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ABSTRACT 

Durlno Ih. Upp.r J..... lIIs:s.c continuous subSIdence of the sedimentary basin of the Heilkon area 
resulted in the deposition of thick radio!arian chel'ts. Thl,;. evo~tlon was accompanied by a marked 
volcaniC activity which occu-red mainly at Ihe base of the radiolarlan cherts. Occlslonall\l, volc:.nics 
are found as peneconcord,lI'It interCillallGns wllhln the rad.olarlan chffls. They frequenlly form 
p~ll)w-!avas and are closely assoctaled with lurbidltes and volcoanodastic :sequences. They represent 
submarine basaltic e~trus;OflS wnlch show Il"IIcroscopically porph..,...lUc or ophitic te~ltKes. By using 
t~ckness, lateral exleniSlon, IIII"Iol091c assocIJlllon and chemlSlry as criteria lor Idenll!ication, these 
volcanltes can be Interp.... ted as submarine, short-lived, small straio-volcanoes wnich were active 
nlar a probable back-arc baSin. 

The Hel/kon volcanic rocks can b. easly differentiated from Ihe volcannes of th. ophlolitlc comple~ al 
Exarches. This complex consists of strongiy lectonized serpenltnites ilInd gabbroid rocks which extbil 
dl,tlncl features of a high lemperature Greenschlst metamorphosis and olher volcanlcs ollhe Exar
chos area. The enUre cOl'i1Plex ;s probably aUochthooo~. The time 01 its emplacement can be dated 
approximately as post -Kll'I'1tT'Itrldge according to the I,I'lderlying sedlments. 

INTRODUCTION 

The Upper Jurasslc 01 the Hlllikol'l Mountail'ls is characterized by Important volcaniC activities. During
 
Ihls time volcanics were pl'"oduced which consist mainly of loosely packed and partly reworked
 
volcano-detrltic rocks. Pillow-like basallic lavas are often associated wilh sucn volcanodastics.
 

In this paper samples from lour representative outcrops of such volcanlc$ were analysed. They
 
exhibil rather Iresh basallic rocks w!licn are ideal for geochemical anal'J5u.
 

Nonh 01 Domvrena pillow-like basalts were sillTlpled, which are enclosed mainly as roolless compo

nents in a silidfl.d lurbldlllc malrlx (Samples Th 2,4, AA 5. 9 taken near the villages of ThisbllDan

vrenal and Agla AnnaPoinl 1, Fig.11. North 01 Saranti IPOInt 2, Fig.l) and southeast 01 DiakopllPoint
 
3, rig. 11 pillow-like basaltiC lallers With a Ih'ckness 01 approx. 10 m were sampled lSal, 2. Ma2). Fi

nally a basaltic layer soulh 01 Ellarcnos tPoint 4, Frg. 11 was sampled. which showed felsitlc diflerenti

ates towards Ihe lop. 11'1 this paper acidiC dlllerentlates are excluded Irom the geochemiul analysiS,
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because they are 01 no imparlance to the magmatotectonic claSSIfication 01 the volcanites. Samples 
El( 2 and 790 are basalis which were chosen tor geochernical analyses. Figvre 1 shows locah\les 101" 
the sampled volcanic rocks. .. ,1'0,---_.• • " • • " 
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Fig. 1. CfIfleral map showing the t)l)tcrops of Mesozolc VO/Cdn/CS and ophioMes. The Nvmbers 
stand for sample locations. 

GEOLOGY 
Slratlgraphic succession in the Hellkon 

The metamorphic marbles of the Helikon Mountains IAgla Triada. regionall',j dated as Permlanl are 
overl',jing thick Trlassic and Jurassic carbonates (Domvrena beds. $IMON 19871. Subsidence 01 the 
deposillonal area during the Upper Jurasslc was accompanied by submarine volcanlsm, characterized 
by voltanoclastics and pillow lavas. Volcanics are ollen over'ain b',j up to 2 m Ihick lurbidites, follo
wed conformably b',j radlolariles of Tithonlan age IMakanotissa beds, $1M(X\l19871. Following a hi
atus, Cretaceous sediment" were deposited with IranSgf"eSSive conglomerates, sand- and mudslo
nes ot Aplian to Cenomanian age IEvangelistria beds, KQl\JERTZ 19871. The relatively calm deposition 
of carbonates In the Upper Cretaceous IPaleovo\X1a beds) was interrupted during the Conlacian. This 
phase 01 subalreal exposure led 10 the lormation 01 bau)(iles which were topped b',j carbonates 01 late 
Upper Cretaceous. It should be noted that the mountain of PaJeovOurla has nol shown any Upper Ju
rassic radiolarlles so far. According to IGME-GY sheets, Amphiklia and Levadhia, the deposition of 
bauxltes occured during the Jurassic.Therefore lhe stratigraphy of Paleovouna and that of the Par
nas-Zone were compared and partl',j equalized. The upper bauxite horizon, as menlioned before. is 
overlaln by Santonian-Campanian but not Cenomanian which Is present in the Parnas-Zone. A com
plele stratlgnphic differentiation of the Mesozoic 01 the Helikon Mountains was set up b',j UX et al. 
(1987). I\E and NW of the Kopais Crelaceous carbonates are conformably over lain by clastic sedi
menls of Lower T~rtiary IAkrailmon beds, KONERTZ '9871. 
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Fig_ 2_ L?1teral geologic;31 section. north of Agia Anna {ThisbiJ: I: Dornvren?l beds. 2: Con
glomerates in ;J carbonate matrix with carbonate layers of Domvrena beds, ullr~basic and cherl 
components, 3: Volcanics. volcanoclastics, ultrabasics and chert components. 4: Fault. Vertical sec
tion {aJ: 1: Folded cherts. 2: Teclonized zone. 3: Clinopyroxenite and gabbro. 4: Serpentirized du
nile.5: Teclonized zone witI-, serpentinite. 6: volcanoclaslics wilh pillow-like '1o/pm/cs. Domvrena lime 
(heated) and cherl components. 7: Serpentinized durile, 8: Dornvrena beds. 

The transition from the Domvrena to the Makariotissa beds is ollen charClclerized P\:j matrix suppor
ted conglomerates and grits in a carbollate matrix with volcanic and radiolarian chert components 
(Point 1. Fig. 11. In such cong!omeratic la~ers thin!~ developed Domvrena CClrbonates are intercalated. 
which point to a conformable transition in both t~pe localities. Sasic volcanics as la~ers or volcanoc
lastics with giant volcanic components (diameter 2-10 m) occur ne<lrl~ ever~where wHh rapidl~ chan
ging thicknesses of 1-50 m. In Figure 2 such a tr<lnsition is shown. The basic block components are 
well preserved in their pillow like form, evidence for an authochthollPUS or at least p<lrauthochtho
nous origill. The geologic situation of the lava extrusions south of Exarchos is not exactl~ identical 
with the circumstances depicted in Figure 2 because of the following reasons: 

1) the Jurassic carbonates are characterized b~ a lack of continuit~ and formed bauxites which are 
overlain by Kimmeridge carbonates. 
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2) lhe EKarchos lavas show characteristic hornblende-rich gabbro-Kenolites and ultrabasics with 
boudinage slructures dominating. t#II 01 Pavlos Miltc rocks with amphibolilic diverse cOl"onae were 
formed. which correspond to a consider-ably higher- grade of metamorphosis and teclonizalion of the 
magmatic rocks from the envlroments of EKarchos, while the magmatic rocks from S and E of the 
Kopais were eKduded from such an intense metamorphism and tectonization. The stratigraphic 
situation 01 these Vef"y thick ophioliles trom EKarchos cannot be eKplained satisfyingly because the 
base has not yet been studied. Characteristic feahres of lhe volcanics from Saranti. Makariotissa 
and also parlly from Pavlos and west of Thebes are their layered nature and conformable 
Intercalations ot these volcanic beds into the Upper Jurasslc sediments. Volcanic components from 
Thisbi or Agia Anna (Fig. 21 could be interpreted as reworked products from adjacent volcanics 
during Upper Jurassic limes but they are also loundin turbldltlc rock lJ'"Ilts. They eKhiblt closely spaced ra
dial joints which might have been produced by cooling processes after being transported as lava. 

PE~OGRAPHY - CHEMISTRY OF MINERALS 
Microscopically. porphlTic and ophltic basalts were identified. The porphyrlc basalis possess a 
holocrystalline groundrnass consisting of albite-rich plagioclase (partly carbonatlzedl and diopsidic 
c1inopyroxen within a microophitic texture. The plagiodase ledges reach 0.1 mm in length. The 
phenocrysts attain up to 1.5 mm and form 5-15~ 01 the entil"e rock volume. They consist mainly of 
diopsldlc cllnoP\l"oxen and little calcite which h;-;s probably been replaced the primary anorlhile 
phenocrysts. Apart from a little chlorite and new mineralisaUons of alblte and calcite no further spilitisa
tlon indicators could be idefllifled. 
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Tab. t. Mineral chemistry for plagiocfase. chJorite and ilmenife from the He/skM basalfs. 

Basalis with ophilic textures contain few anorthite phenocrysts « 2~. 2-3 mml with An7)OrO.4 
cOlTlflosition. The plagioclase ledges vary between 0.5-2 mm in length and show a composition in the 
range of An19_63OrO.3_4 ITab. 11. The most COfTl(fl()f1 representatives of dinop\Toxene in basalts ill"t 
diopsidic augite and endiopside. The mean composition of such minerals equals the lorlTllb 
Ca4<\Mg46Felo ITab. 2. 56---601. Additional.ly, slightly increased Cr- or Ni-values occur (0.3-0.7 X 
Cr203, about 0.1 ~ NiDI, because the rocks do not contain spinell and il can be presumed that cl.lo
pyroKenes acted as Cr- or Ni-carriers. In lhin section they are colourless and traversed by opt.tk 
plagiodase ledges. Opaque minerals were identified by microprobe as Hmenites (Tab. 11. 

A small basaltic component in an outcrop east of Paleovouna exhibits V@f"y few anorthite inclusiOM 
and an ophilic groundmass lplagioclase 0.5 mm!. lilac coloured dinopyroxenes eKhibit a marked ple
ochroism (rom lig!'ltto dark lilac with a mean cOrTl'osition 01 Ca46 M935Felg belonll'l9 to the tititlOiU
gihis due 10 their ~gh Ti---cenleflt (about 37. Ti02 , Tab. 2. 28-411.Their f'Ja20-coocenlratioos v¥y 
between 0.38-0.577. which are usual values for such afteatlc mineral:;. Tltan;:~ ag9lomeratiOf4 (. 
0.051. finely dispersed, OCC\ll'" in tHs rock as acces~crits together with ek:.'"'9a1ed I( 0.2 mm). opall'Jt 
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Tab. 2. Clinopyronn cneml.lry from tIM H.1/s1wn b.Jults. 

minerals which probably represent manomagnetlle, Small, COflcentnc chlontes (Tab, 11 are Ire

quently lound in the ... icinily of two crossing plagioclaseledges. They represent most probably COII.)Q


I'lI!nts 01 a rest melt or primary oli"'lnes which devltrrllied 10 chlonte.
 

GEOCHEMISTRY
 

Charactet'" and termnoi"9\1
 

Chemical analyses from repres.ntative la ...as 01 the lour outcrops In Tab.3 were perlormed with XRF
 
andNAA.
 

The subalkaline character 01 the rocks is recognizable If plotted in the diagram ot WHI1H£AD &
 
GQ()()FELLOW t19781 Ti02-Si02. The Na20+K20-5i02 diagram 01 IRVN:; & BARAGAR (1971)
 
follows the trend of the treated volcanlcs and the divisiOl1line between the alkaline and slJbalkaline
 
field lFig. 31. The distribution 01 basalts In the field 01 subalkaline rocks is not delinite and Is probably
 
due 10 the mobilisation 01 the alkali metills by alteration processe,$.
 

PEARCE & ~V 119791 used Zr, which Is not built into the main ptlase 01 ba$alllc rocks, as an
 
indicator lOt' diffenmtlation of such magmatic sequences. Diagrams ot main- and Irace elemenls
 
versus Ihe Zr-concentratlon reveal a well dlllerenllated rock sequence IF'lgures • & 5), Sample AAS
 
with the hlyhest Zr-cOflcenlration doe" not lit 11'110 the framework ilnd could be Interpreted as haVing
 
been created by a very low melting procedure. This sample has been exluded from the calculation 01
 
the regression cur ...e,
 

From the diagrams well grouped posillve correlations 01 A1203' T~, F.O and P20S with correlallon
 
coelliclents IKKI above 0.8 are conspicious. MoO also shows a positlve correlation with a remarkably
 
low KK of 0.64. CaO and K20 exhibit a relati ...ely well established negall ...e correlation IKK 0.87 and
 
0.71 respectl ...ely!, The scatter of valu.s lor Na20 and MgO is probably connected with metamagma
lie processes. The well de ...eloped parabolIC correlation 01 the S~-values is nol definitely connected 
with magmatic processes. A relation between 5i02 concentration and h~.--alisiltlon of the rocks is 
5Uspect.d since most rocks ha.... been transformed autohydrothermally. 

The compatible elements Cr and Ni (in relation to the primillve mantlel exhibit a markedly negatl ...e 
correlation. A similar beha... iour is recogn1zed for most 01 the Ba-values, although Ba, a Large Ion li 
thophile lLLl, was classllied as inclm·"atible. The relative incompaUbillly 01 B. may lead lIike in a 
granitic melt! to a cDmf)atlble behaviour of this element. From (l\lJMA-diagrams ISQ-{ARBERT, 19831 
for the system plagloclase/grOlJndmass of an alkali-oli ... in basal!, it Is deducted that Ba can be built 
into a plagioclase lat tice replaCing K, because the distribution coefficient Is regarded as the most lm
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Tiib. 3. Analyses from 8 represt:fl/;ativf! b;as;alts s;amples from fklikM. 

• 
•
i 
i 

• . , # 

• 
• 

• ..
•, .
 
! 
• > 

• 

o 

.,.... 
,,' 

...... ,.11 ...... ,.. 
... 0...... -'~.. '" 

Fig. 3. a: T4--.5..q-dia!i"'am. WG: Fr;actionillion Irend alter WHJ7f}-£Al) & GCXXJFnLOW 
(19781. AF: Alkali field. SF: SubiJlka/ille fif!/d.. b: 8: FractionatiO/l trend after IRVIf\£ & BARAGAIi 
(l9'tJ. RK: Re!i"'f!ssion curve. 
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portant parameter for incorporation of trace elements in silicate lattices. Other incompatible or mo
deratly incompatible elements such as Nb and Y sh.)w. as expected. a well established positive corre

lation. The elements V and Zn which are regarded as incompatible. exhibit a positive correlation. ac
ting therefore in n'!ation to the other elements as incompatible. This behaviour malJ be c:>rrelated 
with a lack of magnetite (as spinell phase) in primitive basaltic magmas and with a low degree of mel

ting, the more so since the incorporation of V into clinopyroxenes has probably been prevented by the 

incorporati(1n of er. l,.----------------, 
b 

10°,...------------rr:==-:7.:'"1 

Fig. 7. Nomenclature and character diagrams. a. band d: The majority of the volcanics from 
Helikon plot in to the field of sub-alkaline basalts (adapted from WINCHESTER & FlOYO; 19771. b: 
The majority of the volcanics from Helikon plot into the tholeiitic field (adapted from WINCHESTER & 
FlOYD; (19761. 

The rare earth elements (REEl show positive correlations in response to Zr (Fig. 61. With Nd and Lu 
an extreme scalt~r of values was recognized which may be r<:!fE'rred 10 an inaccuracy in analytical 
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melhodology(NAAI.
 

Nomenclature diagrams of WII\O-£STER &. FLOYD (1977) definitely allow a definillon of the majoritU
 
of basalts as subalkaline basalis. The \holo;;li<:: character of Ihese rocks is documented by the
 
presence of immobile elements like Ti, Zr and P in the diagrams of W1f'<C!-£STER & FLOYD (1976)
 
(Fig.71. 
10' 
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Fig. B_ Primitive mantfe-rlOtmallzed trace elf/menl adundancf/ pallems (or the volcanics (rom 
He/ikon. Normalisation values (or "primilive mantle" and OIB, E- T!:JP~ N1d N- Typ, ~I(erns from S/.lIJ 
&Mc[){XIKXXjH 0989). 

lJ.a!1'""toteclonic dassillcalia'l
 

For the dassificaliOll of lav_lIi according 10 magmatoleclonic events, mantle-n(lrmaliution (SUN &
 
oo...NCJl.r,H, 19891. MORB-normallsatlon tPEARCE, 1982) and several X/Y-dillgrams were applied
 
If'lg.101.
 

Ml.ntJe-normalisation diagrams show, inspite 01 marlj "anomalies" which are referred partr',l lo the
 
mobi1itV of lh. respective eleml!:nts, a disllncl trend tor samples Ma2, Sa2. and Sal which are more
 
comparable to the tv10RB type than to the 018. Samples E)2 and [,,790 101l0w a shallow gradient for
 
~ elements Lu-Pb. Concentrations 01 Incompatible elements !left area 01 the diagr am. Sr-Rb! e~hi


bit as slight enrichment in comp¥i&on 10 lhe samples !rom Saranti and MakarootlS5a.
 

S~le Th4 shows similar trends as Th2 from Yb \0 P, but from P to La en Incre~se IJf the values is
 
h:kated. La and Nb 1Ire placed in the normallield lor MCl18 concentrations. The negalive K-anomalIJ
 
is referred in principal to Iracllon",Uon processes, like Ihe lormallOll of feldspar aM hornblende ac

cummulates because lhe sample does ""rely produce metamagmaUc conversion products W"". 81.
 

Semples AA5 and AA9 (especially AASl show 11 distin<:t~ dillerent trend than the rest 01 thlt basalts.
 
This trend is better comparabll! with Ihe 018 'Fig. 81_ Samples 1hZ. 1h4 and AA9 belong to the same
 
outcrop and constitute probably a rock series. ThIs definite enrichment 01 the L1L-ele'l'lenls in rnosl
 
oflhe alkaline rocks (Samples: Th2, Th4, AAS and AA91 in contrast to the other rocks can be regar

ded <IS 11. contam,nation indicator 0/ primary magma 'ourcos by crus tal material.
 

PEARCE 119821 has normalized dillerenl destructive and constructive plate margin basalis agaInst 
"t.... N-T',lpe IAula-Fartak 1rench!. In such spider diag-amms he defined mifl(lr differences between 
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MORB and IAT chemIstry. Trends from the mantle-normallsation diagrams lor the 3llahped rocks 
were reconfirmed by the t..«::R8-flOf"malisatioo diagrams (Fig. 9 I. The MORB character of lhe analysed 
basalts (except MS and M91 is l"I)derlined by these diagrams. The basalIs are similar to the E-Type 
ISLN &~, 19A91 or the transitional Type alter PEARCE (19821. Diagrams a,b,c and d lFig. 
101 dearly show that the majority of the analysed basalis are attached 10 Ihe OFB. The elements use-d 
here are compatible as well as incompatible, theIr mobIlity against rnetamagmatic processes is ne
gleclable and as such they relied true magmatic conditions. Diagrams eland fI exhibit. with an increa
sing scatter 01 values, more similarities with the trend of abyssal basalis. This is in accordance with 
lne deposilional environment during the Upper Jurassic. 

00' '0'...-.z 0 Soot .. f1'M 0 ......9 

o ~, 
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'0' 00' 

00' 

'0' 
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,,,, ,-----------, 
• ~ 0 E_T1~ 
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Fig. g_ MCRB-normalized trace element abuclance palterns for the volcanics from Helilcon. 
Normalisation values for ''MCJRB- from F£ARCE (19821. OB. E- Type and N-Iype poll/erns 'rom SUi 
& McfXXIXJUGH (1989) 

CONCLUSIONS 

A determination 01 the geoteclonic Iramework of the Upper Jurassic Helikon basin only by the means 
ot geo'.:lemical data is difficult because the original chemistry has been altered by spilitisation arid 
we,,' ;lering processes.
 

~ analysed voJcanlcs are submarine effusives which produced lor theIr majority pillow-like struc·
 
tures. They are closely connected with turbldites and radtolantes and rest either on cherts or Ma
 
transitionary sequence, which cpnsists mamJy 01 matrix supported conglomerates and Ihlnly beddtd
 
carbonates. Oceanic conditions In the basin were only established ill the Upper Jurasslc with the dr-

position of radiolarites. The alkali-basalt components ot the rock senes Th2. 4. AA5 arod 9 tanbf
 
used as an indicator of oceanized crust. II an extremely low degree 01 nJelling is assumed for the M

kalinlty 01 these rocks. The evaluation 01 dIagrams from fresh and spllltislzed basalts shows IT\()(ed
 
a construc:live than destruc live character for the e...olulion of the anOlIL,lSed ba~alts.
 

The tectonIC crlSIn of these basalis IS still 011"1 open QU!'s!i~ which (,;"ne! be answer!!'d Iron, "oJ~t. f!w
 

dala. The results 3chit"/ed sO Ia·" ~rl"\i~ t~,,! >,s5lff1;lh~~ 'Of 'he de ... · ,....~~'l'cnt 01 ,m IY.ean dUf Iroq If~ 
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Upper Jurasslc which did not produce a typical ophiolilic structure Out layers of volcanics. usually as 
0fB. These layers characterize the eXistence ot short-lived strato-volcenou and are rather 
categorized into a back-arc basin than Into a typical oceanic basin. The ophlolites In the rorth Inear 
Exarchos) are most probably differentiated Irom the volcanics of Ihe Hellkon, since they do not only 
contain plutonic rocks lperidotlles, gabbros, pyroxenltesl but exhibit acidic differentiates within their 
volcanic suites which do not fit Into an oceanized crust model. Additional results on tile geochemistry 
01 clinop\Toxenes in spilites and isotope studies Of'l tresh basalts may delineate a more precise 
geotectonlc environment in the near future. 

Acknowlcdgomonl: I am deeply indebted 10 my IrieOO and cotlegue Thomas Kreuser for translation and 
arg\XT\entation advice. The Oeutsche Forschungsgemeinschaft IDFGl has financed part of the 
analytical work which is highly appl'"eciated. 
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