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Abstract: Geoparks consists of a number of adjacent geosites which have different attributes in terms of
value (scientific, educational, aesthetics) and vulnerability. In the Lesvos Petrified Forest Geopark area,
beyond the fossilized plants which constitute a natural monument of international value, there are many
other sites of interest in terms of geology, geomorphology, ecology and local traditions. Coastal geosites
of the Lesvos Petrified Forest are of significant geomorphological, aesthetic, educational and touristic
value including cliffs, collapsed boulders, tafoni structures and cavernous weathering forms. Tafoni are
widespread on the Miocene volcanic formations on Sigri coast. Miocene volcanics are hosting the silici-
fied plants of the Petrified Forest; a protected natural monument of international value and beauty. Due
to their importance and fragility the Natural History Museum of the Lesvos Petrified Forest adopted
special measures for the protection and conservation of the tafoni structures of the territory. The re-
search activity in the costal area of western Lesvos island led to the inventory of tafoni. As a conse-
quence of the research some endangered tafoni were brought to the museum for protection, conservation
and exhibition. This tafoni exhibition introduces the museum visitors to the processes forming the exter-
nal surface of our planet.
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1. Introduction

Till recently nature management, protection and
conservation attempts were mostly concerned with
the biotic environment (flora and fauna). The non-
living earth heritage was somehow neglected from
the management priorities, even if included were
not because of their geological or geomorphologi-
cal importance but the visual appeal as scenery.

A Geopark is a nationally protected area contain-
ing features of geological significance, rarity or
beauty, which safeguards and sustainably manages
the geological heritage of the earth (Zouros, 2008).
Geoparks consists of a number of adjacent geosites
which have different attributes in terms of value
(scientific, educational, aesthetics) and vulnerabili-

ty.
Vulnerability is a debate surrounded concept be-
cause of the semantics of and the understanding of

the term (Mcfadden et al., 2007). In environmental
aspects; vulnerability is related to the magnitude of

the impact, the adaptation or toleration capacity of
the receiver, and the acceptable level of decompo-
sition. Geoparks have a holistic approach in pro-
tected areas conservation and management. Geo-
parks in order to ensure a comprehensive protec-
tion of the Earth heritage sites adopt a management
plan including the recognition, assessment and pro-
tection of the earth heritage monuments present in
their territory.

2. Lesvos Petrified Forest Geopak

The Petrified Forest Geopark is situated on the
western part of Lesvos island in the North Ae-
gean Sea. The Lesvos Petrified Forest Geopark
is one of the four founders of the European
Geoparks Network established in 2000 (Zou-
ros et al., 2008). It is well known for its large
numbers of petrified trunks in immense beau-
ty. The outstanding fossil of the Petrified For-
est which indicates an ancient subtropical eco-
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system reveals the last 20 million years history
of the Aegean area (Velitzelos and Zouros,
2007). In the Lesvos Petrified Forest Geopark
area, beyond the fossilized plants which con-
stitute a natural monument of international
value, there are many other sites of interest in
terms of geology, geomorphology, ecology
and local traditions. Coastal geosites of the
Lesvos Petrified Forest are of significant geo-
morphological, aesthetic, educational and tou-
ristic value including cliffs, collapsed bould-
ers, tafoni structures and cavernous weathering
forms. The Lesvos Petrified Forest is awarded
by a number of international awards on protec-
tion and conservation of the earth heritage as
far as its successful management on geotour-
ism development which has concrete socio
economic results for local development.

3. Tafoni structures

“Tafoni” (singular: tafone) is a Corsican word that
means window (Tschang, 1969). Tafoni have
caused human curiosity for a long time. One of the
oldest known depictions of such features are pre-
sented in the “Spring Fresco” excavated in Akroti-
ri, Greece dating 3500 years ago (Hejl, 2004). Ta-
foni are characteristic cavernous weathering fea-
tures in various sizes and have arch shaped en-
trances, concave inner walls, overhanging margins
and fairly smooth gently sloping, debris-covered
floors (Mellor et al., 1997).

Science arbitrarily classifies tafoni according to
their size, shape and location. The nomenclature
for pitted and cavernous weathering was not har-
monized throughout most of the twentieth century,
but the word ‘tafoni’ has now become standard for
all such pits, large and small (Norwick and Dexter,
2002). The same method is followed in this study
that ‘tafoni’ refers to all cavernous weathering fea-
tures. Several attempts were made to classify and
explain tafone formation (Turkington, 2005; Uzun,
1995 and Tschang, 1969).

Although they are characteristic to the Mediterra-
nean region they are found in many parts of the
world, particularly in dry semi-arid environments
but also hyper arid and cold arid desert environ-
ments as well as in the mild coastal zones, and
even on the Mars surface as proved by the observa-
tion made by the Viking 1 Landers (Parsons et al.,
2005).

The origin of the tafoni formation is a long debate.
In 1930’s scientist believed that tafoni were aco-
lian formations (Popoff and Kvelberg, 1938), how-
ever Young (1986) argued that salt weathering was
the effective factor.

New researches claims tafoni formation as a self-
reinforced weathering process characterized by
positive feedback of mineral disintegration
(ie.carbonates) and salt crystallization (Philips,
2004; Turkington, 2005; and Erginal, 2007).

Last of all, tafoni formation is result of selective
or differential weathering on the rock surface dri-
ven by inherit internal variations of the rock struc-
ture (composition, strength, lithology) and the ex-
ternal exploiting effects of physical, biotic and
chemical factors (Dragovich, 1969).

4. Materials and methods

The research area is situated at the Sigri Village;
the western coast of Lesvos Island. Although the
whole coastline seems to have tafoni features; for
an intense survey, the research area was limited
from the Plaka Petrified Forest Park till the penin-
sula of Sarakina, south of Sigri village (Fig. 1).

The tafoni evaluation and validation process most-
ly depends on field observations. More than 200
tafoni were measured in dimensions, directions and
locations and the gained data were extracted to the
tables and diagrams for further analyses (Fig. 2).

These statistical data were used to understand the
development phases of the cavernous weathering
in the research area. Directional (compass) mea-
surements were used analyze the effect of the inso-
lation and sea as a salt source on the tafoni devel-
opment. Lichen effects on tafoni of the shaded
areas were examined by stereoscopic microscopes.
Finally the tafoni on the Sigri Castle walls were
measured in order correlate the speed of the coastal
tafoni development.

5. Tafoni of the Lesvos Petrified Forest
Geopark

Cavernous weathering forms have a wide distribu-
tion in the warm and partly arid coastal regions of
Greece (Kelletat, 1980). Lesvos Petrified Forest
Geopark protected area as well bears wide variety
of tafoni in terms of origin, size, distribution, par-
ent material. Dimensional measurement comprises
two different rock types and locations; one of them
is on the coarse ignimbrite layers, the other one is
on the bedrocks. Most of the tafoni that were sub-
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Fig. 1. Location map of research area and Lesvos Petrified Forest Geopark.

jected to this research were less than one meter in
scale. As they represent different stages of cavern-
ous weathering they are invaluable clues to under-
stand the phases of erosion processes. The two of
them shown below are characteristic samples of ta-
foni development on andesitic rocks (Fig. 3).

Tafone distribution is highly variable in Lesvos Pe-
trified Forest Geopark coastal area. They develop
on the ground rocks, at the lateral surfaces of be-
drocks or overhanging over the cliffs (Fig. 4).

The microclimatic conditions and variety of the
parent material led the development of very dis-
tinct types of tafoni in a relatively small area. Thus

100 cm D_H_W

in one side of a cliff, salt crystallization can be the
driving force, while biogenic activities of the li-
chens and the wind are dominant on the shaded
side.

Most of the tafoni are in a zone not more than 10
meters far from the shoreline. This zone is the
most prominent environment for tafoni develop-
ment due to the strong insolation and splashing
water as a salt source. This zone is also under me-
chanical erosion of waves. Tafoni structures simi-
lar to those formed on volcanic boulders along the
Sigri coast are also formed on the stones walls of
the Sigri castle walls, which was built by the Ot-
toman navy admiral Suleyman Pasa in 1760 (fig.5).

Length (cm)

Tafoni

Fig. 2. Views from the tafoni field research, statistical analyses of the data and 3D modeling of tafoni development
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phases on the coastal geosite of Lesvos Petrified Forest Geopark.
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Fi. .Two characteristic tafoni formations on iticr

The Sigri castle was mostly build with local vol-
canic rocks which enabled to create a relative dat-
ing of the coastal tafoni and their development
phases. The mesurements assumed 0.2 mm wea-
thering per year for the coastal tafoni according to
the size/date correlation of Sigri Castle wall tafoni.

6. Protection of vulnerable tafoni in Lesvos
Petrified Forest Geopark

Lesvos Petrified Forest Geopark launched a broad
initiative for the identification and mapping of the
various sites of interest in its territory (Zouros,
2007).

The geosite inventory provides an overall image
for the tafoni in terms of distribution, threads and
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vulnerability. Tafoni which developed on the py-
roclastic cliffs were very unstable and continuous-
ly collapsing. Tafoni bearing andesitic boulders
along the Sigri coast are much less solid than they
seem. The pyroclastic formation including ande-
sitic boulders which are in the range of the waves
were continuously eroded before the tafoni com-
plete their development phases. The erosion
process results in falling or rolling of tafoni bear-
ing rocks. Due to the inner cavities, micro scale
decomposition caused by salt crystallization, disso-
lution and removal of the rock cement by capillari-
ty mechanically weakens the rock. In order to pro-
tect some of the spectacular tafoni boulders were
carried to the museum (Fig. 6).

ig. 4. Vaious tafoni distriButian‘on the coastal geosite of Lesvos Petrified Forest Geopark

(A: Andesitic boulders on cliffs, B: Coarse-grained pyroclastic layer, C: Sigri Castle wall).
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Fi. 5. A-B: tafoni formations from the Sigri stI walls, figure C: a petrifi trunk
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tafoni on the same formation. A unique image of Geoparks comprehensive perspective.

A big boulder with tafone structures was found on
the coastal area of the Plaka Park, 4.20 m above
sea level. It has a large visor and the inside was
almost eroded and removed. Just some merged in-

l'i 5

Fig. 6. Andesitic boulders with tafoni structures at t

ner alveols and the outer crust remained over time.
The vertical circumference was 1.8 m and the hori-
zontal circumference was 2.20 m. The entrance
was 50 cm in height, 65 cm in width and 40 cm in

he museum.
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depth. Its inward buckled cavern floor was so fra-
gile that in some parts the thickness of the rock se-
parating two different tafoni development surfaces
was less than 5 mm. The tafone was very thin in
the crust and become almost empty with the suc-
cessive weathering processes. It was connected
with the cliff on a small neck less than 20 cm?
thick. Another endangered tafone boulder was on
the cliff of Plaka Park. This tafone bears well de-
veloped samples of honey comb cavities and a cha-
racteristic surface crust created by the precipitation
of internal minerals carried to surface by capillari-
ty. This sample was also about to collapse to the
sea but because of its size and weight. The tafone
was also carried to the museum without any consi-
derable damage of the very fragile honey comb
cavities. Both tafoni are now being visited in the
museum.

7. Discussion

The tafoni structures of the Lesvos Petrified Forest
Geopark are geosites with aesthetic, educational
and scientific value. Moreover, different aspects of
tafone development in the Geopark reveal strong
linkage to the cultural and geological history of the
territory.

The “Tafoni” approach of the Lesvos Petrified
Forest Geopark was a successful instance of vul-
nerable geosite protection and management. The
tafoni of the Petrified Forest protected area was
documented and depending on this inventory,
threatened or vulnerable tafoni were carried to the
museum for protection and exhibition.

Beside the scientific importance, Tafoni have other
benefits to be used as a touristic attraction or as an
educational material for the students.
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