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‘DEFORMATION AND METAMORHISM IN THE
ALLINE COMPLEX OF THE ISLAND OF THASSOS
(NORTH GREECE) A SHORT OUTLINE

A. PETERECK, M. MAJER*
ABSTRACT

ense horizontal movements during the main-phase deformation D, have
d an outstanding example of large scale transposition on the island
s. Since nearly all minor and major fold structures were destroyed
ing the more than 2000 m thick metamorphic system has often been
preted as a stratigraphic succession.

lier deformation Dl is only preserved in relic form.

nctive deformation D, occurred in a shallow tectonic level and is
erized by dominantly jbritl:le deformation.

rphism M, reached at least medium grade conditions. A dynamical-retro-
.lel:anorp&iism M, regressed the earlier mineral assemblages up to the
tions of the upper greenschist-facies. M, affected mainly shear zones
k place under conditions of the lower greenschist-facies.

ea of the island of Thassos belongs to the Lower Tectonic Unit of the
rn Rila-Rhodope-Massif (according to PAPANIKOLAOU & PANAGOPOULOS 1981)
+ 1), Especially since KRONBERG and his collaborators have carried out
ch work within the area between the rivers Strymon and Nestos, the
rn Rila - Rhodope - Massif is considered as a more than 10 km thick
zoic metasediment-series, that has been deformed by broad anticlines
| synclines and younger cross-folds and metamorphosed only one time du-
the Alpine orogenies.

the last decade, however, new investigations and reinterpretations
evealed that the structural style of the South-Rhodope-Massif is of a
more complex nature than actually assumed (DIMADIS & ZACHOS 1983; KOK-
(IS 1977; LUNDBERG 1978; PAPANIKOLAOU et al. 1981).

contrast to the old conceptions the structure is dominated by isoclinal

ding and there exists at least one earlier deformation phase connected
an older metamorphism.
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The Rila - Rhodope -Massif and the neighbouring
zones (according to PAPANIKOLAOU et al. (1981)
and KRONBERG et al. (1970). UTU: Upper Tectonic
Unit; LTU: Lower Tectonic Unit.
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(3 to ‘g4in! numerous insights into the structure of

Afﬁh&sms is made up by various gneisses, schists,

lites The structural style is apparcntly simple, there
goldﬁ beunded, en both sides by undisturbed foliation

mpression is one of a layering that represents a simple
e_nge But, on closer inspection one has to recognize that
one of | individual horizons.og¢cur and that the whole area is

3 impossible, particularly after taking the small-scale struc-
isoclinal shear and flexure-shear folds, shearing, flat-
sition structures, thrusting) into consideration, to inter-
ratigraphical sequence of Thassos as a sedimentary succes-
1lic sedimentation and lateral facies variation.

our opinion the structural style of Thassos is an outstanding
ge scale transposition.

Ypsoron

3F10mite marble; 2 gneisses; 3,4 Marble of Profitis Elias;
‘iica—schists; 6 gneisses (of Maries).

PHASES, STYLE OF FOLDING AND METAMORPHISM

rystalline complex of the island of Thassos four deformation phases
ognized:

Emation D1

-phase deformation D, has more or less destroyed the earlier tec-
metamorphic hlstory; of the rocks. Structures of the deformation D

erved in relic form, mainly expressed by its s -foliar.lon, which is
y folded and transposcd by D

formati 1g 1nd1c,a ins, formed within
e e o byttt TR ARGy UL

raf deformation events may be counted even if s, etc.”is completely

—

-



! y MdEstroyed strongly deformed parts of the rock series (according &
19607 --'1&)&315%r.'h o '

Fig.;}.: Quartz veins within various metapelites, folded by D, -
deformation. These quartz veins were formed parallel §
and indicate now the earlier deformation phase D, i
mesoscopic scale, In the most cases D,-folds are de-
stroyed by intense shearing and the quartz veins are
preserved as boudins.

The deformation phase D1 appears to have been associated with progre
metamorphdism M, which reached at least medium grade (i. e
phibolite-facies) conditiond. This is documented by relics of an-rich
gioclase 1 (mostly oligoclase - andesine), kyanite 1 and sillimanite
gneisses and in the gneiss-schists. Plag 1 (mainly strongly saussurit
and replaced by plag 2 (albite - oligoclase) and K-feldspar during
pear often as cataclastically broken porphyroclasts (up to some mm in®
eter), surrounded by recrystallized grano- up to lepidoblastic quartez
feldspar-texture.

Main-phase deformation D2

The main-phase deformation D, with NE/SW trend encompasses the most sél
structures as mesoscopic fo2lds and associated transposed foliation §
well as pronounced penetrative lineation str,. The deformation D,, be
ning with isoclinal folding and following transposition of older fogia A
accompanied by shearing, strong flattening and boudin-formation, produc
repetition oWrgiakipBBRIOOHK O gbppadiod e MumpaFdwioyiegeAlte. with metamorphis
all earlier Dl_ and Dz—structures.



-i iﬁ,éﬂth elhpncg and Spa..- . - pio~
ion necking rather than fracture under ductile
), nybe distinguished by this from angular and

morlation. D,-boudins are often rod-like in
ip ides; mostly ‘stretthed in direction of the stretch-

.—bo!qdins can be observed in ac- as well as in bc-planes.

deformation produced a repetition of lithologies by
ﬁ%—g and shearing affeeted the whole area, thus crea-
pednslargesscale(Fige5, 6)xAlthough all major isoclinal
ed by intense shearing, the existence of minor isoclinal
and transposition structures as well as repetitionof litho-
to draw the conclusion that the major structures — now de-
11, therefore.

SSE

dolomite
morble

ctural section through the lower part of the series of
mia, normal to the main-phase folds and stretching lin-
ions, for illustration of the repetition of individual
iss (gn) and marble (mr) horizons by isoclinal folding;
the North of Klisidi Mt.

ZACHOS (1977, 1982) the metamorphic unit of the Eastern part of
ilt up by several individual formations, particularly charac-
fferent marbles, separated by various gneisses and amphibolites.
ping, however, revealed that the formation boundaries are af-
tense isoclinal folding and shearing, too. An illustration of a
ept for the development of large-scale transposition forming
mations and repetition of lithologies in the formations them-
ven in Fig. 6.

structures could be of a much more complex nature, because
psume superposition of Dl_ and D2—maj0r structures.

f the tectonic maps reveals the existence of broad anticlines
es striking parallel to the main-phase folds and the stretching-
At present, however, we are not sure whether these struc-—
J‘ea%:ed Wnopioky BBALOAKN !ﬂmaofogﬁ Ffdw FawXoyiog. Adt.Geven later du-
whether they are the expressmn of disharmonic folding during
e deformation. But maybe these structures are connected with
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of Potamia

Srpsarion
1206 m

Fig.6.: A possible sequence of events inthe development of the large-

updoming by penecontemporaneous granites, that are, however, affected
D,,-deformationtNgexFAPNGYUHDL PEARRITRE L THRHRA feedovidd Ad Bhogneisses are ¥
often situated in the centre of such anticlines in the Southern Rhod
(KRONBERG 1969; KOKKINAKIS 1977).

B .Y .

scale transposition by isoclinal folding and shearing in the
Northern part of Thassos.

a) Horizontal movement (maybe in the limb of an isoclinal
regional fold) produces tight and isoclinal folding of thi
whole area. A fundamental feature of this model is that the
new axial plane schistosity (the later shear plane) is nearl
parallel to the old s.- and s,-foliations. ]
b) Further shearing leads to (]Jetachment of the thinned 1limbs|
c) Sliding along the new s,-planes and old s,-planes as wel
as further shearing resolvés the old lithological framework
In this state boudinage and flattening are very common.
A section through this transposed lithological sequence no
suggests an originally pseudostratigraphic succession. Not
the apparently existence of individual formations (1-3).

In our illustration we did not take into consideration 1) thi
special effects of transposition within the gneiss - series
2) originally different thickness of the various gneiss- anl
marble-series, 3) disharmonic folding, 4) Dl—major structures
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nal shear fold within biotite-plagioclase schists with
rcalation of quartz-feldspar-gneiss,

of marble within mica-gneisses, separated by boudinage
D5~

nni shear fold within a banded calcite marble.

11y isoclinally folded quartz-feldspar- and hornblende-
-gneisses.

sition str¥ALGKH BIBMOBKS &OW?ﬁenTwad_ ewdpyigs A-LLO.
2 rock.

mica - gneiss

Compilation of various Dz—minor slLructures.

Fig.7.u3




Me t art ©of® B h i T (synchronous re deformation phase D,) has™
considered as an ' admost caﬁplete dynamic-retrograde metamorphlsm with
gional character (according to STOCKHERT 1982). At the beginning the
gression occurred under medium grade conditipns (lower amphibolite-fael
This is indicated by the recrystallization of oligoclase and Ti-rich &
tite in the gneisses as well as the crystallization of green hornblen
the amphibolites ¥ig.. 9).. Thé coatinuous decrease in P/T-conditions dur
D, wp to ‘upper greenschist-facies conditions created mineral assembld
tfiat de not belong.only to one metamorphic grade at the end of H2

o

Dj—deformation

Deformation phase D, represents a distinct deformational event and is bi
up by a suite of diStinctive structures, which are not completely explal
up till now. D, occurred under shallow conditions in the upper crustal |
el, indicated l;y dominantly brittle deformation.

In general D.-folds arc open up to closed disharmonic flexure folds in
up to m-scalé. They have a SE/NW axial direction and the foldaxesaren
or shallow in steepness. These minor folds are often overturned to
SW or NE and were affected by reverse faulting., D,-deformation is also
presented by kink folds, kink bands, angular and blocky boudinage, %
folding as well as shearing subparallel to the sz—planes.

Some of the folds, as described above, and boudins could have been ..;_'.
by shear on surfaces subparallel to the s,-planes. This is suggested b)
the shape of the folds, b) the fact, that U,-folds are mainly limited to
horizon and bounded on both sides by undisturbed foliation planes, ¢)
nearness to shear zones.

The shearing during D.-deformation occurred in discrete horizons within
up to m-wide zones, located subparallel to the s.,-planes., The behaviou
the rocks affected indicates a phase of brittlé deformation (under lg
greenschist-facies conditions). Cataclasis is very common.
According to our opinion the shearing subparallel to the s,-planes baset
genuine lateral movement as well as on flexural slip (fléxural gliding
surfaces in the limb of a major fold (Fig. 8,c).

Within the marbles calcite and within the gneisses quartz recrystallize
ring D,, whereas dolomite in the dolomite marble was only brecciated.
late sgate of this deformation we have only recognized brecciation of
minerals.
Protomylonitic gneisses, cataclastic gneisses, chlorite- and talc-schi
(LASKARIDIS 1985), tremolite- and actinolite-schists appear within the me
ment zones.

The major D,-structures: During deformation D, the metamorphic syste
Thassos was bended in large scale (100 m up to some km) by broad anticli
and synclines in NW/SE direction. For example the Northeastern part of
island lies on a large structure comprising an antiform.
In the SoutbnprpeBIBAOSH KN 'OcdpPactdci nT AL Fetshoyial. KfM@rakaro the structy
style is dominated by lurge closed folds (in 10 m up to 100 m-sc lc) W
axial surfaces which are approximately vortical. These folds are isrup
by reverse faulting. In this area Da-deformation produced & f..ult-fo
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ear zone within the dolomite marble. Dolomite-marble clasts

thina chlorite-amphibole(tremolite/actinolite) layer

ccording to LASKARIDIS 1985).

gular boudins formed by D, -deformation.

hematic diagram for illustration of flexural slip (flexural
iding) accompanied by cataclasis on the sz—planes as well

as development of D,-drag folds.

Overturned D.-fold within Dbiotite gneisses with intercala-

tions of carbonatc-silicate rocks; Scala Potumias. Note the

isoclinal D,-folds that are overprinted by the D.,-fold. Above

this D -folg we recognized a D,-shear zone. That™is why we in-

1 'tirﬂrl:r'eE Wrigiak} BIgA0BRRN "OeGopabtod - Tohfa e%ﬂoﬁ%ﬁ.bﬂ
au

Wavy fold within a gneiss, showing reverse ting.

8,: Compilation of various D.,-minor structures.




structra.

Metamorphisnm during D,~deformation occurred under low
conditions (i. e. Yower greeénschist-facies) and was accompanied by f
rétrogression of the earlier mineral assemblages. llowever, M, has m
affected” the. shear zones lotated parallel or angular to the s,-planes.
crystallization of tremolite, actinolite, chlorite, talc and epldote is
tommoh . i
- The differcav behavigur of the minerals-quartz, calcite and dolomite
above described, permits a rough estimation of temperature during M3 bet
300 and 400° C (VOLL 1968).
Rocks outside the shear zones are little affected. M, is mainly expr
by transformation of garnet into biotite and chlorite or transformati
actinolite into chlorite. Saussuritization and sericitization of fel
is common, too.
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Fi P@iaxndBIRNRBIKN" QeORRIATRSH THilKa Fewhoyiag. Af1.@cformation and
crystallization of the minerals in the gneisses and
amphibolites of the studied areas.
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Mgt lﬁe' orogenies young faulting has intensely af-

Ax&ax" of thes island of Thassos. Certainly a part
g NW/SE is connected with deformation phase D,. Post-
’Eé the rocks by -two systems of normal fdult‘" system
/SW and system 2 strikes E/W and N/S. A dynamic model
1 deformation of the North Aegean region was pro-
NOS (1984).

d only be regarded as a first outline of the research work
present on the island of Thassos (supervised by Prof. Dr. G.
. Our investigations, however, have clearly revealed that
part of the Rhodope-Massif repeated deformation and metamor-—

ogical investigations on Thassos are far from being finished
prefer to abstain from discussing our findings in a regicnal-

ext in this paper.

| to Prof. Dr. G. NOLLAU, Erlangen, for his supervision and
s investigations. This paper is part of the geological research
the island of Thassos, and therefore we would like to thank all
es of the Institute of Geology, Erlangen, for their helpful dis-
| for giving us their unpublished informations.
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