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V. L INTRODUCTION
ner ; . . ;
An outcrop of the Tyros Formation near Ana Verga (fig.1). 6km SE of Kalamata/Peloponnese and its
d lectonic setting were investigated in a detailed study.
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NEW INVESTIGATIONS ON THE TYROS FORMATION
NEAR ANO VERGA (KALAMATA/PELOPONNESE)

R. GORISS, W.ZACHER!

ABSTRACT

Limestones, breccias and sandstones of the Tyros Formation N of Ano Verga (former Ano Selitsa). SE

e metamorphism. Geochemical and thin section analysis of strongly alterated volcanic rocks of the
Formation suggest an original chemism varying between basaltic andesite, andesite, trachy-andesite
d basaltic trachy-andesite. i

~ Asaresult of a detailed new geological mapping (scale 1:10.000) E of Kalamata, a formerly unknown
remnant of the Olonos-Pindos Unit was discovered and new details of the tectonic structures E of
amata can be given.

'KEY WORDS: Permian - Fusulinids - Tyros Formation - Plattenkalk Unit - Olonos-Pindos Unit -
Gavrovo-Tripolis Unit - Andesites

1: Kato Verga

2: Ano Verga (former Ano Selitsa)

Fig. 1: Simplified geological map of the study area
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Gavravo-Tripolis Unit
Tyros Formatien
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tectonically uppermost unit
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[-:ig-z: Tectonic units in the area F-6f Kalamuta, Messena

“The area E of Kalamata is characterised b
Graben, the Dimiova-Perivolakia-Graben and
Doutsos 1992},

y three neo-tectonic structures, the Kalamata-Avramio-
the Kalathio-Horst (Mariolakos et al. 1989, Zelihdis &

2. TYROS FORMATION

[n southemn Greece several outcrops of the T
southern Peloponnese (Brauer 1983, 1984, Doert
1978, Manutsoglu et al. 1993, Panagos et al.
from Kythira island (Danamos 1991), First de
the eastern coast of Lakonia (

yros Formation are known, mainly from the central and
et al. 1985, Gerolymatos 1994, Lekkas & Papanikolaou
1979, Thiebault & Kozur 1979, Paruskevopoulos 1964) and
scriptions and investigations from the type locality Tyros
Peloponnese) were given by Ktenas 19241926,
still being discussed (Krahl et al. 1983, Doert & Kowalczyk 1085, Dornsiepen

2.1. TYROS FORMATION EAST OF KALAMATA

at
Possible outcrops in Crete are

& Manutsoglu 1994, 1996,

In the area E of Kalamata a subdivision into six members is usefull:
» Red and Green Volcanics

top
+ Calcareous Member
= Transition Member
* Calcareous-Clastic Member
+ Shales and Quartzites
* Black Shales and Limestones bottom

The strata below the Transition Member are obviously much more dominated by terrigenous input
than those ahove, Massive volcanic rocks are found only at the top of the sequence. Gypsum was found at
the southern slope of the gorge which is representing the northern boundary of the study area (fig.1).
Because of faulting (see below) and dense vegetation, the outcrops could not be correlated within the
strata sequence. Differing from the published geological map gypsum oceurs in scattered outcrops only.
2.1.1. CALCAREOUS-CLASTIC MEMBER

Alternations of limestones, calcareous sandstones,

fossiliferous breccias and minor quartzites,
intercalating with shale, silty

shale and siltstones can be found. The beds often show graded bedding.
Breccias, with component sizes of a few mm up to several cm, show a rich (ossile content, mostly
foraminifera belonging 1o the suborders Lagenina. Fusuiinina and Textulariina (nomenclature according to
Loeblich & Tappan 1988). Thin section analysis resulted in the determination of the following genera:

Robuloides Reichel, 1946 (M.Permian-M Triassic)

Climacammina Brady, 1873 (Early Carboniferous-Permian)

Pachyphioia Lange. 1925 (Late Permian)

P i Wnoiakn BiBAIoBrkn "OedppaoTog” -
Abundant tests of fusulinid foraminifera (suborder Fusulining) are currenin® oK)

ntly investigated, showing

Lo bt i
.auy fragments of brachiopods (Productus? sp.), echinoderms, bryozr.}ar)ls.(lnfegra:eli“.:l :23:
a and algal crusts occur, Partly strong recrystallisation and pressure solution dr.t.“c.Urnm(I.m .Lth- he.}
a major component in breccias, feldspar can be obscrvcfl. There wcre no IIIldlL:dIlOII'IS.‘ orrl;i ;g[’,.on
metamorphism, the growth of new minerals is restricted _to white l‘['Illl..'-'Lt thunlt:. (a e_rmlum
j and eventually feldspar, suggesting low-grade mc[amorphu;ljn at mammum.{ T ‘e dma.\l e
| is about 150m. but intense intern folding and minor thrusting were observed and mus

CARCAREOUS MEMBER . . o
“This member consisls of carbonates, predominantly darkgrey, finegrained to ml(:l‘llli. limestones dr.ld
nrthermore sandstones and shales occur. Graded bedding and crnss-bgd_dl_ng can be b_ew_ 1r}
yes. In thin-sections of carbonates sporadic dolomitisation with growth of idiomorph \.r)«'b[dlhd(j)
¥ ) 1 hi 1on I3 o ) -
. ';é within the micritic matrix can be found. Moreover, detrital quartz, \ahn'e rm_ca and sF)o;dblL
4 occurs. Some beds are rich in frugments of calcareous algae belonging to Mizzia sp. alncll [}1-0 ;1 y
ocodium sp.. indicating 4 Permian age. together with gastropods, bivalves jancF foranpmfer:. ( clir:
). Feeding structures were found in samples of dark marls and shales; pyrite is omnipresent. The
Jidac). 1 o _
e es can be classilied as sparse to packed intrabiomicrite (floatstones), indicating sednmemanoln oln
i - . re x 1 ey .
0 marine shell or a platform (SMF 2 resp. SMF 7 referring to Wilson 1975). Thickness of this
| open ]
’ ranges up to 250m (folding. thrusting).
| KS
. RED AND GREEN VOLCANIC ROC . ‘ .
:lecanic rocks are a characteristic member of the Tyros Formation and are reported and lnlwqess;?gf;d
om g : d Crete. (Kienas 1924.1926. Brauer 1953, .
different parts of the Peloponnese an : | :
askevopoulos 1964, Pe-Piper 1982, 1983, 1984, Pe-Piper et al. 1982, 1984, Dornsiepen & Manutsoglu
e, i ' : f the Tyros Formation. Only
“East of Kalamarta volcanics occur as isolated bodies ol rocks at the top o [.Ie VTS o
Green Volcanics without bedding have been observed in outcrops. Besides, GTEEI;I Amlgkd oidal
olcanics, red porphyries and volcanic breccias occur., but were found only as Tragmejts of pe@roc 3 .
- s;ctions of all samples show mainly porphyric fabrics, and substantial alteration of rmner‘_ﬁs._ ue
I *:bw grade metamorphism or hydrothermal influence. Both matrix and phenogcrysts (up to 3mm in s}:ze)
L ¥ ) . - . g 5
is of feldspars. mostly polysynthetical twins or zonal crystals without orientation. They s ]ow
inning as well as almost complete alteration into calcite. Pyroxene could not be found in the sample
to complete alteration. _ ' . \ [
‘Red Vc?lcanics (P50, appendix) show idiomorphic crystals of quartz and opaque minerals, mos

' ' cur [ fine flakes.
hlorite (green rock-colour), occuring as dispersed ‘ - . N
- r'l'.hv:‘: (ﬁmigdaloidal Volcanics (P52, appendix) are characterised by dark bluegreen amigdales Iof a ie\;
I . - . " . a]_
in size, which consist of epidote (center) and chlorite (peripheral). Chemism and mineralogy
I i
similar to the Green Volcanics. . o
: Brauer 1983 reports comparable alterations from near Molaoi-Talanta, .‘)E—Ldk.Cll'Ild (Peloponnese)t‘
Own X-Ray analysis of samples (see appendix) from near Ano Verga were carried oulr;e’]"he Lor:pual?
; j i - i f tween basaltic
ai i ati [ OS) of the first data shows a chemism varying
ed interpretation (NewPet for D _ : e ; |
esites, andesites, trachy-andesites and basaltic trachy-undesites, with uncertainties due to alteration and
€ ﬁ. mobility of some elements, . .. ‘ _ -
- Additionally, several trace-element discrimination diagrams (figs.3a-d) shall help to mterg:wee"
halec MgsmécAcﬁ\@yonment. The truce element data show no unequivocal lrend: varying .
and-arc 1hole-iités-[l-AT| and calc-alkaline basalts (CAB), indicating some relation to subduction




HHTHence, esp. on one obviously aitered sample (P53, appendix), plotting in the lower right angle and thy.
oo i ~ ' e and thyg
sustaining thin section analysis (see above), ] - thug
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Fig. 3: Several trace element discrimination diagrams(in Rollinson 1996): a) after Mullen 1983; b) after Pearce & Cann

1973 .(A:lf“": B:MORB.IAT.CAB; C:CAR: D:WPRB); ¢) after Pearce & Cann 1973 (ACIAT: B:CAB; C:MORB): d)
compiled from Shervais 1982 ‘ .

Pe-Piper 1982 reported volcanics from SE-Lakonia 10 be IAT and also resulted in subduction-related
volcanism. In contrast, field data indicate a relationship of the Triassic andesitic volcanics with the
breaking-up of Gonwana and an onset of rifting in Early Mesozoic time (Robertson et al 1991
Jacobshagen 1994), Probably this contradiction could partly be explained by asuming an earlier sub(.:lucti.onl
process, which has already ceased by the time of Early Mesozoic rifting, but showing some influence on rift
volcanism by contamination (Robertson et al. 1991, pp.291-293).

Another interesting explanation is proposed by Domsiepen & Manutsoglu 1996, They demonstrate
that, concerning trace element data, the Tyros volcanics show similarities to low-Ti continental Lﬂood
I;asahs (CFB), which are known to occur in areas characterised by large-scale extension structures, If
further investigations show up no other tectonic environment or magmatic differentiation processes beina
responsible for a comparable geochemical composition, this could be a good and less complicated enlutior}
to explain contrasting geochemical data and conclusions derived from strata sequence analysis. .

Wnoiakn BiBAIoBRAkn "OedppaaTo

i, 1305, FC-TIphsd L dl. 1700, 1AL A Iahiadiiidiad A Aadimmmen i e e e e e e
not be investigated because of poor outcrop quality, so there is uncertainty in dating. But
md and green shales, found in the basal parts of the Permian(?) Transition-Member. seem 1o
to volcanics of Tyros Formation, as is reported also from different outcrops on the Peloponnese
4, 1926, Doert & Kowalezyk 1985). So the investigations by Ktenas 1924, 1926 and data from
make an already Permian volcanism possible.

{(IC ANALYSIS

~upper and basal boundaries of the Tyros Formation are characterised by thrusting. The basal
. contact shows a conspicious breccia, as already stated by Doert & Kowalczyk 1985 and referred
onites. The Tyros Formation is reduced in thickness constantly towards the North. almost
y missing north of the study area and obviously preserved as lense- or wedge-like remnants at
of the Gavrovo-Tripolis Unit. The observed folding and minor thrusting within the Tyros
certainly have distorted the original thickness. This must be considered when looking at values
n fig.4. Most members. although reduced in thickness, can be traced over almost the whole outcrop
is concerning the orientation of the fold axes show a well developed maximum for NNE-SSW-
, dipping to NNE, but less clear maxima for ESE-WNW-directions. Most likely this is because
outcrops are (o be found along W-E-profiles. thus preferably exposing fold-axes with N-S-orienta-
Calcareous-Clastic Member and Calcareous Member where analysed separately and are showing
directions of fold axes.
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4: Compiled strata sequence of the Tyros Formation E of Kalamata

§. CONCLUSIONS AND A NEW DEFINITION OF THE TYROS FORMATION

Fossil-data suggest a Permian age for the Tyros Formation and partly for the Red and Green Volcanics
location. The metamorphism of carbonates is restricted to the growth of mica and sporadic feldspar
wrbonates. The metamorphism of the volcanics is characterised by alteration of pyroxenes to chlorite
d ealcite or 1o calcite, quartz and Fe-oxid, indicating epizonal metamorphism. Thrust-related folding and
eoviag A D@erved within the sequence.



..-und'erly_ing units Gavrovo-Tripolis Unit Phiyllite-Quartzite Unit,
problems or contusions in correlating the.strata sequences.

P LIS -

nships with the tectonically over- ¢

& Gerolyntatds.1994) were reported. On the other hand some carbonate-sequences of the Tyros Formation
! seem similar (o cathenates belonging 1o the Gavrovo-Tripolis Unit, as mentioned e.g. by Brauer 1983,
1984, tausing a discussion about=a former sedimentary .e6nj§l__act. As mentioned above, in Crete
Karnjan/lsate Triassic strata sequences reffered to as Rabdoticha b@fgb; (Sannemann & Seidel 1975, Kopp &
Ot 1977) are correiated with the Tyros Formation by some authors.

No strata of Mid-Triassic and especially Ladinian age, could be proved up to now, which is alsg
recognized e.g. by Brauer 1983 (p.92), Dornsiepen & Manutsoglu 1996 (p.103) and Gerolymatos 1994
(pp-19.24). A hiatus in the Mid-Triassic exists apparently. not only for the Tyros Formation, but also for
the Talea-Ori Group (Konig & Kuss 1980, Thorbecke 1987) and Phyllite Group (Krahl et al. 1983) ip
Crete.

A Triassic age lor volcanics belonging to the Tyros Formation is [requently stated (see above),
according to Brauer 1983 possibly comprising the Anisian to Norian. The lack of record for the Mid-

Triassic and the volcanism obviously are related to major tectonic events (Dornsiepen & Manutsogly
1996, Robertson et al. 1991).

Authors
Brauer 1983, 1984

Locality
SE Lakonia: Plytra, Molai

Age
Permotriassic (Permian anly
assumed by comparing
with literature)

Late Murghabien-Late Permian
Permian, Scythian, Karnian: no
continuous sections, lense-shaped
Lectonic units

Paleozoic

Permian-Rhaetian;

Hiatus? in the Ladinian
Permian?-Werfenien?

Doert & Kowalczyk 1983
Doert et al. 1985

SE of Kalamata
Krokee, Xyli

Fytrolakis 1971
Gerolymatos 1994

SE of Kalamata (Ano Verga)
Summary for the Peloponnese;
Ktenas 1924,1926 Tyros, Krokee, Chamospilia,
Phiniki, Apidia, Molai

Tyros, Molai, Vresthena, Feneos
Krokee

Lekkas & Papanikolaou 1978

Late Paleozoic (only by citation)
Panagos et al, 1979

Carboniferous-?Permian {only by
citation)

Mid Carboniferous-Permian:

Late Paleozoic (only by citation) -
Late Triassic

Paraskevopoulos 1964
Thiebault & Kozur 1979

Krokee, Molai-Sykea
E of Monastery Sotyros

Table 1: Various outcrops and ages of the Tyros Formation

Referring to the original definition by Ktenas 1924, a new definition for the Tyros Formation is
proposed here: The Tyros Formation is a non- to low-metamorphic strata sequence consisting of shales.
marls, sand- and limestones with intercalations of andesitic volcanics. The Tyr¥n@iexn BiBMobik @eoe
Permian to Early Triassic (Skythian to Late Anisian) age. The upper stratigraphic boundary shall be

Plattenkalk Unir), and this often causeg

. w* FrequentlySithological Similarities between the Tyros Formation and the Phyllit-Quarzite Series are.

s observed (Dorngiepen & Gerolymatos 1994, Dornsiepen,.1988; Gerolymatos 1994), Furthermore, differeny
gmde..safrr'mamm‘phtsm .ga{"‘tlgg_f”]iyrgs Formation, up 1o low-grade (about 400°C, 4kbar in Jacobshagen
i+ 19%slighuiy higher vatues inGerolymiatos 1998Yand the Phyllit-Quarzite Series (eg. Seidel et al. 1987,

i etttk

B GELL LTI i
d shall keep their former names or can be considered as the basal

o REETEIAGY T T e e

rocks of the Gavrovo-

, of the Grey Marbles, all other ages result from comparison with data derived from _Iiteralure
1986, Psonis 1981). In spite of the tectonic situation the total thickness of about 3(1_0m could
d as a result of detailed geological mapping. The strata sequence mainly comprises grey,
marbles. interbedded with chert-nodules or ribbon-cherts of various, in most cases black

sequence in the study area consists of:

Beds (Early Oligocene?; max. 26m)

' ured Marbles (Focene?; max. 25m)

_- ._ arbles (Cretaceous-7: 40m)

Marbles with ribbon-chert and chert-nodules (at least 200m)
Marbles with reddish chert-nodules(30m)

Cherts {only locally. 15m)

Marbles with black ribbon-chert (Mid Liassic?; 25m)

y Dolomite (Triassic?) bottom

"'Reddish Cherts are probably a variation of Brown Marbles with reddish chert-nodules. These strata
rd to trace because of dense macchia. . -

-'only fossil-data could be gained from a coarse-grained, detritical intercalation at the ba.sc? 0? the Grey
. indicating Cretaceous age by including fragments of rudistids, probably related to Radiolites sp.

1op

CTONIC CONSIDERATIONS

e rocks of the Plattenkalk Unit are forming a W-facing, steep morphological slope. The top region
slope consists of E-dipping Grey Marbles, Coloured Marbles and Vathia-Beds. The Grey Marhleg
increase of outcrop thickness from the South (6-12m) to the North (about 40m), most probably
faulting, for an E-dipping fault-plane lorms the lower boundary of the Grey Marble.
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Cross-sections of the study area (locations, abbreviations see tig 1)
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would be a pre-exi - svncling )
pre-cxisiaptntyncing was carried out in early summer of 1994 and lale suminch vl 1250 LRI Aee = 7

() stfutture. whichjlaier : ) »
e s 1was, affécted by, (neo-teétonic) block-Taulting, leading t _graben-structures
A;’"m iol 1 al. 1989.and Zelilidis & Doutsos 1992. Such a preix*::::u ' y supported by Prof.Dr.Hagn from University of Munich. Asisstence in petrographic and
I -S"’! rendige-axis in ‘Q 'Mf the Grey Marbles from E to W whi::iyln::;mm i analysis of volcanics was given by Mr.Beiderbeck and Dr.G.Grundmann, both Technical
'F 7.|oq;1|ity 1.5 km porth of Ano Verga. Except for the Plattenkalk Unit. the strata of the W-dtppm:e ;:l:t; Mngict.
00d of the Olonos-Pindos Unit to the BNCES

OEQPEATOT T

b I'he gorge at the northern boundary of the study area is caused .by a N-dipping normal fault, a fauj

| = §

| plane cai ; ' .

Fy ; g;, ;“1{1 ,t:‘f t;th(}ﬂﬁhﬁlhd?ﬁhﬁhlﬂlhﬁlﬂﬂ;yms Formation and the Gavrovo-Tripolis Unit. Here,
NOL e .avro -Tripolis nappe are obviously creeping northward down into the gorge alon th"

. i:" 101l I@Jl‘ereaunga&) jogy.that could be mistake aults, =

APPENDIX: DATA FROM XRF-ANALYSIS

3. Das Priineogen im Raum Molaoi-Talanta/SE-Lakonien (Peloponnes, Griechenland).-
284 p., 122 fig., Frankfurt a.M. 1983
d Tektonik der praneogenen Einheiten von SE-

‘R 198
urter geowiss. Arb., Serie A, 3z
LR, 1984: Zur Lithologie. Metamorphose un
snien (Peloponnes. Griechenland) _N_Jb.Geol Paldont. Mh., 1984(3): 139- 158; Stuttgart

$,G.D. 1991: The presence of the “Tyros beds™ formation al Kythira island.

. geol.Soc.Greece. XX V/1: 399-404: Athens.
j. & KOWALCZYK.G. 1985 Die permischen  Schichten sodlich von Kalamata (Mes-

[ Samples detect. P50 P51 P52 Ps3

50 z "g:l]ilm- Peloponnes).- Geol. BLNO-Bayern, 34/35: 675-698, Gedenkschrift B.v.Freyberg: Erlangen

i 02, o o'nm (5}‘{;20 56.80 54.80 08.10 U KOWALCZYK G.KAUFMANNG. & KRAHL.J. 1985: Zur stratigraphischen Einstufung der
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MnO ppm H] 1087 I:132 |§23 647'2 [EPEN.U.F. 1988: Zur Geologie der Phyllit-Decke Kretas und des Peloponnes.- unpubl. Habil..
h:lg() % 0,01 2,39 3.32 4.61 1.81 a Universitdt Berlin
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AS ppm 26 0 ;) g 0 PEN.U.F. & MANUTSOGLLLE. 1996: Die Vulkanite der Tyros-Schichten Kretas und des
Ba ppm 20 244 100 193 24 ponnes - OTOEENE Andesite oder anorogene Trapp-Basalte?.- Z.dt.geol. Ges., 147/1: 101-123:
Ce ppm 40 0 18 0 | art.

A ppm 400 506 7 5 4 IS.N. 1971: Die bis heute unbekannten paldozoischen Schichten sodostlich von Kalamai.-
@ e 8 19 2 26 5 L Geol. Soc. Greece, VIII/1: 71-81; Athens.
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Cu ppm 8 21:62; 26 0 0 ation auf dem Peloponnes und Kythira _Berfiner geowiss.Abh., (A). 164, 101 5., Berlin.

Ga ppm N p \ ?: 62 HAGEN.V.(ed) 1986: Geologie von Griechenland.- Beitr.reg. Geol Erde, 19 363p.,
La ppm 30 0 38 45 ?0 jebr.Bornirager; Stuttgart 1986

Nb ppm 4 0 0 0" 0 HAGEN,V. 1994 Orogenic evolution ol the Hellenides: new aspects.- Geol.Rundsct., 83: 249-
Nd ppm 30 0 8 6 5 :

Etlz ppm 6 19 6 13 29 H. & KUSS,S.E. 1980: Neue Daten zur Biostratigraphie des permotriadischen Autochthons der
o ggm ;0 15 10 12 27 el Kreta (Griechenland).- N.Jb.Geol Pationt. Mh.. 1980(9): 525-540; Stuttgart

i % 0.002 ?}2 g 48 0 O. & OTT.E. 1977. Spezialkartierungen im Umkreis neuer Fossilfunde in Trypali- und
Sii ppm 3b 2 0 2 0 olitzakalken Westkretas.- N.Jb.Geol Palidont. Mh., 1977(4): 217-238.

Sr ppm 4 61 212 ‘165 ?27 ..KAUFFMAN,G..KOZUR.H..RICHTER,D,,FORSTER.O. & HEINRITZLE. 1983: Neue Daten-
Ta ppm g 0 4 0 5 I Biostratiraphie und zur tektonischen Lagerung der Phyllit-Gruppe und der Trypali-Gruppe auf
Th ppm 4 0 13 0 g ¢ Insel Kreta (Griechenland).- Geol.Rdsch., 72/3: 1147-1166

5 ppm 6 0 0 ) 0 ,C. 1924: Formations primaires semimetamorphiques au Péloponnese central.-C.R. Somm. Soc.
W poa b 155 210 236 178 , ol France, 24: 61-63

Y EEE iO ;g ;2 84 ) I 5.3? 1926: Sur le développement due Primaires au Péloponnese central.- Pract. Acad.Athénes. 1:
7z > . A
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