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| IYNOWH

ARG T evepyd opwyela Tov Avpvnxot Kévrpou Mlrokefiaidas-Apvvraiov ehijgbnoay 65 Seiypote pagyag
Theoravizne nhixiec. to omola avakifnxay e e pedédovs INAA za ICP-OES, yia va mpoodiopobet 1) e-
pLertiomTe cvtoy o 39 yvoatoueia. [poadioplomxe emioms 1) mepiernxdTTa TV Serypudtmy o avBpaxa,
Beio o 1) amwiere mipmomez. H aeptextxdmra v ototeiov avd opuyelo, 1) LEOU] OTUTIOTX EXESEQYaoln
Toug #at 1 ovyRpwon ue my [eyxrdowa Avoitaon Méom Ty twy ®upwotépoy Tetpmpdtmy ton Ghowot me yne
(TLAM.T. ). poc emrpenet ve  €EQYOUE. OE TR @GAO. YOOI CUNITE DAONUTA (1) TTDOS TNV OOLLOVTLNL %eu
RATAAOQUET) HUATUVOUT] TOV LVOOTOLYE Y PEGC OTLS LADYES TOU ALYVITIXOL ROLTRONTog T Neoyevors Aexdve.
Exiomc yoroipua ovpmte 0Gopua Tpoximtony O 6L (popE T CUIITEQLGORE TV 1ZVOOTOLE(WY TV LEQYIiAuy
EVOTQUIOE N RaTL TCL SIAQOON OTADLC TS FRUETHAAEVME, THE RABONS #atL AWV YOTOEWY.

ABSTRACT

Sixty-five marl samples were collected from the outcrops of six active and one abandoned mine of Ptolemais-
Amynteon Lignite Center, Northern Greece. Core samples were also collected from the West Field, a Neogene
lignite deposit located at the same area. The concentrations of 39 trace clements were determined using Instru-
mental Neutron Activation analysis (INAA) and Inductively Coupled Plasma Optical Emission Spectrometry
(ICP-OES). Carbon and sulfur contents and the loss on ignition of the samples were also determined. The
classification of the trace elements concentrations in each mine and their statistical processing allows determin-
ing the horizontal and vertical distribution in the coal deposits and in the entire basin. Regarding the vertical
distribution of clements and geochemical groups, significant variations of the concentrations in both the differ-
ent marl seams and the upper, intermediate and lower lignite seams were determined. The mining, processing,
transportation, storage and utilization of marls release, among others, some amounts of trace elements into the
‘ environment. However, the low concentrations of all trace elements, except Pb in the South ficld, compared to

the upper mean values of world rocks Crust (W.C-U.M.V) (enrichement factor <0.8) is of great environmental
concern and prove the non hazardous role of the marl during mining, beneficiation and usage.

AEZEIZ KAEIAIA: ivoOToI)eln pooynv, AyviTogogog oewpd. Aeravn Ttokepardag, A, Maxedovia
KEY WORDS: trace elements in marls, lignite-bearing sequence, Prolemais basin. Western Macedonia

1. EIZATQI'H

* H hyvitogopog hexdvn Ttole paidac-Apveaiou, n peyah e pn Za onuavtizotepn s Eakadog, quhote-
VEL Ta pEYUITEOC aobénata Auyvitn e xwpag, 65-70% twv ouvokouny amobepdroy, eva Ta fefaie amobE-
pata Eemtepvouy ta 4 dig. tévoug Auvyvimy (Koukouzas et al., 2000; Varvarousis et al., 2000), Eiva yvwoto 6y
eE6pVEN, 1 Sraxivnam xat oL arofE0E 1S Ty VAR@Y EE00VENS #abuig Xau i) #adon TOU AyviT) Ty TEQLOYY TOU
heravomediov [Mroke paidag dpovpyoty évrova mepPakbovivad tpophquara. Idwitepou tepifatiovund mpo-

Bhajpara dpwe, ival Suvatdv vo dNWOVEYIoOUY %L 0L TUYKEVIQWOELS 1 vOOTOLEIWY OTIE HUQYUIRES EVATOM-

OELS, OL OMOLES TUVESOQUOOVICL HE TU AUYVITIR(A OTOUITIL ZUT(E TNV EXPUETRALE VAN TV RoITaajdtmy, ‘Omog
OTNY ZUUVON TOV ALYVITOV TO GVOQYUVEE CUOTHTLRG VELOTAVTLL HLC OE LR, (UOLHMY AL YTUIHOMY HETAPBOWY Kot 10
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YOLE OTOUYELCL KO LY VOOTOLYE LT JUTOREL Vit Gy xe VIpWIOUY OTvATTcyLe V) e Ty ratatirrovon tégpa (Kassoli-
Fournarakiet al. 1993; Sachanidis ¢t al. 2000, 1o idto, ahhd @e-rEOTEQO PaOUG, CUPRBIVEL XAl HE TIC PNAQYES.
Qe yyvoodtory el 0povHE Ta OTOWKE(Q TaY OMOimV 1) CUYXEVTOWEN U jua Avyvitopdoa onfdda efvar purpdtepn

_sou 0.02% (200ppm ) kiyétepo). H septexnzdmta tov wvootolxeiov ong Myvitopopes herdveg eEapuarat

and wohhovc TEEAYOVIES GTUOE TV TROTPORE LYVOOTOLEIWY RaTd T Sudoxera ™S avaaTuEng twv gurdy, Tov
SpakOToud #emd mv e oiveE. 1A Aal katafution me opyavunic thng, my npatoyéveon xow ™ duayé-
VEGI], TV EvaVEOARMOT Rat TEROE T Snuovpyia vEwY OPUKTUIV, EVH) OO TV GAAT] LEQU 1] HATAXOQUET| %l
OOIEOVELE LETAPOA] TWV LYVOOTOL(EIWY OF PLcL ALYVITOGO0M AEXGVT) EMMOEATETAL 0TS YEMAOYIRES RUOUPETOOUC,

| OMWOS 1) QU #GL T, ERTTAVOT] TV JTETOWRATWY, 10 BOPOROYIRG SIRTVUO TG TEQLOYNG, TO RALHM, N YEWy MUK oU-

otaen Tan'ne QLBalkéwmv TETOWUGETIV, 1) EXTAVGH TOY TETQWRATWY 10U vAeddpoug wal Tov TEQBWEInY ™S
AEWAVNC \uummysvem]g ACW I EXTRT v won vt and g hyyitopdpec omBadeg (Finkelman 1993; Swaine
and Goodarzi, 1995; Filippidis'er al-1996a, 1996b; Christanis et al. 1998; Georgakopoulos 2001). Zxonée g
TUROUGHE EQYUTIAS EINELT) EAQOVULILOT) TV, ATOTEAE FRATOV TOUTDOTOLODIOROT T)¢ HETNE TEQLEXTIROTITUS OF
39 iyvootougeia 65 pagyaixmy dElypdroy twy opuyeiny mg Aexdwng [tokepaidag-Apvviaiov, v talivounam
UTOV AATH OQUYELD, O CUOKETIONOS Tovg pe Ty Mayxdopuwa Avarepn Méom Tipn twv ®UQLoTEQUIV TETRWHETWY
tov Phowot g e (TLAM.T.®) nat 1) eEaywy Twy TOWTWY YEVIXOV CUNTEQUOUGETOV (g TR0 TNV opiidviia
RO HOTUACRUPT ®atavopur Tovg kubuog enong xa 1) SlEgeivan g meQLPUALOVILRIG TOUg oNpaciag.

2. YAIKA KAI ME®OAOI EPEYNAL

T 65 papyaing delyuora miapbnzoay aro €51 evepyd opuyeio tov Avpvinirot Kévipovr [Mrokepaidag-Apn-
viaiov (AKIT-A): Opuyeio Notiov Tediov, Oguyeio Topga 6, Opuygelo [lediov Koudvou, Opuyeio Bopelov
Mediov, Qpuyeio [Tediov Apvvraion, Opuyeio Andguang Avagytpwy, artd 10 eEoginugvo opuyeio tov [edlov
Kapdittg non and mupnvoimpia oto vid duavoilsn Opuvgeio Avuxot Tediov. H devypatoinpic €yive oto avol-
®TG pavh Twy opwyeluy arxokovBuviag my emipEpovs Mbootpmparoypagixn evémra wabe opuyeiov. H auk-
reyBelow moodtyre tov defyparos (10 wha REpiTov) avIrpoTHREVE GAO TO TULYOS TOU YEMAOTIXOU TOMIKITOC
1 ms onufdadasz. H epyaompuary enelepyaoia oy deryudtwy mepiehdappove my Efpavon 1oy detyudrmv oe
Beppoxoaoia 20°C yie yoovind Sidomua 15 nuepwy kot Hpation o axdanvo youdi. To neyebog twvy xoviomou)-
pevay xéunoy dev Eenépade 08 xORROPETOHE TO Imm. AGym ToU PEYAOU aotBUON TOV OOy UMY OTOWRETOY
OV VAOKOUY PETE 01O AyviminG  zoltaopa (22 papyouixd orpapcre oto Opuyeio Notiov Tlediov) wa g
HEYEANG SLamtipavoms o TUPOVOIALEL TO Y 0s TOVS (ad YALOGTOUETOIRES EVOTOWOELS we 141 10 péyLoTo).
0 aptBpog Tov derypdToy oV TAPHNKE G CUVEQTNON HE TO TGXO0S TOV ZOITROPITOS, TEQLopiabnue amd 3 wg 10
ava opurye(o, H taEivounon wwy devypdrwy (Mivaxag 1) axohovOel ™ (0oVOOTOMUATOYOUEUAT TELOG (T Tt
CVIDTEQM TIROG TO XATWTEQN POV OTOMRATE TOU ®otdonatog (. 1o delype SM4 mpofpyetal and 1o
TEWTo papyaixd arpdpe tov Opuyetov Notion [Mediov, eve o detype SM19 ané 1o tehevtaio). Na ta vrdhor-
e opuyeie n alwvépunon eivar; TEM4-TEM 19 Opuyeio Topéa 6, KRM3-KRMIS Opvyeio Kapdiuds, KMMI-
KMM17 Oguyeio Kopdvor, NM3-NM19 Opuyeio Bopeiov TTediov, WM4-WM23 Opuyeio Avuxov [Tediov,
AMM4-AMM23 Opwyeio ediov Apvvraior. APMS-APM9 Opuvyeio Andguoms Avapyipwy Apvvraiov, Ot
FNIIRES avaiUOEL; Ty LvoUuTol el Eyivay ne ) pebodo INAA (Instrumental Neutron Activation analysis)
wal ICP-OES (Inductively Coupled Plasma-Optical Emission Spectrometry). Edwdtepa pe ICP avaiibneay
e otovgeie Cu, Pb, Zn, Ag, Ni, Cd xat Bi. H mpogtotpaoic yio Ty av@Auom autay Ty oTolXElimy Teptedpufa-
VE OAAN Outhutomomon pe xeHon vogoyhweirot ogéog (HCI), vitpizon oEfoc (HNO,). vdpogpbopixon oEgog
(HF) nau veoyiwourot ok€og (HCIO,). Ta otoyeic Ba, Sr, Y, Sc, Zr. Be xau V mpoetoqpaothnxay e ovvmen,
yonowonowvtag petafoeixd 1 terpafood okl LiB,O/LIBO,. Mg INAA avakibnxay ta otoygeia Au, As,
Br, Co, Cs, Hf, Ir. Mo, Rb, Sb, Sc, Se, Ta. Th, U. W »ai o1 omdvieg yaieg (La, Ce, Nd, Sm, Eu, Th, Yb, Lu). O
TEOCAOELONGS Tov Betov (S) wat tov dvBpaxa (C) €yive pe ovoxevry LECO. TTpoodwopiothxe emxiong ®at n
ammiere mipwongs. Zrov TMivara 2 ropovodlovrin To WTOTEAEOUUTE TOU HETOU 0RO TS TUYREVTQWONS “dbe
U VOOTOLYE IOV (Vd OQUYELD, GMWS RULL 1] REOT) TURY TNE CUYHEVIOWTNS TOV GUVGAOL TV OQUYE (WY OF TUYROLOT] [E
v [LAM.T.@ nin 1ov TEOKUTTOVIH TUVTEAECT £ WITAOUTLGROU.

3. AIIOTEAEEMATA KAI LYZHTHEH

Amd tov TTivaxa 2 TPORVITEL OTL 1) TEQLEXTIXOTITC OF 1VOOTOLXE(C TV POOYWY TOU AyVITIHOT ROITATNUTOL
g heravng [Trokepaidag-Apvvraiov foioxetal o8 gupnid enimedo GUyRQIVOREVY pe v Avortan) Méon Ty
TV ®UPLOTEQWY METowpdTwY Tou Phowot e yic (TLAM.T.d) (Rose et al. 1979; Mason and Moore 1982;

Faure 1991; Krauskopf an%iﬁf&d#%&%‘éﬁ’éﬁ“é‘&&;&gﬁg& ?%Wﬁ}zf"rﬂdfféwﬂ&‘i&fﬂ%f‘ 1ou poiifdov (Pb) aro

- i1i6-




vyeio Notiow [MTedtow, n omolc ovyrpivopevn pe my [LAMIT. tI) EI.IQUCI'.\"I:CE‘IZ[II. eACpEG epmhorniopgvn (1.33).
OVYTEAEOTIC EPTAOUTIONOG, FIOU PGHUATEL GG TO IMAxo TG HéaMS Tywig oQuyeiwy pe myv TLAM.T.@, eivan
: SAMAGE g oD yapmhoc (<0.8) yua T otoweit As, Au, Ba, Be . Co, Cr, Cs, Cu, Hf, Mo, Ni, Pb, Rb, Sc, Ta,
{“irl&.\(' ZnyZ1E:Sn, La,CesNd, SmyEu; TheXb xen Lus"E& arovgeia (Ag, Bi, Cd, Ir, Se xow W) magovordfovy

omwéoﬂ S apMAGTEQES 1] FUPSPOLES (1€ AU TOV 0plov aviyvEvapdttag ms pebédov avdivone. Awago-
- QOTOMON TV XETAVOL] TWV LVOOTOEwY TagamEEftal xatd my opllovia xal 1ataxéougn avanTtuEn twy

pqua‘fxﬂﬁv OTPOPATOY EVIGE TOU AOITGOpaTos ¥al ™S Aerdvng. "Etm, ota opuyeia Notiov nediov xat Topéa 6,
|I Sphadn] OTo vOTLE THYREAA Trg AEXGvnE, QT RatvTaL oL jXQOTE RES TEQLEXTIRGTITES OTa oTovyEla Rb, Sc, Th,
U, Ba, ¥, 8n, Zr, Be. V, La, Ce, Nd, Sm, Eu, Tb, Yb xcu Lu. Meyuhtimepeg neprentixdmres mapamootvial oto
' Ogvxem Kuobmc (nevrpind Tupator hexdyng) ota otowela HE.Sh, Th, U, La, Ce, Nd, Sm, Eu, Ba »at Sr, oto
rmeé Tledio (EVIQIRG TUNUaTa Aexavns) ota otorgeia Co, HE, Rb, Th, Yb, Y wat Sn »aw oro Opuyeio Apv-
fov ot orovgela Br, Sc, Ni, Be xat V. AUENOT Tg REOLEATAOTTUS TWV 1(VOOTOLYEIWY (T T KEVIPUAG
Tijpata ™mg Aerdvig mpog ta fépewe rapameeitar ota otovgela Rb, Cr, Cu, Zn, Ni, Ba o onig ondvieg yaleg
(La, Ce, Nd, Sm, Eu, Th, Yb, Lu). Katd mv #atarépugn avaamudn Tov 2OTGORaTos UTEOYEL EU@avs Siago-
QOTOLOT TS MEQLEXTUXOTTAS TWV Ly vooTovgeiwy. H evdiapeon popyaizn otfada tov Notiov [Mediov epgaviCer
TG PEYUAITEQES TEQLERTIRGTITES OTC TEQLOOGTER TYESGY OToyE (0, EXTOS Twv Pb xau St, mov éyouy g peyahi-
TEQES MEQLEXTIXOTTES 0T HUD TEAEVTALR OTQWNATY TOV ROITGORaTOE. Ot peyahiTeQEg EMIONG TEQLEXTIXOTNTES
VIO TV TOLELOYM LGt TWV L{VOUTOLYE (Y, Taoameotvial ot §0 TOWTE HUOYUixE OTRIPIOTE TS AVBTEQNS Al-
yvirzts oufiadac tov Opuyeiov Kapdidg, ota avitepa ®a natwtepa orpopata tov Opuyeiov Kopdvou, oto
#arirepo otpwiue Tov Bopelov Mediov, ota xutwnepa tou Avtiaod medtou kat Apvviaiov (Ave Mewonmvizngg
RAQYES) ML YLOL TQ TEQLOGOTE Pt OOy el Tg ATtdguanc Avapytgwy. 1o Opuyeio Kopavou 1 duagogomoinam
mg ovyHEVTEWON S Oota Levoototyeic Cu, Pb, Zn, Ni, Co, Sn, Ba, Sr. Y, Zr, Be, V, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu
RETEY TG CVEITEQNS HOL RATWTEONS MyviTiAns onfdadag yiveta mo epguyvic pe atvino) mg ouyxEVTIpwang
omy ratwtepn oufada, Exiong, and tov Mivaxra 1 mpoxtater 6T N Ty ™8 OUYHEVIPMONS TWY L YOOTOLKEIWV,
aROAOVOMVTUS T YOOVOOSTRMUUTOYQUPLRT) TELOM TOU ROITAONATOS SV Eival OTUBE], OYEdOV ya OAw Tor Lvo-
orovgelc. O peyuhitepeg ovyrevipwoets Tou Ba xa St ote Opuyelie Kupdidg xar Apuviaiov, ouyrpimnd pe ta
dhha opuyeia, eENYETaL (d TI TOMKES TUAULOYEWYOUQIAES ouvbhixreg xaL IOLATEPMS TOL LdQOYRUELLOT M-
xrov g MMAetoraivieic Apuvng, mou 1po@odoTotVTaY P HEYOATTEQES TOoOMTES avipaxixuy \Dnpdrwy and
™My mepLopevy Cuvn mg Aexavig. H peyaiiteon entong ovyrévtpmon tov xopfaition (Co) oto Avuxd [edio
OYETLETAL PE TV TUQOLOTH AETTOROKRWY Gppnv ket apyihov (avopyovn otvoem) tor Co pe odneomueiT xal
oovhgidla) ota ratitepa yrolompdava paoyaird atpapcra. H nagampoiuevn yevizd aitnon mg ovyxé-
VIQWONS TOV LY VOOTOLLEIY OF CUYKEXOLUEVOVS OTOWIUTOYOUELXOUS 0pLOVTES TOV MYVITOGEG00U OYNUATLONON,
OUVOEETIU (RPEOTL PHE TNV AAYT) TG TETOOROYIXNIC aUoTaang Toug ( Babjuaic HETARMOT “UTURGQUEWY KUl HUQI-
(¢ TREVDLROIV ETQGHIV), HETATINTOVIOS OF GUUWOELG mF LOYUDMT CUUMOELS AOYIAONAOYES, NUEYUixes apyiovg
RO EOYIAOVE.

4. ZYMIIEPAZMATA

Ot uyReVTOWOELS TV LpvooTotyelny otig [Thswonavinés papyes tov Ayvitiron xortdaparog Iokepaidag-
Apvvraiov foloxovian G yapnhd o mohd yapphd enireda. O guvtehednig EPTAOUTIONON GE aY£0T HE TV
L TLAM.T.@. eivar xauniog oz mokt yaunhos (<0.8) yua 29 gvootougeia (As, Au, Ba, Be, Br, La, Ce, Nd, Sm,

Eu, Yb, Tb, Lu, Co, Cr. Cs, Cu, Hf, Mo, Ni, Pb, Rb, S¢, Ta, Th, U, V, Zn, Zr) 7 ehaqEd € WTAOUTIOREYOS Y10
tov Pb ato opuyeio Notiov [Medlov. Katd my 0pIL0vILg #al TV RATULO0UE OVETTUEY TOY papyaizoy otpm-
paTwv HEoQ OTO ®OMTUONK TNOTNPEITAL JLUEOROTOMON OTNY RaTavopl Twv yvodtolxelov, Ou [upoTeQes
OUYHEVIQUWOELS TAOATNEOVVIIUL OTC VOTLU THICCTe TS AERAVTC ota yvootorgeia Rb, Sc, Th, U, La, Ce, Nd, Sm,
Eu, Tb, Yb, Lu, Ba, Y. Sn, Zr, Be ®ou V %1 0l peyahUteoes OTit REVIQUAG %l BODELC TRIHHUTE TS AERGVIS OTa
otowyela HE, Sb, Th, U, La, Ce, Nd, Sm, Eu, Ba, Sr, Co, Rb, Th, Yb, Y, Sn, Br, Sc, Be rat V. Ané mepipodhovnx
3 amon Hew ovpguva pE o amoteA€opata Tov Tivdxov 1o 2, 1o xvpudtepa mbavig toSd tyvootolyeia (Sb,
As, Be, Cd, Cr, Co, Pb, Ni xeu Se) folorovia of mipa okl apunia enimedo (<0.4), evo 1o U napovadletan
gapniotepo tov 0.7. T ouvduaops pe 10 eAa@od ahxadaxd pH mon Em=oatel ot vepd xou e0Gy TS TEQLO-
wis, M ETSEeon TV MBavKg TSIV IVOTTOLEIWY i GAOY Ty dhhov VToAOIY OTa £dGQT ®at LTOYELX
VEQR( ELVOL EAGYLOTN HOL UOLOAOYLHY.
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Mivaxas 1. Hegientinonra gyvootorgeioy (oc ppm) ota pagyaixd oeiyuara tov AKI-A.
Table 1. Trace element contents (imppm) in the marl samples of Ptolemais-Amynteon basin.

aRirma | ‘As | Br Co Cr Cs Hf Rb Sb _&_ Th U La Ce | Nd | Sm| Eu
N | T2 =05 T v el ; 7 U8 | =3 | <5 (0.1 | <01
Ll s 2 1 7 <0.5 <(.5 <20 |<0.2 | 02 |<05 | 05 0.5 <3 | <5 [0.1 | <0.1
<2 2 <1 8 <05 <0.5 <20°1=02 | 02 |<05 | <05 | 04 <3 | =5 [0.1 | <0.1
SM8 <2 4 1 5 <0.5 <0.5 <20 J<02 | 03 |<05 | 19 0.5 <3 | <5 0.1 <0.1
SM12 4 7 15 237 L6 1 =20 | 0.3 6 2.3 1.6 7.2 11 7 [12 ] 03
AsM13 3 7 15 232 1.6 <0.5 <20 |02 | 58 |22 1.4 7 12 7 1.2 | <041
{SM15 <2 F 5 3 36 j=<0.5 <0.5 <20 |<02. 012 |06 | <05 2.1 3 | =5 |oa | <01
SMI7 =<2 3 2 22, 1.<0.5 <{.5 <20 |<02;/] 09 |=<0.5 |=<05 1 <3 | =5 |02 | <01
19 2 4 3 26 | <0.5 <0.5 <20 |=<0.2 ["'08 | 06 | <05 1 <3 | <5 |02 | <01
4 2 5 3 55 0.5 <0.5 <20 |<0.2 | 1.4 |07 |<05 1.8 4 | =5 o4 | <01
TEM7 | <2 3 1 7 <0.5 <0.5 <20 |03 |03 |<05 ] 1.7 0.8 <3 | <5 |01 | <0.1
TEM9 | <2 2 1 7 .5 <0.5 <20 |<0.2 | 04 |<0.5 | 1.8 0.8 =<3 | =5 |0 | <01
TEMI11| <2 3 2 21 <0.5 <0.5 <20 |<0.2 | 0.6 |<0.5 | <05 | 0.9 <3 | <5 0.2 | <0.1
TEM13| <2 4 2 33 | <05 <0.5 <20 |<02 | 1.1 |06 0.7 1.8 4 | =5 o3 | <01
[TEM14] 3 <1 s 61 <0.5 <0.5 <20 {03 | 2.1 0.9 [ <05 [ 2.7 7 | <5 |os | <01
TEM17| <2 2 1 10 | <05 <05 <20 |<0.2 | 0.8 |<0.5 | <05 1.2 <3 | <5 |0.2 | <0.1
ITEM19| <2 2 1 11 <0.5 <0.5 <20 |<0.2 | 0.7 |<0.5 | <0.5 1.2 <3 | =<5 J0.2 | <0.1
KRM3 | 11 <] 14 11 34 7.1 67 |23 [63 |s09 | 72 [949 [157 | 53 |79 ]| 18
|kRM4 | 10 <1 14 14 2.8 6.7 62 2 67 |s514 | 79 100 |163 | 57 |83 | 1.8
<2 3 1 10 | <0.5 <0.5 <20 |03 |04 <05 | 43 1.4 <3 | <5 |0.1 | <0.1
KRM9 2 2 1 6 <0.5 <0.5 <20 |<02 | 04 [<05 2 1.1 <3 | <5 |01 | <0.1
KRM11| <2 4 17 117 3.6 2.7 s6 |03 |95 |56 1.5 187 | 37 | 14 |34 ] 08
KRM13| <2 2 1 7 <0.5 <0.5 <20 |=0.2 | 0.5 |<05 | 3.8 1 <3 | =5 o1 | <01
IKRM15| <2 3 2 18 0.6 <0.5 <20 |=02 | 13 |07 0.8 3.2 6 | <5 |05 | o1
IKmm1| 4 2 13 185 2.2 0.8 25 |oa Jas |31 0.9 7.4 15 7 (12 ] 03
KMM2] 4 2 12 184 | 2,00 0.8 29 04 |46 |32 0.7 7.7 15 7 J1.2 ] 03
KMM3| 2 3 3 37 1,00 0.7 =20 | 0.3 2 2.2 1.4 6.2 14 [3 1 0.2
KMMS| <2 1 2 6 <0.5 <0.5 <20 |<0.2 | 03 |<05 | 7.9 0.8 <3 | <5 k0.1 ] <0
KMM6| <2 1 2 6 <0.5 <0.5 <20 |=0.2 | 03 |-<0.5 | 2.2 0.8 <3 | =5 |02 | <0.1
EMMIQ 3 3 2 6 <0.5 =0.5 <20 |<0.2 | 0.5 |<0.5 | 1.2 1.6 3 | <5 |02 | <01
KMMI13 3 3 4 25 1.3 0.9 =20 |<0.2 | 3.2 |28 2.7 11 23 9 (19 ] 04
KMM14 3 <l 34 239 7.1 6.3 136 | 0.8 (204 127 | 2.7 [406 [ B0 | 39 |81 1.6
KMM1] <2 3 34 243 6.9 5.9 121 |06 |201 133 3 403 | 84 | 39 |8.1 1.6
NM3 <2 7 3 27 1 <0.5 <20 | 0.2 1.5 1.5 0.9 4.5 9 | <5 o7 ] 01
NM4 <2 6 2 16 | <0.5 0.5 <20 |<0.2 | 04 |<05 | <05 | 09 <3 | =5 |02 | <0.1
INM5 <2 5 2 16 | <0.5 <0.5 <20 |<0.2 | 05 |<05 | 09 1 <3 | <5 Joa | <01
NM7 2 2 4 22 0.6 <0.5 =20 | 0.2 14 | 1.1 0.7 3.2 7 | =5 |oe | <0.1
NMB8 <2 2 1 3 <0.5 <(0.5 <20 |<02 | 03 |=05 | <05 3 4 | <5 o2 | <0.1
NM10 7 3 14 175 3.7 2.8 60 |03 [ 86 |76 1.4 |235 | 44 | 19 | 4 0.8
NM12 3 <] 14 115 3.6 2 61 03 |92 |68 1.9 199 | 45 | 19 39 | 0.7
NMIS | <2 4 3 6 <0.5 0.5 =20 |<02 | 03 |=05 |<05 | 0.8 <3 | =5 0.2 | <0.1
NMI6 | <2 4 2 6 <0.5 <0.5 <20 |<0.2 | 04 |[<05 | 0.5 1 =3 | =5 |02 | <0.1
NM19 7 <] 34 280 9 5.7 147 |07 J221 148 | 37 474 J105) 43 | 9 1.6
WM4 <2 3 4 30 0.7 <0.5 <20 |02 | 16 1.6 | <05 | 4.7 10 | <5 |09 | 0.1
WM6 <2 2 4 23 0.7 <{).5 <20 |<02 | 1.8 1.5 | <05 | 42 11 | =5 |og | 0.1
(WHME =] 2 7 T7 0.0 =05 | <20 | 03 9 T | <05 50 TZ 5 |09 | O
WM L0 3 2 6 50 1.3 0.8 32 [<02 |35 |34 08 103 | 23 8 [15] 04
WMLl | <2 2 4 31 0.9 0.6 <20 | 0.2 2 19 | <05 | 5.6 13 5 1 0.2
WM14 3 <1 6 72 1.6 1.4 37 {03 [ 45 {43 1.3 136 {31 {12 {23 ]| 05
WM16 4 <1 35 233 7 7.1 128 | o8 |22.7 131 | 37 |419 | 96 | 45 |8.] 1.7
'WMIS | 4,0 <1 28 176 4.9 6.1 91 |08 [202 (102 3 37.2 | 83 | 38 [7.1 1.5
'WM21 2 2 15 146 2 1.6 43 |<02 | 64 |36 | <05 11 27 9 2| 05
AMM4| 4 7 17 297 2.8 1.8 55 |03 |73 |43 2.5 14.1 31 9 |24 ] 05
AMMG| 3 11 3 9 <0.5 <0.5 <20 |03 |09 |06 3.9 2.6 6 | <5 |04 | <01
AMMS| 2 11 4 12 0.7 <0.5 <20 |02 1.1 0.9 3.8 3.2 7 | =<5 Jo.5 | <0.1
AMMIY =2 3 4 7 =5 =05 =20 [0 T U6 =05 | <09 .3 L] =5 (0.2 | <0,
AMMI] <2 3 3 9 <0.5 <0,5 <20 |<02 | 0.8 | 0.5 0.5 1.7 5 | <5 o3 | <0.1
AMMIT 4 =T 30 187 [ 53 IS4 |04 [178 151 | 4.2 | 382 85 | 38 _[75 T.
AMM2] 3 <1 31 200 6.3 5.6 150 |04 [182 [148 | 48 [394 | 8 | 43 |75 ]| 15
APMS 2 6 12 95 1.6 0.8 42 |02 | 55 |37 0.8 9.4 24 6 [1.8 | 04
APM7 3 5 159 kril BiBAIoARKh "0l ordc? - TURLa 5"’8)\ vigtd, AL 27 | 12 {23 | 03
APHY T LS = . 47 | 0.3 8.7 3 T 4 | 32 | 12 [Z7 | 0X
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Hivaxag 1(ovveyeia). Hegiextixdrnra tyvoorotyeioy (0e ppm)ora pagyaixd deiypara vov AKI-A.
Table 1(continued). Trace element contents in the marl samples of Ptolemais-Amynteon basin.

Th Yb Lu | Cu| Pb | Zn | Ag | Ni cd Sr Y |Sa| Zr | Be v
T 5 Y O 1 " 177 == 8 [ =T =5
SM5 <0.5 J<0.1 J<005 | 2| <5.] 30 |<05 3 |05 48 185 <] <] 8 <1 <5
SM7 =05 | <01 ]<0.05 | 2 17 ] 32 |<0.5 3. |=<05 47 187 <] <1 7 <1 <5
SME =05 | <0.1 |<0.05 2 5 | 34 |<05 5 | <05 81 200 <1 <1 8 <1 <5
SMi2 T<05 ] 04 J006 8 7 .] 52 [<0.5 ] 221 | <0.5 196 6 6 29 <1 26
sMi3 | |<05 || 0.5 10,08 9 6 |49 |<05 | 227 | <0.5 81 194 6 5 26 <1 24
SMI5; |=054] 02 |<005 | 5 <5 | 39 |<05 | 21 |=<0s5 57 173 2 1 12 <l 5
SMI17 |=05 | 0.1 |<005 | 4 |321 ]| 34 |<05 | 21 |=<05 46 253 2 <1 9 <1 <5
sM1g9 =105 | 0.1 [<0.05 5 205 ] 32 |<05 [ 21 |<05 45 250 2 <] 8 <1 5
TEM4 |<05 | 01 (<005 [ 2 | <5 | 34 |<05 | 35 | <05 44 206 2 1 11 <] 9
TEM7 |<0.5 | <01 [<0.05 | 2 12 | 32 |<0.5 4 | <05 60 196 1 <1 7 <1 <5
TEM9 |<0.5 | <0.1 |<0.05 2 | <5 | 34 |<05 4 | =05 60 194 <] <1 8 <1 <5
TEMIL |<0.5 | 0.2 [<0.05 2 | <5 | 33 |<05 12 | <0.5 41 209 <1 <1 7 <1 <5
TEMI13 f=05 | 02 |<0.05 s | <s <05 | 21 |=<05 51 152 2 1 13 <1 7
TEMI14 (<05 | 03 <005 | 3 | <5 | 36 [<05 | 62 | <05 62 163 3 2 12 <]
TEM17 |<05 | 0.1 |<005 | 2 | <5 | 33 |[<05 7 | =05 45 130 3 <] 6 <l <5
TEMI9 |<05 | 02 |<0.05 | 2 | <5 | 33 |<0.5 7 |=<0s 42 123 2 <1 6 <l <5
KRM3 <035 | 13 (019 |48 f13s | 72 |<05 | 26 | 06 1688 693 14 7 | 247 2 70
KRM4 <05 | 14 |021 | 45 | 135 | 70 |<0.5 | 26 1 1645 678 14 6 | 219 2 68
KRM7 [<05 | <01 <005 | 2 | <5 | 33 [<05 5 | <05 76 208 1 <1 ]| 10 <l 6
KRM®? [<0.5 | <00 |<005 | 2 | <5 | 32 |<0.5 8 | <05 62 191 1 <1 6 <1 <5
KRMIL f<05 | 19 lo27 [ 23 | 12 |71 §<05 | 70 | 0.6 225 159 18 10§ 93 <1 60
KRMI13 |<0.5 | 02 [<0.05 2 <5 | 30 |<0.5 7 | <05 51 154 1 <1 6 <] <5
KRMI15 [<0.5 | 02 [<0.05 3 | <5 |51 [<=05 ] 15 | <05 55 145 3 1 12 <1 <5
KMMI1 [<05 | 0.6 0.1 8 | <5 | 52 |[<05 ) 103 | <05 73 ¥7 6 5 31 <] 30
KMM2 <05 | 07 0.1 7 S 151 j<0s5 §106 | <05 71 79 6 4 30 <] 29
KMM3 |<05 | 0.3 | 0.05 3 <5 | 37 |<0.5 16 | <05 95 291 4 2 30 <] 17
KMMS5 |<0.5 | <0.1 [<0.05 2 | <5 |33 |<05 9 | <05 56 177 <1 <1 6 =1 <5
KMM6 |<0.5 | 0.1 [<0.05 2 | 32 |33 |[<05 4 | <05 67 208 1 <1 7 <1 <5
KMMLI0f<0s5 | 0.1 <005 | 2 g |32 <05 13 | <05 57 166 2 <1 9 <1 <5
KMMI12[=<05 | 0.7 |o0.11 2 S 36 |<05 | 22 | <05 92 162 7 3 38 <1 15
KMMI4] 09 | 42 o064 | 36 | 27 | 99 <05 | 122 | 27 414 143 39 19 | 193 2 119
KMMI7| 09 | 43 |oe64 | 38 | 27 [103 |<0.5 | 132 | 2.7 414 139 39 |20 ] 189 2 120
NM3 <05 | 02 |00s 3 | <5 |35 1«05 | 31 | <05 63 148 3 2 18 <1 10
NM4 <0.5 | <0.1 |<0.05 | 2 <5 | 33 |<05 | 13 | <05 4] 279 <] <1 6 <1 <5 4
NMS <05 | <01 (<005 | 2 6 | 38 |<0.5 13 | <0.5 41 273 <1 <1 3 <1 <5
NM?7 <0.5 | 0.3 |0.05 4 | <5 | 41 |05 16 | <0.5 53 144 3 2 13 <1 <5
NMS& <0.5 | <0.1 [<0.05 2 | <5 | 36 |<05 5 |=0s 55 208 =1 < 8 <1 <5
NMI0 [<0.5 2 0.33 15 | 14 | 80 [<05 | 116 | 0.7 121 83 21 8 91 <1 42
NMI12 | 0.6 1.7 Jo028 [24 | 13 | 73 <05 | 65 | <05 252 131 17 9 86 <1 56
NMIS |<0.5 | <01 [<0.05 2 | <5 | 37 |=05 6 | <05 38 144 =1 <] 8 =1 <5
NML6 |<05 | <01 |<005 =50 | 36 |<0.5 7 |<0s 40 149 1 <1 8 <1 <5
NM19 1.1 42 067 | 62 | 55 128 |<0.5 | 154 | <0.5 597 122 40 |22 | 203 3 140
WM4  [<05 | 04 <005 | 4 | <5 | 48 |<0.5 | 22 | <05 58 99 4 2 15 <1 7 1
WMé6 [<05 | 0.4 |]0.07 5 | <5 |42 [<05 | 26 | <05 46 75 5 2 16 <1 8
WHME_ [<035 | 04 07 LS [3 58 (<03 20 | <05 A B 5 P4 20 <1 TT
WMI0 [=<05 | 08 |0.12 8 |=<5. | 57 [<05 | 36 | <05 141 101 9 4 32 <] 17 |
WMLl [<05 | 0.5 | 0.08 4 | <5 | 47 |<0.5 18 | <05 52 75 5 2 23 <l 10
WMI4 [<05 | 1.1 | 019 7 6 | 66 |<05 | 46 | 1.2 83 65 14 5 56 <l 20
WMle | 1.1 4.7 075 | 52 | 30 |124 |<05 | 118 | <0.5 584 174 44 | 24 | 242 3 151
wMig | 1.1 36 |059 | 40 | 24 | 99 [<0.5 | 100 | <0.5 473 206 37 |22 ] 219 2 129
WM21 [<0.5 | 1.1 0.19 15 | 12 | 58 |=<035 | 90 | <05 158 216 11 6 54 <] 39 \
AMMA |<05 | 12 |018 19 7 | 63 |<05 | 151 | <0.5 166 150 10 7 52 <1 40
AMMG |=<05 | 02 [<0.05 2 | 43 | 33 |<0.5 13 | <0.5 144 442 2 <1 13 <1 9
AMME [<05 | 02 <005 | 2 | <5 | 33 |<0.5 13 | <0.5 158 497 2 =1 ]| 14 <1 9
AMMIU ] 0.1 =ILUD A ] 37 TS 4 =5 1 U2 1 =] L] =1 =3
AMMI2[<05 | 02 (<005 | 2 | <5 | 35 |<05 5 | <05 101 188 2 1 10 <1 5
AMMIUT=U0S5 | 37 U.58 7 28 [ IIZ =05 [ 117 B [xxd 269 37 16 | 197 3 127 \
AMM23| 1.1 39 1062 | 40 | 27 J116 |<05 | 121 | <05 649 270 35 18 | 199 3 130
APMS <05 | 09 | 015 17 | 11 | 60 <05 | 53 | <0.5 193 250 7 5 17 <1 29
" " L r @ <~
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11"r' F Hivaxac 2. Méon tiyuf ovyxsvtpwans (yvoarolyei@y avd opuyeio ota pagyaixd deiypara
} Table 2. Average trace element concentrations in marls from Ptolemais-Amynteon

HéTLO Nesle II.Koud&- | Bopeio AUt iR . Apu=- | 0.Avop— m.A.M.
Nedio |Topbag & Kapdidg vou Nedio Neslo vralou yirpaw M.T.0° T.8.} z.e'
<5 €5 <5 <5 <5 <5 <5 <5 <5 [ <0,8
<2,8% <2, 1 <d, 4 <2,8 <3,1 <2,7 <2,9 2,67 <3 13 <0, 2
<4,4] <2,8 i Sl <3, 5 <1,7 <5,3 5,00 <5 6,2 <0, 8
1
"EIE:E <4,7 <2 Fiod 11,8 28 <39 13 15,00 <11 200 | <0,06
r
1 2 65 25,6 26,1 103, 4 66,6 87,6 103 87,33 5 2000 0,04
|' 005 |g,74] <0,5 | <1,7 | <2,6 <2 2,2 | <2,54] 2,03 | <21 s | <o,42
0.5 <0,55] <0,5 <2,6 <1,9 <1,4 <41 <2,1 1,20 <1l,2 5,2 <0,23
Ir
2 <5 <5 <5 <5 <5 <5 <5 <5 <5 |o,003] -
5 <5 <5 <5,1 <5 <5 <5 <5 <5 <5 6,5 | <0,77
20 <20 <20 <37,9 <45,7 | <40,8 <82 <H3 42,67 <43 220 <0,19
5b 0,2
<0,21] <0,22 <0, 8 <0, 4 <0, 27 <0,3 <Q,3 Q,23 <0,2 1,5 <0,13
Be 0,1
1,8 0,9 38 6,2 4,47 Ty 6,67 T+13 4,7 35 0,13
2 <3 | <3 <3 <3 <3 <3 <3 <3 <3 | 0,6 o
A <1 <1 1,71 <1 <1 <1 <1,14 <1 <1 4,2 | <0,23
T 0,5
<0,9 0,6 <155 ¢ <4,3 <3,43 4,6 <5,24 4,40] <4, 96 50 <0,09
v 0.5
<1,1| <0,8 3,9 25 <1,15] <1,25 | <2,9 1,07] <1,9 3,7 <0,5
3 <3 <3 <3 <3 <3 <3 <3 <3 <3 2,2 =
Ll 0,5
ppm 2,3 1,4 31,5 12,9 10,33 14,9 14,36 11,5 12 101 0,12
Ce
2 <4,9] <1,3 <53,1 <26,6 | <22,6 34 32,00 27,67 <31 170 <0, 2
Nd 5
ppm <5,4 <5 <20,6 | <13,6 | <11,6] <14,7 | <15,7 10 <10 55 <0,2
""0gi0 Aviyvevons

' ? Méoy Tuyunrj Opvyeiowy
THAM.T.®.: Huyxomua Avatary Méon Tyaj rov xvgietépov metpopdrov Tov ®lotov
¢ Tvvredeomijc Epmdovtiopot oe ayéon e v ILAM.T.P.
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Hlivaxag 2 (evvéyeia).

Table 2 (Continued).

op1o | N8zl nedtol | nimops= | Bépeio | avtixe | n.ape- | 0. Avep- MAM.T
. anni. | Nefio |Toptag 6 Kapside vou nedlo Tedlo vrafov | yopev | m.r.0? | 0.} z.E'
P T =
nl | | Lo i<D, 4] 0,3 2,9 Iv<2,4 |f1,91 7,7 2,69 2,27 <2,1 ] 10 |<0,21
Eult 3

¥ <0,1]| «<0,1 <0,7 <0,5 <0,4 0,6 <0,6 2,37 <0,5 1,6 |<0,31
RIFE
ppm |- T <0, 58 0%0;5 | <0,5 0,6 <076 | <0,65 <0, 6 <0,5 | <0,6 1,6 | <0,4
AR
ppm Tolx0,2] <0514 <0700 <1,2 | <0,9 1,44 1,39 1;07] 1,3 4 <0, 33
u
ppm Br05 <0, 05/ <0,05]| <0,1 <0,2 | <0,17] <0,23 | <0,22 0,16| <0,16| 1,2 |<0,13
Cu

. 4,3 2,5 17,9 11,1 11,8 15,44 15,43 19,67 12 110 Dyl
Pb

9 <64 | <5,9 | <43,1 1} <13,2 | <11,8 <11 <17,1 13,00] <13 48 <0, 27
Zn

b 37,1 34,4 51,3 52,9 53,7 66, 56 61,28 71,33 54 118 0,45
Ag | o5
m ’ <0,5] <0,5 | <0,5 <0, 5 <0,5 <0,5 <0,5 <0,5 | <0,5 | 0,11 -
Ni

. 58,9] 18,0 22,4 58,6 42,6 52,88 60,6 44,67 | 44,96 | 2000 | 0,02
Cd 0,5
ppm ‘ <0,5| <0,5 | <0,6 <1 <0,5 | <0,52 | <0,5 | <0,5 }<0,58) 0,3 =
Bi

= <10 <10 <10 <10 <10 <10 <10 <10 <10 0,4 -
Ba
ppm ' 61,6| 50,6 543, 1 148,8 | 130,1 | 185,44 | 278.86|224.67|203.02] 1220 | 0.17
Sr
ppm ' 201.7)171,6| 318,3 160,2 | 168,1] 121,67 | 288.29|216.00|205,73] 800 0.26
Y

1
ppm <2,4) «<1,7 7,4 <11,7 <B8,9 14,89 12,29 9,00 <8,5 40 <0,21
Sn 1
ppm <2 €1, <3,8 <6, 2 <4,8 7,67 <6,4 6,67 | <4,83 3 <0,8
& 1
ppm 13 9 85 59 45 75 70 50 51 260 0,2
Be b
ppm <1 <l <1,3 <1l,2 €12 <1,33 <l,6 <1 <1l,2 3 <0,4
v
opm | ° l<9,al <6,3 ] <31,3) <38,3 | <27,8] 43,56 | <a6,4] 35,67 | 39,61] 264 | <0,15

" Opio Aviyvevons
? Méon Tyarf Opvygeioy
THAMT.@.; Mayxdoua Averary Méoy Tuaf v xvptotépuy metpoudray Tov Plotors
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