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Y'—'GEOCHEI“STH\'-—GENESIS AND METALLOGENETIC SIGNIFICANCE OF
LAMPROPHYRES FROM THE STRATONI-OLYMPIAS AREA
KERDILIA FORMATION; EASTERN CHALKIDIKI

S. | Kalogeropoulos®, F. Gerouki* and C. Papadopoulos*™

ABSTRACT

Thin grayish green, dark green to grayish black dykes occur in the Pa-
020ic or older Kerdilia Formation of the Servo-Macedonian Massif and cross-cut
tamorphics and the 30 Ma Stratoni granodiorite. Dn the basis of texture,
ralogy, mineral chemistry and geochemistry they are classified as lamprophy-
(minettes). REE, HYG element normalized patterns and LFS/HFS ratios indicate
t likely derivation from mantle-crust magma interaction. Moreover, an indi-
. participation of these lamprophyres in the eastern Chalkidiki sulfide mine-
zation process is indicated, whereas a primary one deserves further investi-

2YNOWH

3 Aentéc pAéBec ykpilou-npdolvou, okolpou npdoLvou £wc kalL ykpLiopaupou

poparoc anavroly otov Madatolwiknc A makavdtepnc nAiklac Ixnuatioud Twv Kepdu-
W TG ZepBo-Maxedovikhg Madlag xal BLaTéuvouv T PETAUOPPWUEVA TMETPWUATA TNC

oxA¢ kadwg kal tov nAiklag 30 e£x. £tn ypavodiopltn tou ITpatwviou. Me Bdon

oV Lotd, Tnv opuktohoyla.opuktoxnuela kol yewxnuela toug tafivopolvial wg Aau-
powlpec (ULvETTEC). Zndvieg yaleg, uypouayuatdoLia otoixela xabBug kal oL AdvoL
WV LFS/HFS otouxelwv umodnAwvouv pia niBavd npodheuon Twv AQumpopupwy and updy-
jo pavdia-eroLol. NpdoBeta galvetal 4TL oL AQUUPOQUPEC EXOUv EUHECS OUMPETAOXEL
jtn petahroyevetikl mopela Bnploupylac Twyv BELOUXWY KOLTOOWGTwY Tne Avatohikfig

@AkLOLkric, evid pLa npwtoyevig oxéan xprilet npdoBetng épeuvac.

INTRODUCTION

In Stratoni (Madem Laccos and Vagionia) and Qlympias areas, located in
the Paleozoic or older, Kerdilia Formation of the Servo-Macedonian Massif (Kockel
al., 1977), occur thin dykes ranging in colour from grayish green, dark green
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.niotftﬁ?hgqulqugzgnqjgsgg,mémghdbaiites and marbles whereas in the Stratoni

" nedionite. dnd ingplaces thegore Flong NExSHTtrénling faults (Nicolaou, 1960),

Lo grayish black. These rocks were ’lﬁ‘f&ﬁ’ﬂ?ﬂﬂ'&iﬁied as andesites or dac i teg
TNeubaweryJ1967); andt fla ter jak lamgrophyres (Nicoladu, 1960). The dykes Cross-gy

drea” have "HeenlobServed to cross-cut! the 29.6 Ma (Papadakis, 1971) Stratoni gra-

IM3udTt ign , Nevel [(79889nak desqribed Mydabysall andesite and rhyodacite dyjes
f?qm;fﬁe Madem Laccos mine also controlled by NE-SW trending faults. !
§ tiriee kg n |( 18764 JiﬁﬁdﬁﬁéﬁaMbrophyres intd alkaline {camptonites,
mbNth1qUUtES)'me|JTit1;.(a]nnites. pelzenites) and calc-alkaline groups. The lag.
ter ape widely distmiBluted e both space and tdmd_£rom Archean to Pliocene (Sims
géﬁ Mudrey, 19725 Desio, 1977; Rock, !?@ﬁ?“ﬁffﬁFF?ﬁﬁ‘over island arcs, active oi
newly stabilized orogens and the peripheries of orogens (Rock, 1984) and they are
generally associated with gold mineralization (Rock et al., 1987). .
The present paper is a contribution to the study of the eastern Chalkj
diki Tamprophyres utilizing mineralogical, major, trace and rare~earth element

MgO

i i i fields {Irvine and
lot with tholeite (TH)-calcalkaline (CA) e and
fa;::na:s7$)o: gote the calc-alkaline nature of the eastern Chalkidiki
i ; v (TH) xaL aoPegTGAKGALKWY
oLd pa AFM evBELKTLKG BoAelTikwY T
U?E;:giu; r?iﬂine and Baragar, 1971) : Inueudvetar o aoReoTahkaAlkog
paKTAPAC TwWY AQUTPOGUEGY TNC avatoALKAg XahkLOLkNG.

(REE) data in order to elucidate genetic and metallogenetic aspects of these
rocks. A1l the samples studied are from drill holes,

CLASSIFICATION

On the basis of form (dykes), texture (panidiomorphic, porphyritic), mi-

neralogy (phlogapite dominant), mineral chemistries and chemistry of the studied
rocks they can be classified as calc-alkaline lamprophyres (Fig. 1) and particy-
larly as minettes rather than kersantites (see subsequent sections), whereas tho-
seé described by Nicolaou (1960) could be tlassifed on the basis of their mineral
paragenesis as vogesites or spessartites,

PHLOGOPITES

MINERALDOGY - MINERAL CHEMISTRY

The lamprophyres aof this study are holocrystalline panidiomorphic and
porphyritic with phenocrysts set in a finer-grained groundmass {Fig. 3). Pheno-
cryst mineralogy consists of phlogqopite, biotite, apatite, K-feldspar, Fe-Ti oxi-
des and quartz, Similar mineralogy appears alsg in the aroundmass. Nycolaou (1960)
in his study of the lamprophyres describes predominance of plagioclase, hornblen-
de with minor biotite, quartz, apatite and iron oxides. The presence of plagio-
clase in only one of our samples is inferred by 1ts pseudomorphous alteration to

{

Lamprophyres

carbonate and sericite. Variable deqrees of hydrothermal alteration result n the ;L {5 {h
formation of carbonate, sericite, rutile, sphene, pyrite and quartz, Maoreover, Al “

. o fa . 3
dolomite and quartz have also been detected as filling cavities, Selected mine- 20

rals amenable to reliable microprobe analyses from the primary and the secondary
mineral assemblages were analysed in the Jeo] superprobe 733 of PNEIgKR BIBNOBrAKN "¢

Ha e@hoViag A @t for the Dhlo?op‘ltes. Note that they plot in the field
ot |

. (Rock, 1984 .
2. m.dv‘;gﬁ:gp?{gf?mioa YLa TOUC GAOYOTLTEG. EnueL@veral 6T mpoPdihovrar

oto nedlo twv Aaumpopupwyv (Rock, 1984). 163
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B. i )
Apatite (AP) phenocrysts with phlogopite laths (PHL) and Ti-magnetil

c. . :
Quartz orbicules (QT2) set in an overall texture described in Fig.

Eik. 3. Mikpogwtovpagice 1 T m
PaQLeg mopputLTikol Larol Pup
s 0 ‘ aTOUC HEAETNBEVTEC AaunmpogUpeg.,
Gaivokpiotalhog ghoyoritn (PHL) we eykhelopata Ti-ﬁuvv:r?tnu{$?‘

- YaLvokplotahoL anatitn (AP), Sokidwv whoyor(tn (PHL) kai xpuoTGAM

. Dauy y .
okpugTaliolL ogaLpoeLbolc xahalla (0TZ ) uéoa oe vEVLKOTEDO LOTE

d Y. Katsikis, analysts) and the results are given in Table 1. Phla-
otites exhibit chemical zonation from center to rim. The former
logopite to biotite to phlogopite and the latter from biotite to

) Calcite and dolomite show increased contents in ore elements such
nd iron when appropriate (Table 1). In addition the composition
opites projected on the Ti0,-A1,0, classificatiaon diagram (Rock,

b in the field of lamprophyres (Fig. 2.,

TRY - GENETIC ASPECTS

major and trace element data of seven Tamprophyres from drill co-
. 0lympias mine and the major element data of two lamprophyres from
[ given in Nicolaou (1960) are all suymmarized in Table 2 together
composition in major and certain trace elements of calc-alkaline
(Rock, 1984) for comparative purposes. Analyses were performed by
of XRF, ICP and [NAA at Arsenal Geotechnical Institute, Vienna by
is and Utrecht University by Or. J. Baker.
the basis of the K, Ba, Rb, Cr and Ni concentrations the studied
classified as semilamprophyres to lamprophyres (Wimmenauer, 1973)
on the QAPF diagram of Strekeisen (1979) as minettes-kersantites

major element analyses reveal the distinctly potassic nature of

ophyres - thus, classifing them as minettes rather than kersantites -
2 high and variable K.0/Na D ratios which range from «! to 7.4,

it has to be noted that the eastern Chalkidiki lamprophyres (non-
red to the average calc-alkaline lamprophyres {Table 2) show higher
in silica and potassium and lower in iron, magnesium, titanium

S.
chondrite normalized REE patterns of the eastern Chalkidiki Tampro-

ghly fractionated. La values range from 140 to 176x and Lu from 7.6
chondritic abundances and the (La/Lu)N ratios range from 17.2 to

0 show small negative Eu anomaly suggesting that plagioclase was
nt phase either in the residual solids (partial melt case) or in
d cummulates (Fig. 5). The eastern Chalkidiki Tamprophyres bear
;tern to that of the calc-alkaline minettes and lower ZREE, while,
s identical to that of the Stratoni granodiorite despite major

set in a groundmass of K-f
‘ e Sl )
Pionbgnehite st ldspar, phlogopite/biotite, apatite,

grains set in a groundmass as the one in Fig. 2A

E@nces, thus suggesting a common origin and processes of formation.

ould be noted the higher silica and potassium and the lower iron,

(o] ’ A 1
= Kupta udZa anoteAolpevn and K-datpLo, wAoyonitn/Brotitn, anatid

Ti-payvntitn 3 idiki
N kaL xakagla. nium and phosphorous concentrations of the eastern Chalkidiki

‘compared to the calc-alkaline lamprophyres of Rock (1384) (Table
nces may have a bearing on the rare-earth element concentrations

.0.

Ti-payvnritn oe kipLa udda dnwg mepLypdoetaL ornv Eik. 2A

nou MepLypdpe Ta
PETOL oTnv ELk. 24, Wnoiakr BIBAOBNKN "O£6pp0
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logopite, biotite

ph

¥

Chemistr

Table 1.

2 i j d trace elements of lamprophyres from
, Chemical analyses of major an

g ili i Tkidiki.
the Kerdilia Formation, Eastern Cha ¢ _
2. XnuLouoC kuplwy OTOLXE(WY KaL LXVOOTOLXE (WY Aaumpogupdy and To

~ Ixnuatioud Kepdudlwv, AvatoAikd Xakkidikd.
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£ ﬁgaﬂli*fbe'parﬁicﬁga%ﬁﬁnggg_mgntle;&a the lgeniesis of the studied lamprophyreg

gnd-all in tyrn on the particulars of the genesis [of these rocks.

The genesis of the calc-alkaline lamprophyres associated with granity
s assigned @ilther o exclusively‘mantle materials and processes (Bachinski
w B

« Scott, 19795 1980; Jahn et al., 1979) or to mantle-crilst interaction (Rock, {a

1 R

indicated by the™ratios "of certdin incompatitle trace elements (i.e. Zr/Hf, Yf
and thie.ma # values whieh are compardble to those of primitive mantle or MORB 'S
’{Jag?utf‘gﬁ all, 1979; Paritsis, I§85;'kaﬁogeropoulgsgand Paritsis, 1989; Leii
et al,y 1983). Concurrently,a series of other HFS.element ratios (i.e. Zr(Ce,

b

Ce/Ta"€tc.) dFe distinctly different and the LES ta-"HES element ratios are muck
higher. These contrasting features can be assigned to either contaminatian gf!
mafic magma by an agueous fluid or to mantle-crust interaction. The chondrite

normalized REE patterns (Fig. 5) and the primordial mantle normalized plot for
the HYG elements (Fig. 6) of the eastern Chalkidiki lamprophyres and the 5t rangs
ni granodiorite point to a common origin. This, combined with the fact that the
latter is postulated to represent a hybrid product of mantle and crust derived

components (Kallogeropoulos et al., 1988: Gerouki et al., 1989) suggest that °*

mantle-crust magma interaction is a Tikely process for the formation of the 1a
mprophyres with the former being the predominant component. However, the lack
to date of radiogenic isotope data and chemistries of potential mafic-acid mixin

end members do not allow us to completely and quantitatively Justify our contens
tion,
Moreover the La/Ta (~40) ratios, the decoupling of LFS from HES &)emen

and the Ta-Nb trough (Fig. 6) are al) indicative of arc-related magmatic suites
(Wood et al., 1980; 1981; Saunders et al., 1980; 1981},

RELATION TO METALLOGENY

A point of significance that stems from Table 2 is that the highly altes
red lamprophyre sample is enriched in ¥, Ca, Al, Mn, Pb, Zn and depleted in Na,
Mg, La, Ce, Ba, Li, U, Sr, Nb, ¥, Ni and Cr relative to the unaltered or sTighthy
altered samples. Concomitantly, the marbles hosting the sulfide ores compared to
barren marbles are systematically enriched in elements which show depletion in
the hydrothermally altered lamprophyre (e.q. Ce, Ba, U etc,, Kalogeropoulos et
al., 1989). These data suggest that the lamprophyres have variably acted as 2

EASTERN CHALKIDIKI
MINETTES

S TRATONI GRANODIORITE

i Y
K Ta Nb La Ce St Nd P Hf Zr Sm Ti Tb

Rb Ba Th U

stern Cha-
data).
t al.

for the ea

diorite (unpubl.
(1979) and Jagoutz e

tterns

¢ and the Stratoni grano
le are from Wood et al.

Primordial mantle normalized HYG element pa

1kidiki lamprophyre
for primordial mant

Fig. 6.

t al.

ou. Ztoixela yLa tov p

(1979) kai Jagoutz e

TV L

itpa

source for these elements, which in turn supports their indirect participation
in the ore-forming process.

! & O
ggam—
Moreover, the lead isotopes of the ores (?"®ph/2%4ph = 18.781 + 0.016}

207Pb/2%*Pb= 15,661 * 0.013; *9%pb/?9ph = 38.855 = 0,042: kalogeropoulos et als

FJINVW  TVIGHOWINd O /1D
1989) are similar with those of the lamprophyres (?95ph/2"4py

= 18.77020.015;

Wneiakr BiBAioBrkn "O pa Mewloyiag. A.MN.O.
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. Erlduterun gen zur geologischen

MOLLAT, H., WALTHER, H. (1977)
{Nord Griechenland).

207 ’
7 Ph/2%Ph = 15 ﬁ?? 1040
H L Ox !5. ZUUPD 208
; Dl ANOY / Pﬁ\ : A
1989) redardless of aiiénation degree of (Ei 16:+ 0.020; R. Frei, pers, Comy !
(3 B R on deoree of the Wefter. This evidence suggests gy er Chalkidiki and angrenzender Gebiete 1:100.000
ERLANK, A.J., REID, A.M, FREY, F.A. & HART, S.R.

the lead lip. the. 1amprophyres ‘and
rephyres ‘and the ore la .
ely
rgely originate from a common SOurcal P, DICK, H.J.B.,
: Mineralogy and Petrogenesis of lavas erupted along

As theilead isotp
- sotopes show a_ : 1
e W2 Crustal.affinigy this source for the Tampro : Geochemistry,
Prophyres § Indian Ridge between thw Bouvet triple junction and 11 detrees east.
tn, 24, 267-315.
kkos polymetallic

- J@ug._ infits €rusta) Contaminant. The data ref
with the pdtassic/hydrous-ri : " A eterred to above combineq
oA Lo us-rich nature of the lamprophyres which is sij ] b

— B mi :
o 1 T8 18- foming Bydnoghermal fluids, the fact that Rock et al (ar with
- ate a c] i 2oz al. (1
'aika?ine ﬂosensejetTc association of the tefnary system lamprophyre 987)
| Egranito1ds{90Id:mineralizatfons and (tHe gold-bearing nat ’ ;/Calc-
ern Chalkidiki : i nature of th
S Et$1k111;:sx)-. metalusulfidesoress(iicolaou and Kokonis. 1980 ) ‘]’-‘
: al., 9) suggest that a f ? v Kalogew

i ; urther study i .
if a prima oot ¥ is needed in order .

T¥ PAFEICTRation of the lamprophyres in the ore genesis exist o
exists,

(1989) : Metamorphism and polygenesis of the M. La
de deposit, Chalkidiki, Greece. - Unpubl.Ph, D. thesis, Cof. Scheol
e und seine
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