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OpUKToAoyio TOU nAOUTWviTIl TI1~ KOOTOPllj~ (l1UT. MOKt(iovio)*
 

A. rPHrOPIMOvl, A. KOPONAIOP, r. EAEVBEPIMHIl 

rYNOllJH 
E~81(i(8TOl11 0PUKTOAOY[O lOU YVEUmOKOU nAOUTWVlTll Tll~ KomoplO~ 0 ono(o~ onOTEAE(lOl ana 

~IOTlTlKOU~ - KEpomlA~lKoU~ nOPlPupOELOEl~ ypOVlTE~ 8W~ YPovoOLopilE~ (GRD) nou OUXVO nEpL8XoUV 
1l0V(OOLOPlTlK~~ oumOGll~ AEmOKoKKo EyKAElollOlO (MME). To npwlOyEVTl OPUK101WV GRD ElVOIXaAO­
(lO~, IlLKPOKAlV~~ nEp8L1LWlleVO~, nAoyLOKAOmO eVlovo aAAOlWIl8VO npo~ OEPlKlTll KOl WlOOlO, ~LOT(­
Tll~, OlllPl~OAOl, TlTovlTll~, onQT(Tll~, (LpKOVLO, lloyvr]1lTll~ KOI OAAOVlTll~, EVW Wl0010, OKTlVOAl80~, 

XAwplTll~ KOL OEPLKlTll~ ElllPOVl(OVTOI w~ OEU1EPOYEVTl OPUKTQ. To MME nEpl8XoUV ~EYaAUTEPO noaomo 
~LOTlTll, OlllPL~OAOU KOI nAoyLOKAOmOU KOIIllKP01EPO noaomOIlLKPOKALVTl KOl XOAo(io OE OX8Gll IlE TOU~ 

GRD. Ot ~L01(lE~ GRD KOI MME OElXVOUV TllV OO~Eal0AKaAlKri lPUalllWV nElpwllolWV mo onolo nEpl8­
XOVTOI. ME ~OGll TllV nEpLEKllKOWO lWV KEpOmLA~Wv OE AI ~pe811KE on 01 EMXlmE~ m8oEl~ KpumOA­
AWGll~ KUIlOIVOVTOl YEVIKO ono 2 ew~ 4kb. EKlPPO(E101110nOl\J11on TO MME npoepXOVTOI and eva ~OOLK6 

1l0YIlO nou Evxu811KE OE oMo 0~lv6TEPO 1l0YIl0 (GRD). HOLOlPOpCi I~WOOU~ lWV ouo 1l0YllOTWV OEV 
W81PEl\JE TllIl(~11 TOU~ oAM OO~Y110E GTllIl11XQVLK~ QVOIlL~~ 10U~. 

At~tl~ KAtlOlll: nEAOYOVlKri (wv11, KomopLo, nAOUTWV(Tll~, OPUKTOAOYlQ 

ABSTRACT 
The mineralogy of the gneissic Kastoria pluton is investigated. The pluton comprises biotite ­

hornblende porphyritic granites to granodiorites (GRD). Mafic microgranular enclaves (MME) of 
monzodioritic composition are present in GRD. Quartz, perthitic microcline, plagioclase altered to 
sericite and epidote, biotite, amphibole, titanite, apatite, zircon, magnetite and allanite are the primary 
minerals while epidote. actinolite, chlorite and sericite are present as secondary minerals. MME have 
higher contents of biotite, amphibole and plagioclase, and lower contents of quartz and microcline than 
those found in GRD. Biotites indicate the calc-alkaline nature of the rocks. Using the AI-in-hornblende 
geobarometer the minimum pressure of crystallization of the investigated rocks was calculated from 2 
to 4 kb. It is suggested that MME originated from a basic magma injected into a more acid magma 
(GRD). The difference in viscosities of the two magmas did not allow their mixing but resulted in their 
mingling. 

Key words:Pelagonian zone, Kastoria, pluton, mineralogy 

1. ElrArnrH WTEK10VlKO nEpL~oMov OXllIlOTlOIlOU TWV nuplYE­
onaAQLo(wlK6~ lloYllonollo~ Tll~ BOPELO~ nE­ VWV OU1WV nElpWIlOTWV, nou ElllPOV((OVlOl 0TTl (W­

AOYOVIK~~ (WVll~, nou EK011AWVE10L IlE Tllv nopou­ V11, KOllEAlKO va ~0118riaEL GTll DlOIlOPlPWa11 EVO~ 

OlO KUp(W~ EVOtOIlEOWV - O~lVWV nAouTwvlKWV nE­ YEW1EK10VlKOU 1l0VT8AOU a-r:v nEpLox~ OU~. 'E­
lPWIl01WV, nopouolO(EllOLO[lEpO EVOlOlP8POV KO­ VO~ onOlou~ IlEYaAUT£j)OU~ nAouTWVllE~ Tll~ B6­
8w~ 118PEUVO lOU IlnOPEI VQ owaEL QnoVTf]oEL~ aE PElO~ n£AOYOVlKri~ ZWVll~ Elvm OUTO~ Tll~ Komo­
npO~MIlQTO onw~ 11 yeVEGll, 11 E~eAI~l1 KOl 10 yE- PlO~, nou ~p(OK£TOl mov 6po~ Bepvo. LTllV no-
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Si02 TTE:TPWlJaTO<;	 Si02m:TpwIJOTO<; 

• MME ~tyaKp.	 0 GRD lTUp. ~EyaKp . 
•	 MME ~IKp. KpU()"T. 0 GRD lTEp. ~EYQl<p.
 

<> GRD ~IKp. KpUaT.
 

IX~IID 1, npO~OA~ TOU Si, KQl TOU Myou KINa TWV K-OOTpfwv TOU nAoUTWVL1l11l1<; K0010Pld<; w<; npo<; TO Si02 

TWV OVTI01OlXWV m:Tpw~dlWV. 

lWV 0'10 OTlOIO TlepleXOV10l «l0IVE:10l Oll (Ix. 1) 
KOSW~ TlPOXwp6. TJ OIO«lOPOTlOITJOTl 01 K-6.mplollwV 
MME Y[VOV10l mo TlAOUOtOl oe Si, ~e QVllmOlXIl 
~E:[WOTllOU AI. TOU10XPOVO 10 K Ou~d.VE:lOl KQllO 
Na ~elwvelOl ~E: QTlOH-;Aea~Q 0 Myo~ KINa VQ 
QU~d.VE:1Ql. AV1(SE:lQ mou~ K-Q01PIOU~ lWV GRD 
lpQ[velol, 0 Myo~ KINa ~eIWVE:lQl ~e TTJv QU~1l0Tl 

lOU Si02 lOU TlelpW~QlO~ . tJev TlQPQTTJPf]SIlKov 
lOlQllepE:~ OlOlpOP€~ ~elO~u TlUpf]vwv KQL TleptlpE:­
petwv lWV Kpumo,lJ,wv lWV GRD, KQSW~ eTllOTl~ 

KQl ~E:1Q~U ~lKPWV Kpumillwv KQl ~eYQKpum6.A.­
AWV, E:K10~ QTlO TTJ ~eyQMlepTl TlE:pLE:KllKOllllO K 
lWV ~lKPWV KpUmo.,lJ,wv GRD. MLKp01E:pe~ ll~€~ 

Si TlQPQlIlPOUV1Ql mou~ Kpu016,lJ,ou~ lWV MME 
OXE:llK6 ~e 10U~ Kpu01d.,lJ,ou~ GRD E:VW 10 KKOllO 
Na KU~O(VOVlQl O1l~ IOle~ ll~€~. 

4.3. nAllYUlKAllolO 
TQ TlAQYlOKAQ010 uno.PXouv oe OAQ lQ oeIY~Q­

lQ lWV TlAOU1WVlKWV TlE:lpw~61wvlIl~ KQ010PlO~. 

EiVQl €VlOVQ Q,lJ,OlW~€VQ TlPO~ oeplKllll KQL eTlloo­
10, yeyovo~ 010 onolo O«lE:LAE:lQllO Tlpomvo Xpw­
~o lWV nE:lpw~d.lu}V. To ~€YE:80~ lu}V nAoYloKM.­
alWV lWV GRD Ku~olvelOl OTlO 0,05 €W~ 2mm. To 
OTlolE:Mo~QlQ lWV XIl~lKWV OVQAUOeWV TlAOylO­
K'A6alWV OVllTlPOOWTlE:UllKWV oely~o.lwV O(VOVlOl 
010V TllVOKO 2. 

To TlAOYlOKA0010 €XOUV oumoOTl TlOU Ku~ol­

VE:1Ql OTlO Abeo ,2 €W~ Ab99,7 w~ OTlOl€Aea~O TTJ~ 
€VlOVTl~ OAAO[Waf]~ 10U~. HneplE:KllKOTTJl6. 10U~ 

oe K 0 elvQL XO~IlA.f] OlpOU Il ~OPlOKf] OU~~E:lOxf]2
lOU Or oev ~E:Tlepv6 10 1,9%. Ano 10 !JX1'l~0 2, 
onou Tlpo~6.,lJ,elQL Il XIl~lKf] OU0100ll lWV TlAOYlO­
KA.6.mwv w~ TlPO~ TTJV TlE:PlE:KllKOTTJ10 lOU OVl[­
mOlXOU TlelpW~QlO~ oe Si02 KQL CaO, lpOlVelQL Oll 
10 TlOOomo Ab% lWV MME ~E:lWVE:1QL KQ8W~ TlPO­
xwp6 Il OIOlpOpOnOlllOTl (Il OTlOlO E:Klpp6~elQl ~e 

lIlV OU~TlOTllOU Si02 KOt lIlV e'A6TIWOTllOU CaO 
lWV TlE:lPW~6.lWV). H ~Il KovOVlKf] ~eloBoAf] TTJ~ 

OUOlOOTl~ lWV nAOYlOKAOOlWV OlpeLAelQL mSovo­
1010 OlTlV o,lJ,olwaf] 10U~ KQl OE:V e(VQl QTlOl€Ae­
o~o OlQOlKQOIQ~ e~tAl~Il~ lOU ~6WQlO~. Ie TlAQ­
YloKAomo GRD TlOU QVQMSIlKE: OlOV TlUpf]VQ KQl 
lIlV TlE:pllpepelQ ~p€8IlKe ~eyQAUlepO Tlooomo 
Ab% OlTlV TlepllptpelQ oe OX€OTl ~e lOY TlUpf]VQ 
lOU. 

4.4. BIOlfl~~ 

01 ~lollle~ e~lpQv(~OVlQL mou~ GRD KQl MME 
~e Xpw~o KQalQVO KQl eV10vTl Ku~oloelof] KOlo.­
opeOTl TlOU OelXVE:lOll €XOUV oexSE:( lE:K10VlKf] KQ­
lOTlOVlOTl. Ol TleplOOOlepol OTl010U~ BL01[1E:~ lWV 
MME elvQl QTlOXPW~OllO~€VOl (Q,lJ,OLU}~€VOl oe 
AE:UKO ~QP~QpuYlQ, TlOU OE: QpKE:le~ TleplmWOel~ 
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nrVllKll~ 2. Avakua£l~ nAayloKMmwv ana TO nkouTwvlKO neTpW~aTQ TT]~ Kamopl6~ 

nnp. 
MME GRDTUTTO< 

PE-9E FO-11E GA-9E PE-1 GA-9 GA-9 TH-8 TH-18 FO-8~E:iVlJa 
TruO. mo. TruO. 

SiOz 69.40 
TiOz 
Alz0 3 19.65 
Feo, 
MgO 
CaO 0.23 
NazO 11.49 
KzO 0.09 
BaO 
!ruvo).,o 100.85 

Si 
1'\1 
Fe~ 

h'1 
IZ 
Mg 
~a 
Na 

~a 
D< 
~n% 

3.00 
1.00 

4.00 

0.01 
0.96 
0.00 

0.98 
98.45 

66.95 68.19 

19.70 20.94 
0.58 0.25 

0.84 1.59 
11.37 10.72 
0.09 0.12 

99.53	 101.81 

Apr8\J6 
2.95 2.91 
1.02 1.06 
0.02 0.01 

4.00 4.0 

0.04 0.01 
0.97 0.8S 
0.01 0.01 

1.02 09 
95.6 91.8e 

OAKOAlKWV (A), OOPWtOAKOAIKWV (C) KOl um:pop­

ytAlKWV (P) n£TpW~OlWV. 011lT] onOXPW~0110IlE­

VOL ~IOTI1E<:: GRD KOl MME npO~OAAOVlOl010 nE­

OlD TWV OO~E010AKOAIKWV nnpw~(lTwV. II0 OlO­

YPOIlIlO OAlKOU Alt - Mg (NACHIT et al. 19B5), Ol 

~10111E<:: GRD npopoMOVlOl ala nEOla lWV OO~E­

<nOAKOAlKWV KOI unOAKOAIKWV nnpWllllTWV, EVW 

01 PlOTll£<; MME npo~oMOVlOl010 nEOlo TWV U­

nOAKOAlKWV nnpwllolwV SA (IX. 4). 

69.02 64.76 65.97 68.61 69.69 69.3 
0.03	 0.13 

19.33 21.68 21.14 19.47 19.19 19.81 
0.32 0.17 0.27 0.00 0.04 0.11 

0.00 0.00 0.00 
0.46 3.69 2.76 0.06 0.21 

11.28 9.14 9.40 12.02 11.54 11.36 
0.09 0.33 0.25 0.00 0.12 0.1e 
0.04 0.03 

100.56 99.81 99.79 100.29 100.58 100.96 

IOVTWV \.1£ !300'11 TO B 0 
3.00 2.86 2.90 2.99 3.02 3.00 
0.99 1.13 1.10 1.00 0.98 1.01 
0.01 0.01 0.01 0.00 0.00 0.00 
0.00	 0.00 
4.00 4.00 4.01 3.99 4.00 4.01 

0.00 0.00 0.00 
0.02 0.17 0.13 0.00 0.01 
0.95 0.78 0.80 1.02 0.97 0.95 
0.00 0.02 0.01 0.00 0.01 0.01 
0.00 0.00 
0.98 0.98 0.95 1.02 0.98 0.91 

97.30 80.18 84.79 99.74 99.32 98.3'i 

4.5. AI.lCPf~oAol 

Ot o~<p(~OAOI IlE 11] 1l0P<P~ 11]<; KEPOOTlAPT]<; 

unopxouv OE OAO 10 OE[YIl010 lOU nAOUTWVl1l] 11]<; 

K0010P10<;. EIl<POV[~ETQlIl£ 10IOIlOP<POU<; EW<; um­

OlOIlOP<POU<; KpU010nOU<; KOIIlE XPW~010 nAEO­

XPO'(OIlOU npoolvo EW<; Kl1plVOnpOQlvo. 01 nEplO­

00lEpE<; KEPOO1lA~E<; EXOUV ll£101pOnEl nEpEl­

<j>£pElOKO O£ OKTlVOAI80 IlE nMlo<; KUIlOIVOIl£VO 

ana 0,01 EW<; 0,04 mm. IE IlEPlKE<; nEplTITWOEl<;, 
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niV~KlJ~ 3. AvaAua£l~ ~lOTlTWV ano TO n?-OUTUlVlKO nnpWIlOTa TTl~ KoaTOplO~ 

rnp. 
UTTO~ 

MME GRD 

PE-l1 TH-5 GA-9 GA-9 TH-15 TH-\5 TH-! 

TTUp. TTUp. TrUp. TrEP TTUO. mo. TrUO. 

t.l:ly~a FO-16E TH-16E PE-9E FO-12E FO-1 \E GA-9E GA-9E 
OTTOYO. OTTOXP. OTTOXP. OlTOXP OTTOXP. TrUP. TTEP, 

SiO, 48.23 4838 48.64 49.23 48.96 37.82 37.4C 3855 3779 37.76 37.47 37.91 38.69 37.11 
iO, 0,27 0.17 0.38 0.16 0.15 4.04 356 \.24 0.53 3.15 3.11 1.24 1.23 09 

AI,O, 23.80 22.98 2483 21.96 23.14 13.53 13.9 15.06 1436 1330 13.39 14.92 14.35 14.m 

eOT 7.25 5.39 6.22 644 7.31 18.94 17.86 17.31 2355 1841 1841 19.65 19.4ll 21.6C 
f'.1nO 0.03 0.19 0.22 0.22 0.01 0,32 0.3C 0.44 050 0.44 0.32 0.46 064 0.5C 

~gO 3.66 3.92 3.32 3.77 3.85 11.86 12.87 13.48 \0 88 12.27 12.27 12.02 \2.59 10.8< 
aO 0.09 0.25 oas 0,04 0.00 0.00 0.00 0.09 0.0 

~a,O 0.14 0.22 0.22 0.14 0.20 0.04 0.1 0.40 0.37 0.04 0.00 0.00 0.00 0.19 

~O 10.31 10.43 10.56 10.10 10.53 9.10 9.2 8.60 7.98 9.06 8.97 9.19 9.13 8,30 

~O 0.27 0.24 0.1 0.76 0.72 
uvo~o !1.3.67 91.94 94.38 92.01 94.24 95.94 96.0~ 95,07 95.98 9517 94.66 95.39 96.12 93.6~ 

:A.ol8u6c 16Vl"wV UE 860n Ta 22 0 

~I I 
I 6.75 6.86 6.73 

~I'" 1.25 1.14 1.27 

~ 8 00 8 00 8.00 
~Ili\ 2.68 2.69 2.78 
~I 0.03 0.02 0.04 
e'· 085 0.64 0.72 

IMn 0.00 0.02 0.03 

~g­ 0.76 0.83 0.68 
Y 4.32 4.20 4.25 
Ca 

Na 0.04 0.06 0.06 
1\ 1.84 1.89 1.86 
Ba 0.01 
x 1.88 1.96 1.92 

6.97	 6.82 5.70 5.6S 
1.03	 1.18 2.30 2.31 
8.00	 8.00 800 8.0 
2.64	 2.62 0.11 O.H 
0.02	 0.02 0.46 0.4C 
0.76	 0.85 2.40 2.2~ 

0.03	 0.00 004 0.0.< 
0.80	 0.80 268 2.81 
4.24	 429 559 5.7 

001 0.04 0.01 
0.04	 0.05 001 O.O~ 

1.82	 1.87 1.76 1.7 
0,01 0.01 

1,88 1.94 1.83 1.8 

5.79 5.79 5.77 575 5.77 5.83 5.80 

2.21 2.21 2.23 2.25 2.23 2.17 2.2C 

8.00 8.00 800 8 00 8.00 800 8.0C 

0,46 0.38 0.17 018 0.44 0.38 0.35 
014 0.06 0.36 0.36 0.14 0.14 0.11 

2.18 3.02 2.35 2.36 2.50 2.44 2.8 

0.06 0.06 0.06 0.04 0.06 008 0.0 

3 02 2.48 2,80 281 2.72 2.83 2.5 

5.85 5.01 5.73 575 5.86 5.87 5,9 

0.01 0.00 0.00 0.00 0.01 0.01 

0.12 all 0.01 0.00 0.00 0.00 O.OE 

1.65 1.56 1.77 176 1.78 1.75 1.66 

aas 0.04 

1.75 1.88 1,82 1.80 1.78 1.77 1.7 

Dll€'tmpoTIJl OE OKTlVOAl80 €iVOl nAJlP'le;· IuXV6. at METO~U TWV K€POOTLA~WV MME KOl GRD o£v nopo­
K€pOOTLA~Ee; OAAOlwvovTm OE XAWPITTl, EVW m:­ TTlPOUVTOl OlO<jlOpEe; £KTOe; Qn6 TO Y£VIKQ UIjJ'lAO­

PIEXOUV EYKAE[O~QTO IOLO~OPtpwv KPUOTQAAWV 0­ T£PO Ca TWV npWTWV. 6l0tpOpEe; OEV nopoTilPOU­

nmlT'l, mOvlTll KOl ~OYV'lT(TIl. VTOl ~ETO~U nupJlVO KQl m:pltpEp£IOe; OTle; QVQAU­
To onoTEMo~oTQ TWV OVOAUO€WV TWV Q~tpl­ ~EVEe; K£pOOTLA~£e;. I EVlKQ TO Si KQl Mn TWV KEpO­

POAlJlV Ko8we; KQl '1 KQTQVO~~ TWV lOVTWV O(VETOl OTLA~WV, GRD KQl MME, nQpOUOlO~OUV 8£1lKTj au­

mov n[vOKO 4. IU~<jlwvo 11£ TIlV TO~IVO~'lOll TWV OXETlOll KQl TO AI KOl TO Ca OPV'lTlKJl aUOXETlOll ~£ 

LEAKE et al. (1997) 01 K£poaTlA~£e; TWV MME KOl TO Si0 TWV nETpWIlQIWV. To Ti OEV nQpOUalO~£l2 
TlJlV GRD 10~lVO~OUVTOI we; ~oYVilaloK£pOOTLA~Ee; aUOXETlOll ~£ TO Si02 TWV n£TpW~QIWV OTOUe; KpU­
KOl £O€VlTEe;, EVW Ol onoxpWIlQTla~EV£e; n£pl<jlE­ OTQAAOUe; TWV MME, QVTL8nQ 11£ QUTO TWV GRD 
pElEe; TOUe; we; OKTlVOAl80l (it 5). Ol OXEaEle; nou nou nQPouatQ(£{ OpV'lTlKTj auOX€TlOll , To Mg TWV 

unopxouv IlETU~U TTle; X'l~lK~e; aUOTOOlle; TWV o~­ Q~<jll~OAWV 10ao TWV MME 600 KOl TWV GRD o£v 
IplpOAWV TWV GRD KOl TWV MME IlE TO OVTIOTOlXO nopouald~Et KO~[Q aUOXETtail ~E TO Si02 TWV TIE­
n£TpW~QTO, onElKov((oVTm aE oloyp6.ll~mo onou IPW~(1TWV. To A1 

2
0 3• MgO KQl CaO lWV KEpOaTl),­

npopoAAoVTm OTOLXElO TWV 0~tpl~6AWV We; npoe; pwv (IX. 6) aUOXET(~OVTQl8£1lK6. ~E TO QVT(aTOlXQ 

10 SiOl Jl TO OVTIOTOlXO O~E(QlO lOU n£TpW~QTOe; O~E[OlO TWV n£Tpw~6.1wv OTQ MME. 

(LX. 6). 01 onOXPW~OTla~EVEe; nEpl<jlEpEIEe; (OKTl­ 01 Q~<jl[POAOl IlQ~[ I1E lOUe; ~lOl(TEe; E(VQl TO 
VOAt8ol) TWV GRD KOl TWV MME E~<jlQV[(ouv j.llKpd­ KUplQ atO'lPO~OVVTlOlOUXO OPUK1Q OlOV nAOUTWV[­
T£p€e; TlIlEe; AI, Ti KOl Na, KOl uljJilAOTEp£e; Tl~Ee; Si TTl TIle; KOOlOplQe;. To Mn KQt 0 AOyoe; Fe/(Fe+Mg) 

OX£TlKO ~£ Tle; KEpOOT[A~Ee; lWV lO(WV OEly~QTWV. lWV ~lOTl1WV E~tpQV(~ouv Y£VlK6. 8£nKli OUOXETlOll 
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6. 

o 15 r D 
<f 

•	 MME lTUp. CORD lTUp 

•	 MME lTCp. 0 ORD lTCp 

•	 MME OlTOXp. 

lX~pc 3. TO~lV61l110111WV ~lOl(lWV 010 OlOYPOllllO DEER et al. (1962), npo~oM lOU Si, AI, Ti, Mg, Fe, K, Mn, Mg/ 

(Mg+Fe) lWV ~loll1(ilv w~ npo~ 10 SiO, lWV n£lpWIl01WV KOl npo~oATi lOU FeO(O"IKO~), Ti0 KQl AI 20 lWV2 3 

~lomwv w~ npo~ 10 OV1I01OlXO O~£iOlO lOU n£lpWIlQ10~ (Fe,0 0"lK6~ ai511PO~).3 
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mVDKD~ 4. Avo~uaw:; o).l<pl~a~wv Qna Tn n~oUTWVlKQ neTpW).lQTQ TTl~ KQ01OPlQ~ 

nup. 
TUTTO( 
~fy~o 

FO·16E FO-16E TH·16E TH·16E 
Trun. mo TTUO mo 

SiOt 48.19 44.84 46.91 4435 
TiO, 0.95 0.86 0.89 120 
AhOl 5.58 810 699 855 
FoO 13.99 15.83 16.46 1747 
MnO 0.26 0.47 090 083 
"'gO 14.20 12.26 12.09 1114 
C.O 12.66 12.09 12.18 1191 
Na20 1.45 1.65 1.79 2.16 
K,O 0.51 0.88 
Cr,o, 0.51 0.21 0.06 024 
tuvaAo : 98.27 97.:20 98.23 9785 

MME 

PE·9E TH·12E TH-12E FO-12E FO-l1E FO-l1E THoSE TH-5E TH-5E GA-9E GA·9E 
nuo TTUO. OTT. TTeO TTUp TTOO rrcp. IT\JD. TT(P OTT. mo TTlJO TTEO. 

50 97 4683 5341 49.93 4784 4795 4587 48.05 51 75 48.21 4995 
0.40 099 003 073 104 106 0.95 0.>5 011 103 079 
457 7.62 149 534 6.22 6.70 685 5.12 1.98 6.28 5.04 

10.84 1546 1507 1176 14.80 13.87 16.11 1552 15.84 1438 13.79 
054 0.74 077 0.62 0.74 0.50 0.90 091 0.87 0.77 0.75 

1642 1304 1408 1496 13 64 13.68 12.33 12.74 13 36 1316 1435 
12.32	 1123 11 58 12.57 12.09 12.31 11.75 11.46 1211 1178 11.84 

134 1.50 0.34 1 37 1 71 LBO 1.87 1.78 092 1.19 0.99 
044 0.69 011 049 0.62 065 0.67 0,42 0.19 062 0.40 
012 0.04 000 0.05 0.14 0.06 0.05 0.2\ 

9796 98.21 96.88 97.77 98.74 98.67 97.36 96.40 9733 9740 9790 

Sf 7.05 671 6.92 662 732 6.85 783 7.26 6.99 7 00 6.86 7.20 7.65 7.10 7.25 
AI" 095 1 29 1.08 1.38 068 1.15 017 074 1.01 100 114 0.80 0.34 0.90 075 

-r 800 8.00 BOO 8.00 8.00 8.00 800 8.00 8.00 8.00 8.00 800 8.00 8.00 8.00 
AI" 0.01 013 0.13 0.12 010 016 009 017 0.06 015 0.06 all 0.00 0.19 0.1:2 
Ti 010 0.10 0.10 013 004 011 000 008 Oil 0.12 011 004 001 011 0.09 
Fe~ 0.19 0.36 0.32 0.45 0.15 0.47 009 001 0.24 0.07 0.31 0.21 0.03 0.20 0.28 
Cr 0.06 0.02 0.Q1 am 0.01 000 0.00 0.01 0.02 001 0-01 0.0:2 
Mg 3.09 273 2.66 2.48 3.52 284 3.08 3.24 2.97 2.98 2.75 285 2.95 :2.89 311 
fe' 152 162 1.71 1.73 1 16 1 41 174 1 42 157 162 170 1 74 I 93 1.57 1.40 
Mn 0.0:2 003 0.08 0.06 0.02 000 0.00 0.07 0.04 0.04 0.06 0.06 0.05 0.04 0.02 

C 5.00 5.00 5.00 
Mg 000 000 0.00 
fe' 0.00 0.00 000 
Mn 0.01 0.03 0.04 
C. 1.98 1.94 1.92 

Ita 0.01 0.03 0.04 
B 2.00 2.00 2.00 

Na 0.40 0.45 0.47 
K 0.10 0.17 

A 050 062 0.47 

_ 25 
~ 

1 
~ is 
<t A 

5.00 5.00 500 5.00 5.00 5.00 500 5.00 5.00 5.00 5.00 500 
000 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 
000 000 001 0.02 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
004 0.04 009 0.10 0.00 0.05 0.02 005 0.06 006 006 007 
190 190 176 1.82 196 189 1.93 1.88 184 192 1.86 1.84 
0.05 005 014 0.07 0.04 0.06 0.05 0.06 010 0.02 0.09 0.08 
2.00 200 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

057 1) 31 0.29 003 0.35 043 0.46 0.48 042 0.24 0.25 0.19 
0.08 013 0.02 0.09 012 0.12 013 0.08 0.04 012 007 

057 0.39 0.42 0.05 0.44 0.54 0.58 0.61 050 0.28 0.37 0.27 

4.0 
P 

! 
25 

c - 3.0 
~	

~ 15 

~ ~A~ 
5	 2.0 

45 0 10 20 0 2 325 

MgO (wt%)	 MgFeO' (wl"101 

D GRO rrup• MME lTUp 
a GRO mp• MME n(p. 

• MME onoXp. 

LX~).lD 4. npo~o~~ TWV ~IOTlHilv TOU n~OUTwv(TTl TTl~ KQ01OPIQ~ O1Q OtOYPOllllOTQ AI - FeO* (FeO*:O~lK6~103 

a(o~po~), AI 20l - MgO (ABDEL-RAHMAN 1994) KOl 010 OtdYPQllllO All (Alto~IK6 QPYlAIO) - Mg TWV NACHIT el 
aL (1985) nou OlQKp(VOUV ~lOT(Te~ Oa~£QTO~KO~lKWV (C). unepOPYI~IKWV (P), OAKQ~IKWV (A), UnaAKO~IKWV 

(SA) KG! UnepO~KaAtKWV (PA) m;TpW~QTWV. 
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lSi 7 07 B63 6.95 772 6.70 7.00 680 B79 783 
Lt.1 ~ 0.93 137 1.05 0.26 130 100 1.20 1.21 017 

800 8.00 8.00 800 800 8.00 8.00 800 8.00 
iIIl" 0.19 016 015 0.10 012 012 0.23 0.23 009 

I 0.02 014 010 001 014 0.09 012 01. 002.' 0.23 0.27 0.27 012 040 0.23 032 025 012 
r 0.00 0.01 000 0.01 000 0.01

b 2.73 2.35 2.50 2.87 2.54 286 2.53 251 3.37 
1 BO 2.04 1 BS 1 B2 186 1 59 1.79 184 1.40 

~n 0.02 0.03 0.03 0.08 004 all 0.00 0-03 000 
5.00 500 5.00 500 5.00 5.00 500 5.00 5.00 

~g 000 0.00 000 000 0.00 0.00 0.00 0.00 0.00 
Fe' 0.00 000 0.00 0.00 000 000 000 0.00 0.05 
Mn 0.05 005 0.06 0.03 006 005 0.09 0.07 0.\0 
~ , B9 190 1.86 1 BB 181 1.88 1 78 1.B2 1 71 
Na 0.06 0.06 0.07 0.08 0.13 0.07 013 0.11 015 

2.00 2,00 200 200 2.00 200 2.00 200 2.00 
INa 0041 0.53 0.38 0.09 040 040 0.35 0.39 004 
K a 12 0.\6 014 0.04 017 013 018 017 0.03 

0.53 0.70 0.52 013 0.57 0.53 0.53 0.55 0.07 

54 

nrVOKO~ 4. LuvtXE:IO 
flETp. i 
irUTTtu ! GRD 

1A[,y~a PE-l1 PE-ll PE-l PE_' Hi-5 TH-5 PE-3 PE·3 PE.3 GA-9 TH-15 TH-15 TH-6 THoll TH-18 TH-18 FO-9 FO-9 FO­
arT or, enT or, all. 

TT'JQ TTtn r,un ltCn TTU n ltC° TT'Jo ntO mo mo TTUO TTEO TT'JO m n nuo nEO TT'JQ r,EO 1T\I 

1sI0, 48.29 44 52 4715 5357 45.85 4764 4567 45.55 5460 5133 49.37 52.54 48.01 53.25 47.18 45.83 4856 55.30 48.6 
ia, 020 1.26 0.87 0.06 127 079 109 1.21 o 17 0.64 0.50 004 0.80 0.06 0.62 1 16 076 0.01 07

iA.1,o, 6.50 882 6.90 2.22 8.29 6A3 813 820 150 420 578 2 03 649 1.13 6.60 771 651 105 54
 
FeO
 \656 16.53 17.20 16.11 16.84 1482 1699 1674 13.07 1276 1470 1'16 1477 1540 16.51 15.84 \5.38 1386 147 

061 0.59 079 0.93 0.76 132 0.72 017 0.61 064 101 099 094 017 105 1.20 090 103 12~~OgO 12.53 10.58 \ 183 1J.35 1211 13 03 1138 11.29 1575 1504 13.91 1429 13.51 1371 1255 1152 1361 1535 13.8 
aO 12.04 1189 1 LeO 1218 1155 1193 11 13 1139 1109 1197 11 53 1184 11 16 11 28 11 i1 11.86 11048 1121 11.6 

Na,O 164 2.04 1 59 0.63 188 184 168 1 73 0.67 0.71 1 02 014 144 041 2.01 1.96 1.27 054 1.7
k,o 065 0.86 072 020 0.92 0.89 093 0.88 0.18 044 041 016 oeo 0.07 068 0.90 0.59 0.22 0.5 
~;,0~ 0.04 0.09 002 0.06 004 0.07 om 0.00 004 0.02 003 0.04 DO( 

uvoAo 99 06 99.09 98.86 9926 9983 98.36 97.80 9782 9792 9713 98.30 9628 9780 96 14 96 B9 9800 9917 9859 98.61 
Ap,a;i6(,6vrwv ~E ~6"'l TO 23 0 

742 7.15 775 703 7.88 6.94 6.84 7 01 791 71\ 
o 5B 0.85 0.25 0.97 012 106 116 099 0.09 0.8~ 
8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.0 
013 0\3 010 014 008 0.09 020 012 0.09 0.0< 
007 0.05 0.00 0.09 001 007 013 0.06 000 DO! 
0.21 OAB 011 040 008 0,30 010 0048 0.06 0.2 

0.00 000 0.00 0.00 0.00 0.00 O.OC 
324 3.00 314 2.95 303 2.75 2,55 2.93 326 3.0 
133 130 154 \41 16! 1 73 I 88 1.37 I 57 1.51 
0.02 0.Q3 0.01 001 0.00 0.06 0.12 0.02 000 DOt 
5.00 5.00 5.00 5 00 500 5.00 5.00 5.00 5.00 SOl 
000 0.00 0.00 0.00 0.00 000 000 0.00 000 00( 
0.00 0.00 000 0.00 002 0.00 0.00 0.00 003 00l 
0.06 0.09 a II 011 010 007 003 0.09 0.12 001 
1 65 179 187 175 1.79 1 B5 190 1.76 In 1 B 
0.09 012 002 014 010 0.08 007 013 013 0.0 
2.00 2.00 200 2.00 200 2.00 2.00 200 2.00 2.0 
011 017 002 0.27 002 0,49 0.50 0.22 0.02 04 
008 O.OB 0.03 011 001 012 0.17 011 0.04 01 
019 024 0.05 0.38 0.04 0.52 057 0.33 0.05 0.5. 

~£ 10 Mn KUllO "A.6yo Fe/(Fe+Mg) aVTlO1OlXQ lWV val ~IKpon:p£~ KOl Ku~alVOVTal an01 ,5 EW~ 4,0 kb 
a~<p(~O~WV (OUO o£[Y~Q1a) (if7). (~E80oo~ HOLLISTER et al. 1987) KOl ana 2,3 EW~ 

To O~lKO AI1WV a~<pl~O~WV XPllol~onol£llal 4,4 kb (~E80oo~ SCHMIDT 1992), y. av XPllat~O­
am aa~£OlaAKa~IKQ n~oulwvlK6 n£lpW~Q1a Yla n01180uv Ol nupfjv£~ lWV K£POO1LA~WV npoKumouv 
10V npoaolOpla~o 1T]~ nl£Ol1~ Kpuo16AAwall~ W£~ XO~11A61£P£~ K0l6 0,1EW~ 2,4 kb (~£80oo~ 
(HAM MARSTON and ZEN 1986, HOLLISTER et al. HOLLISTER et al. 1987) fj 0,1EW~ 2,1 kb (~£80oo~ 
1987, JOHNSON and RUTHERFORD 1989, SC HMIDT SCHMIDT 1992).
 
1992). 110 ll~ a~<pl~O~OU~ lOU n~OU1WVl1Tl1Tl~
 

Ka010pl6~, AQ~~6voVla~ unOl\Jll10u~ n£pLopl­ 4.6. Tl1avil~~
 

a~ou~ nou npen£l va IOXUOUV YlO 1T]V XP~OlllWV o1l1aVLlll~ £lVOl apK£16 OLQO£OO~EVO EnOUOlW­

OX£o£wv nou £Xouv npola8£L, EnLA£xSnKaV1Q o£(Y­ O£~ OPUK10 O1Q n£lpw~Ola 111~ K0010pI6~. 01 KPU­

f,lQla nou ~nopouv va XPllOl~onOt1180uv Yla 10V O1aMOl lOU £~<pavl<OV1QllOlO~OPCjlOl ~£ ~ey£90~ nou
 
npooolOpla~6 1Tl~ nl£Oll~. XPllOl~onolwvlo~ ll~ Ku~oiv£lOl ana 0,2 £W~ 2.5 mm_ Xll~lKE~ aVaAUa£l~
 
ox£a£l~ lWV HOLLISTER et al. 1987, KOI SCHMIDT lWV 1l1avl1wv OlVOVTOl 010V nlvaKa 5, an' onou Cjlal­

1992 Yla ll~ ~£~ovw~£v£~ n£pl<p£p£L£~ KOl Yla V£lOl 011 10 Ti lOU 1l1avllll nopou0l6~£10l Y£VlK6
 
000 o£(Y~Q1a un6PXouv QVa~UO£l~ 1000 Yla lllV O1a8£po ~£ 111 OIQCjloponolnOlllOU ~6WQ10~, £VW 10
 
n£plCjlEp£la oao Kal yLa 10V nupfjva ~p£811K£ 011: Ca O£lXV£l apVTllLKfj OUOXEllOll nou £[VOllOlQL1EPW~
 
a. '{la 10 O£lY~Ola MME 01 £~6XlO1£~ mea£L~ KpU­ £~Cjlovfj~ 010U~ KPU016Mou~ MME. To Ti lWV maVl­
O1CtAAWOll~ KU~QivOVTOl ono 3,3 £W~ 3,7 kb (~£90­ lWV £~<PQVl~£1 8£1lKfj aUOX£llOll ~£ lllV TI£Pl£KlIKO­
OO~ HOLLISTER et al. 1987) fj3,8 £W~ 4,1 kb (~£­ 11110 CaO lOU n£1pW~Q10~, nou K0l610V TULLOCH 
9050~ SCHMIDT 1992), ~. 010 GRD 01 meo£l~ £(- (1979) olaKplv£llOU~ 1l1aVll£~ nuplY£vWV TI£lPW­

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



55 

niVDKDl; 5. AVQAUQ£:I<; mQVllClJV Qno TQ nAoUTWVIKQ nnpw~QTQ TT1<; KQOTOPIQ<; 

~,tfP. MME
';"TO~ 

IAdvud Fe-16E TH-16E PE-9E FO-12E FO-l1E TH-SE PE·11 
~IO, 2947 2890 29.77 30.12 29.69 29n 29.62 

10, 3837 3743 37.65 38.59 37.13 37.2! 3814 
1A1,0, 1.04 1.13 1.10 113 1 27 1.3 115 

eO 1.30 1.27 j 21 1.19 148 16, 137
IMno 010 0.28 005 0.07 0.41 02: 0.22 

0.09 0.06 0.15 OHh90 008 
aO 28041 2761 2775 28.54 2809 276 27.47 

/-la,O 0.11 002 006 011 0.09 
~,O 0.07 005 001 0.07 0.0 oro 

uvoAo 98.95 96.73 9760 9985 9818 98.11 9817 
Ap,81'6~ ,ovrwv ~E 

3.92 3.93 400 3.96 398 3.9E~! 396 
IT! 3.&4 3.83 3.80 3.81 374 3.7 383 
IAI 0.16 0.18 017 0.18 020 0.21 018 
Fe 0.14 0.14 014 013 0.17 0.1 015 

0.01 003 0.01 0.01 005 00 002""n 
~g 0.02 0.01 003 0.0 002 
a 405 4.02 399 4.02 4.03 3.91 3.93 

/-la 003 001 0.02 0.03 002 
I< 001 001 0.00 0.01 0.01 000 
!ruvol\o 12.18 1216 1212 12.15 1219 12.IE 12.13 

~(ITWV QnO QUTOU~ lWV l.I£lQ~OPqJW~tvwv 

4.7. Enl0010 & aUaVll~~ 

To W10010 ~PIOK£TQl O£ OAQ lQ O£LY~QTQ TOU 

1lA0UIWVl1l1 TT]~ KQ01Opla~ W~ I1poYov QAAO[WOTJ~ 

lWV I1AQYlOKAelOTWV To ~ty£80~ TOU KU~O[V£lQl 

Qno 0,3 tw~ 2 mm. L£ Kal10l0 O£LY~OlO ~pt8IlK£ 

8mTQ~IKtl OVelmU~1l £mOOTOU yupw QI10 QAAOVL­

Til· 0 aAAOVLll1~ 8(VQl KQl OUTO WOUOLWO£~ oPU­

KTO KQl q.«POvl~£TQl ~£ 10lOfJOPqJOU~ KPU01illou~ 

XPW~QTO~ KOUlOVOU 1.18 OOqJtl I1A80XPO(0~0. Al10 
TOV I1[VQKQ 6 TWV XJl~LKWV OVQAUO£WV qJOfV8TOl all 
D£V undpxouv IOloi18P8~ OIQqJOP£~ ~8TO~U TWV 8­

mOOTWV TWV OIOqJOPWV o£IYl.ldTWV LIQ 8I1LOO1O 

TIl~ KOOI0pla~. 01 UljJIlAt~ 1l1.lt~ mOlOTOLlll 
(Ps=100Fe3+!(Fe3++AI), 29-36) (mv. 6) £nl~£­
~QlWVOUV on QUTa 08V 8LVQ[ ~oY~QnKd K08w~ tv­

D81~1l YIO ~OY~OlLKtl I1PO£A8UOTJ £(VQl Ol XO~IlM~ 

wt~ Ps. 0 TULLOCH (1979) QVOqJ£P81 YIO TO ~oY­
~GllKO 811[0010 11000010 27 £W~ 29 Ps, 08 OVTL8£­

011 ~8 OW18POY8Vtl m[0010 110U £~qJOV(~OUV uljJll­

A61£P£~ ll~£~ Ps. To o£oo~tVQ TOU NANEY (1983) 
o£fxvouv YlO ~QY~QTlKO 8I1LOOI0 Tl~£~ Ps 110U KU­

~QfVOVTQl ono 26 tw~ 29. 
Ana n~ OVOAU081~ (nIV. 6) qJ01V81QlOn 0 QA­

... .....,.--_._... 

GRD 

PEo·1 TH-5 PE-3 TH-IS TH-8 TH-18 FO-9 FO-8 

3054 2995 30.60 30.58 30.51 29.85 30.60 3037 

37.51 37.55 35.30 35.62 35.88 36.35 35.55 37.1' 

146 1.25 1.33 126 j 22 1.17 1.30 1.18 

129 \.61 1.48 153 1.49 142 144 1.41 

022 0.30 011 0.19 0.16 0.14 015 

007 0.09 007 0.02 0.05 0.08 0.01 

2878 27 95 2661 27.19 2681 2810 26.99 27.7 

000 0.11 006 0.04 0.10 0.03 oO~ 

0.00 001 003 0.03 0.00 0.Q3 

9986 98.83 9559 96.45 96.23 99.01 96.16 97.9E 

~a[J'l Ta 4 SI 

4.01 3.98 417 4.14 414 396 4.15 4.0E 

370 376 3.62 3.63 3.66 382 3.63 3.7 

023 0.20 021 0.20 020 018 0.21 O.H 

014 0.18 017 0.17 0.17 o16 0.16 O.H 

002 0.03 001 0.Q2 0.02 0.02 0.02 

001 0.02 001 0.00 0.00 0.02 oOC 
4.05 3.98 3.89 395 390 3.99 3.92 39 

0.00 0.03 002 001 003 0.01 0.02 

0.00 0.00 001 000 0.00 0.01 

1217 1218 12.11 12.13 1212 12.13 12.12 121 

AOvfTT]~ I1£PI£X£1 uljJllAO 11000010 REE onw~ La 

KQl Ce 110U QVTtK081010UV TO Ca (DEER et. al. 1962). 
'Ooov QvoqJopa TT] ytv£OTlI0U aAAQv[TT] ul1ooll1Pf­

~£TOIOTl QUTO~ £fvQl I1p0'lov I1PWTOY£VOU~ ~QY~o­

TlI<tl~ KpU01aAAWOTJ~ (HILDRETH 1979, GROMET & 
SILVER 1983). 

4.8. MaYV~TfT~~ 

LTo 118TPW~QTQ TT]~ KQ01Opla~ ~pt8TlKQV Q­

OIQqJOvf] opuKHl nou ~£ ~elOTJ 111 OUOIQaf] 10U~ 

(mv. 7), XOPOK1T)p[~OVTQI w~ ~QYVT)TITT]~. AI1QVTW­

VTOl 08 umOlo~opqJOU~ KPUUlelAAOU~ ouxvd ~Q(f 

~£ K8P001LA~Tl· 

4.9. XAwpiT'l~ 

LTG n£lpWI.IOlQ lOU I1AOUIWV1TT] TT]~ KQUlO­

PIO~ 0 XAwP1TT]~ OUVOVTellQl w~ 08U18poy£vt~ 0­

PUKI0 0110 aAAO[wOTl TOU ~\orlll1 KQl TT]~ K£POO1IA­

~IK AvomUOO£lQl yupw om} qJUAAO ~lOl[TT] tl KO­

lel ~tlKO~ IOU axLO~OU. To Xpw~o lOU 8fVQI I1paOlvo 

£W~ Ul1ol1paOlvo KQl OlJXVd OUV008U£TQI om} OOIQ­

<j>Qvf] OpUKTO. 

4_1 0_ ICPIKh'l~ 

o08plK[1l1~ UI10PX£1 O£ OAQ 10 O£[Y~QTO W~ 
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nup. 
MME GRDvIToe 

lldwo FO-16E TH-16E GA-9E PE-l1 PE-l PE-3 TH-18 FO-8 
OpUKT6 ElTi6010 ETTi6oTO 
SiO, 36.80	 3719 3821 37.38 38.25 38.31 38.10 3786 

10, 107	 028 O.OE 0.13 000 005 023 0.2 
AI,O, 19.75	 2232 22.0 23 00 2214 20.83 2157 21.42 
FeO 1574	 13 56 13.8 13.01	 13 25 1486 1581 15.0 

0.23	 007 a 2E 027 030 018 0.27 

"'gO 

~nO 
0.Q7	 028 oO~ 006	 0.00 0.02 0.18 0.22 

aO 23.30	 23.82 22.6 23.70	 23 07 22.39 24.05 231 
0.27	 012 O.OC 017	 0.00 024 0.2E~a,O 

K,a 0.05	 0.01 00 006	 0.00 004 
f;r,o, 0.38	 0.12 009 0.09 
~iO 0.12	 0.09 0.08 0.03 
a20~ 

Iv,D,

".0,t,o. 
~d,O, 

,~~,o. 
VVOhO 97.77	 97.84 97.16 97.95	 97.00 96 64 100.58 9819 

TH-5 FO·9 
A!I),avh~c 

3131 33.29 
068 124 

1452 14.4C 
1475 14.5C 
031 0.7 
1.19 0.8E 

12.97 11.11 

754 62C 
1.0 

9.46 8.4 
0.0 
1.8 
0.06 

9271 93.78 

Ap,eu6e ,6VTWV lJ( B60n T<l 25 0 

6.16 

003 
4 11 
214 
004 
004 
417 

008 
001 
001 
000 

6.10 6.3<; 

00 
6.2 

010 018 
415 3.33 3.24 

240	 2312.0 
ooe 005	 01 

035 0.24 
4 DE 
0.05 

271 227 

O.OE 

I 
I 

054	 04<1 
0.11 

064	 0.5E 
O.O( 
012 
001 

Ps 36.1	 30.1 30.~ 28.6 29.8 33.6 34.2 33. 

nivOKOI; 6. Avo).,uow; m(1)oHllv KOl aUOVl1WV ono TO n).,oulwvlKO n£1pW~Q1a 

ntTp. 
Tunoe 

GRD 

l1£fYIlO GA-9 TH-15 

020 0.15 

FO-9 

0.39SiD, 
no, 010 007 0.03 

AI,O, 0.08 006 009 
Fe.,O, 68.66 67.10 64 31 

FeO 2820 30.87 30.63 

MnO 001 0.00 0.07 

MgO 0.22 0.03 0.08 

CaO 001 

Na,O 050 
K,O 0.02 

CrzO, 0.18 0.16 
NiO 0.07 0.04 

2nO 007 0.31 
I:uvo,l,o 9800 98.26 95.60 
Ap,e~6~ ,6VTWV ~£ 1!6c~ Ta 3 

ICQTl6vro 

Si 

AI 
001 

0.00 

Cr 
Fe" 

Ti 

000 

2.01 
0.00 

Mg 
A 203 

001 

Ni 
Fez< 0.92 

Mn 0.00 

1.n 

Ca 
Na 

K 

0.00 
0.04 

0.00 

B 0.97 

0.01 002 

0.00 0.00 

0.01 0.01 

1.97 1.94 

0.00 0.00 

199 196 

000 000 

0.00 0.00 
101 1.03 

0.00 0.00 

0.00 0.01 

1.01 104 

nfVOKClI; 7. Avo).,uow; ~OVVTl­
lilT] on6 10 n).,OU1WVlKO ne­

lPW~010 lT]c; K00'10PlQc; 

Si 616	 6.12 6.30 
i 0.13 0.03 001 

AI 389	 4.33 4.28 
Fe 2.20 187 1.91 
",n 003	 001 004 
Mg 002	 007 001 

418	 4.20 4.0C~. 

0.09	 0.04 OOC~a 
0.01 0.00 0.01 

r 
~ 

a as 0.02 
0.02 0.01~i 

'-" 
Ce 
v 
Nd 
Nb 

8.12 
0.02 
4.44 
1.78 
004 
0.01 
4.16 
005 
0.01 
001 
0.01 

6.30 
0.00 
4.30 
183 
004 
0.00 
4.07 
0.00 
000 

6.38 
0.01 
4.09 
2.07 
0.03 
0.00 
4.00 

TI]~ KQ010Pl6~ 

~e~ 1WV MME K0l1WV GRD TQ~lVO~OUV1Ql w~ \la­
YV1l0l0KEPOOTo'~E~ KQl EOEV[W~, EVW 01 anoxpw­
~01l0~gVE~ nEpl<j>EpElE~ 1WV W<; aKllv6).,1801. !1EV 
ITOP0TrlPOUV1at Ola<popg~ ~ETQ~U nup1']va - nEpl­
q>EpEla~ OTI<; KEPOOTIA~E~ Ka8w~ Kat ~E1a~u KE­
POOllA~WV MME KOl GRD EK16~ ana 10 YEVlKO U­
~T]A61EPO Ca 1WV npW1WV Ta nEplO001Epa OTOI­
xe[a 1WV KEPOOTIA~WV napOUOlO(OUV OUaxETIOEl~ 

~E 10 SiOz TWV nETpW~OlWV 1'] ~E Ta aV11OTOlxa 
O~E[Ola. 

Ol EMXlOTE~ mgOEl~ KPUOTQAAWOT]~ yta Ta 

OElY~Q1a MME KU\laIVOVlOl ano 3,3 EW~ 3,7 kb 
(\lE8000~ HOLLISTER et aL 1987) 1'] 3,8 gW~ 4,1 kb 
(\lg80oo~ SCHMIDT 1992), EVW OTa GRO 01 mE­
OEL~ E[VQl \llKp61EPE~ Kat KU\la(voVlUl ana 1,5 gW~ 

4,0 kb (\lg80oo~ HOLLISTER et aL 1987) Kal ana 
2,3 £W~ 4,4 kb (\l£8ooo~ SCHMIDT 1992). 

onrav{7TJ~ EIVQl apKETo OlQOEOO\lEVO Enou­
OlWOE~ OpUKTO OTa nnpw\lQ1a TTJ~ Ka010pLQ~. E\l­
<pav(ElIOTOAOYIKO Kal X11\lIKQ XapaKTTJPIOTIKO Tl1a­
VlTWV nUPLYEvWV nETpW\lQTWV EVW TO wioow E(­
valoEuTEpoyEV£<;. 
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Itl. • 
~~~	 • 
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CaO lTUpWlJelToc;; 

lX~~(] 6. npO~OAf) TWV Si, AI, Ti, Mg, Na, Ca, Fe, Mn TWV 01.lljll~6AWV w<; npo<; TO Si0 TWV nnpwllcnwv KOI2 

npo~oAf) TOU Ti02, AJ 0 • MgO KOl CaD TWV 0~<P(~6AWV W<; npo<; TO OVTiUTOlXO O~l::iOIO TaU nl::TpWIlQTO<;.
2 3

>	 • MME TTUp. D GRDTTUp. 
0.20	 3 0.6 

• MME TTEp. o MMEmp.-< 
'0> 
c::l.3 0.15-< e­ 0.5'0 :::L D 

c::l. l:l0.10Go Dt;; D:::L 
l:l ~ 0.4 DOc 0.05	 + 

Ql	 .~ 
~ U.	 .c

0.00 =aJ 0.3 
u. 

0.00	 0.05 0.10 0.3 0.4 0.5 0.6 

Mn PIOTlruv Fe/(Fe+Mg) PIOTITWV 

lX~~(] 7. npO~OA~ TaU Mn KOl TOU A6you Fe/(Fe+ Mg) TWV 0~<p1~6AWV W<; npo<; TO Mn KQI Fe/{Fe+Mg) TWV 

~lomwv OVT1UTOlXO. 
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nnp. 
Tunoc 
AtiYIJQ 
SiO, 
TiO, 

IAI'o,
FeO, 

IMoO 
'MgO 
ICaO 

lNazO 
"K,O 
~NiO 
!ruvoAo 

151 6.74 
lAl lv 1.26 

Z 8.00 
AI" 3.03 
Ti 0.Q2 
Fe" 0.48 
Mn 0.02 
Mg 0.62 
Ni 

Y 4.16 
Ca 0.00 
Na 0.06 
K 1.82 

X 188 

nou TO ~OOlKO ~oy~o OlO<jlOPO­
MME GRD 

nOl£[TOl ~£ KAOO~aTlKf) KpUOTCA­
FO-16E TH-16E TH-5E PE-l1 PE-1 PE-3 TH-15. FO-9 

4901 48.54 48.77 48.63 4998 50.16 5064 5178 Awall KQl TOUToxpova ~LYVU£TOl 

0.19	 0.11 0.19 015	 0.29 006 0.10 O£ ~IKPO ~08~0 ~£ TO O~IVO. 
2647 23.28	 23.14 26.18 2497 23.65 2489 23.90 

4.16 5.61	 5.39 4.80 5.62 676 4.20 5.86 
BIBi\'OfPM>IA0.13 015	 0.27 0.04 0.05 0.06 009 0.00 

3.34 293 337 3.51 3.67 ABDEL - RAHMAN, A-F. M. 
000 164 
3.03 3.70	 3.61 
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