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Movaoec & HETATPOMNEC

1 ppm (parts per million) = 1000 mg/L i 1000’ mg/Kg
1 ppb (parts per billion) = 1000 pg/LL n 1000 pg/Kg



B Oxides Conversion Factors

CONNVERSION

B MovadeG & PETATPONEG

ELEMENT

1.669

1.116

Common Tyler Sieve Sizes
Gold Conversion Factors Mesh Aperature (pm)

1 ppb 0.001 g/tonne 10 1.680

1 ppm 1 gltonne 20 841
1 ozfton 34.286 grams/tonne 35 420

1 gramftonne  0.0292 ozfton 80 550
1 gram/m? 0.04210z/yd? 80 177

100 149

T 150 105
Grain Size (Diameter) 170 88

Gravel 2to4 mm 200 74
Sand 63 um -2 mm 250 63
Silt 4-63 pm 270 53

Clay <4 uym 325 44
400 37

http://acmelab.com



MepiekTIKOTNTA OTO KoiTaopa <
NEPIEKTIKOTNTA OTO KoiTayua

Ore Content

1% Cu
1% Mo

1% U
1% W

1% £n
1% Fe
1% Fe
1% Fe
0.1% Uz0s

[lapadeiyuaroc xdpiv

Av 1O KoiTaopa £xel 1% Pb

2.89% CuFes; (chalcopyrite) <=>

1.67% MoS; (molybdenite) 1.15% yaAnvitn (PbS)

1.15% PbS (galena

1.18% U:0: (pitchblende)

1.26% WO: (scheelite) ,

1.49% ZnS (sphalerite) [lw¢ 1O UrioAoyiI(OULIE:

2.15% FeS: (pyrite) r N
1.57% FeS [pytrhotile] ATOpIKG ’B api
1.38% Fea04 (magnetite) Pb = 20/.2 kail
2 Ibsfton U0 PbS = 207.2+32 = 239
http.//acmelab.com/
(Pb)-207.2 -> 1%
(PbS) - 239 -> x?
x=1.15%



AVTINPOOCMMNEUTIKOTNTA TOU OEIYHATOC

‘ . oxd : .-. 2 - -" - e
https://phys.org/news/2012-12-ore-deposits.html



21NV Bloynyavia ta
Oelyara yia mnyv
LIEAETN
KoITaoudarwy &val
¢ Taénc 2 - 20 Kg.

https://www.911metallurgist.com



Ouovevonoino

Sacond AVieon

The reckcec sargle

Cpposite quarters taxen for mxing and forming

https.//www.911metallurgist.com



EniHOAUVOEIC KATA TNV
kKovionoinon

Pulverization Contaminants Added
(amount added depends on hardness of material and particle size required)

Mill Type Contaminant Added

Mild Steel (best choice) Fe (up to 0.2%)

Hardened Steel Fe (up to 0.2%), Cr (up to 200 ppm),
trace Ni, Si, Mnand C

Ceramic Al (up to 0.2%), Ba, trace REE

Si (up to 0.3%), Al, Na, Fe, K, Ca, Mg, Pb

http://facmelab.com/



Kookiviocua

Grain Size (Diameter)

Gravel
Sand
Silt
Clay

Common Tyler Sieve Sizes

Mesh

10
20
35
60
80
100
150
170
200
250
270
325
400

‘ CObees‘ Boulders ‘

2to4 mm

63 uym -2 mm
4-63 pm

<4 ym

Gravel

Aperature (pm)

1,680
841
420
250
177
149
105
88
74
63
53
44
37

Sand

Clay and silt

http.//www.engineersdaily.com/2014/03/basics-of-soil-compaction. htm/
http://acmelab.com/



XNIUIKEG GVAAUOGEIG VEW-UAIKWV KG/
LETAANEULATOV:..




INCraasing strenctn

Distilled H,O

Bioleach ®

Enzyme Selective
—> Exiraction’

I e —— EDTA I
, lonic Leach' MIG*®

, lefraleach?

—

., MMP

» Magnesium Chloride

Stronger extractions dissolve more of

the endogenic component. This can
overwhelm the subtle exogenic signal.

Aqua Regia

Tporionoinon ano http.//www.actlabs.com/

Selective Extractions

Selective Extractions (SE) are a cost-effective method of finding blind mineralization through deep
cover such as exotic over burden, lake beds, barren bedrock, or younger volcanic rocks. Very subtle
trace element signatures have been added to soil above mineralization by elements migrating to
the surface through a variety of mechanisms. Some traps for these signatures include Mn oxides,
clay, carbonates, and organic material. Varieties of Selective Extractions target different trap types
to release the signal of mineralization. A weaker leach is required to isolate the signal of blind
mineralization from that of the over burden. Conventional partial leaches, like aqua regia extraction-
ICP, extract metals from sulphides, oxides and silicates. This provides a partial composition of the
overburden which will contaminate the signal of the buried mineralization. Pattern recognition is the
key to proper interpretation of SE data, since anomaly patterns can be different from conventional
geochemical data. Selective extractions have been shown to work effectively in both acidic and
alkaline environments, and have been used successfully in desert, tropical, glacial and permafrost
terrains.

Enzyme Selective Extraction (ESE) is one of the most discriminating of the selective analytical
extractions in use today. This selective extraction targets amorphous mixed oxide coatings. By
selectively removing the amorphous manganese dioxide from these coatings, the mixed oxide
coatings collapse, releasing trapped trace elements. At this time, the greatest depth of penetration
of ESE for a mineral deposit is greater than 800 metres.

Bioleach uses technology proprietary to Actlabs. Through years of research by Actlabs, supported
by CAMIRO (Canadian Mining Research Organization) with our SGH technology, it has been proven
that microbiological processes are exceptionally important. Electrochemical Redox cells mobilize
metals from the mineral deposit to the surface which become adsorbed on soil particles and create
unique surficial conditions that bacteria then feed upon. Bioleach digests bacteria and their proteins
from the collected surficial samples to analyze for the elements related to the blind mineralization.

MIG (Mobile lon Geochemistry) isolates the chemically active metal ions which were loosely
adsorbed to soil particles. This is a weak leach that uses a solution of organic and inorganic
compounds to extract target elements.



Digestion (nEwn, diaAuTonoinon)

» Ethylenediaminetetraacetic acid (EDTA,
AIBUAEVODIANIVOTETPAOEIKO OEU)
carbonates removed without destroying silicates
better grain-size

» AJua regia = mixture of concentrated hydrochloric acid (HCI) and
nitric acid (HNOz)Typical ratio: 3 : 1 (HCl : HNOz) by volume

metals, sulfides, oxides, many silicates (partially), organic matter (oxidation by:
HNOz)

» 4-acid digestion: strong near-total digestion method using a

mixture of four concentrated acids: HCl + HNOz + HE + HCIO4
(hydrochloric + nitric + hydrofluoric + perchloric acid)

This is one of the most aggressive wet-digestion procedures used for near-total
dissolution of geological materials

» Fusion

Typical fluxes: LizB20z7 (lithium tetraborate), LiBO2z (lithium metaborate), mixture of
both (very common), Na2CO3 (older method), K2S207 (for special cases)

Temperature:~950—1100 °C
Containers:Pt—Au crucibles, graphite (sometimes), zirconia (rare)






XNIUIKEG GVAAUGEICVED-UAIKWOV....




» O1 UYPEG AVAAUTIKEG TEXVIKEC anAITOUV TNV
OIOAUTONOINGN TWV OTEPEWV OEIYHATWY ME

XPNOT OEEWV.

» H akpiBnc O1adikacia mou akoAouBeital o€ kabe
NEPINTWON €EAPTATAl AMO TO E€I00C TOU OEIYUATOC,
Ta XNMIKA oTolxeia nou 6a mpoodlopIcTOUV. Kal Td
eNINEdA TG OUYKEVTPWOTC TOUC.

» AvaAoya PE TO GTOXO TNC XNUIKNG avaAuonc Kal Tn
ouoTaon TwV OEIYUAT®WY, N OIGAUTOMOINCH TWV
VEWAOYIK®WV UAIKwV (RETpwpaTa, €0a®n, ICnuana)
UFOPEI VA €ival EKAEKTIKN - JEPIKN, 1 OAIKI).



» >TIC MEPIBAANNOVTIKEG MEAETEC O OTOXOC Elval Va
eniAeyel pia pEBOOOC mMOU va OIEUKOAUVEL TN
OId(POPONOINCN TWV VEQXNUIK®YV. avoUAAI®V
(geochemical contrast) amo TNV TINQ  TOU
VEWYNUIKOU MAdICIOU.

> X€ MOANEC VEWYNUIKEC EPEUVEC, KAAUTEPO contrast
UMOPEl va emiTeUXBel PJE EKAEKTIKN €Eaywyrn MOVO
OpPICUEVWY MOPPWY TOU OTOIXEIOU, napd ME
£CAVWYN TOU OAIKOU MEPIEXOMEVOU TOU OTOIXEIOU.



» AUO  VEVIKEC  KATNYOPIEC
OIGAUTWMOINONC:

aneAeUBEPWVOVTAl OTOIXEId MOU
OUYKPATOUVTAl OTO  MAEyMa
NPWTOYEVWV. MUPITIKWV
OPUKTWV

acBsvl npooPoAn oOEEwV:
aneAeuBepwyvovTal OTOIXEID
NPOCPOPNUEVA OTNV. ENIPAVEIA
APYIAIKWV.  OPUKT®WY, OEEIDIWV
Fe/ Mn, 1 opyavikng UANG




XNIUIKEG GVAAUGEICVED-UAIKWOV....




» XpnoiUonoleiTal ouvNBWG O€ KOITACUATOAOYIKEGC EPEUVEC.

» [lepihapBavel
VITPIKO 0cU (HNO;)
uopoPBopIko oEU (HF)
unepyAwpiko oEu (HCIO,)

» H oladikacia mepiAapBavel apyika TNV, OEEIOWON TNG
OpYyaviknc UANG pHE xpnon wviTpikou o&eoc (HNO;) kal
akoAouBwc Bepuavon pe uopo®Bopiko oEU (HE) n piyua
vitpikou (HNO;), unepxyAwpikou (HCIO,) kal udopopBopikou
ocewv (HF).



OAIkn olagAuTOoroInon

» [paypaTonoleiTal MPOCBOAN TOU MUPITIKOU MAEYMATOG TWV
OPUKTWYV. KAl | aneAEUBEPWON OAWV TWV. CUCTATIK®WY. TOUG
OTO OIAAULA.

» H mepicogla Tou MUPITIOU ANOUAKPUVETAl Ao TO OEiyua
UMO Th Lop®n Tou agpiou SiF,.

» Opiopeva avBekTIkA OPUKTA, OMWEC O PapiTtnc kal To
(IPKOVIO OEV. OIGAUOVTAI MARPWC.




OAIkn olagAuTOoroInon
» 2HMEIQ>EIL>:

Xpnoijonolouvral xwveurnpla ano Teflon kal nome oe UAAIVA
OKeUR Ta Onoid NpeeRaAlevIal ano 1o HE.

OTav ol oToxol TNG avaAuonG MAepIAauBavouy. ToV MPOCOIOPIGHO
MTATIKWY.  XNUIKWV.  OToIXEiwv, M.X. As, 0a npenel va
YPNOILONOIoUVTAl KAEIOTA OOXEId WOTE VA AMOPEUYETAl N OlAPUYN
TOUG MO TO OEIyld.

OElyMATA UE UWNAN MEPIEKTIKOTNTA G GOUAPIOI AMAITOUV. UWRNAECG
Bepuokpaciec (>120 °C) yia Tnv. OAIKR OlaAuTomoinor Touc (RA.
XPNON AQUTOKAEIGTWV).




h_ﬂ

—— — e—
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@

Kal TOU MUPITIOU anaiTeital GUVTNEN.

o0 —)

» 0,0V MPOCOIOPIGHO TWV CNAVvIWY Yaiwy 'l > e

X-FLUXER P ' 6

» ApYIKG MPAYMUATOMOIEITE GMOBOARN TOU el
vepou amo To Otiypa He BEpuaven eTous ks I T
105 °C, emeima mpayparonolsiTal cuvingn M o
LIE Beppo uiypua LETAPOPIKO e - |
(Na,[B,O(OH),]:8H,0) / TeTpaBopiko e
\iBio (LiBO,) aToug 1050 °C.

» HEIGHT: 56 cm / 22°
+ BREAKER: buslt in (204) * WIDTH: 105 cm / 417
* WEIGHT: 95 kg / 210 lbs * DEPTH: 69 cm / 27"

» To npoiov. TNG OUVINENG E€ival &va
OMOYEVEC, AMOPPO, OTEPEO OldAuUMdA, TO
OMOIO OTN CUVEXEID OIAAUTOMOIEITAl UE TAV
£NIOPACH aApalwV. OEEWV Kal odonyeiTal yia
avaAuon.

https://www.spexsampleprep.com/uploads/files/brochures/0302-163301-X-600_Brochure_Final_Secured.pdf



MEpIKN O1GAUTOIOINGT

» BaciAiko Nepo (agua regia): OIGAUPG  MUKVOU
udpoxAwpikou (HCI) kai vitpikou o&eoc (HNO;) o€ avaloyia
3: 1.

» 3HCI + HNO; -> H,O + NOC| + Cl,

» AlgAuel Ta akoAouBa:
= gOUAQIOIa
= OCEeidla TOU GIONPOU
= anaTiTh
= OEeidla TOU oupaviou
= OCEeidla TOU oAUBOalviou
= EYEl MEPIOPICUEVN OPACH EMI TWV. MUPITIKWY. EVOOTEWV.




MEpIKN O1GAUTONOINON

2HMEIQSEI>:

To paociliko vepo €ival akdtdAAnAo Yia OIGAUTOROINGEIG
OEIYUATWY. JE UWNAO HEPIEYOUEVO OPYAVIKNG UARG.

» [ET0I0 OEiyATA MPENEI VA MUPWVOVIAl HPIV. TAV. ENIOPAGH
TV, OEEWV.

» MeraAAa Ta onoia Bpiokovidl om0 MAEYUA TV HUPITIKWY:
OPUKTWY. JEVOUV. VENAMA GTO OTEPED UNOAEIHA.




MILESTONE ETHOS 1600

Advanced Microwave Lab:




EKAEKTIK EKXUAION

» XPNOIUOMOIEITAl Vid TRV. AaneAeUBeEP®ON  GUYKEKPIUEVOY
XNHIKWV.  OTOIXEIOY, OT0 OIJAUMA  Kall a@nVvel GTEPED
UNOAEILA.

» 2uvnBwc nepihapBavel OladoYIKO OTaAdIa, OTd Onoid
ENIOPOUIE OTO OTEPEO OEIYUA ApPXIKA e acBevi) O&ea Kal
onnV. €EENIEN TNG OIAOIKAGCIAC E OAGEVA Kal IOXUPOTEPG
avTiopacThPId.

» H peBodoc Oivel NANPOPOPIEC yid TN  OUVNTIKN

TWV ~ OTOIXEIWV,  HEO®W  TOU

NPOCOIOPIOUOU TNG IKAVOTNTAGC AnOoMAcnC Kal OIUAICNG

TOUC ME €I0IKA XNUIKA avTridopaocThnpid [ouU  EMOPOUV
EMINEKTIKA OTIC OTEPEEC (PACEIC TOU AVAAUOUEVOU UAIKOU.



T 1.0 g befyomag
Tpogdme £ ml 1M M0 (pH 7.0), oweeync ovabenon i 807 o Beppoxpomia Sepomon

Exinpa 1 . ) )
Tpospogrueve whoapn [mmal idduy edey]

oo & ml 1M Ma0As (pH 5.0, crvem; evedood o 5 mpe; o Bepumgpaoia Geysarion
EoyoEvTpiE]

Exctiopa 2 . o .
Avfipmaa v adun spospogn e dasue [ofipoany eao]

oo fusopere: | ml
| Y:uilnmm_ 2
Hpmﬁnn]ﬁﬂml {ID%'IHI-I;.DI-H-IGE';H:; thﬂ}m&nmmn&mmumnmﬁmpe,
) 06T Axoione epaingT Tow acdleanmo: i 3 ml arectayueven VEPOD Ko GUVERS
mvabenen 107,
PUPDKEVTPICT]

Exirpa 2 . .
Oag Fe, Mn [avepory paoy]

Folaopun fugoporo; 15 ml

| Yaihsmm 3

Tlpooia:

o) Sml 300 H;O4 (pH 2.0 e }R-I&;-mumﬂmqumnqﬂﬂﬂmzmpe'usmmnﬁlmmm

B) 3ml 30% H0, (pH2.0us HNO,) arobima) SepuervaT) otong B5°C vin 3 mpe: pE TEpuobl] evaieaT).
GE Denyermaon.

E1] GE BEppmpRT
1) 3l 3.2 NHL Qe V0 20% (i) HNO,. Amnuﬂnmpcrmnmmﬁmn‘mc e 20 ml
ORETTAF|EEVOT VEMND W cuve]m)C ovabena na 30

FuymEvIoT

Ewtivpad _ .
Orprymnceg’ Bewupes evioes [oca sy sasm)

Foaopn hekoporo; 15 ml

Yrahayua 4

Tlpoie - o) 5 ml FNO, v BEpumran wege Spaven gooug B0
B 5mlI-IE'+4mlI-ICl&—1m]I—]I¢D;mBepuwmmuxlEl‘Cumuxumpmﬂmm

1) Tooctmay § ml apmos HNO, 006 (Lmd HNO, km Sml axsomeryusve VERD IE FRET)
FUVTETEE]

Extiopad )
Vraleypysarma whamue (mprmE svisng) [srelaupamy gdey)

MeBoooAoyia O1aooXIKIIG EKXUAIOTIG XK@Y,
aroixeiwy. (Li and Thornton, 2001).




XTIIKEG GVAAUGEICYVED-UAIKDV....

11 EI00UG OIGAUTONOINGN XPEIGloUa]?

T1 EUPOC OUYKEVTPWOEWV. BEAW Va HETPIOW
(lower kal upper detection [imit)?

Apa 11 opyava avdAuonc rnperel va
XPNoiLUonoInow?




e -
INcCreasing «

Distilled H,O

Bioleach ®

Enzyme Selective
— Extraction’

I e —— EDTA I

—

-

, MMP

, lonic Leach! MG*
o Avﬂélwvauctpﬁag)m
» (1€ITa e opUNTar,

o&ediwv, opyavucng vAng ->

Stronger extractions dissolve more of
% the endogenic component. This can
overwhelm the subtle exogenic signal.

Av 02w va petpnom
OTOLYELA TTOV
Pploxovral oTo TAEYud
TPLTIKDV OPUKTDV ->

LOYVPT) TPOOSOAT]

loride

Aqua Regia

Tporionoinon ano http.//www.actlabs.com/

Selective Extractions

Selective Extractions (SE) are a cost-effective method of finding blind mineralization through deep
cover such as exotic over burden, lake beds, barren bedrock, or younger volcanic rocks. Very subtle
trace element signatures have been added to soil above mineralization by elements migrating to
the surface through a variety of mechanisms. Some traps for these signatures include Mn oxides,
clay, carbonates, and organic material. Varieties of Selective Extractions target different trap types
to release the signal of mineralization. A weaker leach is required to isolate the signal of blind
mineralization from that of the over burden. Conventional partial leaches, like aqua regia extraction-
ICP, extract metals from sulphides, oxides and silicates. This provides a partial composition of the
overburden which will contaminate the signal of the buried mineralization. Pattern recognition is the
key to proper interpretation of SE data, since anomaly patterns can be different from conventional
geochemical data. Selective extractions have been shown to work effectively in both acidic and
alkaline environments, and have been used successfully in desert, tropical, glacial and permafrost
terrains.

Enzyme Selective Extraction (ESE) is one of the most discriminating of the selective analytical
extractions in use today. This selective extraction targets amorphous mixed oxide coatings. By
selectively removing the amorphous manganese dioxide from these coatings, the mixed oxide
coatings collapse, releasing trapped trace elements. At this time, the greatest depth of penetration
of ESE for a mineral deposit is greater than 800 metres.

Bioleach uses technology proprietary to Actlabs. Through years of research by Actlabs, supported
by CAMIRO (Canadian Mining Research Organization) with our SGH technology, it has been proven
that microbiological processes are exceptionally important. Electrochemical Redox cells mobilize
metals from the mineral deposit to the surface which become adsorbed on soil particles and create
unique surficial conditions that bacteria then feed upon. Bioleach digests bacteria and their proteins
from the collected surficial samples to analyze for the elements related to the blind mineralization.

MIG (Mobile lon Geochemistry) isolates the chemically active metal ions which were loosely
adsorbed to soil particles. This is a weak leach that uses a solution of organic and inorganic
compounds to extract target elements.



» Melyja nukvwy, Ioxupwy. ocewy. (HNO5, HCIO,, HCI, H5SO,)
eV, Bepl® OIGAUTONOIE:
Fe-Mn o€gidia,
apyINIKa OpUKTd,
avBpakika Kkai
HEPIKA NUPITIKA(OAIBIVA)

SNUEIWOTT] 12 Td IXVOOTOIXEIA OF [IUPOEEVOUG Kal GUPIBoAOUG
AENEVBEPWYOVIAI HEPIKWG:

>

Kal MOAA®WY
AAA@WV OPUKTWV EMITUYXAV® LE XPHoN Kal AAA@V OEEWV EV
Beppo.

IUEIWan 2: ripoooxr] yiari 1o HF olaBpawVerl 1o yuali -> Xpnoiionoiwvias
YwveuTrnpia Teflon.

2nueiwon 3: peyain MPOSOXH ornv xprion HE, viari npokaAs
avaloBnTonolnon TwWY. KUTTAPWYV. Kal OV EEOUOETEPWVETAI IANPWGE E TO VEPO.
Snuelwan 4: >roixeia onwg As, Sb, Cr, Se, Mn, Re, Ge, Mo kai aAAa prorcr
va xaBouyv kard 71 O1aAUTOroINo IE UREPXAwWpPIKO. oU HCIO,




|ncrea5||ng propoﬂllon of total mineral + metal content dissolved

—

AlaAuTEG
(PACEIC PaceIq
=0luble AgseT::d Carbonates Mn-::clldes Crystatine Silicates Resletate
phases e Fe-oxides minerals
species am Fe-ox
= Distilled water»
MM | =ty
w— NH,-acetate m—
- Acetate + acetic acid»
— Enzyme Leach / HyO, ==
/') Weak NH OH =
°l'@o EDTA + HC|=——s
Ofeé)g & Strong NH,OH =——>
que e% Regoleach =
N AR
N N Dilute HC| =

Aqua regia =
Mixed acids =

HF / fusion =)

Major advances in exploration geochemistry, 1998-2007
D.R. Cohen, D.L. Kelley, R. Anand and W.B. Coker, 2010.
Geochemistry: Exploration, Environment, Analysis,



https://doi.org/10.1144/1467-7873/09-215
https://doi.org/10.1144/1467-7873/09-215
https://doi.org/10.1144/1467-7873/09-215
https://doi.org/10.1144/1467-7873/09-215
https://doi.org/10.1144/1467-7873/09-215

XTIIKEG GVAAUGEICYVED-UAIKDV....

11 E/00UG OIGAUTONOINGN XPEIGLONG]?

T1 EUPOC OUYKEVTPWOEWDV BEAW Va HETPIOW
(lower Kkal upper detection [imit)?

Apa 11 opyava avdAuonc rperel va
XPIO11101I0l 00?7




MpakTikn npoogyyion - KooTog —
Lower Detection Limit (LDL) — Upper Ditection Limit
(UDL)

>Mooa xnuika oroixeia 0sAw va avaAuow?

>M000 XAUNAEC CUYKEVTPWOEIC OEA® va HETPHOW
(LDL)?

>M000 UWNAEG CUYKEVTPWOEIC OEA® Va HETPNO®
(UDL)?

>KooToc (MeBooor rnou LETPAVE EVa OTOIXEIO KABE popd
f1.X. EXOUV UWnAOTEPO KOOTOC av BEAw va LETProw MoAAd
OTOIXEIQ)

>Ynapyel 1 p60doc nou va PHE KAAUNTEI N NPENEI va
KAvw ouvOuaoHOo HEBOOWV?



VS
ICP-OES
VS

Table 2: Simplified comparison of ICP-MS, ICP-OES, Flame AAS, GF-AAS

ICP-MS
limits most elements
throughput s6 min_
Linear dynamic 10®% (107 with I
range range extension)
Precision: |
Short term (in-run) 1-3%
Long term (4hrs) <5%" I
Isotopes s
Dissolved solids
max. concentration 0.1-0.4
Mo. of elements =75
Sample usage loww
Semi-quant analysis BSs
Isotope analysis e5
Routine operation 2as
Method development skill

required
Unattended operation ves

Combustible gases no
Operating cost high

ICP-O

Very good for
most elements
5-30 elements
fmin____

10° to10°

0.3-1%
<3%"
no

1-30
>7h
lowy
BS
no
2as
skill
required
Bs
no
high

Flames AAS

Very good fo Excellent for
some elements some elements
.wa 4 minfelement

107 10°

0.1-1%
no

0.5-3
=GB
very high
no no
no no
£2as Eas
easy skill
required
no Bs
Bs H no
low H medium

Capital cost very high high low H medium/high

* Precision improves with use of internal standards

http://www.horiba.com/fileadmin/uploads/Scientific/Downloads/OpticalSchool_CN/TN/ICP/ICP-OES__ICP-MS_and_AAS_Techniques_Compared.pdf



VS
ICP-OES
VS

Comparison of detection limits in pg/L at 3 sigma

ICP-MS
< 0.050
< 0.010
= 0.005
< 0.050
= 0.005
WO
< 0.010
ND
< 0.005
< 0.005

Cr < 0.005

Cu < 0.010

Gd < 0.005
Ho <0.005
| MDD
In < 0.010
La = 0.005
Li = 0.020

Mn = 0.005

Mi < 0.005

Fh < 0.005

Sa = 0.10

Tl < 0.010
U < 0.010

¥ = 0.005

Zn <0.02

Element

CicP-0ES

]

< 0.5
< .05
< 0.05
]

< 100
<0.5
< 200
<5
<1
<1
<1
<h
<1
<10
< 20
< 0.05
< 1

< 0.1
< 1
<5

< 5
< 5
< 20
< 0.5
< 0.5

Flame AAS GF-AAS

<4000
< B0

< B0
<4000

s

<20

<20

< 1000
<40

< 100000

<50 a <0.5
|  ND 4 nND ]
| ND 0= ND ]
| <200000 « ND 0000000 |
| <10 & =05
| <0 ¥ <015 |
| <6 % <05 ]
| <4000 = ND 000000 |
| <BO =« ND
| wo 5§ nND 0]
| <6 =2 = <05 0000000 |
| <5 . =006 |

]
I

"
I
|| o

]
= | A
=
L= bl Iy

<2 u < 0.01

* Only possible with far UV capable spectrometers (< 155nm}
ICP-MS, ICP-0ES, Flame AAS: Detaction limits defined with 3 standard deviations
GF-AAS: Sensitivity (0.0044 absorbance) measurad with 20 pl

ND = nat determined

http://www.horiba.com/fileadmin/uploads/Scientific/Downloads/OpticalSchool_CN/TN/ICP/ICP-OES__ICP-MS_and_AAS_Techniques_Compared.pdf



DETECTION UFPER
ELEMENT LIMIT LIBAIT
1 0 H - - = 5
= A 05 ppm 1500 ppm -
Al 001 % 40 %
AS 6 ppm 100000 ppm
ELEMENT DETuEﬁlTTmN ULTlalETR ELEMENT ”E:_'Ehﬂn” '-I'_Tm“ Ba 6 ppm_ 50000 ppm
Ba 6 ppm 5000 ppm
Jre Standard i Acid ICP-ES B 0.06 ppm 20000 ppm
Sio, 001 % 1000 % Aq 2 GWT 1800 GMT Wl og 0ol % B0 %
AlLO, 001 % 1000 % Al 0.01 % 40 %% cd 0.5 ppm 0000 Do
Fe 001 % 75.0 % AS 002 % 10 % Ce E ppm 10000 ppm
ca0 001 % 50.0 % ':’5 Ez : _:; : :r':' ;: TEEEE :Z: ELEMENT =ZTECTION LIMIT UPPER LIMIT
r:goo 2:21: ig:g:z = 0.001 % 2 % cu 06 ppm 100000 ppm Ag 1 ppm 800 ppm
2 Ca 0.001 % 2 % Fa 0ol % BO % Cu 0.001 % 10 %
Mno 0.01 % 50.0 % cr 0001 % 5 % Hf 05 ppm 5000 ppm Fe 001 % 10 %
TiO, 0.01 % 200 % Cu 0,001 % 10 % K 0ol % A0 % 7n 001 % 10 %
P 0.001 % 100 % Fa 001 % 50 % La 0.5 ppm 10000 ppm Pb 001 % 10 %
Cr 0.001 % 10.0 % K 001 % 40 % L 0.5 ppm L3200 ppm Mo 0001 % 10 %
Lol 01 % 1000 % hiig 001 % 40 % hiig 00l % 40 % - o0 a 0
hin o001 % 0 % hin 6 ppm 200000 ppm : :
on tre Sxtencec Ma 0001 % 5 % e 05 ppm 50000 ppm Ag 2 ppm 1500 ppm
v 0.002 % 5.0 % Ma a0l % 7 % ME .01 % 25 % Cu 001 % S0 %
Ba 0.006 % 100 % M o001 % 10 % b 0.5 ppm 10000 ppm Fe 001 % 30 %
Ni 0.001 % 80 % P 001 % 75 % Mi 05 ppm 100000 ppm 7n 001 % 0 %
Co 0.001 % 5.0 % Ph 002 % 13 % P 001 % 26 % Pb 001 % o0 %
cu 0.002 % 50 % 2 0.0E % 30 % Fb 0.5 ppm 100000 ppm
= 0.005 % 80 % Eh. 301 % 1 % Fo (] pm 13000 ppm
&r ool % 1% 5 0.05 % 30 %
n 0001 % 15 % W o0l % 1 % Eh .5 ppm 10000 ppm
As 0.002 % 15 % Zn 001 % a0 % Sc 1 ppm 1000 ppm
sr 0.001 % 3.0 % i Acid ICP-ES " Ea B ppm 5000 ppm
zr 0.001 % 1.0 % sn 05 ppm 10000 ppm
5 0.001 % 5.0 % =Er B ppm L3200 ppm
Na,O 001 % 80 % E 05 pem 2000 _ppm
= - Th 0.5 ppm 20000 ppm
Requires at least 12 g per sample weight. - 0001 % T
U 05 ppm 20000 ppm
10 ppm 50000 ppm
w 05 ppm 10000 ppm
¥ 05 ppm 5000 ppm
In 6 ppm 400000 ppm
Ir 0.5 ppm 10000 ppm aps, 20




Common Analytical Methods

. Lead Collection Fire Assay
. ICP Atomic Emission Spectroscopy
. Atomic Absorption Spectroscopy

. ICP Mass Spectroscopy
. Fusion / Wet Assay Procedures

. Leco Analysis

- . Lithium Barate Fusion / X-Ray Fluorescence
Atomic number

. Instrumental Neutron Activation Analysis
Maost common

analytical
methods

Element symbal

/ 2 N
Atornic weight >

M Ga X Ge ¥ As
0083 - & s

- 0000 “
~ 000000000000~ - ~

0000 -0000000000

Jar N\ Som FET AN
(ac &) Pa @) o Pu (Am)(cm Bk cf ((Es (Fm (Md)(No  Lr

http //écmé/ab com/



Periodic table of the elements

Amme number 3
Element symbel | G [
1 Alomle mass | qam ;‘-
L Mamg |ceton 18

| A i
1 Suba type Preferred Analytical Method - " i ” " e Wl A
H 2 e (CP-MS s |on Chromatography =
Y pert S i [] Rock Eessssss [CP-OFES s |SE i3 el Mpd) () % | e
| Hrogen IlA & Vegetation L W[ Y e nfrared | & I A VA V1A ! VA | bt
i, n Fire Assay XRF s omp_ mf 3 [ mo
2 | -: CV-FIMS  ICP-MS on vegelation is based on ash E,, : E“ f‘- e glnm [ am : g
Lt _?_ CrEr Wiz s e Fhoay e
1 ] 1 mlit me mt BT me
3 |Na 4 5 il 7 B g 10 11 12 |Al AlSI A|P A|S A|CI AlAr
el . A . P 1 .. kL] . ik .. ol . el
) IVE Ve VI vIlg Vil B I8 1B [t Binrw Posorss | Siphas oy e
T ] B2 B plE pE m - mE B EE mEP. B ] CIERN 1B E
4 |K A A ACr A|Mn 4|Fe 4|Co 4|Ni A[Cu A|Zn 4 Ga 4|Ge A|As A (Se 4|Br A|Kr
HiKE . . il . 88 . AR . Sl . SEEN] . L] . E15E . %3 . (- hr] . b L] . TER . Lk . TR ., [k
Tamam 1= Hargare on Lt Fiachrd gt FuLd Dl [ Fiva Srarans Erplon
¥ W 131 1T 16 A & 4B T e mPe mla &1 |53 54
s [Rb A A/Nb 4[Mo 4| [RualRha[Pd a|Aga|Cdalin alSn B[sb i[Te BT 2%
LT . . el . B . ] 10 5 ._ 1N . i T . wrar - Tiid - VL - 1R . 1M . HET &0 . (Fil o . 1373
| Rubidun L '::un '_Wu'tr 'me ,i"'"""-" 'im.m 'Lm" 'E!'l Codmn Emm Tin AT I G Ly ]
s W ml m mE 78 7 8 TG 1w mE e | [a5s
5 |Cs A AlTa 4/W L|(Re 4|0s ~|Ir 4Pt 4/Au o|Hg . |Tl 4|Pb 4|Bi 4|Po |At Rn
iR . . oL 1ELEd . B . L iF .. L5 H . L -] . o . W b R . 1] - b B . L&l e [z
Cimam Taskaan Ta ngatis Fharean [rraarr Widum HMimram e Mty Thalium L Borudh Pagram gy Embin
ET= 905 . 105 + 107 s 105e 109 10 1 2 112a Tiqs 115e e 1Es
- | Fr Bb |8g |EBo |He [M¢ |Bs |Rg |[Go |Uut |Ung |Unp | U U
[z (] [id] [a) fam] [194] [a4] [m1] [E (4] {2 2] [=4] [#]
rmar (= T Talwius (v L% = 1 L ! 1 ! Wﬂm ! Urssocian
H= B aEs “ GEE EEE EE EFE EBF A B B AR a.
A(Pr A Nd A|[m EmAEuLGﬂATbADFAFHGAErLTmLTbALuL
. FTHEL . [T . [1ig} 1R 06 . 151 . [FE] . (TR . Was . |-'|5-|.'g.: . W . TRE £ . RERETY ._ AT .
He i 5 El.ul.;l'l E:!_llﬂh Tk yeproenrT i Efm ThaET 'l‘!hl Iﬂn
W e = ZE |t i 7w e S Wi w)s s e
ThAPa (U ANp (Pu (Am \Gm | Ek @ |Bs |[Fm |Md |Mo |Lr
Standard slates (25 C; 101 kPa) ol | o AN [l o S o S Fon - B Wl . S P S o ) Ml P ol
e - gas Fe - solid

Br - iquid P - synihatic

The amiersk [ ideniles a mokcactiss element (i) http.//www.actlabs.com/
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OPUKTOAOYIKEG GVAAUGEIG VEW-UAIKWDYV.
KGIUETAGANEULGTOV:,.




AxTiveg X (XRD

Detector

A'J ,‘u\-._."-ll- ‘ A

http://www.asdlib.org/onlineArticles/ecourseware/Bullen_XRD/XRDModule_Theory_Instrument%20Design_3.htm






Kdl

F deserernif L
K 4,60
Al K i

o K . 43103

Marriv

Commection |

SEM oTo MavenioThuio Tng Feveung

A%
a8
22,60
13.46

LAl

Xiong D., Zeng X., Zhang W., Wang H., Zhao X., Chen W., Cheng Y., 2014. Synthesis and Characterization of CuAIO2 and AgAIO2 Delafossite Oxides

through Low-Temperature Hydrothermal Methods. Inorg. Chem., 53 (8), 4106—4116



Kai
pikpoavaAuon (EDS...)
Kai

QEMSCAN oTo MavenioTnuio TNG
Fevelng

https: //automedmineralgy.blopot.gr/




PeuoTa eykKAEiocpaTa Katl
avaAuoeic Raman

>UOKeUr Raman ylia TNV JEAETN PEUCTAWV EYKAEIOPATWV OTO
MavenioTnuio TnG MFevelng

OeppoTpansla PEAETNG PEUCTOV
EYKAEIOPATWV OTO
MavenioTnuio TnNG MFevelng
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Eidn napackeuacuatwy

» AEMTN TOUN

Cover glass
|/ o
//Samp\e 30 my

» XTIAMVA TOUN .,

» TOPN MEAETNC AENTWV EYKAEICUATWY.

» MeTaAAoypagIKO NapackeUaoua b



» Komn Tou
OEIYATOC Kal
AEATOUEPN
e€eTaon.

» Evroniopoc

NEPIOXNG
£VOIAPEPOVTOC




https://www.struers.com/en/Knowledge/Special-applicatio ineralogy-and-Thi



» Komn TnG nEpIoyEC
EVOIA(PEPOVTOC OE
OIdOTACEIC 2X3 €M
(MEPINOU OTIC
OIdOTACEIC TNG

AVTIKEIUEVOPOPOU
: MAGKAG) Kdl MAyoc
i 7y >1cm.
1

https://www.struers.com/en/Knowledge/Special-applications/Mineralogy-and-Thin-sectioning#how-to



» AV TO OElyua:
= 'Exel EVTOVO
NOPWOEC

= ) gival cabpo

TOTE KAVOUE
EUMNOTIOUO TOU
OEIYATOC OE PNTIVA.




» A\elaopa Twv
NaPACKEUAONATWY
UE OKOMO Va VYIVEl
OMaAN N Hia
eNIPAveia.




', Agiavon Tne
AVTIKEINEVOPOPOU
nmAGKac.




AVTIKEIMEVOPOPO MAAKA Kal
TO APrVOUUE OE
9€p|J0Tpc'|n£Ca.

"

Tq— «
https?//davehirs



» KareBadoupue 10
NAYoc TOU
NapackeuBacaToc
ora 0,5-2mm.




» \eiavon Tou
NAPACKEUACATOC
anooKONWVTAC vVa
(PTACEl OE NAXOC
Ta 80 um.

en/Knowledge/Spe ' ! ogy-and-Thin-sectioning#how-to



‘» Mepaiteépw Agiavon
£WC TEAIKOU MAYXOUC
30 pm.

A
/’ ‘o
. s
- - A
'\! = et
‘https://www.struers.com/en/K;_lowIedge/SpeciaI-apnl_iEations/Mineralogy-and-Thin-sectioning#howjto "



» TEAIKO GTADIO
AEIaVONC, UE OKOMO
va (PTACOUNE OTO
eNOUUNTO MAXOC
n.x. 10 pm.




-~ ”27d TeAeUTaId OTADIA N

= AEiavon VIVETal UE TAUTOXPOVO
£AEYXO TOU MAYOUC TOU
NAPACKEUACATOC OE ONTIKO

¥
LIKPOOKOMIO.
Q. % - : l ¥ i o i
TR - X
o :‘.‘ .“. 4 ";Q 3 ~ S




' ' AeTNBEI
AV TO NApackeUAola MPOKEITAI VA [IE .
OPUKTOXNMIKA -> NNOPOUNE Va NpooBecoUE KAAURTHPIA

BT

g ey
e ","l‘.

‘ .

LAKESIDE  BRAND
QUlehOScOPE cOoVER GLASS
ONE OUuNCE 3
22 x 40 mm No. 2 Thickness

HUGH cou, GHT & CO.
CHICAGO. ILLINOIS 60638
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[PATOOUVIEC Kal
napaAAnAec papOwaEIC




AVOLIOIOYEVEIC AEiavon




LUOC GUCAAIdWY aEPa




Avicopponia pnTIvnG
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EmipoAuvon




http://en.archaeometallurgie.de/how-to-sample-mounting/
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