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. COMPOSITION OF THE TRIASSIC IN THE HELICON MOUNTAINS (BEOTIA, GREECE)

: T. Steuber*
ABSTRACT

A1l Triassic stages -except the Scythian- have been discerned in the
elicon Mountains by microfacies- and biostratigraphic studies. In platy lime-
stones of Anisian to Ladinian age 38 ggnodo?é species were recognized. Stable
isotope compositions of limestones (§ “C, 6 “0) are rather uniform throughout the
ore than 800m thick Triassic sequence. This is due to a syndiagenetic inter-
action with meteoric waters, which is also evident in the isotopic composition of
different cements and Norian dolomitic limestones. Organic remains are sparse in
the investigated limestones, rarely exceeding 200ppm C__ . Carbon isotope ratios
of organic matter shift from -29°/,, in Anisian and Hgﬁ?ﬂian deposits to -21°/.,
in Norian cryptalgallaminites. The distribution of §.°C is discussed together
with the results of GC-MS. o

REGIONAL GEOLOGY AND STRATIGRAPHY
X In the Helicon mountain range (fig.1) Triassic limestones were reported
;or the first time by RENZ ({1905). Further investigations, mainly concerning the
structural geology of the area (CELET & CLEMENT 1969, 1971, CELET et al. 1976,
CLEMENT & MAURIN 1975) have contributed to the official geological maps (PAPA-
STAMATIOU et al. 1971, BORNOVAS et al. 1984a, 1984b); however, Jurassic and Tri-
‘assic rocks, except Late Jurassic volcanic intercalations, remained undivided.
The results of microfacies studies on Triassic and Jurassic limestones in Central
Greece have been published by CHRISTODOULOU & TSAILA MONOPOLIS (1975) and BASSOU-
LET & GUERNET (1975). Further biostratigraphic investigations led also to new
structural interpretations (JUX et al. 1987, KONERTZ 1987, SIMON 1987, STEUBER
1989).

Dark grey marbles of probably Paleozoic age are exposed in the vicini-
ty of Agia Triada and represent the metamorphic basement of the Helicon mountain
range. The Triassic and Jurassic sections above consist of more than 1800m thick
limestones, terminating with ophiolites, radiolarites and nodular limestones of
Tithonian age (SIMON & STEUBER 1990). Clastic deposits of Aptian-Cenomanian age
continye the sedimentary record which was interrupted during the Early Cretaceous
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fig.1: Area of investigation.

§

due to the Eohellenian Orogeny. Transgressive Aptian sediments continue inte

Cretaceous limestones with intercalated bauxites. The latter indicate a
period of emersion. The Cretaceous-Tertiary boundary is marked by a change

Tithofacies from calcareous to clastic, flysch-type deposits which yielded al

Early Tertiary microflora (GOTZES 1989).

STRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS OF THE TRIASSIC SECTIONS

The oldest Triassic deposits which were recognized near the village

tulia PREMOLI-SILVA and biplopora hexaster PIA indicating an Anisian age (SIP
1987). The abundance of Tubiphytes obscurus MASLOV and other incrustating ali

evidence a reefal depositional environment.

Late Scythian volcanoclastics and red nodular 1imestones mentiones

BENDER (1962) from the adjacent Kitheron Mountains are missing in the area il

tigated. Similar sediments which were found at Domvrena Bay (fig.2) are of

Tithonian age (SIMON & STEUBER 1990). However, in the Helicon Mountains the !
mentary record is continued by platy, dark grey, siliceous limestones which

exposed in a 30m thick section 2km to the north of Saranti {fig.2). Most of

samples contained abundant conodonts, from which more than 30@ ek BIBMOBHK
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fig.2: Location of sampling sites,

been identified with the following species:
Chirodella dinodoides (TATGE)

Cornudina breviramulis (TATGE)

Cornudina tortilis KOZUR & MOSTLER

Cratognathodus posterognathus posterognathus MOSHER
Cratognathodus posterognathus angulatus (BUDUROV)
Didymodella alternata (MOSHER)

Diplododella bidentata (TATGE)

Enantiognathodus petraeviridis (HUCKRIEDE)
Enantiognathodus ztegleri (DIEBEL)
Gladigondolella tethydis (HUCKRIEDE)

Condolella bakalovi (BUDUROV & STEFANOY)
Gondolella constricta MOSHER & CLARK

Gondolella eotrammeri KRYSTYN

Gondolella excelsa (MOSHER)

Gondolella trammeri (KOZUR)

Hibbardella lautissima (HUCKRIEDE)

Hibbardella magnidentata (TATGE)

Hibbardelloides acroforme (MOSHER & CLARK)
Htindeodella andrusovi KOZUR & MOSTLER

; - TLER
o findeodelia bogsohi KOZUR & MOSTL



o Hindeode 1 1a-mul bihama ba - HUCKR IE DE

|4 Hindeodellalpectiniformis (HUGKRLEDE)

31 i ndabdevid spenglers spenglert (HUCKRIEDE)
HiRdeodeTia spengleri sapanlii (GEDIK)
Hindeodella cugvica, (TATGE)

Lomchodina; hungarica KOZUR & MOSTLER
Neohindeodella drgpla (SPASOV B GANEY)
Neohindeadella triassica. triassican(HOLLER).
Feohindeodella triassica aequidentata KOZUR & MOSTLER
Neohindeodella triassica riegeli (MOSHER)
Neoplectospathodus miillleri KOZUR & MOSTLER
Veoplectospathodus sp.

Ozarkodina tortilis Tatge

Prioniedina medicerie (TATGE)

Priontodinag milleri (TATGE)

Prioniodina pronoides (BUDUROY)

Prioniodina scolosculptura (MOSHER)
Prioniodina venusta (HUCKRIEDE)

. iq.2).
jes have been encountered 3km southeast of the Domvrena villane (f1g )
e north of Saranti, where light

. Biosparites with Tubiphytea pre-

The Triassic section is continued 1km
qrey, thick bedded limestones have been sampled
Lai] in the lower part of this section, whereas et
.135 with abundant internal sediments are concentrated in the dpE e e
- ate a shallow lagoonal environment which is also reflected by

intrapelmicrites and microbrec-

.:d;anpod coproliths (farafavreina thoroneteTsis BRO[NN[&A&N et-al;lmz?:gzb::;
fdaﬂt algae (Cayeuxzia sp.). Among the rather diverse foram1n1fEfa a.' "
goathammina austroalpina KRISTAN-TOLLMANN & TOLLMANN, Agathammina i1 am:_. -
INETTI et al., Diplotremina astrofimbriata KRISTAN-]:OLLMANN, GF.oms;.'%xc; .
nensis HO, and Trochammina alpina KRISTAN-TOLLMANN, which atteslf a C:r;;:isczs:
puring this time, sporadic phases of emersion 1ed‘to the formation o R
cements. Red coloured internal sediments filled fissures that apparently

: i lites.
fore the formation of stylo o -
s During the Norian stage Lofer-type dolomitic limestones accumulated

Such sequences are now exposed in an undisturbed section, more thaniii?mr::1::;e_
it Akti Arsanikos to the west of Saranti (fig.2). At %he base bf?wnwhilz ¥
stones with interbedded Conchodus- and gastropod c?qumnas pfe?a1 ” e
major part of the section consists of cyclothems with ?o?om1t1c cryp ]1:est0nes
;tas. white sugargrained dolomitic limestones and dolomitic Conch0dus;inds - .
;!n the uppermost part thickbedded limestones reoccur, b?t Con?hchE o
:nissing. In contrast to the Lofer-cyclothems of the Alpine Tr1a55\z S
1964) also regressive parts of the sedimentary cycles ?re preserve 12 R s
con Mountains. Late Triassic deposits of a similar facTes were descm&eLEKKAS
Olympus (POMONI-PAPAIOANNOU et al. 1986), the Peloponnisus (KALPAKIS

ER 1981).
1982) and Hydra (RICHTER & FUCHTBAU . .
The microfauna and -flora of this section comprises Thawnatoporella

parvovesiculifer (RAINERI), dasycladaceae and the foraminifera Agat?;rt;:: aT:ffo-
'aﬁpina KRISTAN-TOLLMANN & TOLLMANN, Glomospira amplfffcata KRISTANi KOEHH:ZANK-
volutina sinucsa pragsoides (OBERHAUSER) and Trochammina almtalensie -
NETTI, Even a single conodont element of the species M?bapolygnathus abnep
(HUCKRIEDE) was encountered in a dolomitic Conchodus-1imestone. —
The Triassic sequence is terminated by grey, bedded , \agoova o
Stones that form the Korombili summit, bordering the Bay.of ?omvrena ;n Fai e
(fig.2). This section was investigated by SIMON (1987); it links the Z;;

and intertidal facies to Liassic lagoonal deposits (SIMON & STEUBER 19 i- )
The standard section (fig.3) of the Triassic sequence in the He 1cothan
Mountains, which resulted from the outcrops mentioned fbove. amounts ti T:::n -
80Om. Although there is no evidence for facies transitfun between the n1n "
;1IH?HFSE£$QQ¥QF'Qﬂaiﬂamipelagig deposits, the section is assumed to be comp .
519

Gondolella eotrammeri KRYSTYN and 6. trammers (KOZUR) attest an I1lyri
bardian age, the Ladinian-Anisian boundary being located in the lower
the section. Compound elements largely outnumber the platform—conodona
ter mainly being represented by the stratigraphically insignificant
lella tethydis (HUCKRIEDE). Most of the platform-elements were unidenti
Juvenile forms (16 adult and 94 Juvenile elements). 7. tethydis (HUC“'
the other hand was encountered with 70 adult and only 7 juvenile spec
stratigraphic distribution of conodonts from this section is described
detail by STEUBER (1989). r
Most layers of the fossiliferous flagstones are composed of
ded intrasparites at the base and of intramicrites and micrites with
at the top. Basal Tubiphytes-intraclasts are interpreted as reefal debr
ted in a hemipelagic environment. A decrease of this allochthonous carbe
put from the nearby shelf-platform led to the dominance of pelagic sedi
and the enrichment of radiolarians and conodonts,
Tubiphytes-1imestones of Ladinian age are exposed at the Kok
anticline 3km to the north of Saranti (fig.2). These light grey, mass i
stones are strongly recrystallized, but Solenoporaceae, Sphinctozoa anq
ing algae still indicate a reefal heritage, Few foraminifera (Ammobacu
Endothyra sp., Endothyranella sp., Ophtalmidiwn martanum (FARINACCI) &
nodonts Chiredella dinodotides (TATGE) and Neohindeodelila triassw(plgl(
(MOLLER) have been recognized. Similar limestones with an identical m
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[SOTOPIC (EIJC, 6180} COMPOSITION OF CARBDNATES

Mass spectrometric determinations of stable isotope ratins have been
pgrformt’d on the rn Tiberated by H3PCI digestion of carbonate rock samples, The
_values are referrpd as per mill deviations Trom the PDB-standard. Whole rock

.
b ata are supplemented by analyses of individual cements. Calcite and dolomite
d
1 of the Norian dolomitic 1imestones have been separated by different reaction times
& as proposed by CPSTEIN et al. (1964). Na correction concerning different oxygen
isotope fractionation factors during acid digestion of dolomite have been employed
i because the 180-enrn:r‘-r'r*»er'tt in respect to calcite appears to be negligible (FRIED-
R r
§ R - MAN & O°NEILL 1977, AHARON et al. 1987).
o i | ' The whole rock isotopic compasition of Lhe Triassic limestones was found
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® micrites

m cryptalgallaminites

x  brecciated dol limestones
¢ dispelmicrites

¢ sugargrained dolomites
¥ dolomite- cements

fig.5: Isotopic composition of Norian dolomitic limestones, dolomite frac

is obvious in the Norian Lofer-type dolomitic limestones, whereas negative
values are characteristic for the Norian dolomitic as well as for the Carn
goonal limestones. It should be noted, that these values fit rather well with
"isotope logs" presented by HOLSER et al. {1989) from the Permian/Triassi
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ary of the Austrian Alps.

veal a depletion in '“C and

ments which are abundant in the Ladinian reefal deposits were found to be
isotopic equilibrium with normal sea water. They obviously seem to origin
recrystallized former aragonitic cements (BATHURST 1971, ROSS et al. 1975
As mentioned above, the Norian dolomitic 1imestones yielded the
negative oxygen isotope ratios (fiq.3,5). This is particularly true for :
mite fraction, being isotopically "lighter” than the calcite fraction in
samples. The abundant birdseye sparite in cryptalgallaminites consists of
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However, the oxygen isotope ratios seem to depict a diagenetic
action with meteoric waters. The isotope ratios of both blocky calcitic and
cements are well separated from those of the whole rock samples (fig.4).

13 18

-3

0, the calcitic vein cements being the most
ted ones. Thus, the shift to isotopically "lTighter" whole rock composition
to depend considerably on the amount of diagenetic cements. Radiaxial fib

T T
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whereas the matrix is less dolomitic. Pure dolomites, however, have not been en-
countered at Akti Arsanikos; even in white,sugargrained dolomitic 1imestones
Mg/Ca malar ratio; do not exceed 0.86.

In contrast to the interpretation of similar stable isotope data ob-
tained by GUKDAG (1974), a diagenetic interaction with meteoric waters appears to
pe responsible for the "1ight" oxygen isotope ratios. Most probably, dolomiti-
sation was caused by the percolation of mixed marine and fresh formation waters

during early diagenesis. In accordance with the "mixing zone" model (FOLK & LAMD

1975), magnesium may have been contributed by cyanophyceans (GEBELEIMN & HOFFMAMN
1971). The isotopic record presents no evidence for hypersaline conditions during
diagenesis or deposition.

INSOLUBLE RESIDUES AND ORGANIC MATTER CONTENT

The acis insoluble residues consist mainly of clay-minerals and silty
quartz. Higher amounts of residues in the Anisian.and Ladinian hemipelagic 1ime-
stones (fig.3) are due to the skeletal remains of radiolarians and siliceous
sponge spicules and to an increased input of detritial clay and silt. Remarkable
low amounts of insolubles, rarely exceeding 0.1% were found in the Late Ladinian
and Carnian sections, whereas the Norian dolomitic limestones contain up to 7.3%.

Organic matter is sparse throughout the sections, particulariy in the
Late Carnian to Early Norian lagoonal limestones, where Corg-yields are less than
50ppm. Up to 500ppm Corg was found in the Lofer-type dolomitic limestones, cor-
responding to the higher amounts of insoluble residues.

MICROSCOPIC AND GASCHROMATOGRAPHIC INVESTIGATIONS OF ORGANIC MATTER

For microscopic studies of organic remains selected samples were
treated with fluoric acids. Nevertheless, most samples yielded only amorphous bi-
tumina and kerogens. Fragments of higher plants were recorded in samples from the
Anisian-Ladinian platy lTimestones. Vitrinite reflexions could only be measured on
two specimens, yielding Rmax-va1ues of 1.3-1.5%.

The presence of saturated hydrocarbons in the insoluble residues as re-
vealed by GC-MS (fig.6) indicate moderate burial temperatures for the Triassic
limestones. Apparently they did not subside below the limits of hydrocarbon gene-
ration. This is confirmed by the degree of conodont colour alteration. Hopanes,
which are reliable biological markers for bacteria and cyanobacteria (OURTSSON
et al. 1979) were identified from Norian cryptalgallaminites. These results show,
that 6C-MS studies can be a powerful tool to investigate sedimentary rocks even
With extremely Tow amounts of organic remains.

c" - Turpa MewAoyiag. A.M.O.



CARBON ISOTOPIC COMPOSITION OF ORGANIC MATTER

Stable isotope ratios of organic carbon have been determined on coz
collected from the quantitative combustion of washed and dried insoluble resi-
dues. The reproduceability of the mass-spectrometric analyses was 0.1%/.,, in-
cluding sample preparation.

There is a pronounced shift of 613C0rg, ranging between -29°/,., and
-27°/ 4o in Anisian-Ladinian limestones to -21°/,, in the Norian dolomitic Time-
stones (fig.3). The transition from dolomitic Lofer-cyclothems to the overlyina
lagoonal limestones corresponds with a marked decrease of § 13C0rg-ualue5 to ca.
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Isotopically "heavy" organic matter, significant for the cryptalgal-
laminites (fig.7), was also found in recent stromatoliths (BEMRENS & FRISHMAN
1971). The lagoonal rocks of Upper Carnian age contain organic carbon of rela-
tively "heavy" isotopic composition as well, corresponding to very low amounts of

insoluble residues. This suggests a reduced input of terrigenous organic mat-
ter. The observed s’acm_ -values fit into the range of -23 to -12/,,, reported
from modern red and green algae (SMITH & EPSTEIN 1971). More negative values of
the Middle Triassic 1imestones on the other hand are a characteristic of ter-
restrial C3-plants (BENDER 1971). This grhup. to which belong most gymnosperms,
" -Mariua feswohoviagrAdb@idant in Triassic times. Thus, lowé ‘3corg~va1ues of the
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fig.6: Gaschromatograms and massfra i Tai
tog gmentograms of a N
and an Early Ladinian platy limestone (b)? Rl S
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:Ahjsian-Ladinfah flagstones are in accordance with abundant fraguents of h
b :p139t§ Fa;fa§1dups;pf'these 1imestones: Apparentiy ) this terrigenous inpﬁ:
b creased in Middle TFiassic'tﬁmgs, whichiis/~a8 mentioned above- also evi ‘

GUKDAG, H. (1974). Sedimentpetrographische und isotopenchemische (018, C13)
Untersuchungen im Dachsteinkalk (Obernor-Rhat) der ndrdlichen Kalkalpen. -
PH.D.~Theots, Univers. Marburg, 156 p., 19 figs., 10 tabs., 33 pl., Marburg.
GOTZES, R. (1989). Phytoplankton und Sporomorphe aus dem Flysch Bdotiens,
Griechenland. - Theuis, Geol. Imst., Univers. Kolm, 67 p., 8 figs., 2 tabs.,
11 pl., Kdln (unpubl.).

HOLSER, W.T., SCHUNLAUB, H.P., ATTREP, M., BOECKELMANN, K., KLEIN, P., MAGARITZ,

‘M., ORTH, C.F., FENNINGER, A., JENNY, C., KRALIK, M., MAURITSCH, H., PAK, H.,

GCHRAMM, J.-M., STATTEGGER, K, & SCHMULLER, R. (1989). A unique geochemical re-
cord at the Permian/Triassic boundary. - Nature, 337, 39-44, 4 figs.

Jux, U., KONERTZ, K., SIMON, V. & ZYGOJANNIS, N. (1987). Stratigraphische und

' strukturelle Gliederung des Mesozoikums im Helikon-Gebirge, Griechenland. -
N.Jb. Ceol. Paldont., Mk., 1987/1, 43-55, 4 figs., Stuttgart.

KALPAKIS, G. & LEKKAS, S. (1982). Faciés loferitiques de la région Pigadakia,
Peloponnése, - Ann. géol. pays Mellén., 31, 73-88, Athens.

KONERTZ, K. (1987). Mikrofazies, stabile Isotope und Sedimentationsraume der
Kreide im Helikon-Gebirge, Griechenland. - Geol. Inst. Univers. Kdln, Son-
derversff., 60, 105 p., 44 figs., 6 pl., Koln,

OURISSON, G., ALBRECHT, P.& ROHMER, M. (1979). The hopanoids: palaeochemistry
and biochemistry of a group of natural products. - Pure and Appl. Chem., 51,
709-729, 2 pl., Oxford.

PAPASTAMATIOU, L., TATARIS, A.A., KOUNIS, G.D., MARAGOUDAKIS, N., MONOPOLIS, D.,

ALBADAK1S, N. & KOUKOUZOS, R. (1971). Levadia Sheet. - Geol. Map of Greece,

1:50 000, Inst. Geol. Subsurf. Res., Athens.

POMONT-PAPAIOANNOU, F., TRIFONOVA, F., TSAILA-MONOPOLIS, S. & KATSIAVRIAS, N.

- (1986). Lofer-type cyclothems in a late Triassic sequence on the eastern part of
Olympus. - I.G.M.E., Geol. GCeophys. Res., Spec. Issue, 403-417, 2 figs.,

; 6 pl., Athens.

RENZ, C. (1905). Uber die mesozoische Formationsgruppe der siidwestlichen Balkan-
halbinsel. - N.Jb. Miner. Geol. Paléomt., 21, 213-301, 1 fig., 4 pl., Stutt-
gart.

RICHTER, D.K. & FOCHTBAUER, H. (1981). Merkmale und Genese von Breccien und ihre
Bedeutung im Mesozoikum von Hydra (Griechenland). - %. Deutsch. Geol. Ges.,
132, 451-501, Hannover,

ROSS, R.J., JAANUSSON, V. & FRIEOMAN, I. (1975). Lithology and origin of Middle
Ordovician calcareous mudmound at Meiklejohn Peak, Southern Nevada. - U.S.
Geol. Surv., Prof. Pap., 6871, 48 p., 34 figs., Washington.

SIMON, V. (1987). Radiolarien, stabile lsotope und Sedimentationsrdume von Trias
und Jura im Helikon-Gebirge, Griechenland. - Geol. Inst., Univers. Kiln,
Sonderversff., 61, 105 p., 38 figs., 13 pl., Koln.

SIMON, v. & STEUBER, T. (1990). Stratigraphie und stabile Isotope ( 13c, 180,

13Corg) der Domvrena Schichtengruppe (Trias-Jura) im Helikon Gebirae,
Biotien, Griechenland. - Geol. Inst., Univers. Koln, Sonderverdff. (im Druck)
SMITH, B. N. & EPSTEIN, S. (1971). Two categories of 13C/12C ratios for higher
plants. - Plant Physiol., 47, 380-384, 1 fig., 2 tabs. )
STEUBER, T, (1989). Conodonten, Mikrofazies und lsotopengeochemie der Trias
im Helikon-Gebirge, Griechenland. - Geol. Imst., Univers. Xsln, Sonderver-
sff., 73, 93 p., 30 figs., 8 pl., Kdln.

*
H-by Ta%hgr low contents of insolubles. Organic matter preserved in the No
1om1t1g T'imes tones 1sfobvtouslys$§rived from cynophyceans; contributions of
plants are not i 1 :
) e § recorded-1n;the ] Corg-values. The shift of carbon isotope p
ring the Late Norfansindicates an increased shafe of terrigenous organi
and coincides with the end of the dolomitic facies. It is probably due to
ent continental drainage systems. ‘
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PLATE 1

fig.1: Gondolella bakalovi (BUDUROV & STEFANOYV), scale 165um; fig.2: G. con-
stricta MOSHER & CLARK, scale 200pm; figs.3,4: G. trammert (KOZUR), scale 230um;
figs.5,6: G. eotrammeri KRYSTYN, scale 315um; fig.7: G. excelsa (MOSHER) , scale
105um; fig.8: 0. emcelsa (MOSHER), scale 370um; fig.9: Neoplectospathodus mil-
leri KOZUR & MOSTLER, scale 140um; fig.10: Neoplectospathodus Sp.., scale 130um;
angulatus (BUDUROV), scale 210pm; fig.12:

. fig.11: togngt s posterognathus
S -mﬂwe%&s%v' -c-zmm's (HUCKRIEDE), scale 185um,
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