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BVΙDENCB FoR DETACrΙMBNT FAULTΙNG oN TtΙE NE PARNASSOS MOUNTAΙN
FRONT (CBNTRΑL GRΕECE)

tΙ.D. KRANΙS, AND D.Ι.PΑPANIKOLAoU,

ABsτRAcT

The Mt Ρarnassos NE front (centraΙ-eastern mainland Greece) may owe its existence to the occurrence of a
detachment fauΙt, which is a re-used aΙpine overthrust surface. Neotectonic graben formation and segmented
fault systems can be linked to this detachment fault, the reactivation of which could be attributed to the propa-
gation of the dynamics of the Anatolian Block into the Αegean territory. The detachment kinematics is also
confirmed through the use of a new kinematic indicator, formerly used only in metamorphic rοcks.

ΣYNoΨH

To BΑ μdτωπo τoυ 6ρoυ9 Παρναoαιig μπoρε6 να oφελεται στην παρoυo(α εν69 μεγ<iλoυ ρr]γματog απoxιiλ-
ληoηζ, τo oπo(o απoτελε( μια επαναχQησιμoπoιημdνη αλπιxrj επιφ<iνεια επι6Θηoηg. FΙ δημιoυργfα νεoτεxτoνι-
xι,iν λεxανc6ν xαι τμηματoπoιημdνων αυαrημιiτων ρηγμciτων xαι ρηξιγενι6ν ξωνc6ν ε(ναι δυνατ6 να αυνδιjεται

με αυτ6 τo ρrjγμα απox<5λληαηg, η δραoτηριoπo(ηαη τoυ oπo(oυ μπoρεf να απoδoΘε( ατην πρodλαoη τηg δυνα-

μιxrig τηg μιxρoπλιixαζ ηE Aνατoλ(αg εvτdg τoυ Αιγαιαxoιi xc6ρoυ. FΙ xινηματιχli ηE απox6λληoηg πρoοδιoρi-
ξεται xαι με η χa{ση εν69 ν6oυ τιjπoυ χιγηματιχori δεixτη, o oπoiog dωg τι6ρα ε(1ε 1ρηoιμoπoιηθε( μ6νo oε
μεταμoρφωμdνα πετρc6ματα.

ΚEY\ryoRDS: neotectonics, detachment fauΙt, Ιayering fish, CentraΙ Greece, Parnassos
ΛEΞBΙΣ ΚΛEΙΔΙA: νεoτεχτονιxη, απox6}'ληαη, Στερειi Eλλιiδα, Παρναoα<ig

1. ΙNTRoDUcTΙoN

The issue of the reuse of overthrust surfaces has been addressed by variοus researchers, usuaΙly in extending,
post-orogenic intra-plate environments. The roΙe of pre-existing overthrusts is crucial, since they are suitable
weakness planes that can potentiaΙly be reactivated under a new stress regime (e.g. D,Αgostino et al., 1998).

Central-Eastern Mainland Greece (Sterea Hellas) is an elongated Ιandstrip between two activeΙy deforming
marine areas (Gulfs of Κorinthos and Evoia in the South and north, respectiveΙy (Fig. 1), undergoing mean
NNE-SSV/ extension since the Upper Ρliοcene (Jackson and McKenzie, 1988; Jolivet et al., 1994, and others).
The region between the two, sub.paraΙlel to each other, gulfs is characterized by an alpine nappe-piΙe Structure,
overprinted by neotectonic features (i.e. .horst-graben, Successions). The lowermost _and relativeΙy autoch-
thonous-nappe is that of Ρindos Unit (Fig. 1). The Ρarnassos Unit (PU), which occupies the greatest part οf
central-eastern mainland Greece (CΕMG) is ..wedged,,between the (underlying) Ρindos and the (overlying)
Sub-Pelagonian Units.

The neotectonic configuration of CEMG has been thoroughly studied since the 1970s (e.g Philip, 1974;
Lemeille, 1.977) and rigorous investigation continued intο the folΙowing two decades (Jackson and McKenzie,
1983; 1988; Rondogianni-Tsiambaou, 1984; Stewart and Hancock, 1988; Roberts and Jacksοn, |991; Leeder and
Jackson, 1993; Jackson, 1994; 1999; PouΙimenos & Doutsos, L996; Ganas, L997 and οthers). Τhe dominant
neotectonic fabric includes wNw-ESE to E-W normal (or oblique-normaΙ) segmented fault systems that exert
significant influence on the relief, graben or half-graben formation and drainage. The results of these investiga-
tions, and in view οf the recent advances in neotectonics, gave us the initiative to examine whether the observed
neotectonic configuration is no more than the surficial expression of deeper, ongoing geodynamic processes, as
already suggested by Jackson (1.994).
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Ιn this pape Γ we shal l  try to shοw that a detachmcnt fauΙt may exist,  in the fοrm of a re-used alpinc surΓacc.
We shalΙ f i rst give a br ief οutΙ ine οf the aΙpine (and post.alpine) regional geologicaΙ and tectοnic set i ing; we shalΙ
then focus on the locatiοns that prοvided data to support the nοtion of the reactivation of an alpine StΓucture.
FinaΙly, the implications of this ryill be discussed, and an attempt wilΙ be made to link them wiin tne exιstinρ
active tectonic models.

2. GBoLOGY _ TBcToNΙcS

The alpine nappe Sequence in centraΙ-eastern Mainland Greece (Sterea FΙellas) comprises a relatively auto-
chthonous unit (Ρarnassos Unit _ΡU) and relatively alΙochthonous one, the Sub-PeΙagonian Unit _SU). PU is a
1500-2000 m thick neretic carbonate sequence (U. Triassic - Paleocene), terminating with a typical clastic se-
quence (flysch) at the Paleocene. SU comprises an U. Triassic _ M. Jurassic carbonate platfοrm ihat evoΙves intο
a M-L. Jurassic clastic Sequence followed by U. Cretaceous carbοnate sedimentation and flysch deposition in
the Danian.

Mt Ρarnassos is built mostly of its namesake ΡU, while Mt KalΙidrorno consists of SU rocks and a tectonicalΙy
empΙaced ophiolitic suite. Relicsiklippen οf the SU are found within the Parnassos mountainous maSS. One of
them is the ΡoΙydrosso outcrop that extends from west of Amfikleia to Fterolakka, and another is the EptaΙofo
klippe, a few km SW of the former (Figs. 1, 2). The tectonic pοsitioning of these exposures was described by
Richter et al. (1994, 1996) as nappe-graben ('Deckengraben'), indicating that they are now found within graben
that have develοped in the Ρarnassos mass Soon after nappe emplacement (.tardi-tectonique, stage).

Ιn Lοkris, the trace of the surface that separates these two units marks the foot of the Mt Ρarnassοs northern
front, an impressive physiogeographic feature more than 2400 m high. The trace is found at the eastern edge of
the mountain, close to Davleia (Fig. 2). Towards the NW, it is buried under the scree and talus cones at the NE
front of the mountain, to emerge again a few km east of Αmfikleia (Dadi hill). Ιt then enters the mountain and
climbs to an altitude of 1500 m (Fterolakka). At this point it Starts to descend, untiΙ it eventuaΙly reaches an
aΙtitude of -450 m, close to Ρolydrosso. Further to the west it is buried under the quaternary fiΙΙ of the Voiotikos
Κfissos basin and is found again at the eastern front of Mt oiti (Fig. 1).

The kinematics of this surface was examined in a series of artificial or natural sections. Ιocated at the north.
\Ι/estern and northeastern parts of Mt Parnassos. Ιn spite, however, of the sufficient number of sections, only a
handful were suitable for data colΙection, either because of their orientation (usuaΙly strike-parallel) or condi-
tion (covered by debris).

3. ΑMFΙΚLEΙA AND DADΙ HΙLL

Α quarry exposure at AmfikΙeia (Location 1 in Fig. 2) gave us the possibility tο study the kinematics of this
surface and the associated shear zone. The quarry is located in a saddle that separates the main mountainous
mass from a small hi11 (Dadi hiΙl) east of Amfikleia. The trace of the surface runs next tο the axis of the shouΙder,
sοmewhat offset towards the hiΙl' whose maximum altitude is 565 m.

Dadi hi l l  is bui l t  of whit ish tectοnized Triassic dolomites, which belong tο the base οf the Τriassic.Jurassic
carbonate platfοrm of the SU, overlain by frequently dolomitized L.-M. Jurassic medium-bedded limestones.
on the other hand, the οutcrops at the foot of Mt Parnassos comprise Cretaceous - Eocene limestones, overΙain
by a thin (a few tens of m. at this locat ion) zone of c last ic depοsits (pel i tes, sandstones and marΙs) that belong to
the f lysch of the ΡU. Τhe Ιοcal bedding is moderately dipping -30/030.

Τhe quarry exposure reveaΙed a well-defined tectonic surface, with a dip of 30.32" β60", the lranging wall of
which consists οf the SU dolomites and the footwall of the PU flysch. The deformatiοn fabric in the footwall
cΙast ic sediments displays aΙpine compressional character ist ics overprinted by top-to-the northeast extensional
Structures and assοciated fabric. These features incΙude (i) S-c fabric (Fig. 3), (ii) cm-sca1e σ-type porphyroclasts
(Fig. a) and (iii) a Structure equivalent to the ..foliation fish,, (Fig. 3) (FΙanmer, 1986; Davis & Reynolds, 1996,
fig. 9.61) that develοps within sheared metamorphic rocks; however, and since in this case the rocks are not
metamοrphosed, we can use the term ..layering fish,,, a structure that carries the same kinematic significance
attributed to its..metamorphic,,counterpart. ΑΙl the aforementioned indicate top-to northeast movement, post-
dating the original compressional-type deformation, associated with Tertiary nappe emplacement. Small-scale
fractures, located bοth on the hanging- and the fοotwall, were also fοund, a few cm over and under the main
tectonic plane. These fractures are oblique to the main tectonic surface, with a NΕ,-trend and dips of 32-35. Nw.
The striations οn them are gentΙy plunging (20-25" W) and characterize the fractures aS obΙique-normaΙ.
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rοcks thaι belong to the ΡU and reaches an alt i tude of 2455 m. The reΙat ively al lοchthonous SU Γorms th
basement of the adjacent basin of Vοiοt ikos Κif issos and some outcrops of i t  emerge from the basin f i l l  in th
form of small hills, adjacent tο the foot of the mountain front, with a maximum aΙtitude of 565 m. Thus, the SU
ΡU boundary would be expected to be buried under the Voiotikos Κifissos Basin. FΙad this contact been cut b.
a range-bounding fault, one should have expected that the Polydrosso outcrop would have been cut off an,
uplifted, belonging now in the footwaΙl of a large normal fault. FΙowever, the strike-contour map of Fig. 2 showl
that this is no the case and the Polydrosso exposure has not been cut οff from the main body of the SU mass
exposed on Mt ΚaΙlidromo (Figs. t and2).

Besides, close inspection of the deformation structures along (and close to) the SU/PU tectonic contac
show clear signs of extensionaΙ, top-to-northeast movement, expressed in the form of S-C fabric, sheared α-typι
clasts and "layering fish" (Figs. 3, 4). Secondary, albeit important, structures, such as minor oblique extensiona
fractures and hangingwaΙl antithetic faulting, Support the aforementioned notion. Another observation that ma}
corrοborate this argument is that the mean slope of the Mt Parnassos NE front is -22-24" (for the part betweer
300 and 1700 m), a value close to the dip οf the detachment at its frontal part, on Dadi hill. We shouΙd aΙso notε
the consistency in the οrientation of the stress εΙxes, aS they were obtained using the Angelier,s (1984) inversior
method, in the two data stations (Fig.2).

The kinematic indicators, backed by the geomophoΙοgical observations, Support the notion that the οrigi
naΙly compressionaΙ-style surface (thrust) has been reactivated as a detachment fauΙt. Such a notion \Ι/aS ex-
pressed by Jackson (1994), but nο evidence of re-used thrusts was found then, while a similar perspective was
given by Sorel (2000) for the Korinthos - Ρatra rift. The flysch in the footwalΙ (PU) constitutes the appropriate
mοbile material that facilitates this retro-sliding, and the hanging-waΙΙ SU carbonates display various degrees of
deformation. Within the former, S-C fabric and associated extensionaΙ structures have develop, while the latter
host secondary, antithetic faults.

Having these in mind, it could be suggested that the SU slides towards the NE (οn average), on its contact
with the underlying ΡU. Most wNw-EsE neotectonic fauΙts in Ι-okris could root intο this detachment: the
intense segmentation of these faults, with segment lengths rarely exceeding 8 km (Kranis, 1999), and the pro-
gressive increase in the dip of synthetic (NNE-dipping) fauΙts as we move away from the Ρarnassos front and
towards the Gulf of Evoia _in a similar fashion as the one presented by SoreΙ (2000) * suggest that the major
graben-bounding faults could branch off an underΙying detachment.

FΙere we need to StreSS the fact that the kinematics of the detachment, as evidenced by the Αmfikleia quarry
eΧposure' dispΙays a sense of obliquity. Ιn other words, the magnitude of sliding aΙong the strike οf the detach-
ment (and at least for its frοntal part) may not be uniform. Although no sοlid evidence has been found yet, it
could be suggested that the finite sliding decreases towards the west. Ιn this Sense, the hangingwall slides under
the influence of gravity and also rοtates around a (sub)vertical axis. This cοuld have resulted from the SW-ward
prοpagation οf dynamics of the Anatolian block(Fig. 1) into the Αegean region (Sengφr, 1979; Mariolakos and
Ρapanikοlaou, 1987; Westaway, 1991; Jackson, 1'994), which leads to counter-clockwise rotation of rigid to semi-
rigid fauΙt blocks in central.eastern Mainland Greece.
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