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MEPIAHWH

21V TTapouoa epyocia avaAudnkav opukToloyikd 30 Enpd Seiypata Ayvitn atmd AiyvIToQopeg
TePIoXEG TNG OUTIKNG MeAoTrovvroou (koitaopa MayouAag, epgavioelig oTig TpuTtreg, Tov KoupouBé-
kpa kai Tnv Kutrapioaoia). Xpnoigotroinonke mepiBAacipetpo TUtrou Enraf-Nonius PSD 120 (Position
Sensitive Detector). To €id0g Kal N YEWUETPIO TOU QVIXVEUTH ETTETPEWAV TN AWN AKTIVOYPAPNUATWY
gg Yn@IokA Hop@n Kal g€ TTOAU JIKPO Xpovo (5 min) xwpic oXeTIKG uwnAd ‘B6pufo’ atrd To opyavi-
KO UAIKG. O TToIOTIKOG Kal TTOOOTIKOG TTPOCBIOPICHOG TWV OPUKTWY £YIVE UE ETTEEEPYATIA TWV OKTIVO-
ypagnudatwyv otov H/Y pe xprion Tou Aoyiopikou GUFI5 tng etaipiag Enraf-Nonius kai ouykpion
TOUG UE OKTIVOYPA@AUATA KOBAPWY PACEWY OPUKTWV.

AloTmoTWOnKE 6T TO PeYaAUTEPO TTOCOOTO (K.[3. KaI €TTi ENPOU) TOU KPUGTAAAIKOU PEPOUG TWV Al-
YVITWV TTOU HEAETAONKAV ouvioTaTal KUPiWg atmmd KAAOTIKA OpUKTA (apyIAIKG Kal €1I0IKOTEPA €VOO-
OTPWHOTWHEVO INAITN/OUEKTITN, JoaxoRiTn, xaAadia, AoTPIoUG). ZTOUuG AIlYVITEG OTTO TO KOITAOWA TNG
MayouUAag Ta apyIAIKé opukTd TTapoucidlouv TIEG 9-30%. Me PIKPOTEPA TTOCOOTA CUMMETEXEI O
HooxoBiTng (4-9%) Kai akopa pIKpOTEPa 0 XaAadiag (Ewg 2%) kai ol K-aoTpiol (€wg 2%). A6 Ta
auBiyevy opuKTda BIaTMOTWONKE YUWog (Ewg 8%). To opyavikd UAIKO TTOPOUCIAZEl TTEPIEKTIKOTNTES
peTagu 53% kai 89%.

MNa Ta mepioodTePa deiyparta Ayvitn o1 TTooooTIaieg K.B. TIHEG TOU avOpyavou PEPOUG, OTTWG U-
TroAoyioTnkav ammd 1o XRD trapouaialouv uynAd cuvteAeaTr) cuoxétiong (>0,85) pe TIG avTioToIxeg
TTO000TIAES K.B. TIMEC TEPPAC Twv 750°C. Asiyyara, Ta oTroia TTapouciadouv XapnAd OuVTEAEOTA
ouoxEéTiong (<0,65), TBavov va TTEPIEXOUV OPUKTA PE PIKPO PEYEBOG KPUOTAAAWY ry/Kal TTEPIOCCOTE-
po UTTIBIGUOPPN AVATITUEN.

1 EIZArQrH

H pébodog Tng mepiBAacipeTpiag akTiviov X (XRD) xpnoigoTrolEiTal wg epyaAcio yia Tnv ava-
YVWPEION TWV OPUKTWYV OTTé TTOAU TToAId. EISIKOTEPA yIa TN HEAETN TWV TTEPIEXOUEVWV OPUKTWV
OTOUG YaIAVOPAKEG N €Qapuoyr TNG oTnpixBnke yia TTOAAG Xpovia oe deiypota TEQPAg, T OTToia
TTpoépyovTtav amd xaunAng Beppokpaciag ogeidwaon kalr AAAeg TTapduoleg TexVIKEG (TT.X. Gluskoter
1965, Ward 1974). MNapadooiokd n mepIBAacIpeTpia Bewpeital 0TI €xel TTeplopiopévn aia éoov a-
@OpPA OTNV TTOCOTIKOTTOINGN TwV dIaPOpWV PAcEwWY o€ éva Ociypa €€ aiTiag @aivouévwy OTTwg: dia-
QPOPEG OTNV KPUCGTAAAIKOTNTA TWV OPUKTWYV, TIPOCAVATOAIOHOG KOKKWV GTO Oeiyua KaTd Tnv TOTTo0¢-
TNOT] TOu GTOV UTTOO0XEQ TOU TTEPIBAQCIMETPOU, SIAPOPETIKN IKAVOTNTA ATTOPPOPNONG TWV OKTIVWIV
X até kKaBe opukTo. MNMapoAa autd apkeTég pEBodol Exouv TTPoTabEi yia Tov TTOCOTIKG TTPoadlopioud
OPUKTWV PACEWYV atTd aKTIVOYpa@AuaTa. Av Kal Ol TTEPICOOTEPES Eival NUI-TTOCOTIKEG, APKETES Bpi-
OKOuvV e@appoyr Kal oe deiypata yaiavBpdkwyv (Rao & Gluskoter 1973, Ward 1977, 1978, 1989,
Renton 1986).

To TTARPEG aKTIVOyPAPNua evog OeiydaTOg TTAPEXEI TAPUIG TTEPICTOTEPEG TTANPOYPOPIES YIa TNV
TTOOOTNTA TWV OPUKTWYV PATEWY TTOU UTTAPYXOUV a€ autd o€ oUYKPION HE TIG TTOOOTNTEG TTOU TTPOC-
dlopifovTal Ye XprRon HOVO KATTOIWV KUPIWY KOPUPWY TOU OKTIVOYPOQHHATOG Yia To KB opukTd. O
Rietveld (1969) avémTuge pia yéBodo, pe TNV oTroia PTTopEl va TTPOadIoPIoTEl N évTaon avakAaong
o¢ oTroladATTOTE ywvia 20 yia €va opukTd TTAPEXOVTAG TAUTOXPOVA TTANPOPOPIES YIa TO TTWG MTTOPET
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va egoyaAuvOei n KpuoTaAAIKr) Tou dopur Kal AAAeG Baoikég TTapapéTpous. ApkeToi epeuvnTég (Taylor
1991, Taylor & Matoulis 1991, Bish & Post 1993) xpnoiyotroincav tnv trapatmdvw péBodo yia va
TTPOCBIOPICOUV TTOGOTIKA Ta OPUKTA g€ didpopa Piyparta. AAG Kal aToug yaiavBpakes n xprion Ao-
VIOUIKWYV BOCIOUEVWY OTNV TTOPOTTAVW WEBODO ETTETPEWYE TOV TTOCOTIKO TTPOCBIOPICUO TWV TTEPIE-
XOMEVWV OPUKTWYV. AUTOI Ol TTOGOTIKOI TTPOCBIOPIGHOI OUWG, OTTWG TTPAYUATOTTOIOUVTAl OTOUG YalI-
AavBpakeg, armaitolv TV aQaipecn TG TTidPACNG TOU OpyavikoU UAIKOU atTd TO aKTIVOYPA@nua Tou
ociyparog. H diadikaoia auTth £Xel WG ATTOTEAECUA TOV TTPOCBIOPITHO TWV TTEPIEKTIKOTHTWY TWV 0pU-
KTWV €vOg OeiypaTtog yaidvBpaka €TTi TOU GUVOAOU TwV KPUOTOAAIKWV QACEWY TTOU avayvwpifovtal
oe auto (Ward et al. 1999, 2001) kai Ox1 €11i TOU CUVOAOU TOU SEiYUATOG.

21NV TTapoUaa epyacia TTapouaiadeTal N ueBodoAoyia TTOGOTIKOTTOINGNG TWV OPUKTWY QACEWV
oe Oeiypata Alyvitn amd AiyvitTopopeg TTePIOXES TNG SUTIKAG MeAotrovvAcou (koitaoua MayouUAag,
epgavioelg oTig TpuTreg, Tov KoupouBékpa kal Tnv Kutrapiaaoia).

2 TEQAOTIKO MAAIZIO

Ta mepiBwpia Twv Neoyevwov Aekavwv Mupyou, Zaxdpwg kal Kutrapiooiog otn duTikn MNMeAo-
mévvnoo (Zx. 1), ammoreAolvTal atmd TeTpwWHaTA Twv {wvwy Mivdou, TpitmoAng kai 16viag (Aubouin
1959, Aubouin & Dercourt 1962, Richter 1976, Fleury et al. 1981, Jacobshagen 1986, Degnan &
Robertson 1998).

To AiyviTiKO koitTaopa Tng MayouAag (12,4 Mt) evroTrieTal 0TO avaTOAIKO TUAUA ThG AEKAVNG TOU
Mupyou, 12 km BA Tng TOANG Tou Mupyou (Bayiag 1994). O1 Neoyeveig oxnuaTiopoi, o1 oTroiol £§o-
TAWvovTal oTn Agkavn avrikouv oto AvwTepo lMAgidkaivo éwg MAgIoTOKAIVO Kal ouvioTavtal oTTd
dupoug, INUeG, apyiloug, Ayviteg kal wappiteg (Hageman 1977, Frydas 1987, Kamberis et al. 1992,
Tsaila-Monopolis et al. 1993). Ztn Aekdvn NG Zaxdpwg OUO AIYVITIKEG EuPavioelg evioTTi(ovTal o€
OU0 UIKpG opuxeia KovTd ota xwpld Tputreg kai KoupouBékpag pe TTayxog 1 m kal 2 m, avtioToixa.
>upoewva e Toug Streif et al. (1982) Ta Neoyevr) Ilfipata TNG Aekdvng TNG Zaxdpwg £Xouv atroTeBei
Katd 1o Avw lMAgI6kaivo Kal atroTeAoUvTal atmd evaAAQYEG AUUwY, apyiAwy, aupouxwyv apyidwyv A
apylhoUxwyv duuwyv. £1n Aekdvn Tng Kutrapiooiag HEAETABNKE pia AiyvITIKA eu@davion TTdyxoug 1 m,
2,5 km BA 1ng opwvuung moAng. Ta 1{Aparta tTou eSatrAwvovtal atn Aekdvn eivar MAgiokaivi-
KAG/MAgIoTOKAIVIKAG NAIKIAG Kal atroTeAOUVTAl aTTO KPOKOAAOTTAYN, WANMITES, HAPYES, AUMUOUG KOl &-
pubpéc apyiloug (MnTpdtTouAog K.4. 1979).

3 MEGOOAOAOrIA-ANIOTEAEZMATA

3.1 AsiypatoAnyia

JUVOAIKA 22 deiypata Aiyvitn ammd 1o Koitaopa NG MayoUuAag emmAEXBnKav atmd TTUPHVES Yew-
TPAoEwvV, TTou diaTédnkav atrd To lvaTitouTo MewAoyikwy kai MetaAAeuTikwyv Epeuvwy (I.F.M.E.). To
KGOe deiyua avTITTPpoowTTeEUEl éva aTPpWHA AlyviTn TTaxoug £wg 2,5 m. OKTW cuvoAiké Ssiypara Aiyvi-
TN 1o TIG ep@avioelg oTig TpuTtreg (2 deiypata), Tov KoupgouBékpa (3 deiyuara) kai Tnv Kutrapiogia
(3 deiypara) oulAéxBnkav pe Tn péBodo ‘Kar auAaka’, OTTwG auTh Treplypd@etal amd Tov Thomas
(1992). To maxog Tou KABe deiyparog dev Eemmepvd Ta 20 cm. H Trepiypa®n Twv AIBOTUTTWV TWwV
delyuaTwv Aiyvitn €yive oUp@wva pe Thv ovopatoAoyia tng 1.C.C.P. (1993). OAa Ta deiypara avn-
KOUV TNV KaTnyopia Tou Alyvitn matrix AIdTuTTou.

3.2 TpooseyyIoTIKA Kal Aueon avaiuon

Ta deiyyata Enpddnkav otoug 105°C péxpl oTaBepol BAPouC. H TrepIekTIKATNTA Ot TEQPQ
TIPOOBIOPICTNKE YETA ATTO KAUOoN £AeUBEPOU Uypaciag kovioTroinuévou Ayvitn otoug 750+£5°C yia 4
h o€ nAekTpIkd Poupvo TUTTOU Raypa HM9, ota epyaoTripia Tou Topéa OpukTwy MpwTwy YAWV Tou
TuAuaTtog MewAoyiag Tou MavemaoTtnuiou MaTtpwyv. O TrepiekTikdTNTEG 0€ C, H, N kai S Twv Enpwv
derypdTwv Alyvitn TrpoadiopioTnkav oTo Epyaatrpio Evépyavng AvaAuong Tng ZxoAng Oetikwy E-
moTnPwy Tou MavemoTnuiou MNatpwy, e xprion autépatou avaAuth Carlo Erba. H tepiekTikdTnTO
o€ 0&uyovo KABe deiyuOTOG UTTOAOYIOTNKE £UUECT APAIPWVTAG ATTO TO EKATO TO ABPOICHA TWV TTE-
piekTikoTATWV: C, H, N kai S kai T€ppag etri Enpou. Ta atmoTeAéopaTa Trapouaiaovtal otov IMiv. 1.
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0 = " 15 20 kyp

3.3  OpuktoAoyikoi TTpoadiopIopoi-MEIpapaTiko pépog

O1 opuUKTOAOYIKOI TTPOCBIOPICHOI TTpaypaToTroIBnkav ato Tunua OpukToAoyiag Tou Mouaeiou
duaoikng loTopiag Tou Aovdivou (Natural History Museum of London) Ta amo¢npapéva deiypata Ai-
yvitTn (D <37 um) avaAibnkav pe Tn Bondeia TepiBAaciyeTpou akTivwy X T0TTOoU Enraf-Nonius PSD
120. H ouokeuny autr) eival e€OTTAIOPEVN PE OTOBEPO KATOKOPUPO QVIXVEUTH XWPIKAG Euaiobnaiag
(4096 kavaMiwv), KupTwuévo ot T6Eo 120° (Position Sensitive Detector). H duvatétnra avixveuong
ywviag 26 @taver éwg 120° (avd 0,03°), evid XPOIUOTIOIEITAI HOVOXPWHATOPAS " Ge, woTe va ouh-
Aéyetar akTivoBoAia CuKaq ata 45 kV kai 45 mA. OpIOVTIEG KAl KATOKOPUPEG OXITHES PETAEU TOU
HovoxpwpudTopa Kai Tou deiyuaTog Treplopifouv TNV akTiva o€ em@aveia 0,24 mmx5,0 mm kai €101 N
akTIvoBoAoUpevn TTEpIOXA GTOV UTTodoXEa Tou deiyuaTog TTapapével otabepr) (Cressey & Schofield
1995, Batchelder & Cressey 1998).

To Koviotroinuévo deiypa apyikd ToTToBeTABNKE 0 KUKAIKG utTodoxéa diapétpou 15 mm kai Ba-
Boug 1 mm ka1 AeOnkav 6Aa Ta PETPA WOTE va €UTTOBIOTEI O TTPOCAVATOANIOUOG TTETTAATUOUEVWY
KOKKWV TTApAAANAQ hE TNV €TTIQAVEIA TOU BEiYUATOG, 01 KOKKOI TOU OEiYATOG OUGIOOTIKA JIEUBETH-
Onkav e Tnv ofgia aTeVA AKPN MIAG MIKPAG ATaGAIVNG OTTATOUAAG, UEXPIG OTOU ETTITEUXBEI pIa €TTi-
TedN Kal opoiduop®n emi@aveia. Katomyv o utrodoxéag TotrofeTABnNKe 010 dpyavo oe €IdIKA opIfo-
vTia Bdon. H B6éon okTivag-Ociypuatog-avixveuTr] eival otaBepr) kai o€ emimedo KABETO OTNnVv
EM@AvVEIA TOU BEIYPATOG, EVW Ol YETPNOEIS APONKav pe oTaBepr| ywvia TTPOOTITWONG TNG aKTivag
5° kal xpovo akTivoBoAiag 5 min (Batchelder & Cressey, 1998). To &ciypa TrepioTpéPoOvTav KABETA
aTnV ETMIQAVEIQ TOU
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Mivakag 1. MNMepiekmikdtnteg T€QPAg kail C, H, N, O, S ota deiyparta mou peAetriOnkav (€11 Enpou).

MEPIOXH AEI'MA  Tégpa (%) C(%) H(%) N(%) S(%) O (%)
s7 17.9 481 43 29 28 240
S9 225 463 42 13 40 217
S11 253 414 35 1,0 37 251
S15 188 552 56 9.2 3.0 8.3
S17 330 312 28 0.9 39 281
S19 219 381 32 0.7 53 308
S24 215 42,0 35 1,4 39 277
S25 16,7 451 3,7 1,1 40 294
S34 305 346 3.9 55 27 229
S36 250 477 46 7.3 31 122
S38 12 517 41 1,6 30 284
MATOYAA S42 285 334 2.8 0.8 33 312
S51 341 304 3.0 10 40 275
S55 177 468 44 1,9 37 256
S56 272 385 3.6 13 45 249
S57 339 351 35 22 20 225
S58 360 353 44 7.7 25 141
S61 28 415 3.6 1,0 35 276
S65 240 40,7 3.8 20 40 256
S67 311 429 47 6.5 30 119
s71 178 506 47 3,0 36 203
S75 283 431 42 35 35 174
S77 257 532 37 15 10 14,9
TPYNEZ s78 145 485 47 8.3 07 233
S8l 378 391 33 15 11 171
KOYMOYOEKPAS  S82 393 449 46 8.1 08 25
S84 373 323 25 1,0 19 250
S90 272 478 3.1 1,4 24 182
KYMAPIZSIA S93 15 59,1 3.6 1,3 31 214
S95 16,0 54,0 35 1,5 35 215

To €i®og Kal N yewMETpia TOU QVIXVEUTH ETTETPEWAV TN AfYn OKTIVOYPOPNUATWY OE Wn@IaKK
Hop®r Kal o€ TTOAU PIKPO Xpbvo (5 min) Xwpig OXETIKG uwnAd ‘BdpuBo’ atd 1o opyavikd uAIKé. MNo-
pAAAnAa a1od TIGg cuAAoyég Tou Mouaoeiou ®uaikng loTopiag Tou Aovdivou, avaAlbnke kal pia o€ipa
S1a@OpwV TTPOTUTTWY OEIYHATWY KABAPWY OPUKTWYV, TTOU CUVHABWGS aTTAVTWVTAI OTOUG YaIAvVOPOKEG,
WOTE TA AKTIVOYPAPAUATE TOUG VO OUYKPIBOUV e AuTd TwV AIYVITIKWY delyudTwy. O TToIoTIKOG Kal
TTOOOTIKOG TTPOCBIOPICHAG TWV OPUKTWY EYIVE PE eTTEEEPYOTia Twv akTivoypagnudatwyv otov H/Y pe
xpron Tou AoyiopikoU GUFIS tng eTaipiag Enraf-Nonius.

H péBodog, TTou epapudoTNKe OTNV TTapoloa epyacia, BacioTnke otn péBodo Twv Batchelder &
Cressey (1998), n otoia éxel epapuooTei o€ dciypata pévo ue avopyaves QAcEIS Kal TTeEpIAAUBAVEI
oUyYKPICN TOU OKTIVOYPOQPHMATOG TOU JEiYUATOG JE QUTA TTPOTUTTWY JEIYUATWY OPUKTWV.

O1wg éxel avagepOei, N TTPOETOILATIO TWV JEIYUATWY Yia £EETACN TOUG PE TO TTEPIBAQCIUETPO
oTaBeprg B€oNG aviXVeUTH gival TETOIA, WAOTE VO ATTOPEUYETAI O€ TTAPA TTOAU peydAo Babud o Tpo-
0avoTOAIOPOG TWV KOKKWYV, O OTToI0G Ba €iXe WG ATTOTEAECUA TNV EVIOXUGN CUYKEKPIUEVWVY AVOKAG-
gegwv ammo Ta €EeTalOPEVA OPUKTA Kal TOV UTTOAOYIOWO TTAOCHATIKOU TTOOOOTOU GUMMETOXAG OTO
Ociypa. Emiong, kaBioTatal o €UKOAN Kal N avayvwpion OEUTEPEUOVTWYV OPUKTWV, KABWG atToQeU-
YOVTQI OTO PEYIOTO OUVATO ETTIKAAUWEIG KOPUPWIV.

XapakTnpIoTIKO OAWV TWV AKTIVOYPAPNUATWY TTOU PJEAETABNKAV €ival 0 OXETIKA ‘XauNAGg B6pu-
Bog’ amd 1o opyaviko UAIKO. EIBIk6Tepa yia To didotnua 28 10-30°, ol Tipég uwnArg éviaong ava-
KAAongG Tou opyavikou UAIKOU (TTou ouvhBwg gival auénuéveg pe Xprion GAAwv TUTTWV YWVIOUETPWV)
gival xaunAég. EmmTAéov Ta apyIAIKG opukTd divouv uwnAdTepES TINEG évTaong avdkAaong oTo did-
oTnua 20 5-8° yeyovog, TToU ETTITPETTEI TV TTIO UKOAN avayvwpioT] Toug. To OUYKEKPIPEVO TTEPIBAG-
oiyeTpo ATav TTAQICIWUEVO PE KATAAANAO Aoyiopiko (Enraf Nonious-Gufi5), Tou Trapéoye tn duvard-
TNTA TTOCOTIKOTTOINONG TWV KUPIWV KAl SEUTEPEUOUCWIV OPUKTWV KPUCTAAAIKWV QACEWY, KaBWG Kal
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Tou opyavikoU UAikoU. H diadikacia, TTou akoAouBrBnke yia TNV TTOOOTIKOTTOINGT), EQAPUOLETAI YIA
TTPWTN Qopd o€ deiypaTta Pe uWPnAr TTEPIEKTIKOTNTA opyavikoU UAIKOU, OTTWG gival o1 AlyviTeg, Kal TTe-
PIYPAPETAI TTAPAKATW.

O1wg eival yvwaTo, n évraon mepibAaong amd Ta emiTeda hkl o€ éva povo@aaoikd deiyua, 1o
oTT0i0 €€ETALETAI OTO YWVIOUETPO diveTal atd Tn oxéon:

I kmLp
[hkl = ,U— FhilV

O1T0U |o: €VTAON TTPOCTTITITOUCAG AKTIVOBOAIQG, K: Treipapariki otabepd, m: TTOANATTAOTNTA, Lp: ou-
vTeAeOTNG TTOAWONG Lorentz, 1 OUVTEAEOTAG YPAUMIKAG atroppd®nong, Fnk: TTapdyovrag doung Kai
V: 6yKOG KPpUOTAAAWV TToU TTEPIBAaciueTpdTal. H idia opuKTOAOYIKN @ACn O€ éva TTOAUQOGIKO WEiy-
Ma Ba TTapouaiddel évraon TTepiBAaong:

1 kmL
]}:4k1 - % FhizVA

OTToU W: OUVTEAECTAG YPAUMIKAG aTToppdPnang 6Aou Tou deiypaTog, Kal VA OYKOG KPUOTAAWYV TNG
@aong TTou TTePIBAACIPETPATAI WG PEPOG TOU CUVOAIKOU dykou Tou deiypaTtog. MNa deiypara, ota o-
TTOi0 TA CUCTATIKA OPUKTA TTAPOUCIAJOUV TTAPONOIOUG CUVTEAEOTEG YPOUUIKAG atroppdPnaong, n é-
vraon mepiBAaong evdg opukToU Bewpeital avdAoyn Tou Oykou auToU TOu OpUKToU OTo Oeiyua
(Cressey & Schofield, 1995). ZTnv TTepiTTWON OUWG TTOU Ol GUVTEAECTEG YPANMIKAG aTTOoppOPNoNg
TWV OUCTATIKWY OPUKTWV Tou deiypaTog dev gival TTapatTAfoiol, ToTe attaiteital 816pOwan wg TTpog
TOV OAIKO GUVTEAEDTH amoppo@nong Tou deiypartog. ‘ETal kdBe opukToAOyIKY) @ACT, n oTroia YTTopEi
Va avayvwpIoTEl OTO OKTIVOYPAPNHA TOU JEiyUaToG, PTTOPEI va TTOCOTIKOTTOINGEI CUYKPIVOUEVN HE
akTIvoypdenua, To otroio avTtiaToixei oe 100% kabaprg @Aaong opuKToU.

>Upewva pe Toug Batchelder & Cressey (1998), xpnOIUOTTOIWVTAG GUVTEAEDTH) ATTOPPOPNONG
padag, n Katd BApog TTEPIEKTIKOTATA KABE OpUKTOU O€ éva TETOIO DEiyUa PTTOPET va UTTOAOYIOTE aTTd
TNV TTOPOKATW £&iowon:

. W |/ p) /( ﬂ/p)’J_
Zwa,,p[u/p /(u/p) ]

(1)
6TToU W': TipaypaTikG BAPOS OPUKTAG (pcong i oTo Beiypa, w' app: OXETIKO BAPOG OPUKTAG PAONG i OTO
deiyua  (pattern  fit  value), (u/p): ouvieAeoTAC amoppdenong  palag  @aong i,

(u/p)’ =2wapp y/p) . QAIVOUEVIKOG OAIKOG OUVTEAEDTAG OTTOPPOPNONG UTTOAOYIOUEVOG HE TN
i

uéBodo Twv Batchelder & Cressey (1998).

To akTivoypaenua (pattern) evdg TTPOTUTTOU OPUKTOU, TO OTTOIO AVAYVWPIOTNKE VA TTEPIEXETAI OE
Karolo deiypa, TTpooapuoaTnKe (patternfit) e xpAion Tou AoyiopikoU, TTOAATTAGOIOZOUEVO HE Evav
OUVTENEDTH Wapp Q11O 0,02-1 (pattern-fit value), oTnv idia évracn avakAGoewv (iB1o VYOG XapPOKTN-
PICTIKWV KOPUPWV 28), YE auTEG TIG OTTOIEG TTapouaiale To OpuKTO aTo deiypa. H diadikaoia auTh vi-
VETAI OTITIKA, £TO1 WOTE VA TTPOCAPUOCTOUV OTO i610 UWPoG TaUuTOXpOvVa 0G0 TO dUVATO TTEPICOOTEPES
XOPOKTNPIOTIKEG KOPUPES (ZX. 2). ATTOQEUYETAI KAT QUTOV TOV TPOTTO N TTPOCTTdteia va TTpocappo-
OTOUV AVOKAACEIG, Ol OTTOIEG €ival EVIOXUNEVEG AOYw €AA@POU TTPOCAVATOAICHOU KOKKWY A UTTapEng
€VOG PEYAAOU PEUOVWHEVOU KOKKOU O€ KATAoTaon TrpogavaTtoAiouoU Bragg.

2TN OUVEXEIQ TO TTPOTUTTO TTPOCAPHUOCHEVO OKTIVOYPAPNHA aQaIpEéBNKe aTTd auTd TOU JEiyUaTOg
ME TOUTOXPOVN HEIWON Tou TTooooToU TTAAUWY (counts), TTOU AVTIOTOIXOUCQV OThV TTEPIEKTIKOTNTA
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TOU OUYKEKPIYEVOU OpuKToU aTo Seiypa. H diadikacia autr| eTTavaAnebnke HEXPIG OTOU aTrd TO apXl-
KO akTivoypdenua Tou deiypatog apaipédnkav 6Aol ol TaApoi (counts), TTou avTioToixouoav OTIG
KPUOTAAAIKEG PACTEIG. TO UTTOAEIUUOTIKO OKTIVOYPAPNUA EKTTPOCWTTEI TO opyavikd UAIKO, TIG GUop-
PEG KPUOTAAAIKEG QACEIG KAl T TUXOV €TTOUCIWON OPUKTA (Zx. 2). H 6An diadikacia TTpocapuoyng
TOU TTPOTUTTOU AKTIVOYPAPAUATOS KAl TNG aPaipeang Tou TToO0CTOU TTAAMWY (counts) €xel OQAAUQ
1-3% (Batchelder & Cressey, 1998).
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ZxAua 2. Mapadelypa ToooTIKoU TTPOCdIOPICHOU KPUOTOANKWY QACEWY o€ atroénpauévo deiypa TTou £§eTdoTn-
Ke pe TepIBAacipeTpo avixveut otabeprig Béong (PSD).

Eival duvatdv Opwg 010 TEAIKO UTTOAEIPPATIKO SIGYPANPA VO TTAPATNPOUVTAI MIKPEG BETIKEG r)/Kal
apvnTIKEG avakAdoeig Adyw: (a) ateAoug ‘petafiBaciydotnTag Tng egiocwong euBuypauuiong PETagU
TwV OelyPdTWY dlapéoou Tou TTPOTUTTOU XaAadia TTou XPNOIPOTTOIEITAI VIO QUTOV TOV OKOTTO (TTPOKa-
Aeitan omrévia Adyw O1a@opeTIKOU Uoug Tou deiyuaTog oTov uttodoxéa ), (B) TTapouaiag evioxuué-
VWV avokAdoewv e€aiTiag TTpooavatoAIguoU KOKKWVY oTo Ociyua f/kal oTo TTPOTUTTO deiyua avTi-
aTtoixa, Kai (y) QaVopévwy atmoppd®nong Tng akTivoBoAiag amd 1o deiyya (matrix absorption
effects). OAoi o1 TTapatTdvw Adyol gival duvaTd va £XOUV WG ATTOTEAECHUA TO ATEAEG TaiplAOUa TWV
TIPOTUTTWY OKTIVOYPAPNUATWY OTo deiyua, aAAd n €TTi®pacr) Toug OTnV TTOCOTIKOTTOINGN TWV OpuU-
KTWV eival ageAnTéa (Cressey & Schofield, 1995).

lNa Tov TTAAPN TTOGOTIKO TTPOGOIOPIoUS OAWV TWV CUCTATIKWY TWV JEIYUATWY TTOU PEAETABNKAV
ATAV aTTOEAITATO KAl KATTOIO TTPATUTTO OKTIVOYPAPNHA, TTOU VA AVTITIPOCOWTTEUEl TO OPYAVIKO UAIKO.
To TT0000TO TIPOCOPUOYAG TOU OTO UTTOAEIMMATIKG OKTIVOYPA@NUA HETA TNV QQaipean Twv
KPUOTAAANIKWV Qacewv Ba pndéviZe TTANpWGS Toug TTAAPOUG o€ KABe Seiypa Kal Ba eTTETPETTE TNV TTO-
ooTIKOTToiNoN OAWV TWV CUCTATIKWY KABe deiypatog. H EAAeipn evog TETOIOU OKTIVOYPOQHHATOG
EemrepdoTnke Pe TV UTTOOEON, OTI TO UTTOAEIMPATIKG OKTIVOYPAPNHA £KPPAlel OVTWG TO OPYavIKO
UAIKG KOl GUVETTWG OI UTTOAOITTOI TTAAWOI avTIoTOIXOUV OTO TTOOOCTO TOU OpyavikoU UAIKOU o€ KGBE
deiypa.

O1 ouvTteAeaTéG atmoppdPnong PAdag Tou opyavikou yia KaBe deiypa utroAoyiotnkav atmmd dedo-
péva C, H, N, O ka1 S, é1mwg autd mmapouaidfovtal aTov Trivaka 1.
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>1n ouvéxela pe Tnv eficwon (1), ol TTOOOGTNTEG TWV OPUKTWV Kal TOU OpPyavikoUu UAIKOU
dlopBwenkav KaTd BAPOg WG TTPOG TOV PAIVOUEVIKO OAIKO GUVTEAEDTH aTToppd@nong Tou deiyaTog
(u/p)”". Or empépoug auvTeAEOTEG (U/P)°, oI oTToiol UTTOAOYIoTNKAV aTTd TOUG XNMIKOUG TUTTOUG KABE
OpPUKTOU TTpoTUTTOU Kail Ta 0edopéva C, H, N, O kai S yia 1o opyaviké H€Pog TTou XpnaihoTToInenkav
OTOUG UTToAOYIopOoUG TrapaTiBevtal atov Tivaka 2. O1 TEAIKEG TTEPIEKTIKOTNTEG OE OPUKTA Kal
opyaviko Yépog yia kaBe deiypa Trapouaidlovtal aTov idio TTivaka.

Mivakag 2. OpukToAOYIKOG TTOCOTIKOG TTPOCdIOPIOUOG KPUOTAAAIKWY @aoewv (0 % K.B.) oTa atmmognpapéva
deiyyata Aiyvitn.

AEITMA  Q KF K ML M PY G MT FeO  ORG | (u/p) opy.
s7 1 1,6 14 2,1 813 | 9,1
S9 2,1 159 52 5,1 71,7 | 10,5
S11 20 1,5 785 | 10,8
s15 1 17,3 1,8 799 |82
S17 2,1 265 4,2 3,6 636 | 12,2
S19 1,2 136 5.1 42 759 | 12,8
S24 1,7 15 1,8 81,5 | 10,9
S25 20,3 1,8 779 | 10,8
S34 28,3 3,5 682 |98
S36 11,3 1 87,7 | 9,0
S38 10,1 1.1 88,8 | 9.2
S42 235 59 6,2 644 | 11,1
S51 301 86 8,4 529 | 12,3
S55 12,9 57 814 | 10,1
S56 226 7,5 69,9 | 11,9
S57 17,7 1 4 <1 771 | 10,3
S58 14 1 219 93 8,1 583 |93
S61 111 13,2 37 <1 80,3 | 10,5
S65 21 2 32 237 6,3 62,7 | 11,1
S67 1,3 166 3,8 3,7 <1 744 |92
s71 1 9,3 2,3 874 | 97
S75 21 12 18,6 2,8 753 | 10,1
s77 <1 54 94 6,7
S78 46 954 |68
s81 3,2 15,4 814 |75
S82 2,9 12,5 846 |57
S84 3,6 19,7 <1 763 | 95
S90 37 48 915 |87
S93 31 87 1,5 867 | 88
(ulp) 364 506 309 47.0 415 1912 633 2233 216,2

(Q: xahadiag, KF: K-dotpliol, K: kaoAivitng ML: evdooTpwpatwpévog INITNG/opekTiTnG, M: pooxoBitng PY: c16n-
pottupitng, G: yuwog, MT: payvntitng FeO: duop@o o&eidio a1dripou ORG: opyavikd UAIKO, (U/p)’: OUVTEAEOTEG
atmoppoPnong HALag OPUKTWYV Kal Opyavikou - ol TeEAeuTaiol uttoAoyioTnkav atmd TrepiekTikotnTeg C, H, N, O, S
OTO KGO Beiypa)

O1wg dIaTmoTWVETAI ATTO TOV TTVAKA 2, TO HEYOAUTEPO TTOGOOTO TOU KPUOTAAAIKOU PEPOUG TWV

NIYVITIKWV SEIYUATWY TTOU PEAETABNKAV oUVIOTOTAI KUPIWG aTTO KAAOTIKA OPUKTA Kal €I0IKOTEPA EV-
B00TPWHATWHEVO IANITN/OPEKTITN. ZTn MayoUAa Ta opukTd autd TTapoucidlouv TiuéG 9-30%. Me pi-
KPOTEPQ TTOOOOTA CUPMETEXEI O HOOXOBITNG (4-9%) Kal akopa pIKpdTEPa 0 XaAadiag (€wg 2%) Kai ol
K-aotpiol (Ewg 2%). Ta auBiyevr] opukTd ekTTpoowTrouvTal atrd yUwo (Ewg 8%) oe dAa Ta deiypara
ANV €vog (S36). Z1dnpoTrupitng uttoAoyioTnke og dUo deiypata Kar dev EeTTePVA TO 1%, VW KOOAI-
viTng povo oe €va (3%). To opyavikd UAIKO TTapouaiadel TTEPIEKTIKOTNTEG HETAEU 53% Kkai 89%.
O evB0oOTPWHATWHEVOG IANTNG/CUEKTITNG €ival TO KUPIAPXO OPUKTO aTa AIYVITIKG OTPWHATA ATrd TIG
GAAeG TTEPIOXEG. ZTIG TPUTTEG O TTEPIEKTIKOTNTEG PTAVOUV PEXPI 5,4%, oTov KoupouBékpa Kupaivo-
vral petagu 12 kar 20% kar otnv Kutrapiooia 5-9%. O xaAadiag mapoucidlel augnuéva TTooooTd
ota deiypata a1md Tov KoupouBékpa (wg 4%) oe oxéon pe Tn MayouAa. O kaoAvitng eival To pévo
auBiyevég opukTo aTov Aiyvitn TG Kuttapioaiog (Ewg 4%) pe apkeTd uwnAd TTOC0G0TA.

470



4 3IYNOEZH ANMOTEAEZIMATQON-XYZHTHEZH

AlokpiBnkav dUo opddeg deiypdtwy atréd 10 Koitaopa Tng MayouAag. Ta deiypata NG TpwING
ouadag (S7, S9, S15, S17, S19, S25, S34, S38, S42, S51, S55, S56, S58, S65) Tapouaidlouv ou-
vteAeoTr) ouoxétiong r = 0,92 (Zx. 3a). O1 TTooooTIqieS K.B. TIMEG TOU AVOPYAVOU PEPOUG, OTTWG U-
TroAoyioTnkav amd 10 XRD, cival eAappd uwnAdTEPEG aTTd QUTEG TWV QVTICTOIXWYV TINWV TEPPOG.
Agdopévou 0TI Ta deiypaTa autd XapakTneifovral KUpiwg atmd Tnv TTapoudia evOooTPWHUATWHEVOU
INNITR/OpeKTITN Kal yOwou, gival duvatdv n dIapopd OTIG TTAPATTAVW TINEG VO OQEIAETAI OTO KPUOTAA-
Aik6 vepd TnG yuwou Kal oTa udpogUAIa Twv apyIAIKWY, TToU XAvovTal KaTd Tnv Kauon Twv Selyud-
TwV aToug 750°C yia Tov TTpoadiopioud TNG TEPpag. H TTOAU kaAf GUPTITWON TWV OTTOTEAEGUATWY
QUTAG TNG ONAdAG oPeiAeTal BEBaIO KAl TNV ATTOUCIO OPUKTWY, TA OTTOIa SIACTTWVTAl KATd TNV Kau-
an, OTToTE PEPOG TWV OTOIXEIWY TTOU T ATTOTEAOUV Bla@eUyouV (TT.X. BEI0UXa OPUKTA).

(v)

. . @ . . .
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ExAHa 3. : ZUaXETIOPOG TEPPAG Kal aBpoiouaTog OPUKTWYV TTPOCOIOPICUEVOU ATTO TA AKTIVOYPAPHPATA TWV OTTO-
Enpapévwy delyudTwy (£.€.: €11 Enpou, K.B.: KaTd Bapog).

Ta deiypata TnG deuTepng ouadag (S11, S24, S36, S57, S61, S67, S71, S75) TTapouaidlouy -
TTiong TTOAU KaAd cuvTeAeaTh cuoyétiong r = 0,85 (Zx. 3B). To avépyavo PEPOG QUTWVY TwV OEIyUa-
TwV uTtoAoyicpévo atd 1o XRD mmapouciddel XaunAOTEPEG TIUEG OE OXEQN ME TIG AVTIOTOIXEG TNG Té-
@pag. To yeyovog autd mBavov va oQeiAeTal OTNV TTOPOUCia AMOPPWVY QACEwWV (TT.X. o&eidia
TrupITiou fy/kal apylAiou), ol otroieg dev fTav duvaTO VA TTOCOTIKOTTIOINBOUV HE T OUYKEKPIMEVN WE-
60d0. Katd TpoTTO OpoIo Ta deiypaTta Twv UTTOAOITTWV AIYVITIKWYV edpavicewy (S77, S78, S81, S82,
S84, S90, S93) gpaivetal va xapaktnpifovTal €1Tiong atré TNV TaPOUCia GUoPPWY QACEWY Kal JAEAI-
oTa o€ PJeyaAuTepo Babuo atr’ 6,11 Tng MayouAag (Zx. 3y).

Quaoikd dev PTTOPET va OTTOKAEIOTEI N TTEPITITWON va o@eiAeTal n TTapaTradvw dIaQopd OTIG TINEG
TEPPAG KAl avOpyavou PEPOUG TOGO OTn OeUTEPN OpAda delyudTwy TNG MayouAag, 600 Kal autwyv
atTo TIG AAAEG TTEPIOXEG, OTO HIKPO PEYEBOG KPUOTAAWY f/Kal OTNV TTEPIOCOTEPO UTTIBIOUOPPN ava-
TTUEN TWV KPUOTAAAWY, TTOU TUXOV eP@avilel TO HEYAAUTEPO TTOCOOTO TWV KAAOTIKWY OPUKTWV OF
autd Ta deiypata. Ta TeAeutaia atmmoTeAoUV Kal TO PEYOAUTEPO PEPOG TOU AVOPYAVOU TUNMATOG Au-
TWV TWV AlyviTwy. To PIkpd PéEyeBog Twy KPUOTAAAwWY eIRERAIWONKE Kal atrd TNV TTPOKATAPKTIKA
€CETAON OTO NAEKTPOVIKO HIKPOOKOTTIO, €I0IKA oTa OgiypaTa AiyvITwv Twv GAAWV TTEPIOXWY, OTA O-
TToi0 TO AvOpyavo PEPOG TTAPOUCIAZETAI TTIO MIKPOKPUOTAAAIKG atrd autd aToug Ayviteg TG Mayou-
Aag.
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5 ZXYMMEPAIMATA

1. AlamoTwOnke 6T TO peYOAUTEPO TTOCOOTO (K.B. Kal £TTi {npoU) Tou KPUGTAAAIKOU PEPOUG TWV Al-
YVITWV TTOU JEAETABNKAV cuvioTaTal KUPIWG aTTd KAAOTIKG OpUKTA (apYIAIKG Kal €I0IKOTEPA £VOO-
OTPWHATWHEVO IANITN/OUEKTITN, HooxoRiTn, xaAadia, AoTpioug). ZToug AlyViTEG atrd TO KOITAoUA
NG MayouAag Ta apyIAIKG opukTd TTapouciadouv TIHEG 9-30%. Me pIKpOTEPO TTOOOOTA GUUMETE-
XEl 0 HooxoBiTng (4-9%) kal akOpa pIkpoTepa o Xahaliog (Ewg 2%) kal ol K-doTpiol (Ewg 2%).
ATT6 Ta auBiyevr] opukTd SIATTIOTWONKE YUWOGS (wg 8%). To opyavikd UNKS TTApOUCIAdel TTEPIE-
KTIKOTNTEG pETAEU 53% Kkal 89%.

2. Na ta mepioadtepa deiyyaTa AlyviTn o1 TTOOOCTIAIES K.[3. TIUEG TOU avOPYavoU PEPOUG, OTTWG U-
TroAoyioTnkav péow Tou XRD Trapouacidlouv uwnAd auvteheaTr) cuaxétiong (>0,85) e Tig avri-
OTOIXEC TTOCOOTIAIEG K.B. TIHEC TEPpag Twv 750°C. Asiyyara, Ta oTroia TTapoucialouv XaunAo
ouvTeAeaTH ouox£Tiong (<0,65), TTIBavov va TTEPIEXOUV OPUKTA PE MIKPO péEYEBOG fy/Kal TTEPICOO-
TEPO UTTIBIOUOPPN AVATITUEN TWV KPUOTAAAWV.
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ABSTRACT

QUANTITATIVE MINERAL MATTER DETERMINATION IN LIGNITES
USING X-RAY DIFRACTOMETRY AND POSITION SENSITIVE DETECTOR
(XRD-PSD)

Papazisimou S. and Kalaitzidis S.
Section of Earth Materials, Department of Geology, University of Patras, GR-26500 Rio-Patras,
Greece, S.Papazisimou@upatras.gr, S.Kalaitzidis@upatras.gr

Thirty lignite samples from western Peloponnese (Greece) were examined in the Department of
Mineralogy, Natural History Museum, London, using an X-Ray Diffractometer equipped with a Posi-
tion Sensitive Detector (Enraf-Nonius PSD 120). Diffraction patterns acquisition time was only 5 min
with the minimum interference of the organic matter. Qualitative and quantitative evaluation of the
mineral matter present performed using GUFI5 Enraf-Nonius software and involved a pattern-fit
stripping technique.

The prevailing minerals in all the studied samples are the mixed layers of illite/smectite, quartz,
muscovite and K-feldspars. The weight percentages of the mineral matter as it was calculated from
the diffraction patterns display high correlation coefficient (>0.85) with the respective wt.-% of ash in
750°C for most of the samples. The low correlation coefficient (0.65) of some samples may be at-
tributed to the very small size of the mineral crystalline particles and/or the presence of inorganic
amorphous phases.
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