2IAHPOYXA IZHMATA &
IZHMATOIENH NMETPQMATA



nuaocia odnpou oto emidpaveLaKo TtEpLBAAAOV
To adBovotepo otolxeio otov mAavitn Kot to 4° og adBovia
oto pAoio (5% k.B.)
PoAoc kAeldl o€ emipavelakeS Kol BLOAOYLKEC OLepyaOLEC

ALOLDOPETIKEC OEELOWTIKEC KATAOTAOELC (-2 WC +6) =2 oL
LeTatpomeg c0evouc anodidbouv evepyela peTaoAlopou
LLLKPOOPYOVLO LWV



Otslboavaywylkoc KUkAoc Fe kot aAla otolxela

I'Ipo’opécbr]or] KaBiZnon ofeidiwv kat
HMETAAAWV KoL

paSLloVoUKAETSLwV

ubpoéeldiwv

MéetaAAa avaywylkou c8€voug

eq. AsSt O3t

Opyavik UAN Fe3+

OeLoVY
(HS", FeS, Fe5y)

Dissimilatary
iron reducers

OELUKEC EVWOELG

MétaAla o&eldwTikoU 0B€voug
e.g. As>+ Cr0

ouykaBOilnon HeTAA WY
Kol paSLoVOUKAETISLwV

Ka@ilnon opuktwv Fe2+
(pyrite, siderite, vivianite)

Elements, vol.7, 2011



COMMON IRON MINERALS PRESENT AT, OR NEAR,
THE EARTH'S SURFACE (moDiFieD FrRom Cunpy €T AL 2008)

Native or Native iron Fe

metal form

Oxides/ Ferrihydrite Fe3*4.5(OH,O)12

oxyhydroxides Goethite FeO(OH)
Lepidocrocite Fe**O(OH)
Hematite Fe;0O3
Maghemite Fez 6704
Magnetite Fe;04

Green rusts Fe(2+3+) hydroxysalts
general formula: ’ ’
[Fe2*(; _ yFe3*x(OH)]™ 20V 0 N OPUKTA
[(x/n) A" (m/n)H207*, ,
where x is the ratio Fe¥/Feigt TOU O [_6 r] p OU O€&
Carbonates Siderite FeCO5 ,
Ankerite Ca(Fe,Mg Mn)(CO3), erLdpaveLaKO
Sulfides Pyrite FeS,

Marcasite FeS; TTE p LB dA)\.OV

Pyrrhotite Fe; .5
Mackinawite  FeS
Greigite FesSs
Phosphates Vivianite Fes3(PO4)2-8H20
Strengite FePQO4.2H,0
Silicates Berthierine (Fe?+,Fe? Al)3(Si,Al)205(0OH) 4

Chamosite (FeZ+, Mg, Al Fe*)(Si,Al)4O010(0OH,O)g
“Glauconite”™* KMg(FeAl)(5i03)s-3H,0
Greenalite (Fe2+ Fe3+), 3Si,05(0OH),

Odinite (Fe*+ Mg, Al Fe?)3 5(5i,A1)205(0OH).4 Elements. vol.7. 2011
] " ]

* Glauconite is a series name rather than a mineral but is included

here because of its common occurrence in many sedimentary rocks.



210npouxa opuKkta o€ Wnuata & Wnuatoyevn
TETPWMOTO. — ULKPOOKOTUKEC OOUEC
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[nyec kat oéelboavaywyka eidbn Fe oe Balaoolec
AEKAVEC LW{NUOTOYEVEDNC

KAQoTLKOl KOKKOL OTtO TN XEPOO (rmotaula petodopa
npoiloviwyv anocaBpwonc)

Noyetwdelc amoBeoelC

ALOALKEC ATTOOEODELC

YrnioBaAdoola ndalotelotnTA

Mopdn epdaviong Fe oe cuyyxpova- xalapa whuata: Fe(lll)
EpmAoutiopog moptkoU vepou o€ Fe(ll) péow dlayevetikwy
Slepyaocwwv og cuvBnkeg eAAewdng O,

PoAo¢ avaepofLlwv Baktnpiwv (Geobacter, Shewanella) otnv
avaywyn Fe (FeR):

{CH:G}1GE{HH3}15{H3PG4} + E].EFE‘ED3 + 848H+ — 1{)6(:{:}3
+ 16NHa- + HsPO, + 424Fe2* + 530H,0 .



Atepyoaoiec FeR & SR

Yuvemnela tn¢ depyaoiac FeER sival o oxnuatiopog mokiAwy
opuktwv tou Fe(ll) ta onola amoteAolv deikteg Tou
nePLBAAAOVTOC L{NUATOYEVEDNC

MNapaAAnAn dtepyaoia pe tn FER eival kat n Baktnplakn avoywyn
Twv Beukwv (SR):
(CH50)106(NH3)15(H3PO4) + 535042~ — 53H,S +
106HCOs~ + 16 NHs~ + H3POy4.

H ermtikpatnon FER | SR oto neptBaAiov WnpatoyEVEDNC
gtaptatal ano tnv dtabsopotnta (evepyotnta) SUo MaPAyOVIWV:

OpyavikoU UALKoU
KAQOTIKWV OPUKTWV ToU oLdnpou oto lnua



BlodlaBeowpotnta Fe ot Wnpota

DUOLKOXNULKEC LETATPOTIEC 0ONYOUV O EAATTWON TNG LKAVOTNTOLC
Twv odnpolxwV pacswv va avtidpouv Kkat va tapexouv Blodlabeoipo Fe ota
BaktrpLa avaywyng LE TO XpOvo

Growth and Mineralogical
s ° ° Aggregaton o Attachment o Transformation i—;&m
L

L. T2 —> 3 —> F R

o Ferrihydrite gl Clay === Goethite .Hematite

Elements, vol.7, 2011



ALAPETPOC oldNpoLXWV cwHaTdlwy O pevoTta
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Raiswell, Geochemical Perspectives, 2012



AMNAeTdpaoelc StoAvpevwy, kKoAAosldbwv —
VOVOOWMATLO LWV Kol LEYAAUTEPWV CWUATLOLWV TTOU

rnepleyovyv Fe

Particulate > 0.4 gm Colloidal/Nanoparticulate 0.4-0.02 gm  Aqueous < 002 pm

O Fe*L
/ I ]_,igm]d Exclmnge
Disaggresation Photoreduction O Fo?*
> ‘ —_— Photoreduction/
< Oxidation

+

Aggregation Dissolution
\ I Ligand Exchange
PE3+

Raiswell, Geochemical Perspectives, 2012




2XNUOTLONOC oldnpomupltn KAt tTn OLAYEVEDH
BaAaocolou ntnAou

MpoUmoBctel tePIPANNOVILKEC OUVONKEC MAPAKTLWY TTAOUOLWV
O€ opyavikn VAN Wnuatwv

NapdAAnAn e€elén FeR- SR

Atadopad otnv taxvuTnta avtidpaong availoya He To id0o¢
epudaviong Fe(lll) 2 peyaAitepog xpovoc nuioslag {wng yo
TIUPLTLKA, ULKPOTEPOC Yot UOpoteidla (bepLudpitnc)

Xpnon tou deiktn DOP otov npoodloplopo neptPariovtog
LNUOTOYEVEDNC

Fyrite Fe
(Pyrite Fe + HCl-soluble Fe)
DOP =1 avoéko neptfaiiov
DOP << 1 0&ko neptpaiiov

DOT =




2UVONKEC oXNUATIOMOU WNUATOYEVOUC

oldnpormupitn

12

>

Sulphate

Organic
Carbon

b

—>

Sulphate Reduction

I

Iron —

YH.S

Sulphide Oxidation

y

Polysulphides
Elemental Sulphur
Sulphite
Thiosulphite
Polythionates

Irom Monosulphides

i Sulphiate

l

i

Raiswell, Geochemical Perspectives, 2012



2uvOnkec RS vs FeR

AdBovia S, Fe>
kaBilnon
framboid ow6/tn
LE EVOLAUEDEC
evwoelg FeS

-0.1—
)
= F9203
g 0.2 —
ﬁ —
-0.3+ Fe silicates
FeSo ® ®
0.4+ A B
HpO FeS
0.5 Ho
| | | | |
1 -3 -5 -7 -9

Log activity HS™

Yriepenadpkela tpododooiag
kKAaotikoU Fe amnod tn xépoo
(armoocdBpwon n
NGALOTELOTNTA) > EMIKPATNON
FeR kat epdavion
XOPOKTNPLOTLKWY oldNpouXwV
OXNUATLOHWY TIOU TIEPLEXOUV
TIUPLTIKA 1) avOpakika tou Fe

FeR §




2uvOnkec eANewpnc Fe
B

Avenapkela tpodpodooiac kAaotikoU Fe amo tn xépoo + unAn
TIAPAYWYLKOTNTA OPYOVLKNC UANC OO TAQYKTOV = €UMAOUTIONOC HS oTo
TOPLKO VEPO =2 oeldwon =2 eAattwon pH =2 kabilnon dwodpopkwv pacswv
KoL ﬁapavwvr'] vOpoyovavOpaKwV LE auEnUEVO S

(CaHCO}
1l Calcite
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Ocean fertilisation: fact or fantasy (from Chisholm and Morel, 1991,
with permission from Universal Press Syndicate). -

Raiswell, Geochemical Perspectives, 2012

IRON IN
THE OCEAN

SINCE STAR WARS AND
coLD FUSION HAD AN IDEA So
GNPPED SCIENTISTS.

GIVE ME HALF A
TANKER OF IRON
AND T'LL GIVE ¥OU

AN ICE AGE .
.ANOTHER

JUMPED VP
AND SHOUTED.
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i
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PREST syw/D.

s

BUFRALY mBwW(

WE'LL DUMP

THE IRON
Wikl MAKE
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GROW!
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WE CAN TURN
NATVRE ON
AND-OFF LIKE
B BEER SPIGOT!
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SOAK VP TE
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DioXIpE!
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> 44 J
WE'LL BE
CAREFUL!
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BuT WE CAN
ToP THAT !

SOLVTION To GLOBAL WARM|

BUT FIRST THE IDEA
wOuLD HAVE TO PASS THE
MOST RIGOROUS REVIEW,

CHEAP,
FAST AND
EASY,
LookS
PROMISING..,

AND DANFORTW NEEDS <
A NEw ASSIGNMENT — X




Tawwwtoi odnpouyxot oxnuatiopol (BIF)

BIF from western Australia
(Elements, vol.7, 2011)

Banded Iron Formation specimen
from Upper Michigan.
Photograph taken by Mark A. Wilson
(Department of Geology, The College
of Wooster).



Xapaktnplotka- Znuooio BIF

EvaAlayec uPpnAov nieplexopevou Fe / Si
Arntoucia kAaotikoU UAtkoU, Mn kot GAAwV oTolelwv =2
XNUKA lnpoto
Eudavion oto oplo Mpotepolwikol- ApxatolwikoU (2.5 dio.
Xpovia)
Aeiktec petafoAnC atpoodalplkwy cuvBNKWVY ATtO AVOELKEC OF
0&LKEC)
Mnvéc Fe owovouknc onuaociog (AvotpaAia, N. Appwkn, HMA)
Oewplec yeveonc:

YépoBepuikog Fe(ll) kat pwtoouvBeTiko O

YépoBepukog Fe(ll) kat anouoia pwtoouvBetikov O



Katavoun BIF kat kAaotikwv oxnuatopwyv Fe (GIF)
OTOV YEWAOYLKO XpOVO
o 4
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(Canfield, Geochemical Perspectives, 2012)



Katovoun oflkwv- avoélkwv ouvlnkwv otov

wWKeOVO Tou MNMpokapfplou
HEC I

Early to Late Archean Late Archean to Late Paleoproterozoic Late Paleoproterozoic to Late Neoproterozoic
(>3.8 to ~2.7 Ga) (~2.7 to ~1.9 Ga) (~1.9 to ~0.58 Ga)

Fell)

(Canfield, Geochemical Perspectives, 2012)
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