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INVERSELY PILED METAMORPHIC SUCCESSIONS OF THE PHYLLITE-
QUARTZITE SERIES OF THE SOUTHERN PELOPONNESUS.-
. STRUCTURAL AND GEODYNAMIC IMPLICATIONS.

T.BLUMOR®, GKOWALCZYK"®

ABSTRACT

The nappe of the Phyllite-Quartzite Series in SE Laconia
consists mainly of 3 successions, different in lithology, petro-
graphy, metamorphism and deformation. All these successions are
tectonically overlain by the Tripolitza Series resp. the Tyros
Beds.

During nappe emplacement parts of successions of higher meta-
morphic grade are thrust over the succession of lower metamorphic
grade.

Emplacement and structural development of the Phyllite-Quart-
zite Series is considered to be caused by underplating processes
within a subduction-accretion complex analogously to a model
presented by PLATT (1986).

INTRODUCTION

In the External Hellenides of the Peloponnesus and Kithira
nappes of metamorphic rocks - the Phyllite-Quartzite Series and
the Plattenkalk Series - are exposed on great horst and anticlinal
structures extending parallel to the Hellenic Arc.

The Mesozoic/Tertiary Tripolitza carbonates and their base-
ment, the anchimetamorphic Tyros Beds that stratigraphically reach
f:r':om Permian to U.Triassic, are tectonically overlaying the Phyl-
lite-Quartzite Series (= Arna Urit, PAPANIKOLAOU & SKARPELIS,
1987/88) which is biostratigraphically dated in Crete from
U.Carboniferous to U.Triassic (KRAHL et al. 1983).

The Phyllite-Quartzite Series (PQS) 1is underlain by the Plat-
:;-eﬂkalk Series, stratigraphically reaching from Triassic to Oligo-
ehe, and the Kastania Phyllites of unknown age at their base
(KOWALCZYK & DITTMAR 1991).

B The lit}}ological inventory of the PQS on the southern Pelopon-
He US contains metaclastics, metavolcanics and very rare metacar-
Nates,
dlateThe metamorphic conditions the PQS have suffered, have been
astle'mined as 450%30°C, 174 kbar for the Peloponnesus, for
Cretern and Central Crete 300-350°C, 8-10 kbar and for Western
Pel 400#50°C, 10%#3 kbar (THEYE & SEIDEL 1991). In the northern
- ?POnnesus (Feneos Area) the peak P/T-conditions are not as high

N the south according to DORNSIEPEN et al.(1986).
iSOcE?fOrmation of the PQS took place polyphasically with early

inal and later tight to open folds.
R_
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Parts of the PQS of SE Laconia have been investigated
KATAGAS (1980), SEIDEL et al. (1982), BRAUER (1983), DOERT et ay’
(1985), THEYE (1988) and BLUMOR (1991). Key literature about )
POS of the whole southern Peloponnesus can be found in THIER

N7

| Menemvasia
(1982), THIEBAULT , & TRIBOULET (1984), PAPANIKOLAOU & SKARPE J
(1987/88), JACOBSHAGEN (1986). _ -~ o
Our paper is based on geological mapping and investigation of ok
the SE Laconian Peninsula carried out by the working group o
Frankfurt/Main and on current research. ;
SUCCESSIONS OF THE PQS IN SE LACONIA ke Eg:
- ;
The complex of PQS of SE Laconia is essentially built up by Sgc
three successions (fig. 1), different in lithology, petrograp Eﬂ EE:

metamorphism and deformation.

Succession 1 is a monotonous alternation of light metaquartzji-
tes and dark phyllites more than 100 m in thickness. Primary sedj-
mentary bedding textures reach from several cm to several mete
in thickness.

Microtextures of the metaquartzites are characterized
detrital quartz grains (mostly 0.1-0.5 mm @), often flattened,
within a fine grained matrix of recrystallized quartz
sericite.

Within the phyllites and quartz-phyllites a slaty cleavage
been developed, in parts with a separation of quartz- and se
cite-rich layers,.  which is overprinted by a fracture or a crenula:
tion cleavage. Within phyllosilicate-rich layers changing amoun
of albite, chlorite and (now replaced or altered) biotite haz
grown pre-Kinematically (less often also synkinematically)
respect to the development of the last cleavage.

For the whole of succession 1, the prograde mineral paragen
sis
quartz + sericite + albite * chlorite + biotite !
is characteristic. High~P-indicators are not detectable with
this succession.

Typical deformation features of succession 1 are apen, tig
and isoclinal folds in the order of centimeters to several 10’s
meters in scale. Folded quartz filled veins are common. E

The B-axis are generally gently dipping with maxima in NNE to
ENE, NE and NW. H

5km

2€ L (ﬁd\hh__‘/"\\}

9. 1. Regional distribution of the Phyllite-Quartzite Series
of SE Laconia.

a - succession 1; b - succession 2; ¢ - succession 3; d
= PQS unclassified / resp. retrograde; e - superposi-
tion of successicn 2 and 3 on succession 1.

Succession 2, more than 150 m in thickness, consists predomi=
nantly of glaucophane-chloritoid-schists, chloritoid-schists
metaquartzites and basic metavclcanics, additionally tourmalinites
occure. The metavolcanics, the tourmalinites and metaquartz
with detrital quartz pebbles up to 1 cm @, are intercalated in
upper part of this succession.

The characteristic mineral parageneses are:
quartz + muscovite/phengite + chloritoid + glaucophane
(metaclastics) and
epidote + chlorite + albite + glaucophane/crossite
(metavolcanics). :

These metavolcanics are quite similar to the basic metavol€d™
nics described from the Arna area in SE Taygetos (Arna-Units
PAPANIKOLAOU & SKARPELIS 1987/88). =

only in the upper parts of this succession was aegirinejadei-&
detected. :

the southern Mani Peninsula, only exposures of succession 2
POS have been identified. The lithology and lithostrati-
of the succession here is in good conformity with that of

1;21) Also the abundance of tourmalinites is remarkable

deformation of succession 2 shows early kinematic open to
moderately inclined and recumbent megascopic folds. Fold

generally gently, but locally also steeply, inclined, and
mostly to NNE to ESE, however the plunge varies strongly.
on 2 forms large scale syn- and antiforms.

Cession 3 predqminantely contains garnet-glaucophane-mica-
_2nd metaquartzites, also at least 100 m in thickness. Its
Sristic prograde mineral paragenesis is:
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quartz + muscovite/phengite + glaucophane + garnet t chloritoid,

Carnet is detectable in all parts of this succession. Indivj.
dual grains-of garnet show a high content of spessartine in tpe
center decreasing to the edge.

Succession 3 is intensively deformed in the micro- to megasco-
pic scale by at least two generations of folds which show diffe.
rent axial orientation. However, 1in a coastal section W of
vVelanidia the fold generations are developed homoaxially. In the
complete section, axial planes are upright or only gently inclineg
— an orientation which is not known from the remaining part of the
PQS in SE Laconia. '‘Also from this section, the largest sizes gof
porphyroblasts within the PQS of the Peloponnesus are known,
Glaucophane reaches a length up to 4 cm.

In conclusion, the differing mineral parageneses, the size of
white mica growths and the recrystallisation of quartz point to a
weaker metamorphic overprint of succession 1 in comparision with
succession 2 and 3. In addition to 1lithological differences
succession 2 and 3 can be differentiated by the occurence or the
absence of garnet, which is caused by different Mn content in the
protoliths.

SPATIAL RELATIONSHIPS

All above mentioned succesions of the PQS are tectonically
overlain by the Tripolitza carbonates resp. the Tyros Beds. Most
of the distribution areas of these 3 succesions are bordered by
steeply dipping fault zones which have been active before and

after the nappe movements. This is demonstrated by a E - W stri-
king fault zone NE of Neapolis, separating succession 2 in the
south from succession 3 in the north (fig. 1). A vertical displa-

cement of the PQS of several hundred meters by this fault must be
assumed. The overlaying carbonates of the Tripolitza Series only
show a throw of some 10’s of meters, deduced from the altimetric
level of the thrust plane on both sides of the fault zone.

E of Pandanassa, sheets of garnet-glaucophane—micaschists.
glaucophane-chloritoid-micaschists and metavolcanics - parts of
succession 2 and 3 - are thrust over metaquartzites and phyllites

of succession 1, and form an inversely piled stack of metamorphic
rocks (fig. 2). The PQS is overthrust in this place by carbonates
of the Tripolitza Series with flakes of Tyros Beds at their base.
The thrust sheets of succession 2 and 3 are separated from each
other by cataclastic zones up to several meters in thickness. The
development of this imbrication was associated with the
overthrusting of the Tripolitza Series upon the PQS.

These observations lead to the assumption that large scale
vertical displacements of the PQS took place already before the
emplacement of the Tripolitza Nappe. .

Based on the above mentioned observations it can be concluded:

The PQS of SE Laconia is not a uniform and homogeneous unit,
put consists of several (at least three) successions which differ
in 1lithology, metamorphism and deformation. These different
successions are placed today either in superposition or in juxta”
position, separated from each other by subhorizontal thrust plan?s
and vertical fault 2zones. In some places an inverse metamorpl’_llc
piling of the successions can be observed. The processes whiC
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Tripolitza carbonates s Dt
Tyros Beds
Succession 2 + 3 /“’l I l I l‘rJ‘]:l:l—
PQS Z
Succession 1 } l

Cataclasites

Fig. 2. Sketch of the section east of Pandanassa (location s.
fig. 1) showing the superposition of succession 2 and 3
on succession 1.

caused these spatial relationships started before the final empla-
cement of the overlaying Tripolitza Nappe.

THE PQS WITHIN THE GEODYNAMICAL DEVELOPMENT OF THE
PELOPONNESUS

The interpretation of the development and emplacement of the
POS must be based on the present structural and geological situa-
tion of the Peloponnesus:

o8 Numerous existing data on the neotectonics and geophysics of
e Peloponessus (e.g. LYBERIS & LALLEMENT 1985, MARIOLAKOS et al.
ﬁ”; LYON-CAEN et al. 1988, ZELILIDIS et al. 1988, HATZFELD et
teé 1589, 1990) show that uplift and extension are the dominating
hmusnlq processes within the upper crustal level of the Pelopon-
Mlaa) Since nappe emplacement of the external Hellenides in the
€ to Upper Miocene.
1s nappe pile which is most complete preserved 1in the
Boutheastern Peloponnesus consists of (cf.PkOWALCEYK 1986):

"Pelagonian" shallow water carbonates (Anisian)

Tripolitza Series (U.Triassic - L.Miocene)
includlng Tyros Beds (Permian - U.Triassic)

Phyllite-Quartzite Series (? - Carnian - ?)

.

Plattenkalk Series (U.Triassic - oligocene) -
with Kastania pPhyllites at their base.
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The extent of the neotectonic movements is obvious p t
uplift of the Plattenkalk Series which is at the highest elevy,
tions of the Peloponnesus (Taygetos 2404 m). The extension Withs
the upper crustal levels caused the dissection of the happe pj
in numerous fault blocks. During the exhumation of the lower na
units the upper ones have been removed by erosion and especia]:
by gravitational dismembering.

Off the westcoast of the Peloponnesus the western part of
Hellenic Trench runs NW - SE and forms the margin of the Afyj,
plate were it is gently subducting under the Aegean plate in
east. The crust in the area of the Ionian Sea is formed by Meso~
zoic to recent sediments, 10 km thick, probably covering a bagaj.
tic basement. Upper mantle seismic velocities are reached at
depth of 19 km without a break of velocity (MORELLI 1985) .
sedimentary cover in front of the trench has been detached aj
forms imbricated formations extending as far as the Mediterrap,
chain (FINETTI et al. 1990). East of the trench a frontal acc
tionary complex is developed (BERCKHEMER 1977) followed by
Westhellenic Nappe Complex. The eastern margin of the Peloponne
and the area of the adjoining Myrtoan Sea is dissected by 1a
scale, east dipping normal faults. The existing data on the st
ture of the Peloponnesian crust show, that the Peloponnesus
part of an island arc, which can be characterized according to i
form and geodynamics as an orogenic wedge s. PLATT (1986).

Metamorphic units are usually rather uncommon in the exte
parts of an orogen. In the external Hellenides, high-P/low-T me
morphic units are only known from areas, that are underthrust by
plate subducting from the Hellenic Trench (Peloponnesus, Kithi
Crete).

In this areas units, elsewhere preserved unmetamorphous,
present as metamorphic successions. For example, the Ionian Se
is known from the southern Peloponnesus and Crete only as
metamorphic Plattenkalk Series (following THIEBAULT 1982, the sa
is valid for the Preapulian Series). The location of submergence
must be placed west of the Tripolitza Series. . =

According the P/T conditions presented by THEYE & SEID
(1991) at least parts of the PQS of the Peloponnesus must ha
been submerged to at least a depth of 50 km. For the Plattenka.
Series lower values have been calculated (THEYE 1988, BASSI
1988, MANUTSOGLU 1991).

The features mentioned above lead to an alternative model
the geodynamic evolution of the PQS of the Peloponnesus (fig.
which differ from those proposed before (THIEBAULT 1981
PAPANIKOLAOU 1984, PAPANIKOLAOU & SKARPELIS 1987/88), but reconsi“
der suggestions made by JACOBSHAGEN et al. (1978) .

Because of its present position, its stratigraphic exte
(only to U.Triassic), its metamorphism and deformation, we cons

s B BE8c (T]e Ve

i the
lg. 3, cartoon (not to scale) illustrating thengoggﬂj;qus.
4 Late Alpine development and the empl?ceme
Crust in the Ionian/Preapulian re:im.PQS)

a - clastics/volcanics (becomlng ek O ariohl.
b - carbonates (becoming the Plattenka K goriesl . e
Crust in the Tripolitza realm: ¢ - clastic

d - carbonates.
e - Younger sedimentary cover.

i.e. the region of the Ionian Zone (and, 1if existing in thi
region, the Preapulian Zone) .During the subduction of the Ioni:
Series, the carbonate successions, with parts of their bas
rocks, were detached from the submerging plate and accreted at
shallow depth while the remaining parts of the unit were attacht
to the upper plate at deeper levels (i.e. underplated at greaté
depth). The underplating processes are continuing today
subduction of the north drifting African -plate. Continous
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underplating, lanalogous to

" ! the concept present

Egplalns the uplift and the lack ofpthggmal eegif{prA?T . RAUER, R. (1983). Das Praneogen im Raum Molai-Talanta/SE-Lakonien

u;%?;g/¥ow131 metamorphic PQS as well as the(;extengizionaif ] (peloponnes, Griechenland). Frankfurter geowiss. Arb., A 3,

. THl € area of the Peloponnesu ; n } 284.

(fig.: 4). P S 4s part of an islang aﬁz \ERT, U., KOWALCZYK, G., KAUFMANN, G. and KRAHL, J. (1985). Zur
stratigraphischen Einstufung der “Phyllit-Serie" von Krokee

und der Halbinsel Xyli (Lakonien, Peloponnes). Erlanger geol.

Abh., 112, 1-10.
U.F., GEROLYMATOS, I. and JACOBSHAGEN, V. (1986). Die

i

lonian Sea Peloponnesus . DORNSIEPEN, . ; !
phyllit-Quarzit-Serie im Fenster von Feneos (Nord-
pPeloponnes). IGME, Geol. Geoph. Res., Spec. Iss., 1986, 99-
::ﬁd ’ tr“:g:hm Taygetos Parnon 105.
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