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Abstract
The unique in beauty and scientific interest geotope of Agia Eirini gorge is located 
at the western side of the White Mountains, in the Prefectural Administration of Cha-
nia. It is part of the European path E4, has a length of 7,5 kilometers and its northern 
entry is located at Agia Eirini village, 43 km far from Chania. It is part of the “Lefka 
Ori” Natura 2000 region (Code GR 4340008), part of the Samaria National Park and 
α Wild Life Shelter. The gorge crosses the metamorphic carbonate rocks of the Try-
pali Unit (age up to Middle Triassic) and the units of the Phyllite Nappe. The gorge 
represents a fault zone with a NNE – SSW direction, following the general direction 
of the large faults that cut the Mesozoic formations of the region. Along this path a 
lot of tectonic features can be regarded and studied, so the gorge can be character-
ized as a natural laboratory for the understanding of the terms fault and fault zone. 
In this study, using GIS, an information system for the gorge of Agia Eirini is organ-
ized and the combination of thematic maps revealed a delimitation problem of the 
protected area.
Key words: Natura 2000, GIS, geodiversity, delimitation

Περίληψη 
Στις δυτικές παρυφές των Λευκών Ορέων, στην επαρχία Σελίνου του Νομού Χανίων 
βρίσκεται το Φαράγγι της Αγίας Ειρήνης. Το φαράγγι είναι ένα από τα γνωστότε-
ρα φαράγγια της Κρήτης και αποτελεί προστατευόμενη περιοχή (τμήμα του Εθνι-
κού Δρυμού Σαμαριάς, περιοχή Natura 2000, -Ειδική Ζώνη Διατήρησης (Ε.Ζ.Δ.), 
Ζώνη Ειδικής Προστασίας (Ζ.Ε.Π.)-και καταφύγιο άγριας ζωής). Έχει μήκος 7,5 
χιλιόμετρων και ανήκει στο Ευρωπαϊκό μονοπάτι Ε4. Διασχίζει τα μεταμορφωμέ-
να ανθρακικά πετρώματα της Ενότητας του Τρυπαλίου και ενότητες του Φυλλιτι-
κού Kαλύμματος. Το φαράγγι αποτελεί μια ρηξιγενή ζώνη που διευθύνεται ΒΒΑ – 
ΝΝΔ, ακολουθώντας τη γενική διεύθυνση των μεγάλων ρηγμάτων που διατρέχουν  
όλους τους, μεσοζωικής ηλικίας, σχηματισμούς της περιοχής.
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Παρόλο που η περιοχή παρουσιάζει ιδιαίτερο γεωλογικό και γεωμορφολογικό εν-
διαφέρον το μέχρι τώρα καθεστώς προστασίας της περιορίζεται κυρίως στον ρόλο 
που έχει αυτή για το βιοτικό περιβάλλον (προστασία ειδών και οικοτόπων) χωρίς να 
λαμβάνονται υπόψη ζητήματα προστασίας της γεωποικιλότητας. 
Μόλις το Μάρτιο του 2011 περιλήφθηκε η έννοια του γεώτοπου στην ελληνική νο-
μοθεσία (Ν. 3937/2011), όπου σύμφωνα με τους Theodosiou et al. (2006), αναφέρε-
ται ότι: «γεώτοποι είναι οι γεωλογικές ― γεωμορφολογικές δομές που συνιστούν 
φυσικούς σχηματισμούς και αντιπροσωπεύουν σημαντικές στιγμές της γεωλογικής 
ιστορίας της Γης, είναι σημαντικοί μάρτυρες της μακράς εξέλιξής της, ή δείχνουν 
σύγχρονες φυσικές, γεωλογικές διεργασίες που συνεχίζουν να εξελίσσονται στην 
επιφάνεια της Γης».
Τα γεωλογικά στοιχεία του γεωτόπου του Φαραγγιού της Αγίας Ειρήνης έχουν 
ήδη καταγραφεί και επισημανθεί. Το Φαράγγι της Αγίας Ειρήνης έχει ήδη συμπερι-
ληφθεί στους καταλόγους των ελληνικών γεωτόπων για την αισθητική και φυσική 
αξία αυτού, κατατασσόμενο στην κατηγορία των γεωτόπων γεωμορφολογικού εν-
διαφέροντος (κατηγορία landform) (Fassoulas et al., 2007).
Στο πλαίσιο της παρούσης μελέτης υλοποιήθηκε ένα σύστημα προβολής και δια-
χείρισης του φαραγγιού. Η δημιουργία μιας τράπεζας πληροφοριών για το φαράγ-
γι ανέδειξε ένα πρόβλημα οριοθέτησης της προστατευόμενης περιοχής. Η οριοθέ-
τηση τόσο της περιοχής Natura όσο και του Εθνικού Δρυμού ενώ ανατολικά είναι 
συνεχής και δημιουργεί ένα ενιαίο σύνολο με το φαράγγι της Σαμαριάς αλλά και 
το σύνολο σχεδόν των Λευκών Ορέων ως προς το δυτικά θα μπορούσε να χαρα-
κτηριστεί ελλιπής.
Το όριο ως προς τα δυτικά της προστατευόμενης περιοχής όχι μόνο δεν καθιστά 
σαφή την ενότητα του προστατευόμενου αντικειμένου αλλά είναι και δύσκολο να 
καθοριστεί επί του πεδίου. Η ενότητα της προστατευόμενης περιοχής καθίσταται 
προβληματική μιας και το όριο τέμνει οριζόντια τα δυτικά πρανή του φαραγγιού με 
αποτέλεσμα μόνο η κατωφέρεια αυτών να προστατεύεται. Το φαράγγι και τα πρα-
νή αυτού συνιστούν μια δυναμική και αλληλένδετη ενότητα και οποιαδήποτε ορι-
οθέτηση διασπά την ενότητα αυτή στερείται επιστημονικής αιτιολόγησης και θα 
πρέπει να διορθωθεί.
Η επισήμανση της ανάγκης επαν-οριοθέτησης τόσο του εθνικού Δρυμού όσο και 
της περιοχής Natura είναι κάτι που θα πρέπει να ληφθεί υπόψη και σε όποια μελλο-
ντική οριοθέτηση του γεωτόπου της Αγίας Ειρήνης.
Λέξεις κλειδιά: Φύση 2000, GIS, γεωποικιλότητα, οριοθέτηση.

1. Introduction 
Forty three kilometers southwest of Cha-
nia starts the gorge of Agia Eirini. The 
gorge is located on the west side of the 
White Mountains (Fig. 1). It belongs to 
the Municipality Kantanou-Selinou of the 
Prefectural Administration of Chania and 
it is named by the village of Agia Eirini, 
which is near the northern entry of the 

gorge. It consists of metamorphic car-
bonate rocks of the Trypali Unit, a for-
mation of Triassic age, and the Phyllite 
unit formations. It is part of the Euro-
pean path E4, has a length of 7,5 kilo-
meters and is the second most visited 
gorge in Chania (with Samaria being the 
first one). The gorge is one of the most 
famous gorges of Crete and is a multi-



6 7

Bizoura A., Manutsoglou E. Bulletin of the Geological Society of Greece, vol. XLVI, 5-15

ply protected area (part of the “Samaria” 
National Park, “Natura 2000 Area”, “Im-
portant Bird Area” (European Important 
Bird Area Programme - BirdLife Interna-
tional) and “Special Protection Area”) 
(Directive 79/409/EEC, 2009/147/EC ). It 
is worth mentioning that it is accessible 
for a longer period (relatively to Samaria 
gorge), and it is a developing resource, 
since its use has begun recently. Also 
important is the role it could play in the 
management of National Park’s visitors 
especially during the months with high 
traffic.
In recent years, the increasing develop-
ment of Geographical Information Sys-
tems (GIS) has provided powerful tools 
for the collection, storage, analysis and 
presentation of geographically oriented 
data. Taking advantage of this technolo-
gy a database for the gorge of Agia Eirini 
was set.
A series of primary spatial data on geol-
ogy, topography, the river network, the 

land use and the protected areas in the 
region, were used to produce themat-
ic maps. The combination of thematic 
maps revealed a problem of delineation 
of the protected area.

2. Agia Eirini geotope
2.1. Geological setting
The island of Crete is located north of the 
Hellenic trench. The geological frame-
work consists largely of nappes of con-
trasting lithologies and metamorphism 
that were stacked southwards during an 
Oligocene to early Miocene N-S com-
pression. Most of the whole nappe stack 
of continental Greece is recognized in 
Crete. The nappes are stacked from 
top to bottom, i.e. from the most inter-
nal to external units in the following or-
der: Asterousia nappe, Miamou nappe, 
Arvi nappe, Pindos-Ethia nappe, Trip-
olitza nappe, Phyllite nappe and Tryp-
ali nappe. The Plattenkalk Group rep-
resents the lowermost known tectonic 

Fig. 1. Geographical position of the study area.
Εικ. 1. Γεωγραφική θέση της περιοχής μελέτης.
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unit beneath the nappe pile of Crete and 
their formation has been involved in the 
tectonometamorphic process during the 
Oligocene-Miocene.
The complexity of the geological struc-
ture and access difficulties, due to the 
high topographical relief and thin infra-
structure, are the main reasons that in 
Western Crete, the existing geological 
maps are dated back in the 1960’s; whilst 
for some parts, as the area of Palaiocho-
ra the basic geological map has just been 
published. Although a number of geosci-
entists have worked and published pa-
pers regarding the wider area (e.g. Ma-
nutsoglu et al., 1999; 2001; 2003), the 
gorge in particular has recently become 
subject of systematic studies (Bizoura et 
al., 2004; 2006).
According to these researchers, on the 
map region, apart from the Quaternary 
and Neogene sequences, parts of the 
Tripolis series are found, consisting of Ju-
rassic and Cretaceous limestone, eastern 
of the southern end of the gorge. On the 
northern and western part of the region, 
grey and white dolomitic marbles appear, 
containing a characteristic bituminous 
horizon of 2-3m thickness, which are 
tectonically positioned over the underly-
ing formations. The marbles are locally 
similar to the metamorphic carbonate of 
the Plattenkalk-Group, but without flints. 
These are the metamorphic carbonate of 
Trypali Unit, of no later than Middle Tri-
assic (Creutzburg and Seidel, 1975) or 
Upper Triassic (Karakitsios, 1987) age, 
which are always thrusted over the Plat-
tenkalk-Group (Pomoni and Karakitsios, 
2002), but their paleogeographical posi-
tion is unknown and has been subject of 
long scientific controversies.
The underlying unit is build by rocks of 
the Plattenkalk-Group. The first detailed 
lithostratigraphical description, which re-
vised the dating on the geological map 

(Carboniferous-Perm), was prepared by 
Fytrolakis (1980) and was supplement-
ed by Soujon et al. (1998).
The wider research area is part of a 
mega-anticline of NNE-SSW direction, 
plunging to the NE that determined the 
morphotectonical evolution of the region 
during the Neogene and the Quaternary. 
The visible core of this structure is the 
Gigilos mountain peak, on the northern 
part of the Samaria gorge, which is build 
by the older rocks of the Plattenkalk-
Group (Manutsoglou et al., 2003), above 
which Trypali Unit is overthrusted. 
The Agia Eirini gorge evolved in this frac-
tured metamorphic carbonate sequence 
of large thickness. In the I.G.M.E. geo-
logical map (Tataris et al., 1969), the 
gorge is shown to evolve entirely in the 
Trypali Unit metamorphic rocks (Fig. 2). 
However, field work revealed that also 
metamorphic rocks of the Plattenkalk-
Group appear in the gorge, which are 
not shown in the map, probably due to 
its scale (1:50000). The appearance of 
the tectonically lower unit is of signifi-
cant importance for the explanation of 
the formation of the gorge, which sim-
ply evolved along a fault zone. To ex-
hibit all these data, a GIS database was 
built and a three dimensional morpho-
tectonical - geological model has been 
constructed (Manutsoglou et al., 1999).
The gorge represents a fault zone with a 
NNE – SSW direction, following the gen-
eral direction of the large faults that cut 
the Mesozoic formations of the region. 
Along the path a lot of tectonic features 
can be regarded and studied, so the 
gorge can be characterized as a natural 
laboratory for the understanding of the 
terms fault and fault zone.

2.2. Protection and conservation 
The gorge is a natural habitat of many 
species of wild fauna with Capra aega-
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grus cretica being the most known of the 
protected ones. It is a habitat of many 
bird species also. Gypaetus barbatus, a 
rare predatory bird threatened with ex-
tinction, lives in the gorge
From the perspective of flora the gorge 
is characterized by high biodiversity with 
many species of trees and shrubs: Cu-
pressus sempervirens, Pinus brutia, Pla-
tanus orientalis, Acer creticus, Quercus 
coccifera, Ceratonia Siliqua, Vitex agnus-
castus and many more. Very impressive 
is the variety of phrygana and aromatic 
species. Typical species here are Thy-
mus capitatus, Salvia officinalis, Satureja 
thymbra, Ebenus cretica and the thera-
peutic Origanum dictamnus that grows 
on the steep slopes of the gorge and is 
one of the many endemic species found 
in the gorge.
The great ecological value of the gorge 
is accompanied by a rich and enduring 
cultural identity.

The signs of the presence of the recent 
liberation struggles are still apparent. 
The gorge was a base area for constant 
struggle against the Turks. The whole 
gorge and individual areas such as “Fy-
gou” path, used to escape to Omalos 
plateau, women and children, chased 
by the Turkish occupation. Also various 
caves served as bases of operations 
such as “Choirotrypa”, the ruined hous-
es in “Polla Spitakia” and the “Porofar-
ango” and they are important parts of 
the local history.
The gorge of Agia Eirini has already 
been included in the list of Cretan geo-
topes. It has been classified in the cat-
egory of landforms with an aesthetic 
and natural value and of regional im-
portance. In addition, the amount of the 
aforementioned tectonic features that 
are observed in the gorge could con-
tribute to the understanding of the terms 
fault and fault zone. Nevertheless, the 

Fig. 2. Digitized geological map after Tataris et al. (1969) of Agia Eirini gorge drainage basin.
Εικ. 2. Ψηφιοποιημένος γεωλογικός χάρτης σύμφωνα με Τάταρη κ. ά. (1969) της λεκάνης απορροής του 
φαραγγιού της Αγίας Ειρήνης.
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protection status so far is limited mainly 
to the biodiversity protection (protection 
of species and habitats) without regard-
ing geodiversity protection issues.
Concerning the protection and conser-
vation status of the Agia Eirini gorge: 

• It is part of the Samaria National Park. 
With the Law 3044/2002 the Samaria 
Management Body was founded and 
the boundaries of the National Park 
were extended.

• Special Area of Conservation (SAC) 
of the Natura 2000 network, code 
GR4340008 «Lefka Ori kai parak-
tia zoni», (Directive 92/43/EEC, 
2006/613/EC Commission Decision).

• Special Protection Areα (SPA) «on 
the conservation of wild birds» direc-
tive, code GR4340014 «Ethnikos-Dry-
mos Samarias - faragi Tripitis - Psilafi 
- Koustogerako», (Directive 79/409, 
2009/147 EC).

• Wild Life Shelter, characterized by 
the Ministry of Rural Development 
and Food (Law No 177/75 as amend-
ed by Law No 2637/98)

Many decades of earth scientific re-
search have led to the identification of 
many geological and geomorphologi-
cal sites, having regional, national or in-
ternational importance. In order to pro-
tect and conserve these sites as part of 
the natural heritage international organi-
zations such as the International Union 
for the Conservation of Nature (IUCN), 
UNESCO and the International Union of 
Geo-Sciences (IUGS) have established 
certain initiatives to include geodiversi-
ty to nature conservation policies. More 
specific, UNESCO supports an initiative 
called Global Geoparks Network to en-
hance nationally the value of important 
geological sites, while IUGS together 
with ProGEO established in 1996 an initi-
ative named Geosites to compile a glob-
al list of the world’s most important ge-

ological sites (Theodosiou et al., 2003; 
Murray, 2004; Theodosiou et al., 2006).
While biological conservation has got a 
high standing in our country, geological 
conservation is considered still limited. 
Geological conservation is an issue not 
being dealt in a systematic way under 
Greek law. In the Greek territory there 
are many protected areas (National 
Parks, Aesthetic Forests, Natural Monu-
ments). In all these areas the protection 
of the geological substratum is missing, 
as if it’s not part of the nature (despite 
the fact that many of the important at-
tractions are geomorphology or geology 
based). The Institute of Geology & Min-
eral Exploration has begun many years 
ago, an effort for the registration, pro-
motion, and protection of the geological 
and geomorphological heritage (The-
odossiou-Drandaki et al., 1997a, The-
odosiou, 2010). The first recording of 
representative geological and geomor-
phological sites as monuments of na-
ture was undertaken by the Institute of 
Geology and Mineral Exploration (IGME) 
in 1982. (http://portal.igme.gr)
The first step has already been made 
and the Law about biodiversity (Law 
3937/2011) includes the concept for the 
geological conservation in Greek leg-
islation: In accordance with article 2 of 
L.3937/2011, “geotopes are geological 
- geomorphological structures that are 
natural formations, represent significant 
moments in geological history of the 
Earth and they are important witness-
es of the long evolution or show recent 
physical, geological processes that con-
tinue to evolve in the Earth’s surface”.
IGME has implemented several projects 
aiming to promote geoconservation in 
Greece like Grecel project in 1996 (The-
odosiou-Drandaki et al., 1997b; Dranda-
ki et al., 1999) and “Geotrails in Greece” 
(Theodosiou et al., 2010). Agia Eirini 
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gorge geotope is included in one of the 
“Geotrails in Greece” in West Crete (Ge-
otrail 3: From Therissos to Agia Eirini 
gorge-Soughia), (http://old.igme.gr/GR-
geotrails.htm). The geological data of 
the Agia Eirini geotope have already 
been recorded (Bizoura et al., 2004; 
2006) and the gorge has been included 
to the Cretan geotopes database (Fas-
soulas et al., 2007).

3. Data and results
3.1. Data 
The basic aim of this work was the com-
pilation of a database for the Agia Eirini 
gorge
For the attainment of this aim, the follow-
ing data were used:

• geological map, 1:50.000 scale (Aliki-
anos sheet), by the Institute of Geolo-
gy and Mineral Exploration (I.G.M.E.)

• topographical map, 1:50.000 scale 
(Vatolakkos sheet), by the Hellen-
ic Military Geographical Service 
(H.M.G.S.)

• digital map of the Cretan region with 
20 -meter elevation contours

• land use map, 1:100.000 scale of 
the European program CORINE land 
cover

• data and records acquired from field 
work conducted in the study area

• National Park Map and Natura 2000 
maps, 1:50.000 scale

• Orthophoto maps (Ministry of Rural 
Development and Food, year 1998).

For the storage, processing and analysis 
of the primary data, the ArcGIS program of 
ESRI was used. With this software we set 
up a database for the study area. Besides 
primary data, the database includes sec-
ondary data as well, which were derived 
by the analysis and processing of the raw 
data and by all studies conducted in the 
area. The secondary data include the dig-
itized geological map (which is supple-

mented with details from field work), the 
digitized river network, the digital terrain 
model, the map of morphological gradi-
ents, maps of the hydrographic frequency 
and density etc. The combination of the 
above maps led to important conclusions 
about the protected area limits (Figs 3, 4).

3.2. Data analysis and results
All spatial data concerning geology, to-
pography, the river network, land use and 
the protected areas in the region, togeth-
er with their attributes were used to cre-
ate a geo-database. The integration of this 
information under a GIS assisted in the 
identification of a delimitation problem for 
the protected area.
Natura 2000 is a coherent European eco-
logical network of special areas of con-
servation set up for the implementation of 
Directive 92/43/EEC. The aim of this Di-
rective was to contribute towards ensur-
ing bio-diversity through the conservation 
of natural habitats and of wild fauna and 
flora in the European territory of the Mem-
ber States. The NATURA 2000 network 
is composed of sites hosting the natural 
habitat types and habitats of the species 
listed in Annexes I and II of the Directive. 
A Natura 2000 site is a geographically de-
fined area whose extent is clearly allocat-
ed. The natural habitats of each site are 
distinguished by geographic, abiotic and 
biotic features. (Commission of Europe 
Communities (CEC), 1991; Council of Eu-
rope, 1992).
According to the maps of the protected 
areas (Figs 3, 4, 5) the delineation of the 
area is not clear and the habitats are not 
separated by a well-defined geographical 
boundary. From the eastern side of the 
gorge the delineation of the Natura 2000 
and the National Park forms a continuous 
and unified entity with the gorge of Sama-
ria and the White Mountains. 
The west side does not share the same 
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Fig. 3. Digital elevation model with Natura 2000 Gr 434008 «Lefka Ori kai paraktia zoni» area and the path 
through Agia Eirini Gorge.
Εικ. 3. Ψηφιακό μοντέλο εδάφους, περιοχή Natura 2000 Gr 434008 «Λευκά όρη και παράκτια ζώνη» και 
το μονοπάτι του φαραγγιού της Αγίας Ειρήνης.

Fig. 4. Digital elevation model with Natura 2000 Gr 434008 «Lefka Ori kai paraktia zoni» area, the pro-
tected area of the Samaria National Park management body and the path through Agia Eirini Gorge.
Εικ. 4. Ψηφιακό μοντέλο εδάφους, περιοχή Natura 2000 Gr 434008 «Λευκά όρη και παράκτια ζώνη», 
περιοχή προστασίας του Φορέα Διαχείρισης του Εθνικού Δρυμού Σαμαριάς και το μονοπάτι του 
φαραγγιού της Αγίας Ειρήνης.



12 13

Bizoura A., Manutsoglou E. Bulletin of the Geological Society of Greece, vol. XLVI, 5-15

principles and its border could be de-
scribed as incomplete. Additionally the 
west limit is difficult to be determined 
on the ground. The unity of the protect-
ed area is vague since the boundary in-
tersects with the western slopes of the 
gorge leaving a small part of them un-
der protection. The gorge and its slopes 
form a dynamic and interrelated system. 
Any division splitting this system lacks 
scientific justification and should be in-
vestigated. A review of the protected 
area boundaries is recommended. This 
correction concerns not only the Natura 
2000 area but the National park as well.
It is also indicated that apart from the 
need of re-demarcation in both the Na-
tional Park and the Natura 2000 area, 

this correction should be taken into ac-
count in any future delineation of the ge-
otope of Agia Eirini.

4. Conclusions
Setting up a GIS database with the ca-
pability of spatial data storing, informa-
tion integration and ease in future ad-
justments proves a powerful tool for the 
management and protection of Agia 
Eirini gorge geotope.
In this study, a geographical informa-
tion system for the gorge of Agia Eirini is 
organized. The combination of the pro-
duced thematic maps revealed a delin-
eation problem of the protected area. 
The west limit of the protected area in-
tersects with the western slopes of the 

Fig. 5. Digital elevation model with Natura 2000 Gr 434008 «Lefka Ori kai paraktia zoni» area and the path 
through Agia Eirini Gorge (detail enhancement of the delineation problem).
Εικ. 5. Ψηφιακό μοντέλο εδάφους, περιοχή Natura 2000 Gr 434008 «Λευκά όρη και παράκτια ζώνη» και 
το μονοπάτι του φαραγγιού της Αγίας Ειρήνης (λεπτομέρεια ανάδειξης του προβλήματος οριοθέτησης).
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gorge so only part of them is protect-
ed. The correction of the geographical 
boundaries is important not only for the 
Natura 2000 area and the National Park 
but also for the geographical definition 
of the Agia Eirini geotope.
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