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Spectacular exposure of fault contact
along cliffs, with strongly sheared
phyllites against recrystallised limestones.

Spectacular exposure of fault contact
along cliffs, with strongly sheared
phyllites against recrystallised limestones.

Feral dogs prevent access along restricted farmland from south.
Access from river impossible due to scree on >70º slopes,
and dense undergrowth otherwise.
Carbonate-carbonate fault suggested from strike of fault
just East of river, and gully visible from the Aliakmon.

Feral dogs prevent access along restricted farmland from south.
Access from river impossible due to scree on >70  slopes,
and dense undergrowth otherwise.
Carbonate-carbonate fault suggested from strike of fault
just East of river, and gully visible from the Aliakmon.

º

Zero exposure - cultivated land. 
Reconnaissance beyond Elati, and to the southeast
and south shows a continuation of the Pelagonian 
limestones well beyond the edges of the mapped area.

Zero exposure - cultivated land. 
Reconnaissance beyond Elati, and to the southeast
and south shows a continuation of the Pelagonian 
limestones well beyond the edges of the mapped area.

Phyllite band not exposed, 
but small dip in topography implied 
to be a much narrower continuation of unit.

Phyllite band not exposed, 
but small dip in topography implied 
to be a much narrower continuation of unit.

Units and structures very poorly constrained
by lack of exposure more than 5m from the river edge.
Further to the South, the eastern banks of the river also
lose exposure.

Units and structures very poorly constrained
by lack of exposure more than 5m from the river edge.
Further to the South, the eastern banks of the river also
lose exposure.

Complex melange structure with minor folding and
a mosaic of exotic blocks composed of 
banded cherts and carbonates to around 20m.

Complex melange structure with minor folding and
a mosaic of exotic blocks composed of 
banded cherts and carbonates to around 20m.

Beautifully exposed flame-like 
intrusions of phyllite
into cracks in
metagabbro. 

Beautifully exposed flame-like 
intrusions of phyllite
into cracks in
metagabbro. 

Contact to phyllites not observed 
near lg as obscured by boulders
Contact to phyllites not observed 
near lg as obscured by boulders

>1.5 km zero exposure to the north,
northeast and northwest.
>1.5 km zero exposure to the north,
northeast and northwest.

Particularly well exposed amphibolite
at thrust contacts along flat peaks.
Particularly well exposed amphibolite
at thrust contacts along flat peaks.

Heavily serpentinised brecciated
black phyllite, likely void-fill
created during activation of the 
Basal Ayios Nicolaos Thrust.

Heavily serpentinised brecciated
black phyllite, likely void-fill
created during activation of the 
Basal Ayios Nicolaos Thrust.

Ploughed fields. Zero exposure between road
and small copse to west.
Ploughed fields. Zero exposure between road
and small copse to west.

Apparent contact with ?Plio-Pleistocene 
carbonate rubble dipping at 60º 
                                       - likely valley fill.

Apparent contact with ?Plio-Pleistocene 
carbonate rubble dipping at 60  
                                       - likely valley fill.

º

Perfect exposure of a graben - half graben
system in quaternary sediments in roadcut.
Perfect exposure of a graben - half graben
system in quaternary sediments in roadcut.

Inaccessible due to thick scrub, hollyoak and juniper.
Deep red brown soil visible on peak, and those further
to the north,indicative of underlying harzburgite.

Inaccessible due to thick scrub, hollyoak and juniper.
Deep red brown soil visible on peak, and those further
to the north,indicative of underlying harzburgite.

Red-brown soil layer, typically only 1m thick, overlies 
a large percentage of the area mapped as harzburgite.
Soil colour typical of drift overlying the ophiolite. 

Red-brown soil layer, typically only 1m thick, overlies 
a large percentage of the area mapped as harzburgite.
Soil colour typical of drift overlying the ophiolite. 

Thin, well constrained sliver of phyllite 
within harzburgite suggests development
of thrust sheets on ophiolite emplacement.

Thin, well constrained sliver of phyllite 
within harzburgite suggests development
of thrust sheets on ophiolite emplacement.

Clear cross bedding
 in carbonate conglomerate
Clear cross bedding
 in carbonate conglomerate

Semicircular ridge ~100m high reveals
extremely thick rubble conglomerate
(fallen from mountain to south).

Semicircular ridge ~100m high reveals
extremely thick rubble conglomerate
(fallen from mountain to south).

Area strewn with limestone boulders 
to several metres diameter,
loose subaerial cementation.
Nature of underlying contacts 
completely unknown.

Area strewn with limestone boulders 
to several metres diameter,
loose subaerial cementation.
Nature of underlying contacts 
completely unknown.

Caves composed of angular limestone
conglomerate, clasts 5mm to 1m.

Minor mafic intrusion (sill)
into Pelagonian formation.
Minor mafic intrusion (sill)
into Pelagonian formation.

Good evidence for faulting in
serpentine breccia, outcrop 
pattern and drainage location.
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Geological Boundary (contact well constrained)

Geological Boundary (contact uncertain)

Geological Boundary (contact conjectural)

Contractional fault (teeth on hanging wall)

Fault, tick on downthrow side

Inclined Bedding

Horizontal Bedding

Inclined Faulting

Inclined Foliation (ductile shear)

Inclined Jointing

(strike and dip in degrees)

Crenulation

Axial Plane trace of Antiform

Axial Plane trace of Synform

Minor Synform/Antiform/Fold pair hinge
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Recent. Silt (brown to black) at rivers edge with 
narrow pebble beaches near Panagia.

Plio-Pleistocene (Rassios, verb.comm.) rubble formation comprises 
carbonate blocks to >2m bound by carbonate cement.

Serpentinite protolith likely harzburgite or sourced from the 
ultramafic complex. Associated with Bajocian age emplacement

High-Mg olivine and bronzite with minor clinopyroxene phase. 
Increasing to complete serpentinisation near emplacement thrust

Proposed as a melt conduit within the harzburgite

Greenschist facies metabasite: Interpreted as a dyke-sill unit

Coarsely crystalline white carbonate c. 20 m

Impure iron rich and pure bedded carbonates, occasionally 
brecciated. Basal tuffs at southernmost end

Proposed greenschist facies marine tuffs and ignimbrites

Highly variable marine metasediments, including cherts, 
limestones and phyllites

Allochthonous light grey carbonate, 
fossil absent, bedding traces faint to absent

Primarily phyllite, micaceous (white micas), including
exotic blocks <c. 20m diameter.

Brecciated carbonate. 
Brecciation likely tectonic, yet preserving beds

Triassic - Early Jurassic. Shearing and boudinage of bedding 
within the Pelagonian Formation
Likely Early Jurassic. Finely laminated micaceous 
phyllites c. 40 m

Triassic - Early Jurassic. White and black bedded 
medium to coasely crystalline carbonates

?Plio-Pleistocene. Coarse pebble conglomerate.
Horizontally bedded. Possibly lacustrine deposition.

Serpentinite (undifferentiated)

Harzburgite

Dunite

Metagabbro

Marble

Panagia Carbonate Sequence

Metatuff

Intertuff metasediments

Phyllites and mélange (undifferentiated)

Marble

Conglomeritic Marble

Mylonitised marble

Pelagonian Phyllites

Pelagonian Recrystallised Marbles
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SCALE: 

DISTANCES AND ELEVATION IN METERS

1:5000

Horizontal and Vertical Scales equal for interpretative cross sections
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AyPh

AyPh

AyCs

AyM
Spt

PgM

AyMe

MtGb

PgPh

AyPe

AyTu

AyCg

Hzb

STRATIGRAPHIC COLUMN
Generalised Vertical Section
1:10,000

†

original stratigraphic thickness unknown and 
major displacement locations obscured. 

Complex faulting within the Ayios Nicolaos phyllite 

†

†

Ages as given by Zimmerman (1972) and Rassios and Smith 
(2003). Accurate dating relevant to the area has only been
 carried out for the ophiolite and amphibolite sole, 
both dated at ~170Ma (Bajocian Stage).
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This map is based entirely on observations made during fieldwork 
carried out in July and August 2006.

Magnetics at the time of mapping:
Declination: 3° 15' E
Inclination (down):  56° 41'
courtesy of NGDC 

The nomenclature of Triassic and Jurassic rocks follows that used 
by Zimmerman, J. (1972) and additional units are assigned names 
according to lithology and proposed association by the author.

SUMMARY OF GEOLOGICAL HISTORY

The oldest rocks exposed in the mapped area around Zavordas are Triassic in age, and comprise neritic to shelf facies
Pelagonian limestones, heavily recrystallised, with a narrow pelitic unit metamorphosed to phyllites. These are intruded 
by a small basaltic sill and more extensive gabbroic unit along the Aliakmon north of Zavordhas Monastery.
Around this area the carbonates are heavily sheared and show mylonitic textures.
During the Jurassic, these limestones were overlain (at least further to the southwest) by sediments and tuffs
not exposed in situ in the mapping area.
In late Bajocian time (Rassios and Smith, 2003) the Vourinos Ophiolite Complex overrode the Pelagonian Formation. 
The complex itself is exposed in the area as harzburgites and a small dunite pod, highly to completely serpentinised close to 
the main emplacement thrust. The late Triassic and Jurassic sediments and tuffs were metamorphosed, faulted and folded 
by this emplacement, forming the tectonic mélange of the Ayios Nicolaos Formation. Within this, exotic blocks 
float within a phyllitic matrix. These blocks can range from cm scale to well over a km on long axis to the east of Panagia 
Monastery. The ophiolite likely formed an apron of material at the nose, which it then overrode, creating isolated phacoidal 
blocks of serpentinite, and of the more resistant metasediments and metatuffs.
Tertiary-Quaternary deposits comprise only of carbonate rubble, and conglomerates from the Plio-Pleistocene 
(Rassios, unpublished), followed by a thin soil covering most of the area to a depth of around 2m, 
and recent alluvium and pebble beaches deposited by the Aliakmon River. 
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Y OS I H SBASAL A I  N COLAOS T RU T
MAIN MP ACE N  THRUS E L ME T T

Complex thrusting within the phyllite matrix
obscures thrusts which have separated the 
serpentinite from the ophiolitic complex.

Present level of the Aliakmon River

AyPh
AyCsHzb

AyM

Spt

AyTu

PgM
AyPe

600m

700m

500m

400m

300m

200m

Present level of the Aliakmon River

Direction of local emplacement (from harzburgite foliations).

Direction of regional emplacement (Rassios and Smith, 2003).

C C’

MAIN MP CE N  TH S E LA ME T RU T

Sliver of harzburgite and amphibolite clearly
joined to the main ophiolitic complex further to the west.

Limestone interpreted as an exotic block, faulted into the phyllitic mélange.
Outcrop pattern suggests a horizontal thrust base. However, present day 
erosion (governed by resistance to weathering) may obscure a more likely 
phacoidal shape to the exotic.

Field observations suggest complex folding within the phyllites, developing
synchronously with cleavage and overprinted during emplacement. 
Bedding outlined in dark brown. 
Axial planes estimated here indicate a northeasterly sense of emplacement.

AyPh

AyPh

Dun

AyMe

Hzb

AyPh

600m

500m

400m

300m

200m

BASAL AYIOS NI OLAOS THRUSTC  

TMAIN EMPLACEMENT HRUST

Present level of the Aliakmon River

Proposed forced fold synform.

Nature of phyllitic block at depth 
completely unknown, 
but likely phacoidal. AyPhAyPh

AyPh

Hzb

AyPe

AyTu

AyTu

PgM

A’’A’A

Numerous thrusts likely if entirely phyllitic, 
however, nature of melange between tuffs
and the basal thrust is obscured by drift.

Numerous thrusts likely if entirely phyllitic, 
however, nature of melange between tuffs
and the basal thrust is obscured by drift.

Tight folding within limestones, 
particularly to the west of the metagabbro, 
reflects stresses imposed on the unit by the 
Basal Ayios Nicolaos Thrust 
during emplacement.

BAS  AYIOS NI OS HRUSTAL COLA  T

D D’

Present level of the Aliakmon River
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400m

300m

200m

100m
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PgMy

MtGb

PgM

AyPh

Folding shown above and below topography purely theoretical
Based on proposed ductile mechanism.
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