOU OGHLOU

Fig. 681. Very rare example of a delicate intergrowth of hexagonal
osmium platelets with the host mineral weathered away, and showing a
surviving crystal of chromite (c). The osmium platelets in the foreground
are abraded and worn. Sample is from a placer precious metal concen-
trate from Papua New Guinea (see Harris and Cabri, 1973, for details of
provenance). SEM photomicrograph. Ewova 11
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Meyaloc kpuotaAAoc opuktoL PGM
Kpapo Pt3Fe

Fig. 105-1. SEM photomicrograph showing part of a magnetic PtsFe alloy
nugget with a rim of tetraferroplatinum (darker) and two osmium inclu-
sions forming the outline of a geological hammer. The later tetraferro-
platinum has replaced the PtsFe alloy, but not the earlier exsolved
osmium. Placer sample BM1928,246 (grain 8) from Yubdo (see Cabri et
al., 1981, for details on the locality and provenance). Ewova 12
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MBavec mnyec twv PGM avaloya pe
TNV oUOTACN TOUC
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AuTtoduEC OoULO pEoA o€ Kpapa Pt3Fe
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Ewkovec 14-17
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AlakVpovon Tng cvotaonc PGM armo dtadopec
TIPOCYXWHOTIKEC ATIOOEDELC
kpapa Pt-Fe.

Pt;Fe —Ir
decomposition

Ewkovec 18-21

Kottaopata twy Ztolelwv tnG opadoag tou Asukoxpuoou N PGE
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Alakvpavon tnc cvotaonc PGM armo
SLadbopeC MPOOoXWHATIKEC amoBeoeic (1/2)
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Alakvpavon tnc cvotaonc PGM armo
SLabOopPEC MPOOXWHATIKEC amoBeoeLc (2/2)

Pt+Fe © Inagli
o Filippa

A Pustaya

@ Gal'moenan
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<& Goodnews Bay
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¢ Koura

Ewova 23
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Yuotaoslc PGM (1/8

Ewkova 24
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Tetraferroplatinum and tulameenite
have the difference of a composition in placers
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Prizhimny

Ewova 27
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Yuotaoslc PGM (2/8)

Kaurchak

Ewkoveg 28-31
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Yuotaoslc PGM (3/8

i 25 S50um

Kolwtdopata Twv Itolxeiwv tTng opadag tou Aeukoxpuoou 1 PGE

Ewkovecg 32-35
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Kolwtdopata Twv Itolxeiwv tTng opadag tou Aeukoxpuoou 1 PGE
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Ewkoveg 36-38
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Yuotaoslc PGM (5/8)

Ewkoveg 39-41
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Yuotaoeslc PGM (6/8)

Ewkoveg 42-44
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Yuotaoslc PGM (7/8
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Ewkovec 45-46
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Yuotaoslc PGM (8/8)

Ewkovecg 47-52
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2UyYKplon nopayevecewv PGM oe
OLOLPOPETLKEC TIPOOYWHATLKEC ATIOOETELC

1. Pt-Fe alloy - Osmium paragenesis
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2. Isoferroplatin um-Iridium Paragenesis

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE
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YuyKplon petaéu PGM oeg tumou
ANaokoc Kot OPLoABika



2UOTAOELC Kpopatwy Os-Ir-Ru
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AladopEc otnv XNULKN cvotaon PGM oe tumnou
OupaAilwv-ANaoKag Kol
0PLOALOIKWY CUUTTAEYUATWV

Ural-Alaska type complexes:
Pt-Fe alloy — osmium
isoferroplatinum — Iridium.

Ophiolites:
osmium - iridium paragenesis
isoferroplatinum - ruthenium.

TOoV OVporlOV-ALIGKAS 0PLOMOKOV CUUTAEYLATOV
1. Pt-Fe alloy -Ft(FFe), Pt(+Fe)
osmium / Isoferroplatinum - Ol’khovaya 2. isoferroplatinum —

ruthenium

Y

Os Inagli Ir (+Rh) |
1. Osmium - iridium Ewova 55
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[MpogAevon peyaAwv
KPUOTAAAWV



MeyaAoc kpuotaAAoc opuktov PGM

Ewova 56
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Meyaloc kpuotaAloc opuktou PGM
Kpapa Pt-Fe (Aeuko) peoa og payvntonupitn (2)

1868

Fig. 40-2. SEM photomicrograph of a graphic intergrowth Pt-Fe alloy
(white) with pyrrhotite (po), with attached pentlandite (pn). River Valley ,
property, Ontario, Mustang Minerals Corp. Ewkova 57

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE
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MeyaAoc KpUOTAAAOC OPUKTOU OCGULOU

(3)

Fig. 681. Very rare example of a delicate intergrowth of hexagonal
osmium platelets with the host mineral weathered away, and showing a
surviving crystal of chromite (c). The osmium platelets in the foreground
are abraded and worn. Sample is from a placer precious metal concen-
trate from Papua New Guinea (see Harris and Cabri, 1973, for details of
provenance). SEM photomicrograph. Ewova 58

¥ Koltaopata Twv 2tolxelwyv tng opadag tou Aeukoxpuoou ) PGE




Meyaloc kpuotaAAoc opuktoL PGM
Kpapo Pt3Fe (4)

Fig. 105-1. SEM photomicrograph showing part of a magnetic PtsFe alloy
nugget with a rim of tetraferroplatinum (darker) and two osmium inclu-
sions forming the outline of a geological hammer. The later tetraferro-
platinum has replaced the PtsFe alloy, but not the earlier exsolved
osmium. Placer sample BM1928,246 (grain 8) from Yubdo (see Cabri et
al., 1981, for details on the locality and provenance). Ewkodva 59
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PGE
o€ OPLOALOLKA CLUMTTIAEYOTOL
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PGM
Tivooc

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE
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Xnuikn ovotaon PGM Bepotac (1/2)

Os 141 44.8 38 80.9 5.88 7.96 15.49 13.05
Ir 7.8 7.2 13.2 2.2 6.31 5.66 18.51 27.21
Ru 43.3 37.8 41.2 10.3 53.35 4848  38.23 30.59
Pd n.d n.d 1.6 n.d n.d n.d n.d n.d
Pt n.d n.d n.d n.d 2.74 4.37 3.61 4.59
Ni n.d 6.7 4.3 3.3 0.68 1.17 1.21 1.03
Fe n.d 1.5 1.1 0.8 0.95 0.73 0.67 0.51
Cr n.d 0.9 1.1 0.6 0.38 0.34 0/34 0.44
Sb n.d n.d n.d n.d n.d 0.52 0.63 1.14
As n.d n.d n.d n.d 2.11 2.76 5.81 10.01
S 34.8 n.d n.d n.d 26.71 27.15 14.78 11.85
Total 100.1  98.9 100.5 98.1 99.11 99.14  99.28 100.42

MNivakog 1

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE




Xnuikn ocvotaon PGM, BEpotac (2/2)

Wt% laurite Ir-Os-Ru alloys

Os 24.53 22.24 20.87 29.64 48.09 nd 6.19 n.d

Ir 8.03 6.55 6.02 5.81 8.52 59.71 81.17 64.64
Ru 36.05 36.34 39.08 33.13 33.21 7.23 2.79 2.8
Pd n.d n.d n.d n.d n.d n.d 2.28 n.d
Pt n.d n.d n.d n.d n.d n.d 6.15 n.d
Ni n.d n.d n.d n.d n.d 6.54 n.d 1.71
Fe 0.29 n.d n.d n.d 8.74 22.03 1.39 25.79
Cr 0.81 n.d n.d n.d 0.77 0.96 n.d 1.31
As n.d n.d n.d n.d n.d 1.24 n.d n.d

S 30.14 34.77 33.59 2992 nd n.d n.d n.d
Total 99.85 99.9 99.56 98.5 99.33 97.71 99.97 96.25

MNivakog 2




PGM Begpoloc

« Ewova 63
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[TapAYOVTEC TTOU EAEYYOUV TO
LEVEDOC TWV KPUOTAAAWV



2XNUOTLOUOC LEYAAWV
KPUOTAAAWV ?

YrioAoylopog tnc Evepyelac evepyomoinonc
XpnoLponowwvtoc tTnv e€lowon Arrhenius

(Petrou & Economou-Eliopoulos, 2009)



Alaypappa evepyeloc aviidpaonc (1/2)

E*
&
-
:‘E
E,
Reactants
Energy released
due to reaction
E . - _
Products

Reaction coordinate

Ewova 64
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Alaypappa evepyetac avtidpaonc (2/2)

Ewkdva 65
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OLTACHATO TWV 2TOLXELWV TNG opadag Ttou Aseukoxpuoou | PGE
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3 opadec dedopevwy



Meyeboc PGM kol Beppokpacio oxnUATIoHoU

Location Rock-type Mineral Description rain size (mnmperature (°
Othrys, Greece ophiolites laurite inclusion in chromite 10 1030
Vourinos, Greece ophiolites Ru-rich laurite inclusion in chromite 10 1100
Skyros, Greece ophiolites laurite inclusion in chromite 12 1100
Ray-lz, Polar Urals, Rus: ophiolites laurite inclusion in chromite 10 1000
Tropoja, Albania ophiolites laurite inclusion in chromite 8 900-1100
Kempirsai, Urals, Russic  ophiolites laurite inclusion in chromite 1-20 1050
CED, Egypt ophiolites Os-rich laurite inclusion in chromite ~ 12 " 1000
Borneo ophiolites laurite placer 900 (n=13) 800-850
Russia Alaskan-type Ru-rich laurite usionin isoferroplatinF 300 800-850
Nevado, Colombia Alaskan-type laurite inclusion in Pt-Fe 170 " 800
Othrys, Greece ophiolites erlichmanite  inclusion in chromite 15 1030
Ray-lz, Polar Urals, Rus: ophiolites erlichmanite  inclusion in chromite " 11 " 1000
Freetown, Sierra Leone ayered intrusior erlichmanite placer 400-700 800-850
Russia Alaskan-type  erlichmanite placer " 200 " 800
Vourinos, Greece ophiolites irarsite inclusion in chromite 2 1100
Ethiopia ophiolites irarsite placer 1000 800-850
Vourinos, Greece ophiolites Os-Ir alloy inclusion in chromite f 10 1100
Tropoja, Albania ophiolites Os-rich alloys inclusion in chromite g 20 1000
Ray-lz, Polar Urals, Rus: ophiolites Os-Ir-Ru alloy inclusion in chromite g 5 1000
SED, Egypt ophiolites Os-Ir-Ru alloy inclusion in chromite r 5 1100
Bulgiza, Albania ophiolites isoferroplatinum inclusion in chromite : 8 900-1100
Durance river, France  Alaskan-type isoferroplatinum placer " 130 700-800
Fifield, Australia isoferroplatinum placer c.a. 450 800

Russia

Alaskan-type

" 700  800-8s50 Iivakag 3

isoferroplatinum placer

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE



dedopeva 1250 °C
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YToAoyLopoc¢ TG
Evépyelac Evepyonoinonc (1/2)

In(i) — ln(A")_ E,, N _ln(,,n): ot — E .

r RT RT
~n*In(r) = const.- B or  n*In(r)=—const.+ Lo
RT RT

MpoBaAiovtac In(r) Evavtt 1/T mpokUmTeL pia
YPOUULKN OXEON,
ue kKAlon = Eact/R*n

H omotia toouTtal pe tnv Evépyeia Evepyonoinong

! OLTACUOTA TWV XToXELWV TG opadag Tou Aeukoxpucoou 1 PGE
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YTOAOYLOMOC TNC
Evépyelac Evepyonoinonc (2/2)

T (°C)

1265 1156 1060 977 903 838 780 727 679

g 10000

8 - In(r) =21705/T-1434 e

R? = 0,805

7 - 1000

6 |
—~ 5 £
-
= - 100 =
=, =

3 | _

, $ - 10

1 a .."'“.

et ¢
0 ...“.. T T T T T T T 1
0.00065  0.00070  0.00075  0.00080  0.00085  0.00090  0.00095  0.00100  0.00105
1T (K™
Ewkova 67
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2 UMTTEPOLO AL

Ot peyaAol kpuotalhol PGM oe
MPOOYXWUATIKEC armoBeoeLC elval
LAAAOV KAOLOTLKOL

OPA OTTOTEAECLOL OXNUATIOMOU O€
ouvOnkec mepLBaAlovToc

s . , . , ,
o % Kowdopata twv Ztoieiwv g opddag tou Aeukoxpvoou 1 PGE
e ;
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Teloc Evotntoc

Kolttaopata Twv 2ZTolxelwv tnc opadac tou
Aevkoxpuoou n PGE



Xpnuoatodotnon

* To mapov ekmaldeUTIKO UALKO €XEL avamtuxBel oto mAaiolo Tou
ekmaldevtikol €pyou tou dibdaokovra.

* To £pyo «Avoikta Akadnpaika Madnpata oto Maveniotipo ABnvwv»

EXELXpNUaTodoTACEL LOVOo TNV avadlapopdwaon Tou EKTTOLOEUTIKOU
UALKOU.

To £pyo vAomoleital oto mAaiolo tou Emxelpnolakol Mpoypappatod
«Ekmaidegvuon kot Ata Blou MaBnon» kot ouyxpnuatodoteital amo tnv

Evpwnaikn Evwon (Evpwmnaiko Kowwviko Tapeio) kat amo eBvikoUg
TTOPOUC.

* X

EMXEIPHZIAKO MPOIPAMMA
EKI'IAIAEYZH KAI AIA BIOY MAGHZH EZ"A

E - npuvpnppn Yia v ovanin

* *
* *
* *

* 4 *

YNOYPFEIO MAIAEIAL KAl OPHIKEYMATQON

EvpwnaikiEvwon EIAIKH YMNHPEZIIA AIAXEIPIZHE
Evpwmaiké Kowvwviké Tapeio . e
Me tn ouyxpnupatodotnon tng EAAGSag kat tng Evpwnaikig Evwong

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE
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2 NUELWLOTOL



>NUelwpa lotoplkov Ekbo0oewv Epyou

To mapov €pyo amoteAeil tnv €kboon 1.0

Kolwtaopata Twv Itolxelwv Tng opadag tou Aeukoxpuoou n PGE 56



>NUElwpo Avadopac

Copyright EBvikov kat Kamodiotplakov MNavemiotipiov ABnvwyv, Mapia
Owovopou, Kabnyntpla. « Movtela yéveonc kottaopatwy. Kottaopata
Ytoxeiwv tng Opadacg touv Asukoxpuoou N PGE». Ekdoon: 1.0. ABriva 2015.
AwaBgopo ano tn diktuvakn dtevBuvon:
http://opencourses.uoa.gr/courses/GEOL15.

Y Kottdoparta Twv ITolelwv TG opddog tou Asukoxpuoou f PGE 57




>NUElwpa AdeLodotnonc

To mapov UALKO SlatiBetal pe Toug 0pouc tne adetac xprong Creative Commons
Avadopd, Mn Eunopikn Xprion MNapopota Atavopun 4.0 [1] A petayeveotepn, ALleBVAC
Exkdoon. E&aipouvrtol ta autoteAn Epya Tpltwy 1.X. dwtoypadlec, Staypappota
K.A.TL., TOL OTIOLOL EUTIEPLEXOVTOLL OE QLUTO KoL Ta oTtoia avadEpovTal pall UeE TOUG
OPOUC XPrONG TOUG 0TO «Xnpeiwpa Xpnong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xprion:

* 1ou bev meplAapBAveL AUECO 1 EUUECO OLKOVOLLLKO OPEAOC ATtO TNV XPrjon Tou £€pyou, yla
To SlavopEa Tou €pyou Kot adelodoyo

* 10U Oev meplAapPavel olkovoulkn cuvaAlayn wg tpolnoBbeon yia tn xpnon A mpoocfaocn
oTO £pYO

* 10U Sev nmpooTmopilel oto SLavopEa Tou €pyou Kol adeL080X0 EUECO OLKOVOULKO OPEAOC
(r.x. Stadbnuioelg) amod tnv npoPfoAn tou £pyou oe SLadIKTUAKO TOTIO

O Swaovyo¢ pmopet va rapexel otov adelodoxo Eexwplotn adeLa va XpnoLLOTIOLEL TO €pYO yLa
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" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov umtapxel)

Holl e Touc ouVoOEVOUEVOUC UTIEPOUVOEGOUC.
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>nueiwpa Xpnonc Epywv Tplitwv (1/11)

To Epyo auto KAVEL XpAon Twv akOAouBwv Epywv:
Ewkoveg/Zxnpato/Alaypappato/Pwrtoypadieg
Ewkova 1: Katavoun PGE og mpooxwpatikeg anoBeoelc. EAeUBepn Slavoun

Ewkova 2,3: JupmAéypata Baoikwv-urtepfaocikwy turtou AAdokag. Copyright Mineralogical
Association of Canada. Mnyn: Platinum-group element placers associated with Ural-Alaska
type complexes, by Tolstykh, N. D., Sidorov, E.G., Krivenko, A.P.. In Exploration for Platinum-
group element deposits, Short Course , 2005 vol 35, 113-143.

Ewkova 4: 2uvnOn opuktd PGM oe mpooywpatikég anobeoelg tumou Ural-Alaska.Copyright
Mineralogical Association of Canada. MNnyn: Platinum-group element placers associated with
Ural-Alaska type complexes, by Tolstykh, N. D., Sidorov, E.G., Krivenko, A.P.. In Exploration for
Platinum-group element deposits, Short Course , 2005 vol 35, 113-143.
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Elkova 5-8: Opuktd PGM og mpooxwuatikéG amobéoelc. Copyright Mineralogical Association
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complexes, by Tolstykh, N. D., Sidorov, E.G., Krivenko, A.P.. In Exploration for Platinum-group
element deposits, Short Course , 2005 vol 35, 113-143.

Elkova 9,56: Meyalog kpuotaAlog opuktou PGM. Copyright Canadian Institute of Mining,
Metallugy and Petroleum, 2011. Mnyn: The platinum-group minerals. In: Cabri LJ (ed) The
geology, geochemistry, mineralogy and mineral beneficiation of platinum-group elements.
Can. Inst. Mining Metall Petroleum, spec 2002 vol 54, 13-129.
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Ewkoveg/Zxnpato/Alaypappato/Pwrtoypadieg
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Can. Inst. Mining Metall Petroleum, spec 2002 vol 54, 13-129.
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To Epyo auto KAVEL XpAon Twv akOAouBwv Epywv:
Ewkoveg/Zxnpato/Alaypappato/Pwrtoypadieg
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Petroleum, spec 2002 vol 54, 13-129.
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type complexes, by Tolstykh, N. D., Sidorov, E.G., Krivenko, A.P.. In Exploration for Platinum-
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To Epyo auto KAVEL XpAon Twv akOAouBwv Epywv:
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To Epyo auto KAVEL XpAon Twv akOAouBwv Epywv:
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Copyright Mineralogical Association of Canada. Nnyn: Platinum-group element placers
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To Epyo auto KAVEL XpAon Twv akOAouBwv Epywv:
Ewkoveg/Zxnpato/Alaypappato/Pwrtoypadieg
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To Epyo auto kAvel xprion Twv akoAouBwv Epywv:
Ewkovec/Zxnpato/Alaypappota/Dwtoypodieg
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To Epyo auto kAvel xprion Twv akoAouBwv Epywv:
Ewkovec/Zxnpato/Alaypappota/Dwtoypodieg

Ewkova 64,65: Ataypoppa evepyelac aviidbpaonc. Copyright Elsevier B.V. MNnyn:
Platinum—group mineral formation: Evidence of an interchange process from the
entropy of activation values, by Petrou,A.l. & M. Economou-Eliopoulos, (2009). In
Geochimica et Cosmochimica Acta, 73, 5635-5645.

Ewtkova 66: PGM otoug 12500C. Copyright Mineralogical Association of Canada.
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Mineralogist 39 (2001): 341-360.

d  Koltaopota tTwv XTolelwv g opadag Tou Aeukoxpuoou i PGE 68




2NUELWMUA XpNONC EpYWV | pLTwV
(10/11)

To Epyo auto kAvel xprion Twv akoAouBwv Epywv:
Ewkovec/Zxnpato/Alaypappota/Dwtoypodieg
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B.V. Mnyn: Platinum—group mineral formation: Evidence of an interchange process
from the entropy of activation values, by Petrou,A.l. & M. Economou-Eliopoulos,
(2009). In Geochimica et Cosmochimica Acta, 73, 5635-5645.
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>NUeELwpa Xpnonc Epywv Tpltwv
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To Epyo auto kAvel xprion Twv akoAouBwv Epywv:

Nivokec

MNivakoag 3: MéyeBoc PGM kot Bsppokpacia oxnuatiopov. Copyright Elsevier B.V.
Mnyn: Platinum—group mineral formation: Evidence of an interchange process
from the entropy of activation values, by Petrou,A.l. & M. Economou-Eliopoulos,
(2009). In Geochimica et Cosmochimica Acta, 73, 5635-5645.
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