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GEOLOGICAL AND GEOCHEMICAL CRITERIA ON THE
CLASSIFICATION OF MESOZOIC VOLCANITES OF THE
HELIKON MOUNTAINS, GREECE

P.ASLANIDIS

ABSTRACT

During the Upper Jurassic continuous subsidence of the sedimentary basin of the Hellkon area
resulted in the deposition of thick radiolarian cherts. This evolution was accompanied by a marked
volcanic activily which occurred mainly at the base of the radiolarian cherts. Occasionally, volcanics
are found as peneconcordant intercalations within lhe radiolarian cherts. They frequently form
pillow-lavas and are closely associated with turbidites and volcanoclastic sequences. They represent
submarine basaltic extrusions which show microscopically porphyritic or ophitic textures. By using
thickness, lateral extenision, lithologic association and chemistry as crileria for identification, these
volcaniles can be interpreled as submarine, short-lived, small stralo-volcanoes which were active
near a probable back-arc basin.

The Helikon voleanic rocks can be easly differentiated trom the volcanites of the ophiolitic complex al
Exarchos. This complex consists of strongly tectonized serpentinites and gabbroid rocks which exibit
distinc! features of a high temperature Greenschist metamorphosis and olher volcanics of the Exar-
chos area. The entire complex is probably allochthonous. The time of its emplacement can be dated
approximately as post-Kimmeridge according to the underlying sediments.

INTRODUCTION

The Upper Jurassic of the Helikon Mountains is characterized by important volcanic activities. During
this time volcanics were produced which consist mainly of locsely packed and partly reworked
volcano-detritic rocks, Pillow-like basallic lavas are often associated with such volcanoclastics.

In this paper samples from four representative outcrops of such volcanics were analysed. They
exhibit rather fresh basaltic rocks which are ideal for geochemical analyses.

North of Domvrena pillow-like basalts were sampled, which are enclosed mainly as rootless compo-
nents in a silicitied turbiditic matrix (Samples Th2, 4, AA 5, G taken near the villages of Thisbi (Dom-
vrena) and Agia Anna Point 1, Fig.1). North of Saranti (Point 2, Fig.1) and southeast of Diakopi (Paint
3, Fig. 1) pillow-like basaltic layers with a thickness of approx. 10 m were sampled (Sal, 2, Ma2). Fi-
nally a basaltic layer south of Exarchos (Point 4, Fig. 1) was sampled, which showed felsitic differenti-
ates towards the top. In this paper acidic differentiates are excluded from lhe geochemical analysis,
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because they are of no importance to the magmatotectonic classification of the volcanites. Samples
Ex 2 and 790 are basalls which were chosen for geochemical analyses. Figure 1 shows localities tor
the sampled volcanic rocks.
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Fig. 1. General map showing the vutcrops of Mesozoic volcanics and oph.*uhtes. The Numbers
stand for sample localions.

GEOL . OGY
Stratigraphic succession in the Helikon

The metamorphic marbles of the Helikon Mountains (Agia Triada, regionally dated as Permian) are
overlying thick Triassic and Jurassic carbonates (Domvrena beds, SIMON 1987), Subsidence of the
depositional area during the Upper Jurassic was accompanied by submarine volcanism, characterized
by volcanoclastics and pillow lavas. Volcanics are often overlain by up to 2 m thick turbidites, follo-
wed conformably by radiolarites of Tithonian age (Makariotissa beds, SIMON 1887). Following a hi-
alus, Cretaceous sediments were deposited with transgressive conglomerates, sand- and mudsto-
nes of Aptian to Cenomanian age (Evangelistria beds, KONERTZ 1987). The relatively calm deposition
of carbonales in the Upper Cretaceous (Paleovouna beds) was interrupted during the Coniacian. This
phase of subaireal exposure led lo the formation of bauxites which were lopped by carbonates of late
Upper Cretaceous. It should be noted that the mountain of Paleovouna has not shown any Upper Ju-
rassic radiolarites so far. According to IGME-IGEY sheets, Amphiklia and Levadhia, the deposition of
bauxites occured during the Jurassic, Therefore the stratigraphy of Paleovouna and that of the Par-
nas-Zone were compared and partly equalized. The upper bauxite horizon, as mentioned before, is
overlain by Santonian-Campanian but not Cenomanian which Is present in the Parnas-Zone. A com-
plete stratigraphic differentiation of the Mesozoic of the Helikon Mountains was set up by JUX et al
(1987). NE and NW of the Kopais Cretaceous carbonates are conformably overlain by clastic sedi-
ments of Lower Tertiary { Akr aifnion beds, KONERTZ 1887).
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Vertical Section (a)

Fig. 2. Lateral geological sectian. north of Agia Anna (Thisbil: [: Domyrena beds, 2: Con-
glomerates in a carbonate matrix with carbonate layers af Domvrena beds, ultrabasic and chert
components, 3: Volcanics, volcanoclastics, ultrabasics and chert components, 4. Fault. Vertical sec-
tion (al: 1: Folded cherts, 2: Tectonized zone, 3: Clinopyroxenite and gabbro, 4. Serpentinized du-
nite, 5: Tectonized zone with serpentinite, . volcanoclastics with pillow-like volcanjcs, Domvrena lime
(heated) and chert companents, 7: Serpentinized dupite, 8: Domvrena beds.

The transition from the Domvrena to the Makariotissa beds is often characterized by matrix suppor-
ted conglomerates and grits in a carbonate matrix with volcanic and radiolarian chert components
(Point 1, Fig. 1). In such conglomeratic layers thinly developed Domvrepa carhonates are intercalated,
which point to a conformable transition in both type localities. Basic volcanics as layers ar volcanoc-
lastics with giant volcanic companents (diameter 2-10 m) accur nearly everywhere with rapidly chan-
ging thicknesses of 1-50 m. In Figure 2 such a trapsitjon is shawn. The basic block companents are
well preserved in their pillow like form, evidence for an authochthonous or al |east parauthochtho-
nous origin. The geologic situation of the lava extrusions south of Exarchos is not exactly identical
with the circumstances depicted in Figure 2 because of the following reasons:

1) the Jurassic carbonates are characterized by a lack of continuity and formed bauxites which are
overlain by Kimmeridge carbonates.
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2) The Exarchos lavas show characteristic hornblende-rich gabbro-xenclites and ultrabasics with
boudinage structures dominating. NW of Pavlos dunitic rocks with amphibolitic diverse coronae were
formed, which correspond to a considerably higher grade of metamorphosis and tectonization of the
magmatic rocks from the enviroments of Exarchos, while the magmatic rocks from S and E of the
Kopais were excluded from such an intense metamorphism and tectonization. The stratigraphic
situation of these very thick ophiolites from Exarchos cannot be explained satistyingly because the
base has nol yet been studied. Characteristic features of the volcanics from Saranti, Makariotissa
and also partly from Pavlos and west of Thebes are their layered nature and conformable
intercalations of these volcanic beds into the Upper lurassic sediments. Volcanic components from
Thisbi or Agia Anna (Fig. 2) could be interpreled as reworked products from adjacent volcanics
during Upper Jurassic times but they are also found in turbiditic reck units. They exhibit closely spacedra-
dial joints which might have been produced by cooling processes atter being transported as lava,

PETROGRAPHY — CHEMISTRY OF MINERALS

Microscopically, porphyric and ophitic basalts were identitied. The porphyric basalts possess a
holocrystalline groundmass consisting of albite-rich plagioclase (partly carbonatized) and diopsidic
clinopyroxen within a microophitic texture. The plagioclase ledges reach 0.1 mm in length. The
phenocrysts altain up to 1.5 mm and form 5-15% of the entire rock volume. They consist mainly of
diopsidic clinopyroxen and little calcite which has probably been replaced the primary anorthite
phenocrysts. Apart from alittle chlorite and new mineralisations of albite and calcite no further spililisa-
tion indicators could be identified.

Plagioklese (32: Thishi, 55-67: Exmches) Chlosite (0042 Thistd) Hmemite (81 45 Exarchar)
32 55 68 &7 0 3 > - 7

| NAZO 204 41 252 05| |MA20 | oo ooz ooes  oon NAZO 002 001 000 0.0
¥20 005 006 010 035] |w20 ©007 0011 0000 0035 ®20 000 000 000 001
sioz 3794 5121 609 S652| | SI02 | 326854 33587 32578 33989 502 008 006 006 014
FEO 323 195 041 097 | |FED 15418 15790 14778 14761 FEO 4750 a0 ars2  3m
ALZ03 2845 2802 2249 2439 | | AL203 | 12534 12587 12318 12708 AL201 | o006 007 005 013
") 00¢ 003 000 000 | MO 0311 0.198 o138 0204 MO 200 09 1,78 610
cAD 988 1277 3148 645 | | cAD 1543 1370 2318 1680 cAD 024 022 025 032
MGO 160 000 000 00| |MGD |21210 22226 20361 21638 | | MGO 009 018 008 014
MO DO0 000 003 000 | MO 0000 o000 0058 0000 MO | 400 000 0os 000
CA103 008 0Dl 000 000| (CA703 | 0000 0001 0000 000 | |CA201| 000 007 001 008

| oz 000 01l 005 004 oz 0000 0002 004@ 00%0 oz 5101 5083 35027 5928
Surrere 8539 9774 9758 9508 | | Summe | 84727 85808 83308 85136 Summe | 10101 100,48 100,11 9944
e

Ab 2711 3108 1588 84
Or 042 032 07l a6
An 1247 6259 1542 3572

Tab. 1. Mineral chemistry for plagiociase, chiorite and ilmenite from the Helikon basalls.

Basalts with ophilic textures contain few anorthite phenocrysts (< 2%, 2-3 mm) with An730rq4
composition. The plagioclase ledges vary between 0.5-2 mm in length and show a composition in the
range of Anjg_g30rg 3_4 (Tab. 1). The most common representatives of clinopyroxene in basalts are
diopsidic augite and endiopside. The mean composition of such minerals equals the formula
Caq4MasgFeqn (Tab. 2, 56-60). Additionally, slightly increased Cr- or Ni-values occur (0.3-0.7%
Cr503, about 0.1 % NiO}, because the rocks do not contain spinell and it can be presumed that clino-
pyroxenes acted as Cr— or Ni-carriers. In thin section lhey are colourless and traversed by ophitic
plagioclase ledges. Opaque minerals were identified by microprobe as ilmenites (Tab. 1),

A small basaltic component in an outcrop east of Paleovouna exhibits very few anorthite inclusions
and an ophitic groundmass (plagioclase 0.5 mml. Lilac coloured clinopyroxeres exhibit a marked ple-
ochroism from light to dark lilac with a mean composition of Casg MgasFe;g beloning to the titanoau-
gités due 1o their high Ti—centent (about 3% TiO5, Tab. 2, 28-41). Their Na,U-concentrations vary
between 0.38-0.57% which are usual values tor such alkalic minerzls. Titaniie agglomerations [+
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Tab. 2. Clinopyroxen chemistry from the Helikon basalts.

minerals which probably represent lilanomagnetite, Small, concentric chlorites (Tab. 1) are fre-
quently found in the vicinily of two crossing plagioclase ledges. They represent most probably compo-
nents of a rest melt or primary olivines which devitrinized to chlorite,

GEOCHEMISTRY
Character and terminology

Chemical analyses from representaltive lavas of the four outcrops in Tab.3 were pertormed with XRF
and NAA,

The subalkaline character of the rocks is recognizable if plotted in the diagram of WHITEHEAD &
GOODFELLOW (1978) TiO2-Si05. The Nas0+K,0-SiO, diagram of IRVINE & BARAGAR (1971)
follows the trend of the treated volcanics and the division line between the alkaline and subalkaline
field (Fig. 3. The distribution of basalls in the field of subalkaline racks is not definite and is probably
due to the mobilisation ot the alkali metals by alteration processes.

PEARCE & NORRY (1979) used Zr, which is not built into the main phase of basallic rocks, as an
indicator for differentiation of such magmatic sequences. Diagrams of main- and trace elements
versus the Zr-concentration reveal a well ditferentialed rock sequence (Figures 4 & 5). Sample AAS
with the highest Zr-concentration does not fit into the framewark and could be interpreted as having
been created by a very low melting procedure. This sample has been exluded from the calculation of
the regression curve.

From the diagrams well grouped posilive correlations of Al;05, TiO5, FeO and PoOg with correlation
coefficients (KK) above 0.8 are conspicious. MnQ also shows a positive correlation with a remarkably
low KK of 0.64. Ca0 and K20 exhibit a relatively well established negative correlation (KK 0.87 and
0.71 respectivaly). The scatter of values tor Na5O and MgO is probably connected with metamagma-
lic processes. The well developed parabolic correlation of the SiOo-values is not definitely connected
with magmatic processes. A relation between Si0, concentration and hydratisation of the rocks is
suspected since mos! rocks have been transformed autohydrothermally.

The compatible elements Cr and Ni (in relation to the primitive mantle) exhibit a markedly negative
correlation. A similar behaviour is recogrized for most of the Ba-values, although Ba, a Large lon Li-
thophile (LIL), was classified as incompatible. The relative incompatibility of Ba may lead (like in a
granitic melt) to a compatible behaviour of this element. From ONUMA-diagrams (SCHARBERT, 1983)
for the system plagioclase/groundmass of an alkali-olivin basalt, it is deducted that Ba can be built
into a plagioclase lattice replacing K, because the distribution coefficient is regarded as the most im-
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[ Ex2 Th2 Tha Ex790 Sal Sa2 AAS AAS Ma2
Sioz 4537 48,18 3845 4682 4329 3892 4431 4511 47.89
Tioz2 1,38 1.31 2.05 1.87 0.60 0.50 2.47 Z1 1.13
Aiz03 14,42 15,44 1517 16.02 10,73 969 15,87 15,96 15,57
Fe203 3,39 334 11,79 1157 764 7.05 11,17 12.31 8.36

| MnO 0,78 0.25 023 0.35 0.12 0.15 0,09 0.22 0.14
MgO 8,75 8,99 14,16 587 5.95 7,56 4,88 7.21 8.53

[cad™ | 537 10.43 9.48 5.07 1622 20,60 6,26 7,47 6.23

(K20 | 017 013 0.02 0.16 1.36 0.85 0.38 0.60 0.39

| Na20 [ 384 3.93 1.58 3,58 395 3.00 437 4.05 433

| P20 | 029 015 028 018 0.16 014 071 0.25 013
GV 10,44 2,30 7.12 510 10,13 11,73 806 5,16 420

[ Summe | 100,20 100,45 10092 10059 100,15 100.19 9917 10046 99.60 |

| Sc | 37,00 3500 4000 4100 _ 3200 3600 17,00 3600 _ 31.00
V | 29400 24400 290,00 35100 20600 17500 14400 31100 .20500

'€~ | 22600 31000 14300 61,00 830,00 390,00 _ 22,00 66.00 26500

| Co | 3600 "37.00 ° 4300 4400 3100  30.00 21.00 38.00  29.00
Ni 108,00 9600  59.00 4300 18200  97.00 1900 2500 - 141,00
Cu 19,00 13,00 7200 57,00 25.00 10,00 27.00 57,00 79.00
Zn 51,00 40,00 103.00 101,00 54,00 51.00 115,00 34,00 75.00
Ga 1500 22,00 1500 30.00 14,00 1200 2200  23.00 15.00
As : 4,00 - 33,00 11,00 - 1,00 -
Ab 3,00 5.00 4.00 400 3400 2000  33.00 6.00 2.00
Sr 129,00 14300 1103.00 13600 8700 108,00 11200 213.00 166,00

Y 21,00  28.00 3200 3800 1500 10,00 2700 3500 21,00
2 83,00 8600 12900 108,00 4300 30,00 283.00 123.00 78,00
Hi 2,50 270 3,10 310 1.20 0.96 6.60 3.40 2.50
No 26.00 2,00 13.00 3.00 4.00 300  59.00 12.00 5.00
Ta 2,20 0,20 0,86 0.20 0,30 0.10 4.50 1.00 0.10
| Ba 109.00 47,00 5600 3200 7900 97,00 4400 23000  37.00
La 20,00 3.60 9,30 5.30 6,70 370 4100 13,00 5.10
Ce 40,00 7,90 22,00 11,00 15,00 940 82,00 28,00 15,00

[ Pr 3.00 1,00 5.00 3,00 1.00 1,00 13,00 4,00 3,00
Nd 13,60 4.00 13.00 _ 18.00 16.00 13.00 5100 33,00 11,00
Sm 370 2,90 4.10 3.90 2.30 1.40 6.70 430 2,60
Eu 1,20 1,10 1.70 1.50 0.77 0,57 2.20 1.50 .10
Gd 11,00 9,00 10.00 9,00 6.00 8.00 14,00 8.00 7.00
Tb 0,50 0,71 1.00 0.86 0,40 0.30 1.10 0.76 0,69 |
Yb 3,30 3.70 3.30 5.50 1.40 1.50 3.40 3.70 2.50
Lu 0.29 0.40 0.50 0,70 0.13 0,40 0.38 0.32 6.72
Pb 26,00 6.00 4.00 = 5.00 1.00 9.00 1,00 4,00
Cs 0,70 0.70 0.80 0.70 1.30 0.80 0,50 0.70 0.60
Th 3,00 0,60 1.20 0.60 0.83 0.50 7.30 1.30 0.40

g 100 3.00 S 6.00 3.00 2,00 4.00 4.00 :

Tab. 3. Analyses from 8 representalive basalls samples from Helikon.
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Fig. 3. a: TiQ-SiG,~diagram. WG: Fractionation trend after WHITEHEAD & GOODFELLOW
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(1971}, BK: Regression 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 show, 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 relation to the other elements as incompatible. This behaviour may be correlated
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

incorporation of Cr. L
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Fig. 7. Nomenclature and character diagrams. a. b and d: The majority of the volcanics from
Helikon plot in to the field of sub-alkaline basalts (adapted from WINCHESTER & FLOYD; 1977). b:
The majority of the volcanics from Helikon plot into the tholeiitic field (adapted from WINCHESTER &
FLOYD; (1976). \

The rare earth elements {REE) show positive correlations in response to Zr (Fig. 6). With Nd and Lu

an extreme SCARIFKTE BIRAOQIIST, ngQthﬂ:F\ FHQHJ% FereAvqs- £ 114 curacy in analytical



methodology (NAA).

Nomenclature diagrams of WINCHESTER & FLOYD (1977) definitely allow a definition of the majority
of basalts as subalkaline basalts. The tholeiitic character of these rocks is documented by the
presence of immobile elements like Ti, Zr and P in the diagrams of WINCHESTER & FLOYD (1976)

(Fig. 7).
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& McDONOUGH (1989

Magmatotectonic classification

For the classification of lavas according to magmatoteclonic events, mantle-normalisation (SUN &
DOUNOUGH, 1989), MORB-normalisation (PEARCE, 1982) and several X/Y-diagrams were applied
(Fig. 10).

Mantle-normalisation diagrams show, inspite of many "anomalies” which are referred partly to the
mobility of the respective elements, a distinct trend for samples Ma2, SaZ, and Sal which are more
comparable to the MORB type than to the OIB. Samples Ex2 and Ex790 follow a shallow gradient for
the elements Lu-Pb. Concentrations of incompatible elements (left area of the diagram, Sr-Rb} exhi-
bit as slight enrichment in comparison to the samples from Saranti and Makariotissa,

Sample Th4 shows similar trends as Th2 from Yb to P, but from P to Lz an increase of the values is
indicated. La and Nb are placed in the normal field for MORB concentrations. The negative K-anomaly
is referred in principal to fractionalion processes, like the formation of feldspar and hornblende ac-
cummulates because the sample does rarely produce metamagmatic conversion products (Fig. 8).
Samples AAS and AAY (especially AAS) show a distinctly different trend than the rest of the basalts.
This trend is better comparable with the OIB (Fig. 8). Samples Th2, Th4 and AA9 belung to the same
outcrop and constitute probably a rock series. This definite enrichment of the LiL-elements in most
of the alkaline rocks (Samples: Th2, Th4, AAS and AA9) in contrast to the other rocks can be regar-
ded as a contamination indicator of primary magma sources by cruslal malerial.

PEARCE (1982) NappraxreBiAbE Ay OtGdpattegadpmsar Fetykoyide mfdiehasalts against

the N-Type (Aula~Fartak trench). In such spider diagramms he defined minor differences between
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MORB and IAT chemistry. Trends from the mantle-normalisation diagrams for the analysed rocks
were reconfirmed by the MORB-normalisation diagrams (Fig. 9). The MORB character of the analysed
basalts (except AAS and AA9) is underlined by these diagrams. The basalts are similar to the E-Type
(SUN & DONQOUGH, 1989) or the transitional Type after PEARCE (1982). Diagrams a,b,c and d (Fig.
10] clearly show that the majority of the analysed basalts are attached to the OFB. The elements used
here are compatible as well as incompalible, their mobility against metamagmatic processes is ne-
glectable and as such they reflect true magmatic conditions. Diagrams e) and ) exhibit, with an increa-
sing scatter of values, more similarities with the trend of abyssal basalts. This is in accordance with
the depositional environment during the Upper Jurassic.
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Fig. 9. MORB-normalized irace element abudance patterns for the volcanics from Helikon,
Normalisation values for "MORB" from PEARCE (1982). OIB, E-Type and N-type patterns from SUN

& McDONOUGH (1989)

CONCLUSIONS

A determination of the geotectonic tramework of the Upper Jurassic Helikon basin only by the means
of geo_hemical data is difficult because the original chemislry has been altered by spilitisation and
wes' nering processes.

The analysed volcanics are submarine effusives which produced for their majority pillow-like struc-
tures. They are closely connected with turbidites and radiolarites and rest either on cherts or ona
transitionary sequence, which cpnsists mainly of matrix supported conglomerales and thinly bedded
carbonates. Oceanic conditions in the basin were only established in the Upper Jurassic wilh the de-
position of radiolarites. The alkali-basalt componenls of the rock series Th2, 4, AAS and 9 canbe
used as an indicator of oceanized crust, if an extremely low degree ol melling is assumed for the a-
kalinity of these rocks. The evaluation of diagrams from fresh and spilitisized basalts shows mored
a constructive than destructive character for the evolutlion of the analysed basalts.

The tec\noragyBiBkioonkir Ocogptbroor<Tmpe: Fewhoyiag A Th@nswer ed from suck few

data. The results achieved o tar permit the assumatic~ for “he dev. opernent of an ocean during the
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fractionation trends of Skaegaard and Kilauea basalls respectively, (2) abyssal tholeiites, (3,8) is-

land arc tholeiites.
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Upper Jurassic which did not produce a typical ophiolitic structure but layers of volcanics, usually as
OFB. These layers characterize the existence of short-lived strato-volcanoes and are rather
categorized into a back-arc basin than into a typical oceanic basin. The ophiolites in the north (near
Exarchos) are most probably differentiated from the volcanics of the Helikon, since they do not only
contain plutonic rocks (peridotites, gabbros, pyroxenites) but exhibit acidic differentiates within their
volcanic suites which do not fit into an oceanized crust model. Additional results on the geochemistry
of clinopyroxenes in spilites and isotope studies on fresh basalts may delineate a more precise
geotectonic environment in the near future.
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