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2NpEPQ,
N TTOIKIAOJOP@Ia OTa XPNOIUOTTOIoOUMEVA
UAIKQ/PETAAAQ/XNMIKG OTOIXEIQ €ival O Kavovag TTapd n

ecaipeon
[Mapadeiypartog xapn, yia va KATaoKeUaoTEl Eva chip evoc ouyxpovou
UTTOAOYIOTI XPNOIUOTTOIOUVTAI TTEPICCOTEPA ATTO 60 XNUIKA oToIXEia/METOAN

To yeyovog auTo OV ATTOTEAEI IDIOTPOTTIA TOU KATAOKEUAOTH OAAQ UIA TIPOCEKTIKA
UTTOAOYIOMEVN TTPOOTTABEI YIa TNV ETTITEUECN OUVEXOUG BEATIWONG OTNV OTTOD0CN TWV
OIA@OPWYV TTPOIOVTWY, ATTO T ATTAOUCTEPA WG TA TTIO TTOAUTTAOKA.

Graedel, T. E., E. M. Harper, N. T. Nassar, and Barbara K. Reck. "On the materials basis of modern society." Proceedings of the
National Academy of Sciences (2013): 201312752



To eikoonterpawpd pas ival YEPATO - tTO00 HETaPOPIKa (K-
voupe 6ekades npdypata KGBe pépa) 6oo kar kuplofe-
KUKG (xpnolponoloUpe Sekades avukeipeva yia va
SieknepaIWOOUpE TS aoxodies pas). To EIKOOIETPa-

Ta OpukTa Kal
Ta MeTaAAa
uTTOOTNPICOUV
KGBe atrown

LL1S
KaBNUEPIVNG
Hag cwng

wWPO pas, Opws, gival Nions YERATO and opuktd.

Towpévro: aoBeotéMBos, apyiloxwpa, nozoddavn,

yUyos K.

Adoupivévia koupmuata: Bwéitns k.a.
TuvBeuka kougpwpata: noAupepés (nia-
ouko6 PVC) ka1 okoves opuktwy (tan-
KNs K.d.)

Movwuika opukra: edapponetpa,
nepAitns K.4.

OEPUOCUTOWPEUTES: touBia

ano éouvitn n oMBivitn (xpnoi-
ponolgital Kan ota xuthpia)

dwroBoAtaika: nupito pe npwwn UAN to xadazia
AAM®S PPOVIIZOUKE TO ONit Pas va tpoPodoteitar pe
Evépyeia: fiyvitns, yaiavBpakas, pazout, netpénaio
ECWTIEPIKNS KAUOEWS

Eibn uyieivins ka1 nAakakia: aotpios,
kaodivns, xafazias

ka1 nAévoupe ta dovua pas
Obovionaota: avBpakiko aoBé-

ouo0, OpuUKTa vatpiou, @Bopitns

@rafdwpévor xupoi, Bpwoipa Aadia:
yia 1o giAtpdpiopa xpnoiponolgital yn Siato-
pHwv, nepAitns kar attanoufyitns

LuvBeon Bitapiviov: opukta MiBiou (AembomBos,

onodoupévio, netanitns)

YUPVARE OTo unvodwpdauo Kai ViuvOpaots,
¥éBappa tziv: kioonpn (eAagponetpa)
Aéyn Seppdtwv: Xpwpitns

iows Bapopaote kidAas

Ip16izouces okigs pau

‘Eva autokivnto nepiéxal 100-
150 kiAd@ Bropnxavikv opu-
Ktwv (ot twzdaua twu, o
g efaoukd, ota ndaoukd kal ota
XUTa Tou pEPN), KaBWS Kal NEPICOO-
tepo ano 1 tévo ot pétanna (adoupivio, oi-
, vikéfo, poduBévio, xpwuio, péAuBdo, K.a.).
Kanoia ano ta onpavukotepa opuKIa Nou Xpnoi-
HOMOI0UVIA! Y1U TNV KATAOKEUN EVOS QUTOKIVATOU
givan:
* opukta o1dbnpou (Agipwvitns, aipatns, yKati-
s, payvnoitns)
* opuktda xadkou (xafAkonupitns)
eopukta andwv petaAdwy Aatepitns (vikémMo),
Xpwpitns (xpwpio), poAuBdevitns (po-
B&évio), BoAgpapitns (BoA-
@pawmo), Bavadivitns (Bavadio)
e anfa opukid @wogopitns,
pneviovitns, Bwé&itns, onavies
yaies, xadazias k.a.
Mo ouykekpipéva, oe €n
POUS THAPATA TOU QUTOKIVATOU
Xpnaoigonolouvial petagu
: andwv:
Ainavukd autoKivATou: opuktda fi-
Blou (ARemb6mBos, onodoupévio, netafi-
wns)
NAaoukd autokivAtou: piypa tou kaBsautou no-
AUPEPOUS HE OKOVES OPUKTWV ONws avBpakikd
aoBéouo, kaodivns, tadkns, pika, évudpn payvn-
oia, xouvtitns-udpouayvnaoitns, BoAdaotovitns,
Beppikouditns, apiavios

j Mnatapia autokivatou: nidkes poAuBdou and to

OPUKTO yaAnvitns
®péva: Beppikouditns, ypagiwns,
apiavios
Kataduwns: nAativa, naddadio,
vikérho

AvuoiicBnpos tanntas otous
Spopous: &iaBaons, ypavitns
K.Q.
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Ta METaAAa XpNOIUOTTOIOUVTAI 0€ OUVEXWGS QUCAVONEVEC TTOOOTNTEC KABWC Kal
O€ MIO EUPEWC AUEAVOUEVN TTOIKIAIO EQAPUOYWY IDIAITEPA VIO VA IKAVOTTOIOOUV
TIC OUVEXWC AULAVOUEVEC AVAYKEC TWV VEWV TEXVOAOYIWV
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Lusty, P. A. J., & Gunn, A. G. (2015). Challenges to global mineral resource security and options for future supply. Geological
Society, London, Special Publications, 393(1), 265-276.




H evepyelakn petafaon kat n nAektpokivnon otnpilovtal Kat
g€apTwVvTal Ao TNV Tapaywyn KaL Xpron opuUKTwWV MPpWIwV UAWV

Brown Economy Green Economy

generators and power staﬁonsi )
coal

Fundamental shift in the resource basis of society

SGU
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SGU

Sveriges geologiska undersokning
Geological Survey of Sweden

From Geology to Mineral Resources

Raw materials supply: a bottleneck in the transition
to a low carbon energy system

Low-carbon power comes from processes or technologies that produce power with
substantially lower amounts of carbon dioxide emissions than is emitted from conventional fossil
fuel power generation. It includes low carbon power generation sources such as wind power,
solar power, hydropower and nuclear power.t2l The term largely excludes conventional fossil
fuel plant sources and is only used to describe a particular subset of operating fossil fuel power
systems, specifically, those that are successfully coupled with a gas carbon capture and storage
(CCS) system.

Nikolaos Arvanitidis
Dr. Economic Geologist
Head of Bedrock and Geochemistry Division-SGU
Chair of EuroGeoSurveys Mineral resources Expert Group
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The Geological Surveys of Europe
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https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Fossil_fuel
https://en.wikipedia.org/wiki/Power_generation
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Solar_power
https://en.wikipedia.org/wiki/Hydropower
https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Low-carbon_power#cite_note-ReferenceB-1
https://en.wikipedia.org/wiki/Low-carbon_power#cite_note-2
https://en.wikipedia.org/wiki/Flue_gas
https://en.wikipedia.org/wiki/Carbon_capture_and_storage
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Geological Survey of Sweden
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ATmtotsAsopartikn aflotoinon

YmevBuvn e§6puén

Blwolpn skpetaAAsuon



ETITOKTIKA avAyKn €VTOTTIOMOU TTEPICOOTEPWYV

KOITAZMATQN MeTtaAAikwyv kKal OpukTwyv MNpwTtwy
YAwv (M.O.T1.Y) yia va 1kavoTroin@ouv ol
QUCAVOMEVEC TTAYKOOMIEC AVAYKEG O€ JETAAAQ
UWPNANG TEXvoAoyiag

ATtrapaitnTa TTPoUTTO0£0N YIa Va EVTOTTICOOUV VEQ
KOITAOMOTA €ival va katavonBouv KaAUTEPa Ol
YEWAOYIKEG DIEPYATIEG TTOU OCUYKEVTPWVOUV QUTA
Ta METaAAQ OTN YEWOQAIPA

Mo va auénBel n amodoTkoTNTA KAl yla va
anodeuxBolv akovoLeC TIEPLBANNOVTLKEC ETITTWOELC
aralteltal n yaptoypadnon tou KUKAou (WNC TwV
LETAAALKWV KOLTOAOUATWY KOl TwV HETAAAWV , OnA.
etaodpaiion tng “Bropnyavikng AAvcidac Atlac” tou
KABe petaAAou armo To Koltaopa oto unedadocg Kal
LECW TOU HETAAAOUPYLKOU EPYOOTACLOU HEXPL TNV

TEALKN Blopnxavikn xpnon

du g;’ilti\cmc,oaﬁtion.org
AN

/




Eupwrnaikéc mMpokANCELC OYXETIKA We T ONY
O petaddevtkog khabog Saodohilel v Prwopotnta chuoibwy afiag g ulinhng
Texvoloylag

H aAvoida aflag twv ONY avanmtiooeTal ano tn
VEWAOYIKI £pEVVA, TNV £€0PUEN KAl TNV

L . , Almost every industrial branch needs products from the minerals industry
eTeLepyaoial pLeXPL TNV aVOKUKAWGN PETAANWY

H woyupn neptparAoviikn S£0PEVON TOOO KOTA automobite | SPace [ Electronics <nie
N Aetoupyia, GO0 KaL yia TV AIoKATACTAoN SHEEE ndicT

TN ¢ mepLoyn ¢ e€opuénc, ouvodevel TV alucida 2 n N

atloc ekpetarhevonc Twv ONY

H petdpacn oe pua prwnolun Evpwrn pe YapnAeg
EKTIOUTIEG AQVOpaKa, KoL OTOXO TNV IMPAoLVN
OLKOVOLLa

H nAEKTPOKIVNON KOIL N YEVLKOTEPN
nAektpomnoinon tng Bropnyaviag, kabuwg Kot Ta
CUCTHOTO KOL EYKOTAOTACELS AmOBKeUONg Kol
TUPUYWYNC EVEPYELAC OO QVAVEWOCLHEC TINYEC

H mapaywyn adpavwv DAIKWY yLo TNV KATOOKEDT
VEWV UTIOSOUWV PETAadOPWY KaBw Kl VEWVY
OLKOAOYLKWV KTLplwvy

Swerlges geologisks undersdhning -

ﬁaulugll;al S||rva" of Sweden

Mineral resources, material science and technology

Geology for a sustainable society



H onuacia Twv ['ewtrepiBallovTikwyv MovTEAwvY
Koitaopdatwy M.O.T1.Y.

H duvnTikr TTEPIBAANOVTIKNA ATTEIAN) EVOC JETAAAEIOU, ] EVOG KOITAOHATOG JETAAAWV/QUOIKAG
METAAAOQOPIOC TTOU BEV EXEI UTTOOTEI EKMETAAAEUOT, €ival TTOAUTTAOKN KaIl UTTOPEI va KaTavonBei Kal
VO QVTIMETWTTIOTEI HECW ECEIDIKEUPEVNC YVWONG:

*KoiTaopaTtoAoyiag
*OpuKTOAOYiOG
[ ewxnueiag
* YOpoyewAoyiag
[ ewTEXVIKAG MnXaVIKAG

[a va yivel katavonTh N TePIBAAAOVTIKE d1IG0TACH UIa UTTAPXOUCAG ) TTPOYPOUMATIONEVNG
METAAAEUTIKNG dpacTnpIdTnTag atraiteital Baoikn yvwon, FTEQMEPIBAAAONTIKA MONTEAA
M.O.I.Y., £101 woTe va agloAoynBei cwaoTd N duvNnTIKN TTEPIBAAAOVTIKY) KATACTPOPI O€ Mia
OUYKEKPIPEVN TTEPIOXN/TTOPAXWENON

THE ENVIRONMENTAL GEOLOGY OF MINERAL DEPOSITS:

Important geologic characteristics of mineral deposits that influence their environmental signatures, how climate and mining and mineral
processing methods modify the environmental sighatures mandated by deposit geology, and how climate and geology influence the effects of
the deposits on the surrounding environment. In addition, the chapter will show how mineral deposit types with similar geologic characteristics
have generally similar and predictable environmental signatures, and will discuss the development of empirical geoenvironmental models of

various mineral deposit types.



To MetaAAeupa (Ore) Trepiéxel BApata kal Aladikaoie¢ Avaktnong evog

METAAAEUTIKA OPUKTA “avaKaTEPEVA’” ME g

aA\a opukTd (Waste), atré Ta oTT0ia i Ep'lTOpi-ZUO'IUOU’ |_|pOIOV:I'O§ o,
TTPETTEN VA DIOXWPICTOUV PEGW BPAUGNC (MEtaAAo/Blopynxaviké OpukTtd) atro Eva
kal koviotroinong (Milling). AuTég ol KOiTGO’}JG O.n.y. (Mining)
OI00IKATIEG ETTECEPYQTIAG OUVNBWG

akoAouBouvrtal atrd emitrAcuon (flotation)

yIa va YiVel dIaXwpPIoOUOG TWV OPUKTWV

OIKOVOUIKOU evolapEpovTog (Ore

minerals) amd Ta un aglotoinoiua

(Gangue). Ta TTepIocoOTEPA HETAAAIKA

OPUKTA B¢V gival “‘autopun” HETAAAQ, aAAG “

€ival EVWOEIG OTIG OTTOIEG TA ETAAAQ

€vVOONOUVTAI KOl OTTO TIG OTTOIEG TTPETTEI VA

avaktnOouv (Metal/Industrial mineral, By-

emegepyaoiag (Smelting/refining etc).

[Mapopoiwg TTOAAG BIOPNXAVIKG OPUKTA

: c . 5 Smelting/refining etc
(Industrial mineral) TTp€TTel va uTTOOTOUV

ETTECEPYATIA EUTTAOUTIONOU TTPIV VO

TTwANBouv. O1 pEBodol eTTECEPyaTiag Tou Metal/
HETOGAAEUPATOC , TT.X. ETTITTAEUCN Industrial

(flotation), eptrAOUTIONOG (refining), Kai mineral
avakTnon (extraction) emmAéyovtal BAoEl
TNS OPUKTOAOYIKIS OUCTAONC KAl TWV Figure 1.3 The steps and processes involved in extracting a metal from an ore deposit.
QPUOIKWY I0IOTNTWV TOU PETaAAeUpaTog. H

ETTIOTAMN TNG AVAKTNONG TTEPIAAUPBAVEI

Béuata Xnueiag kal EMoTAUNG Twv

Mnxavikwyv Kal ouvioTa Tov KAAdO TNG

E¢opukTikic MetaAAoupyiag (Extractive

Metallurgy)




O KuUkAo¢ “ZwNc¢”

evoc MetaAAegiou

THE LIFECYCLE OF A MINE

*for illustrative purposes only

Exploration 1

Looking for the

{ w 10 YE%? mineral deposits

*Permitting & financing are key in this phase
2

Designing a

potential mine \/% 5 YEA{R\/
project
*Permitting & financing are key in this phase

Construction 3

Building roads and
other facilities for
the mine

Extracting the =
minerals for \/‘bO YEAR-{ v
production \/ L 4

Closure z
. Y, |

Securing the

closure and

1 '?O 5 YE’ S. reclamation of
\ Ahadia 4

the site

AVERAGE TIME GRASSROOTS TO MINE:
10-17 + YEARS




KUkKAOG Zwn¢ Kal
["ewTtTEPIBaAAOVTIKG MovTéAa Koitaopdatwy M.O.TY.

K1 KAQ al AVATITUED KOkAot Zwic MetaAAwv/YAKwv
Kottaopdtwv MeTaAAKwyv OpUKTWV- (Tehwou mpoidvrog)(KYKAOZ 2)

MeTaAAevpATwVEE

De pa:;t -
Formation Recycling

Geoenvironmental
deposit models

Disposal
ol "

Genetic

models Minerals information,
analysis, materials flow

f' Mining,
Erosion Processing,
Refining

Commodity Use
~__p

Ta “TewTtrepiBarrovTikad Movtéla Koitaopdatwyv’(Geoenvironmetal deposit models) ammroteAoUv QUOIKEG TIPOEKTACEIG TWV
“‘MovtéAwy éveong Koitaoudtwyv’(Genetic models). ‘Eva MewtepIBaAAovTiKd MovTEAO VOGS KOITAOHATOG (UETAAANIKWY) OPUKTWV
gival Yo ouAAoyr YEWAOYIKWYV, YEWXNMIKWY, YEWPUOIKWY, UBPOAOYIKWY, KAl HNXAVIKWY OEO0UEVWY TTOU OPOpPOoUV OTNV
TTEPIBAAAOVTIKA CUUTTEPIPOPA YEWAOYIKA TTAPOPOIWY KOITAOHATWY (1) TTPIV a1Td TNV avamTu¢n peTaAAgiou-opuxeiou (Mining), kai (2)
oV aTTOTEAECPA TNG METAAAEUTIKAG dpaoTnpIoTnTas (Mining), e€6pugng/AcioTpiBnong/euTTAoUTIOPOU-PETAANOUPYIKAG 1] GAANG
emmegepyaoiag (Processing) kai Trapaywyns HETAAAoU/UAIKoU (Refining). ETTopévwg, éva MewtTepIBaAAOVTIKO MOVTEAO TTOPEXEI
TTANPOPOPIEG/OEDOPEVA OXETIKEG(Q) HE PUOIKES YEWXNMIKEG METABOAEG/aANayEG (aTTooGBpwaon/diaBpwon) (Erosion) TTou cuvdoEovTal
ME VAV OUYKEKPIPEVO TUTTO KOITAOUATOG, KABWG Kal YEWXNMIKEG HETABOAEG TTOU CUVOEOVTAI ME TNV UYPA ) OTEPEQ
AUpOTa/QTTOPPIMPATA TNG EEOPUKTIKNAG dPacTNPIOTNTAG, KOI TWV EYKATOOTACEWYV EUTTAOUTIONOU Kal UETAAAOUPYIKAG ] AAANG
emmegepyaoiag(Processing, Refining) cuptrepiAapBavouévwy kai TnG Kapiveuong(KYKAOZ 7). Tov KYKAO 1 cupttAnpwvel o
KUKAOG {wNG TwWV METAAAWV/UAIKWYV /TENIKOU TTpoiovTog (KYKAOZ 2): ol diepyacieg yetdpaong amod 1o €va otddio Tou KYKAQY 2 o10
aAAo (Xprion TeAikou TTpoiovTog (Commodity use)— AiaBeon ammoBARTwy (Disposal)—AvakukAwon (Recycling), 1TpoodiopidovTail
Kal EAEyxovTal TOoO atro Hia oAIoTIKA Bewpnon (METAAAEIQ, TTOPAYWYOIi, TEXVOAOYOI AVOKUKAWONG, TEXVOKPATEG, XPNUATIOTEG,
KaTavaAwTEG, TTONITIKOI) TRG dIATAPNONG TNG TTAYKOOUIOG TTPOCPOPAG-KAI-CTNONG O€ PETAAAA KPIOIUWY TEXVOAOYIWY, 60O Kal
TTOCOTIKOTIOINGN TWV. POWYV JeTABAoNnC attd To £va aTddlo 2 oTo dAAo (Minerals information, analysis, materials flow).



ANATOMY OF A GEOENVIRONMENTAL MODEL

Deposit Type
The classification of the deposit is the basis for comparisons of the
factors that contribute to variations in potential environmental impact

Related Deposit Types
Mineral deposits are manifestations of parts of larger, complex
geochemical systems. Thus, other parts of these complex systems may
manifest themselves as different types of mineral deposits, which will
probably behave differently in the environment and present different
potential environmental problems.




‘2votnuata Nopdupikov XaAkou (Cu)’
KOl
‘Kottaopoata Cu tAuxMo Mopduplkou tuTOU’

Zuotnpata Nopdpupikou Cu {Porphyry Cu Systems}
opilovtal oav ektetapevol oykol (10 — 100 km 3) vOpoBepukd EEAAAOLWHUEVWV TIETPWHATWV
TIOU £XOUV OTO KEVTPO
Kottaopata Cu tAutMo Mopdupikol tomou {Porphyry Cu + Au + Mo deposits}
To TETPWHOTA QALUTA UTTOPEL KON VAL TIEPLEXOUV KOLTAOUATO BACIKWVY KOl TTIOAUTIMWY
LETAAAWV:

O tumovu Zkapv (skarn)

O Supmaywv Ogovxwv MeTAAAEUHATWY ATTO AVTLIKATAOTACN AVOPOKLKWY TIETPWHATWV
(carbonate-replacement / chimney-manto)

0 Sidonapta petadAika Kottaopato mou ¢pthofevouvtal oe Ifnpata (sediment-hosted)

U kowtaopata EmBeppikol tomou katnyopiag YPnAng kat Evéiapeong Oslwong

(ZouAdpLdiwonc) (high- and intermediate-sulfidation epithermal) i
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High-sulfidation epithermal
disseminated Au £ Ag + Cu

Intermediate-
sulfidation v
Y, epithermal Au-Ag
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High-sulfidation
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PORPHYRY| < °
STOCK| x  x

PRECURSOR
PLUTON

HOST
ROCKS

Late-mineral porphyry

LITHOCAP E Phreatic breccia

Intermineral magmatic-hydrothermal breccia + 0+
Intermineral porphyry —
MAAR- ———
Early porphyry DIATREME |~ <
] ] ) COMPLEX ———

Equigranular intrusive rock N

T

Dacite dome ot

Felsic tuff unit
Andesitic volcanic unit

Subvolcanic basement / carbonate horizon

Sillitoe RH (2010) ECON GEOL 105:3-41

Dacite porphyry plug-dome
Lacustrine sediment

Late phreatomagmatic breccia
Early phreatomagmatic breccia
Late-mineral porphyry

‘Avatopia’ evog TNAEoKOTILKOU
Juotnpatoc MNopduplkou
XaAkoU

XWwpLKA OXEON €VOC KEVIPLKA TOTOBOETNUEVOU
Kowtaopatog Cu £ Au £ Mo Nopdupikol TUMou
{Porphyry Cu + Au + Mo}
mou pLloeveital amo ocUVOETO HOYOTIKO
nopdupttikd cwpa {PORPHYRY STOCK}, kat
YELTOVIKA teTpwpata, ME:
MEPIDEPEIAKA KOITAZMATA - (1) Kowtdopara
TUnou Zkapv (Skarn)(‘Makpiva/Distal “ kat
‘Eyyutato/Proximal’) , (2) Kottdoparta cupmaywv
BeloUXWV HETAAAEUUATWY OO OVTLIKOTAOTOON
avOpakikwy MeTpwpdtwy {carbonate-
replacement(manto)}, (3) ‘Maxkpwd’ Sidomapta
Kottaopoata ot Whuata {sediment-hosted(distal-
disseminated)}, [MPOXOXH: (1), (2) , kat (3)
d\ogevouvtat amd avBpakikéc AtBohoyiec], « (4)
(Ymo)EmBepuikég (subepithermal) dAEBeG o€ un
avVOPAKIKA TIETPWLOTA, KOLL,
YMEPKEIMENA KOITAZMATA - (5) Kowtdoporta
ErmuBeppuikov tUTOU, Katnyopiag YYnAng kot
EvSlapeong Osiwong mou ¢prlofevouvtal péca oTo,
Kall TTAEUPLKA OTTO TO, TIEPLBAAAOV TOU KaAU HOTOG
Mpoxwpnuévng ApyAikng{KNAE}
E€aAoiwong(Lithocap).
Aelavta: xpovikr) aAAnAouxio GXNUATIOHOU TWV
SL0pOpwV TUMWV METPWUATWV. To TTOPPUPLTIKO
owpa eivat maAalotepo tou MAAR DIATREME
COMPLEX(BA. OPIZMOI), To omoio MIKAAUTITEL TNV
avarmntuén tou KMAE kat tou Qpeatopaypatikol
AatuTtonayoug




ANATOMY OF A GEOENVIRONMENTAL MODEL

Deposit Size
The size of deposits can vary by several orders of magnitude. For
seafloor massive sulfide deposits, a single deposit may lie within the
watershed of a small perennial stream, whereas for porphyry copper
deposits, a single deposit can span several watersheds




Ertsberg-Grasberg District, Papua, Indonesia
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Grasberg Cu-Au Deposit,
Papua, Indonesia
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PICV Au-Ag#polymetallic “Aegean arc”-type deposit

1.2 Mt at 1 g/t gold and 124 g/t silver
combined resource of 1.0 Moz gold and 12.4 Moz silver
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EmiBepuiko Koltaopa Au-Ag Martha Hill,
Waihi, New Zealand
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Host Rocks
The mineralogy and geochemistry of the host rocks are especially
important in terms of the acid-generating or acid-neutralizing potential
of a mineable rock package




Host Rocks
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Host Rocks

mmou giAoéevouy “2uumayn Bsiouxa ustarrevuata orov Balaooto mubuéva tumou Kompou”




Host Rocks

mmou @iAoéevouv “Zuumayn BsioUya ystalAevuata and avtikatrdotaon avBpakikwv”
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Surrounding Geologic Terrane

Mineral deposits form in specific geologic settings, which have certain
predictable geochemical attributes. Thus, even though the immediate
host rocks of a deposit are devoid of carbonate rocks, the larger scale
package of rocks can contain significant amounts of carbonate, which
can serve to increase the alkalinity and hardness of watersheds
(vbdpokpitnc) receiving acid drainage from these types of deposits
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The structural setting of the deposit can greatly influence the
distribution of fractures and associated permeability
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Wall-Rock Hydrothermal Alteration

Wall-rock alteration typically changes the chemistry of the host rock for
a significant distance away from the ore zones. Alteration may increase
the acid-neutralizing capacity of a rock by introducing carbonate
minerals, or it can decrease the acid-neutralizing capacity of a rock by
transforming feldspars into clay minerals.
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Fig. 1. Schematic porphyry Cu system showing associated ore deposit types (modified from Sillitoe, 2010). The five formation
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Cross section through the Lepanto fault (location shown in Fig. 1), illustrating the mushroom nature of the silicic and
advanced argillic altered zones at the unconformity between the basement and Imbanguila units (modified from Gonzalez,
1956; Garcia, 1991). The main orebody constitutes ~70 percent of the Lepanto enargite Au ore and is hosted by the Lepanto
fault. The rest of the mined ore was from strata-bound bodies located at the unconformity, as well as above and below this
contact and in subsidiary east-west structures, adjacent to the Lepanto fault (Garcia, 1991). Where the unconformity is
intersected by erosion to the southwest, approximately parallel to the trace of the Lepanto fault, the quartz-alunite
alteration zone is exposed (Fig. 1), commonly forming cliffs (e.g., shown here to the southwest of the Lepanto fault). Over
and beneath the quartz-alunite zone, the alteration is characteristically dickite £ kaolinite, e.g., where exposed at the
northwest end of the airstrip (Fig. 6a).



Supergene Processes

YMEPYEVETIKECG SLEPYAOLEG KOl XOLPOLKTNPLOTLKA
EmBeppuika ocvotipata HS

EmiBeppika cvotipata HS untokelvtol o umepyeveTikn ofeidwon|
OeloUx0 opuKkTo + 20, = O§eidio Fe + H,SO, (T=30-40 °C)]

OTIOU TO ETUTPETOUV OL KALLATIKEC KoL YEWHOPPOAOYIKEC CUVONKEC. ZNHOVTILKO UTIEPYEVETLKA TIPOdIA £XOUV TA TIEPLOCOTEPQL
Kottaopata HS mou Bpilokovtal oe Enpa kat nuiEénpa /evkpata pepn (A. HMA, N. Eupwrn) HLEPN, EVW TO KOLTAGHOTO TTOU
Bpiokovtal og vypa/tporika pEpn (NA Acta, A. ELpnvikog) xapaktnpilovial LOvVo amo EPLOPLOUEVN UTIEPYEVETLKN)
e€aloilwon.

H unepyevetikn ofeidwon couAdidiwv [Oelovxo opukto + 20, = O&eidio Fe + H,SO, (T=30-40 °C)] o€ emBeppuLkd
ovotnuata HS eAéyxetal amo tnv SLamepatotTnTa MoV OPEINETOL OE UTIOAELUUATIKO omoyywdn xaAalla Kal o udpoBep LKA
Aaturtortayn, kot Steloduel og fabog mou pnopel va dptavet ta 400 Y., tooo ota HS 6c0 kal ota LS kottdopata . Ot TLUES
TOU TEPLEXOUEVOU oLdnpomupitn, Kabwg kot oL avadoyieg adnpornupitn/ocovAdidia tou Cu, eivat cuvnBwc vPnAgcg(os
eMBep LKA Koltaopata HS) pe amoteAeopa va SNLOUPYELTAL APKETA TTOCOTNTO UTIEPYEVETIKOU OEEWG TO OTIOLO UTTOPEL val
TIPOKAAECEL OXEOOV OUVOALKH amonmAucn Tou Cu aro TI¢ 0EelOWHEVECG (WVEG, LE ATIOTEAECO TOV EUTTAOUTIOHO TWV
QVWTEPWV TUNUATWY TNG {WVNE TWV UTTOKELUEVWY LN 0EELOWUEVWY OOUAPLOLWV OE UTIEPYEVETLKO
xaAkoaoivn(Cu,S)/koBeAAivn(CuS)((ENOMENH AIADANEIA)). Ot oéelbwpeveg auteg {wveg xapaktnpifoviol amd AElpwviteg
[pelypa and évubpa ofeidia tou Fe(FeO(OH)] mAouoloug o tapoaoitn [KFe3*5(SO,),(OH),] kat aupatitn[Fe,O,]. Omou
untdpxet adpOovog evapyitng ri Aouvovitng, oL ofeldwuéveg Lwveg xapaktnpiloviat ano ekopoditn[FeAsO, - 2H,0] kot dA\a
apoevidla. Ta opuktd MAE dev e€alAolwvovtal o€ 0lveg ouvOnkeg(elval otaBepad) aAAd ot {wveg apylAlkng e€aAAoiwong
miou mepikAeiovv Ti¢ {wveg NMAE (EMOMENH AIAQANEIA) petatpémnovial o€ UEPYEVETLKO KaoAtvitn (EMOMENH AIADQANEIA).
Enmouévwe, oTa UEPYEVETLKA TTPOGIA TTOU OVOTTUOCOVTAL EMAVW OO 0PLoUEVA Koltaopoto HS, TwveG UTTEPYEVETIKOU Kall
UTTOYEVETLKOU KaoAlvitn umopei va BpeBouv mAdal-mAdL. H Stakplon twv Sev eival eUKOAN, av Kot oL {WVEG UTTOYEVETLKOU
KaloALvitn TepLEXYOUV EPLOCOTEPO LOPOBEPULKO YaAalia.

H ouvoAikn moootnta Au kat Ag oTig {wVEC UTTEPYEVETIKNG o€eidwong umopel va sivat avénuevn (EMOMENH AIAOANEIA).
Ta meploootepa ofeldwpeva kotaopoto HS xapaktnpilovtal amo tnv €0TwW ULKPN TTOPOUCLO UTIEPYEVETLKWY
XaAkooivn(Cu,S)/koBeAAivn(CuS) ota avwIiepa TUAMLOTA TWV UTIOKELLEVWY {wVwV PE LN e§aAAolwpeva couldidia(Ewk. 51).
OL umtepyeveTikol xaAkooivng/koBeAAvnG Lolalouy YEVIKA LE “okovn” Kal EXOUV_TO XpWUO TNG alBAANnG, evw aviiBeta oL
UTTOVEVETLKOL YOAKoolvnc/KoBEAAIVNC EIVOLL CUUTIOVELC KOL KPUOTOAALKOL.




ZXNUOTIKA TOUA TWV OVWTEPWVY TUNUATWY EVOC KOLTAOHOTOC HS Mou €XEL UTTOOTEL UTIEPYEVETLKN)
ofelbwon/anocabpwon.

H ofeibwaon couAdpLbiwv emavw amno to eninedo Tou umoyelou vepoU(Water table) eivat cuvnBwc ateAng, Aoyw
HETAPBANTOTNTAC OTNV SLATIEPATOTNTA, UE ATOTEAECHO TNV TTOPAUOVH] “UNAAWUATWY” coUAPLSIWwY 0TO ATOTMAULEVO
KAAuppa 1) gossan. To avwtato THAMA TG {wvng Twv ooUAPLSiwy, kot omola evarnopeivavta couAdidia, udiotavtal
gumAouTiopo og xaAkooivn/koBeAAivn(Chalcosite/covellite enrichment) pe Cu mou aneAevBepwvetot Aoyw o€eldwong Twv
ooUAPLSiwy. Ta 6€va Stalvpata mou dnpLloupyouvTal KAatd TV ofeidwaon Twv couAdLSLwV MpokaAouv
kaoAwitiwon(Supergene kaolinite) twv e€wtepwv {wvwv e€aAloiwong Nitn-opektitn(illite-smectite) kat yAwpitn(chlorite),
evw N Lwvn NAE mopapEvel 0pUKTOAOYLKA aveTtadn. TEAKO amMOTEAECHA ELVOL OTL OTA ATTOCOOPWHEVA T LOTO TOU
OUOTHMATOC VO EXOUUE TTAEUPLKA HeTABaon armo {wvn uTtoyevn KooAivn o {wvn utepyeVETIKO KaoAwitn (Sillitoe 2000)
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Nature of Ore

The nature of the ore affects the potential intensity of adverse environmental effects and the
amenability to various mining methods.

At historic mines, the iron-sulfide wastes were discarded with little regard for potential
environmental effects. In contrast, typically porphyry ores comprise just a few percent of total
sulfide minerals. Also, the mineable tonnage of a typical porphyry deposit is at least an order of
magnitude larger than a typical massive sulfide deposit, thus generating more waste material



The potential environmental behavior of a large tonnage porphyry copper deposit, which is characterized by
disseminated sulfide minerals that average only a few percent of the rock, is obviously quite different from
ore from massive sulfide deposits that typically comprises greater than 60 percent of the rock (pyrite,

chalcopyrite, sphalerite, and galena). The chalcopyrite, sphalerite, and galena are recovered for their
economic vaIue but most of the pyrlte ends up in waste piles

Zupmayég HeTdANeupa eslouxwv ZnS PbS “ClFe es,
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Mining and Ore Processing Methods

Mining and ore-processing methods are influenced by the geology of the deposit.

The hydrologic differences between underground and open pit mines are significant.
Evaporative concentration is more prominent in open pit settings.

With regards to abandoned mines, historic evolution of ore beneficiation techniques can cause
different “vintages” of mine wastes to be variably endowed in metals.

Flotation circuits and cyanide leach operations add exotic chemicals to mine wastes.

Historical use of mercury amalgamation to process gold ores is a major source of mercury
contamination at abandoned mine sites.



Mining and ore-processing methods are influenced by the geology
of the deposit
The hydrologic differences between underground and open pit
mines are significant
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Mining and ore-processing methods are influenced by the geology
of the deposit
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Deposit Trace Element Geochemistry

Most deposits are exploited for just a few (or less) primary commodities, yet they can have
numerous other potentially toxic elements present in subeconomic quantities.

Cadmium is rarely recovered as primary commodity, even though is ubiquitously found
substituting for zinc in sphalerite.

Similarly, arsenic is common in many deposit types as a solid solution in pyrite or as
arsenopyrite. Both pyrite and arsenopyrite are typically discarded in waste.

Thus, knowledge of the trace element geochemistry of a deposit is essential for assessing all of
the potential environmental impacts.
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Santorini-Kolumbo marine volcanic group:

natural laboratory for volcanism and associated hydrothermal processes in an active
magmatic arc
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Active Hydrothermal Vent Field

Sea-floor massive sulfide structures
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Massive sulfide chimneys

18 Hellanic Contre for Marins Ressarch: / SoalioTach - All Rinhte Rasarmd = Photoaranine: Thancs Dailianis

\

SeaBioTech

SeaBioTech

B8E,2012.3

7

i
3 Hw.mn_-,.,
& 4 i T




Q
o
=]
2
=i
£
)
7]

100000 ;

Polymetallic metal enrichment

High volatile “epithermal” metal[loid] content
Analog of epithermal gold deposits mined on land
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Polymetallic metal enrichment

High volatile “epithermal” metal[loid] content

analog of epithermal gold deposits mined on land
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LA-ICP-MS trace element analysis in ore pyrite

Mineralogical sequestration of Au, Ag, Cu, Sb, Hg, Tl - Solid solution vs u- to nano-particles
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Primary Mineraloqy and Zonation

The primary, or original mineralogy of mineral deposits is the ultimate source of metals, acidity,
and, in some cases, alkalinity in these systems.

In addition, many hydrothermal mineral deposits are zoned. For example, porphyry copper
systems can contain significant amounts of lead and zinc. However, the lead- and zinc-rich zones
are typically found peripheral to the copper-rich centers of these deposits, and consequently,
are rarely mined.

Also, the presence of pyrite, as a source of dissolved ferric iron, greatly enhances the acid-
generating potential of weathering monosulfide minerals like sphalerite or galena (Plumlee,
1999).

The weathering behavior of minerals can vary significantly due to differences in morphological
characteristics and trace element compositions. For example, sedimentary environments can
contain “framboidal” pyrite, which is much more reactive than cubic crystals of pyrite. Likewise,
pyrite that contains significant amounts of arsenic oxidizes more rapidly than arsenic-free pyrite
(Plumlee, 1999).



The primary mineralogy of mineral deposits is the ultimate source of metals, acidity, alkalinity in
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Secondary Mineralogy

The secondary mineralogy, which forms through the weathering of a deposit or its mine wastes,
tends to sequester metals and (or) acidity on either a long-term or short-term basis.

Hydrated ferric oxides can sorb metals on a somewhat refractory substrate, whereas
efflorescent metal sulfate salts, such as melanterite, serve as a means to store metals and
acidity on a temporary basis during dry periods. These salts readily dissolve during rain storms
or spring snow melt and deliver their metals and acidity to the surrounding watershed.

For many deposit types, pre-mining oxidation of primary ores was a major contributing factor in
enriching some deposits to economic grades.
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ANATOMY OF A GEOENVIRONMENTAL MODEL

Soil and Sediment Signatures
Pre-mining soil and stream sediment signatures may be useful for establishing pre-mining backgrounds. Also, soils around
abandoned mine and smelter sites represent a significant sink for metals.

Topography and Physiography
Topography and physiography are important factors controlling the local hydrologic setting, particularly the location of the
water table. Also, deposits located in physiographic provinces in the rain shadow of orographic highs, such as the Great
Basin of Nevada east of the Sierra Nevada Mountains, will behave quite differently than those located in provinces with high
rainfall.

Hydrology
The hydrologic setting, especially relative to the water table, is a key variable in determining the magnitude of mine

drainage problems. The Iron Mountain mine in northern California is dominantly situated above the water table and
produces waters with pH values as low as —3.6 (Nordstrom and others, 2000), whereas much of the Penn mine is below the
water table and only produces waters with pH values as low as 2.8 (Alpers and others, 1999). Similarly, the geologic setting
of a deposit can influence the distribution of fracture-controlled permeability, and thus, access to ground water.

Drainage Signatures
The geology of a deposit exerts a major influence on both pre-mining background water compositions and on mine
drainage. Drainage characteristics vary systematically according to deposit type (Fig. 1). Increases in total dissolved base
metals generally correlate with increases in associated pyrite content, decreases in acid-neutralizing capacity, and increases
in base metal content of deposits (Plumlee, 1999).

Climatic Effects
Climate plays a key role in the environmental behavior of mineral deposits. Differences in temperature, amount of
precipitation, and humidity are probably the most important climatic variables (Plumlee, 1999). Temperature and humidity
are the prime variables that control evaporation. Evaporation limits the amount of water in semi-arid to arid climates.
Evaporation can concentrate solutes in all climates. Winter freezing conditions can lead to seasonally episodic fluctuations
in drainage chemistry. Ecosystems may form a reasonable basis for assessing the role of climatic variability in the
environmental behavior of mineral deposits (Bailey, 1996). Nevertheless, more research is needed to better understand the
link between climate and the environmental impacts of mineral deposits.




ANATOMY OF A GEOENVIRONMENTAL MODEL

Potential Environmental Concerns

Potential environmental concerns associated with mineral deposits can generally be
divided into three broad categories: (1) human health risks; (2) ecosystem risks; and
(3) physical hazards. All of these concerns are ultimately rooted in the geologic
foundation of the mineral deposit. Human health risks (exclusive of physical hazards)
generally focus on metals (lead, arsenic, selenium, and mercury) associated with
various mineral deposit types, and elements and compounds used in ore processing,
such as mercury or cyanide. Ecosystem risks are associated with acidity and a range of
metals. Physical hazards, such as open shafts and open pits, are related to the mining
required to exploit specific mineral deposit types.
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(1r.%. TTiKa atrd Taudid) Kal Teavr) eTTavatofeon UETAAwWY
Aoyw atroouvbeong i ammékkpiong. excretion. O Bpdxog “e”

atreikovi¢el “biomagnification”.

Geoavailability: C\
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FuvoAko MetaAlo(“Total Metal”): ocuvoAikn CUYKEVTPWON EVOG LETAAAOU OE €Va YALVO UALKO (OpUKTO, LETAAAEL QL)
To&ikotnta(“Toxicity”): evog otolxelou ) xNUKAG EVWonc elval n WOLOTNTA TOU UALKOU va EMNPEAoEL SUCUEVWE KABE

BloAoylkn Aettoupyia

BlodiaBeoipdtnta (“Bioavailability”): o BaBuog katd tov omoio €vag LoAuvTng o€ pia duvntiki tnyn eival
eAevBepoc/Slabéoipoc yla mpooAnyn (kivnon mpog Ta péca | EMAVW O EVOV 0pYaVIOUO 1 dUTO).

rewdaBeouotnta (“Geoavailability”): To Tupa ekeivo TNG CUVOALKNG TIEPLEKTLKOTNTAG EVOC XNIULKOU OTOLXELOU 1 Evwong
O€ €va yNWo UAKO (0puKTO, LETAAAEUA) TO OTtOLO UTTOPEL va ameAeuBepwBOel otnV yrLvn emidAvVELD I} KOVTA OTNV yNLvn
erupavela (A Bloodalpa) HECW HUNXAVIKWY, XNULKWV A BloAoyikwv dlepyactwy. H lewdlabeoipotnta oxetiletal pe tnv
erdekTIKOTNTA KOt Sltabeoipotnta TG opuktng Ppaonc-Eeviotn o avidpaoelg e¢aAlolwong Kal arnocabpwong .
“Dispersivity”: avadepetal o€ PUOLKEG SLEPYATLEG , 1) OTNV LKAVOTNTA TWV OTOLXELWV va SLaokopTii{ovTal LECW LLN-XN LKWV

Slepyactwy

“Biomagnification”: cuvdéel Ta TuRATa TOou KUKAOU “KatdaAnén” kat “Metadopa”



['ewdiaBeoiuotnta (Geoavailability)

TO TUNMO EKEIVO TNC OUVOAIKNC TTEPIEKTIKOTNTAC EVOG XNMIKOU
OTOIXEIOU I EVWONG O€ £VA OPUKTO N METAAAEUUA TO OTTOIO MTTOPEI
va atTEAEUBEPWOEI OTNV yNIvn ETTIPAVEIA ] KOVTA OTNV YAIvn
eMMIQAveIa (1 BIOCEAIPA) HECW HNXAVIKWY, XNMIKWYV ] BIOAOYIKWY
dlepyaoiwy. H Newdiabeoiyotnta oxeTieTal e TNV
ETTIOEKTIKOTNTA KaI OIABECINOTNTA TNG OPUKTNG PAOCNG-CEVIOTN O€
avTIOPACEIC E€aAAOIWONG KAl aTToocGBpwaong.

Smith, K. S., & Huyck, H. L. (1999). The
Environmental Geochemistry of Mineral Deposits: Part

A. Processes, Techniques, and Health Issues, Rev. Econ.
Geol., vol. 6A (1999), p. 29-70.

‘Eva peTaAAo yia va yivel B100100£01U0 TTPETTEI TTPWTA VO
gival yewdlabeaoiuo



H ouvéxela yEw-01a0ea1uoTNTAG---Bi0-0100£01MOTNTOC

2 UVOAIKI) OUYKEVTPWON €VOC METAAAOU O€ £va YNIVO UAIKO (OPUKTO,
METAAANEUNQ)

To YEw-0100£01u0 KAGOUO

AVOATINVEUGHIKES

SREIVORITOU ATTOPPOPATAI ATTO TO
MO O€ ONUEIa TOGIKOAOYIKNG



H véw-0100e01pdTnTa TOU poAUBdOoU (Pb)

a MoAuBdog
A6p0KOKKO§ TTPOCPOPNUEVOG OF
Oslouxog poAuBBog UKDO-0WLIATIDI0

NETITOKOKKOG
avOpaKIKOC HOAUBDOC
s

Very High . * High

Moderate .

Very High

Low Lead Geoavailability



H Bio-diaBeoiuotnTa Tou poAuBodou (Pb)

Ixvn HoAUBSOU ABPOKOKKOG BEI0UX0G MAAuBdog TpocpoPnuEvog
0€ HIKPO-OWUATIOIO

METAAAOUpYEiOU

O£ TTUPITIKA OPUKTA

Moderate

Low ___ High
Lead Geoavailability




KUkKAOG Zwn¢ Kal
["ewTtTEPIBaAAOVTIKG MovTéAa Koitaopdatwy M.O.TY.

K1 KAQ al AVATITUED KOkAot Zwic MetaAAwv/YAKwv
Kottaopdtwv MeTaAAKwyv OpUKTWV- (Tehwou mpoidvrog)(KYKAOZ 2)

MeTaAAevpATwVEE

De pa:;t -
Formation Recycling

Geoenvironmental
deposit models

Disposal
ol "

Genetic

models Minerals information,
analysis, materials flow

f' Mining,
Erosion Processing,
Refining

Commodity Use
~__p

Ta “TewTtrepiBarrovTikad Movtéla Koitaopdatwyv’(Geoenvironmetal deposit models) ammroteAoUv QUOIKEG TIPOEKTACEIG TWV
“‘MovtéAwy éveong Koitaoudtwyv’(Genetic models). ‘Eva MewtepIBaAAovTiKd MovTEAO VOGS KOITAOHATOG (UETAAANIKWY) OPUKTWV
gival Yo ouAAoyr YEWAOYIKWYV, YEWXNMIKWY, YEWPUOIKWY, UBPOAOYIKWY, KAl HNXAVIKWY OEO0UEVWY TTOU OPOpPOoUV OTNV
TTEPIBAAAOVTIKA CUUTTEPIPOPA YEWAOYIKA TTAPOPOIWY KOITAOHATWY (1) TTPIV a1Td TNV avamTu¢n peTaAAgiou-opuxeiou (Mining), kai (2)
oV aTTOTEAECPA TNG METAAAEUTIKAG dpaoTnpIoTnTas (Mining), e€6pugng/AcioTpiBnong/euTTAoUTIOPOU-PETAANOUPYIKAG 1] GAANG
emmegepyaoiag (Processing) kai Trapaywyns HETAAAoU/UAIKoU (Refining). ETTopévwg, éva MewtTepIBaAAOVTIKO MOVTEAO TTOPEXEI
TTANPOPOPIEG/OEDOPEVA OXETIKEG(Q) ME PUOIKES YEWXNMIKEG METABOAEG/aANayEG (aTTooGBpwon/didBpwaon) (Erosion) Tou cuvoEovTal
ME VAV OUYKEKPIPEVO TUTTO KOITAOUATOG, KABWG KAl YEWXNMIKES HETABOAEG TTOU CUVOEOVTAl ME TNV UYPA 1) OTEPEQ TA
AUpOTa/QTTOPPIMPATA TNG EEOPUKTIKNAG dPacTNPIOTNTAG, KOI TWV EYKATOOTACEWYV EUTTAOUTIONOU Kal UETAAAOUPYIKAG ] AAANG
emmegepyaoiag(Processing, Refining) cuptrepiAapBavouévwy kai TnG Kapiveuong(KYKAOZ 7). Tov KYKAO 1 cupttAnpwvel o
KUKAOG {wNG TwWV HETAAAWV/UAIKWYV /TENIKOU TTpoiovTog (KYKAOZ 2): ol diepyacieg ueTdpaong 1o Eéva otddio Tou KYKAOY 2 o1o dAAo
(Xpnon TeAikou TTpoidvTog (Commodity use)— AidBeon amoBAnTwy (Disposal)—AvakukAwon (Recycling), 1rpocdiopidovTal Kai
eAEyxovTal TOOO aTrd pia oAioTIKA Bewpnon (METAAAEIQ, TTapaywYOi, TEXVOAOYOI AVOKUKAWONG, TEXVOKPATEG, XPNUATIOTEG,
KaTavaAwTEG, TTONITIKOI) TRG dIATAPNONG TNG TTAYKOOUIOG TTPOCPOPAG-KAI-CTNONG O€ PETAAAA KPIOIUWY TEXVOAOYIWY, 60O Kal
TTOCOTIKOTIOINGN TWV. POWYV JeTABAoNnC attd To £va aTddlo 2 oTo dAAo (Minerals information, analysis, materials flow).



MoppEc, KivnTiIkoTnTa KAl
TocikotnTta Tou As oT0 [lepifaAlov

Processes conducive to the release and transport
of arsenic into aquifers of Bangladesh

Motthow L Polizzotto®, Charles F. Harvey', Stove R. Sutton?, and Scott Fendori*' PNAS December 27, 2005

Role of metal-reducing bacteria in
arsenic release from Bengal delta

sediments

Farhana S. Islam’, Andrew G. Gault', Christopher Boothman',
David A. Polya', John M. Charnock'~, Debashis Chatterjee’

1
& Jonathan R. uoyd NATURE, VOL 430, 1 JULY 2014

Arsenic Contamination of Groundwater: A Review of Sources,
Prevalence, Health Risks, and Strategies for Mitigation

Shiv Shankar,' Uma Shanker,2 and Shikha! The Scientific World Journal, 14 October 2014



33

As BB YVWOTO YIa TO apaeVIKO (AS)

74.922
* To As gival HETOANOEIDEG, aVKEI aTNV OuAda Tou adwTou, £xel A=74,9 ka1 Z=33.
« Amopovwon atrd tov aAxnuioTr) Albertus Magnus 1o 1250.

* H ovopaoia Tou TTpoEpXETal ATTO TO "APOEVIKOV" TwV apxaiwv EAAAvwy (KiTpivn cavdapdaxn,
As,S;), TTOU XPNOIUEUE WG XPWHA.

*  ToAs,O; ATAV TO YVWOTO KTTOVTIKOPAPUAKO» KAl AAATA TOU XPNOIYOTTOINBNKAV WG «ITTOPIKA»
onAnTnpia.

« Eival 1o 20° 110 AgpOovo oToixeEio oTo PAOIO TNG ['NG. BpiokeTal WG KUPIO OUCTATIKO O€ TTAVW
a1t 200 opukTd, atrd T OTToIa T TTAEOV KOIVA €ival: O APOEVOTTUPITNG, FEASS | n KiTpivn
oavdapaxn (orpiment), As,S; kai n oTravioTepn epuBpd ocavdapdyn (realgar), As,S,.




OCZEIOWTIKN KATAOTAON TOU APOEVIKOU(AS)
KAl KIVNTIKOTNTA OTO TTEPIBAAAOV

Puoikeg IInyeg

(/*"— Bropnyavies
[z@pyia

Mixkpoopyavicuol
mmyl-As
.A
["zoymuiko vrofobpo | «— AS[ii}—_
Axvmroroupeves popoes ——* As[V] .—* As[lll]

Mixpoopyavicpol S Yroyzio1 vopogopeisg




OCZeIOWTIKN KATAOTAON TOU APOEVIKOU(AS)
KAl KIVNTIKOTNTA OTO TTEPIBAAAOV

* 2€ ETMIPAVEIAKEC OUVONKEG, OTTOU T UOATA €ival OCEIOWTIKA,
10 Apoeviko (V) €ival eukivnTo o€ TTOAU XauNAO pH, kai o€
OAKAAIKO pH. 2& ouvBnkeg oxedov-oudETEPOU PH,
TTPOCPOYATAl IOXUPA o€ udpoceidia Tou aidnpou (FeO(OH),
FeO(OH)-nH,0).

e 2.€ AVAYWYIKA UTTOYEIO VEPA TTOU OEV £XOUV ETTAPN UE TNV
atuoo@aipa, 1o Apoeviko (I11) ival TTOAU gukivnTo 0€ OXEDOV-
oudeTePO pH values, 1ID1aiTepa 0Tav couAidia (1T1.X. FeS,) ival
QATTOVTA
- O1av 10 couAgidia cival TrapovTta 1ote 10 As(l)
TEIVEI va TTPOCPOPATAI OTNV ETTIPAVEIQ TOU OIONPOTTUPITN
(FeS,)



[[ewyeveEC ApoeviKO (AS) OTO TTOOIUO VEPOD
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Arsenic patients in Bangladesh and West Bengal. (Photos by Prof. Richard Wilson of
Harvard University)

['ewyevec Apoeviko (As) oTo TTOOIMO veEPO, Bangladesh

« KaravaAwaon utroyeiou vepou
1o afadn TTnydadia Ta oTToia
KATOOKEUAOTNKAV YIa va
TTPONNOEUCOUV OTOUC KATOIKOUG
EVAAAQKTIKI TTNYN TWV
ETTIPAVEIOKWY UOATWY TTOU Eival
(popEic TTaboyovwyv

* YTTEPKEPATWON
(Hyperkeratosis) d€puaTog,

8| kapkivog Tou déppaTtog, skin
| lesions, KOKWOEIC TOU OEPUATOG,

K.Q.

e [1epitrou 200.000 avBpwrTTOI UE
apOEVikwan (arsenicosis)
(ETTITITWOEIC OTNV UYEIa aTro TN
ouoowpeuon As oTov
avOpWTTIVO 0pyaviouo)



Arsenic changes form as rock in Himalayas
is eroded and rivers carry sediment to

the Bay of Bengal
North South
As in pyrite As(V)in iron rust +
| plant debris
As(V)in iron !
rust Fe(ll), As(lll) in water

Fe(ll), As(lll), SO %
in water + plant debris

l

As in pyrite

Slide from George Breit, USGS, gbreit@usgs.gov

Dr. Geoffrey S. Plumlee
U.S. Geological Survey
Denver, CO
gplumlee@usgs.gov



Dr. Geoffrey S. Plumlee
olegical Survey
nvgr, CO
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Rl Y (Sl o £ M
Satellite image of Phnom Penh and lower Mekong River
Slide from George Breit, John Whitney, USGS
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Ground water
@ <30 ug/L As
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.S. Geological Survey

Denver, CO
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“Everything is a poison, nothing is a poison,

the dose alone is the poison”
P.A. Paracelsus (1493-1541)
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Toxicologist and Vet Say Dead
Sheep Likely Died from Selenium

The cause of death of botween  Springs Animal Cline, concucred  rumen contents which shows what

‘WS F F L 60 and 80 sheep on the Caribou  with Dr. Talcou's findings, with  the sheep had been feeding on.
NEWSBRIEF FROM CHINA. .. National Forest is “rcasonably and ~ whom he consulted. The sheep Dr. Cutler sald certain plants and
likely" selenlum toxicosis, accord-  were owned by Cal Dredge of Soda  feed additives can also cause simi-

Red Beer: The Selenium-Enriched Brew From Taizhou o ST ‘Mine e ‘owieh, by of wamiim, bt et o

cancer risk.

ed Beer—Se-enriched—is a unique new member of the beer family recently introduced in China
following approval for commercial production by the provincial authorities. It is produced by the Boshi
Brewing Co. in Taizhou and reportedly possesses “extraordinary Selenium supplementing qualities”.



“Everything is a poison, nothing is a poison, the dose
alone is the poison”

[TA€1dda TTNYWV duvNTIKA TOCIKWYV METAAAWY KOl OPUKTWY OTOM TTEPIBAAAOV
H mTepIBAAANOVTIKN KIVATIKOTNTA TWV METAAAWY KABWC KAl O1 ETTITITWOEIC TWV
OTNV UyEia Twv eAEyxovTal o€ HeyYAAo BaBud aTro:

* TNV YEWAOYIKI), OPUKTOAOYIKN | XNMIKI HOP®I) ME TNV OTTOIA ATTAVTWVTAI
oTnVv 1INy OnA. TTOCO Aueca atreAsuBepwvovTal ATrd TNV TNy Toug HEoW
TTEPIBAANOVTIKWYV DIEPYATIWV
TIC YEWAOVYIKEG, YEWXNMIKEG, Kal BIOAOYIKEC DIEPYATIEC TTOU ETTIOPOUV OTNV
ATTEAEUBEPWON TWV ATIO TNV TTNYH, KAl OTNV JETAPOPA TOUG OTO TTEPIBAAAOV
TIC DIEPYATIEC HEOW TWV OTTOIWV ATTOPNAKPUVOVTAI ATTO TO TTEPIBAAAOV

H yEWAOYIKN KAl YEWXNMIKA YVWON TOU KUKAOU TWV METAAAWYV OTO TTEPIBAAAOV,
ATTOOEIKVUETAI KPiOIUN OTNV KATAVONON TNG dUuVNTIKNG TTNYNS KAl TWV
ETTITWOEWY TOUG OTN UYEIQ
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