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ABSTRACT: Four Monasteries have been investigated as pilot monuments in the area of Mount Athos. In the
present research the geomechanical conditions of the Monasteries foundation area are studied, regarding the
description and the classification of the rock mass and the analysis of the rock slope stability. The area is very
fractured and traversed by joints of various directions (mainly NNW, NNE and SSW). These discontinuities
can generate unstable geotechnical conditions in the rock mass especially at the slopes of the construction
areas.

INTRODUCTION
Foundation rock stability conditions are of crusial
interest, especially in regions like the Mediterranean
and particularly the Greece, which are extremely
seismic active areas. North Aegean and especially
Chalkidiki - Mount Athos peninsula are areas of
such interest.
Mount Athos (Holy Mountain) is located in
Macedonia (Northern Greece) and is administratively connected directly to the Patriarchate of
Constantinople. It is a place of great historical and
religious interest, where only Monasteries for men
were built.
The complex geological structure of this area
causes significant engineering geological problems
at the foundation sites of the Monasteries.
Furthermore, the most historical buildings (with a
long history of about 1000 years) were naturally
built or restored without the consideration of the
geomechanical particularities of the construction
area. Until today every activity in terms of
protecting the Greek monuments was fragmentary
and according to local needs. A systematic recording
of the existing geological conditions in a nationwide level has not been performed so far.
In this framework we studied the neotectonic and
geotechnical conditions of a particular area of
Mount Athos at the sites where many important
monasteries are built. Four Monasteries were
selected for investigation as pilot monuments in the
area to provide the influence of the existing tectonic
conditions to the stability of the buildings (Figure 1).

Object of the present study is the investigation
and documentation of the existing stability
conditions of the geological formations at the
foundation sites of the above four Monasteries of
Mount Athos. In the frame of this research which is
a part of the Ph.D. thesis of the first author, a
detailed recording of the engineering geological
conditions that exist at the foundation sites of the
Monasteries, was carried out and the geological
formations that cause stability geotechnical
problems were pointed out.

Figure 1. Location of the Monasteries

The purpose of this research is to point out the
existing instability phenomena of the geological
formations at the foundation sites of the Monasteries
and to make an attempt to interpret the mechanism
which create these problems in order to accomplish
the best solution possible.
GEOLOGY - NEOTECTONICS
The broader study area is mainly part of the
Serbomacedonian zone, an old massif. It consists of
Palaeozoic or older two mica gneisses, biotite
gneisses, plagioclase - microcline gneisses, marbles,
amphibolites, peridotites and dunites, as well as
Mesozoic intrusions (biotite granite with transitions
into biotite - hornblende granite to granodiorite).
Sills and dykes of leucocratic aplitic - muscovite
granite are frequent. The southern edge of the
peninsula of Mount Athos is part of the Circum
Rhodope zone which consists of greenschists,
recrystallized limestones and marbles, plagioclase microcline gneisses and ultramafic rocks.
The distribution of earthquake foci during
historical times and their epicentres during the
present century show that the present tectonic
activity in the area is very high (Papazachos &
Papazachou 1989). It is clearly distributed along two
distinct seismic zones: a) the NNW-SSE trending
Serbomacedonian zone, and b) the ENE-WSW
striking North Aegean Trough (Pavlides et al, 1990).
South Mt Athos is the angular-cross of these two
seismic zones.
The morphotectonic criteria which used to study
the neotectonic pattern of the area are landscape
contrasts, e.g. steep sea shores, high gradient relief,
very steep scarps, gravitational slides associated
mainly with normal faulting, which constitute a
typical environment of active tectonics and high
rates of uplifting. Normal faults (N-S and E-W),
typical extension joints and open fractures, which
post date the ductile deformation, characterise the
neotectonic pattern of the area. Polished steep fault
surfaces in the granite, mainly uneroded, striated
mirrors, rock falls, open cracks establish the
neotectonic, if not active, tectonic regime (Figure
2).
Under these circumstances morphotectonic and
brittle tectonic data are of special importance in defining certain seismic fault parameters. On the other
hand striae, which represent the slip vector on the
fault plane, can be used in calculating tectonic stress
(strain) ellipsoid.
The stress field is extensional with the ó3 axis
trending more or less N-S or as a more precise
analysis shows it can be distinguished in ENEWSW and NNW-SSE directions (ó3). It is known
from the broader area (Pavlides & Kilias 1987;
Mercier et al 1987; Pavlides et al, 1990) that NE-SW

trending extension is an older neotectonic phase,
while N-S to NNW-SSE is the active one.

Figure 2. Oblique-slip normal fault with left-lateral
component.
METHODOLOGY
For the realisation of our study, the following
investigation procedures were considered necessary:
• The recording of all previous protection
procedures, either in a scientific and technical
research or study level, or in a protection
measures project level. Evaluation of the existing
geological and geotechnical data and studies the
historical documents (earthquakes, geological
surveys, hydrogeological conditions etc).
• The location and recording of the general
problems associated with the type and the extent
of the existing instability problems of the
geological formations at the foundation sites of
the Monasteries. This recording is essential since
it can be used, at first, in the prediction of the
potential problems or hazards that are possibly
endangering the Monasteries.
• Mapping and qualitative investigation of the most
significant neotectonic faults which cause
stability problems to the Monasteries.
Investigation and interpretation of aerial
photographs.
• Investigation and statistical elaboration of the
tectonic data (dip directions, dips, striae) at the
areas of the Monasteries.
• Installation of specific monitoring instruments,
such as micrometers and extensiometers.
Measuring points of micrometric observation will
be placed in representative faults and important
discontinuities. The opening and the slip of these
discontinuities will be measured every three
months, in order to determine recent tectonic
creep.
• Quantitative elaboration of the discontinuities in
order to determine the slide planes of unstable
areas.

• Classification of failures in local or general
causes related to the seismotectonic conditions.
• Detailed engineering geological description and
classification of the geotechnical problems at the
foundation sites of the Monasteries.
• Determination of the physical and mechanical
properties of the geological formations.
• Determination of the required engineering
geological surveys which will be necessary for
the rational design of the proper protective
measures.
SIMONOS PETRA MONASTERY
Simonos Petra Monastery was built around 1257
AD, on an isolated and uplifted rock (altitude 305
m) at the S/SW site of the peninsula. It was burned
down several times and consequently only the lower
parts of the construction, close to the rock base are
of that age. The western part of the present building
was built in 1590 AD while the eastern part was
built after the fire of 1891 AD. (Kadas, 1989).
The foundation area of the Monastery was
investigated by means of geomechanical rock mass
classification and rock slope stability analysis, in
relation to the neotectonic conditions in order to
determine the most proper measures for its
preservation. Part of our preliminary data was
presented in STREMA-93 (Christaras et al., 1993)
and the 7th IAEG Congress in Lisboa (Christaras et
al., 1994).
The geotechnical site investigation at Simonos
Petra Monastery gave the following results:
The area where the Monastery is built, is very
fractured and is traversed by joints of various
directions. The main geological formation of the
study area is granite and the dominating tectonic
feature is the presence of many important faults of
E-W and N-S general directions.
A slope stability analysis was performed with the
determination of important unstable wedge and
plane failures (Christaras et al., 1994). Field
measurements were interpreted statistically and the
results were plotted in stereographic projections.
The intersections of joint sets that determine
probable wedge failures, were defined for
representative sites, using the tests proposed by
Markland (1972), Hocking (1976) and Hoek & Bray
(1981).
The wedge and planar failures that could produce
sliding were interpreted and the factors of safety
(SF) were calculated separately for each case. The
factors of safety were calculated for the dry seasons,
without taking into account the water content of the
fractures, during wet seasons. This parameter lowers
the calculated factors of safety, especially during
winter when the freezing of water in the
discontinuities creates more unstable conditions.

The geometry, roughness, water pressure,
external forces and other characteristics of the
discontinuities are not the only factors of the
instability in the rock mass. The tectonic structures
determined in the foundation area could also affect
the foundation rock mass (Christaras et al., 1993). In
this framework the presence of an important
neotectonic fault or large scale joint of SW dip
direction (216o/80o) distinguishes two sections in the
rock mass at the western side of the Monastery,
decreasing the stability of the Monastery (Figure 3).

Figure 3. A fault at the western side of the
Monastery.
A similar fault (200o/80o) probably cuts through
the rock mass next to the previous site. Furthermore,
an important fault of E-W direction (164o/65o)
occurs close to the building’s western wall, creating
fractures both to the building and the foundation
rock (Figure 4).

Figure 4. Cracking in infrastructure appears on both
the external and internal walls.
Small faults and open fractures also affect the
southern part of the Monastery (Figure 5a). Two
important fractures (190o/50o and 145o/45o) are
observed in this side and they can give rise to sliding
(Figure 5b). Important discontinuities also occur at
this part forming rock wedges (Figure 5c, d). The
calculated factors of safety are lower than one
(Christaras et al., 1995).

Figure 5. (a) The southern part of the Monastery, (b)
Opening fractures create unstable rock wedges, (c,
d) Details from the southern part of the Monastery.
The observed discontinuities can give rise to rock
wedge or planar failure.
The activity of important discontinuities was also
investigated, with in situ measurements, using
specific instruments, such as micrometers and
extensionmeters. Since June 1993, the opening of
these discontinuities is measured, every three
months, in order to determine recent creeping
movements and the probable relationship between
the slip and the existing neotectonic faults. So far,
only six different measurements have been taken and
consequently no definite conclusions can be made.
Nevertheless a change of the opening of 0.02
mm/year has been measured. For the measurements
we used a DEMEC gauge No 4711, of W.H. Mayers
& Son (Windsor) Ltd. with error 0.002 mm.

The rock mass quality was estimated at several
representative sites, and a geomechanical
classification was performed. The results of the data
elaboration were also used for the construction
plotting of rock mass quality maps of the foundation
area. According to these results, the rock mass
quality in the southern and western slopes of the
foundation area is very low and of limited stability,
causing damage to the monument (Christaras et al.,
1995). These instability phenomena are related to
the neotectonic conditions of the broader area.
AGIOU GRIGORIOU MONASTERY
The Monastery of Agiou Grigoriou is a historical
building of the 14th century lying at the southwestern coast of Athos peninsula. It was destroyed
in 1513 A.D. from the pirates and it was burned
down in 1761 A.D. At the end of the 19th century
the western wing expanded including newly
constructed buildings and the Monastery area was
doubled (Kadas, 1989).
The investigation site included rock mass
description and rock slope stability analysis.
The area where the Monastery is built, consists of
a typical, coarse grain, dark colour granite (Gregory
type), that is part of the Serbomacedonian massif
(Kockel et al., 1977). Laboratory tests were carried
out in order to determine the physical and the
mechanical properties of the granite. The material is
very competent, durable with high compressive
strength (about 150 MPa). Petrographically it is
characterised as biotite granite with transitions into
biotite - hornblende granite and hornblende - biotite
granite to granodiorite. The weathering of the rock is
high on the surface but it decreases with depth. The
chemical weathering, the mechanical erosion from
the waves which undercut the coastal slopes and the
temperature
fluctuation
contribute
to
the
decomposition of the granite causing a significant
decrease of its physico-mechanical characteristics.
The rock-hill, where the Monastery is built, is
very fractured. Important neotectonic faults and
joints, mainly of E-W and N-S orientations, exists in
the area, affecting the stability of the foundation
rock mass (Figure 6 a & b).

Figure 6. Agiou Grigoriou Monastery. The southern
(a) and the western (b) site of the Monastery. The
rock mass is very fractured and is traversed by many
important discontinuities of various orientations
(mainly W-E and N-S to NE-SW).
Joints are generally medium to closely spaced.
Their aperture is narrow and they are usually
unfilled.Some individual fractures however are filled
with breccia of granite or rather with soil. The
surfaces of the joints are planar to slightly rough;
according to the chart of Barton and Choubey
(1977), their roughness coefficient (If) is estimated
at approximately 6-8 (Figure 7).

Figure 7. A detail from the southern part of the
Monastery. Open fractures of NNE, NNW and SE
dip directions occur.
Field measurements were statistically interpreted
and the results were plotted in stereographic
projections. The joint sets from the surrounding area
and the rock mass where the Monastery is built, are
given in Figure 8.
The presentation of the above collected data is a
preliminary approach, so as no definitive
conclusions can be formulated yet.
DIONISIOU MONASTERY
The Monastery of Dionisiou is dated back to the
second half of the 14th century (1370-1374 A.D.).
The enlargement of the Monastery and generally its
present shape, the tower and the aqueduct were built

at the end of the 15th century. A big part of the
Monastery was burnt down in 1535 A.D., but some
years later the eastern part and the six-storey wing
were rebuilt (Kadas, 1989).
The Monastery is built on a very impressive isolated greenschist rock. The slopes of this rock are
steep and the difference of altitude between the
lower and higher points is 60-80 m. The area
consists of a dark green and brownish greenschist,
fine to medium grained, which is part of the
Chortiatis magmatic suite of the Circum Rhodope
zone.
The foundation rock mass of the Monastery of
Dionisiou was researched. The area is very fractured
and traversed by megajoints of various directions
(Figure 9). The unfavourable orientation of the
joints, which daylight on the slopes, create unstable
rock wedges of important size. There are also
important discontinuities cutting through the rock
mass which could cause unstable geotechnical
conditions to the rock mass, especially at the slopes
of the construction area.

was destroyed several times by various causes like
the fire of 1902 and the flood of 1911, so it was
rebuilt almost from the beginning. The northern part
was built at the 15th century, the defending tower at
the beginning of the 16th century and all the other
buildings during the last two centuries (Kadas,
1989).
The largest part of the building has been founded
on the soil weathering mantle and only the north part
has been founded directly on the bedrock. The
bedrock in the area is described as schist with welldeveloped schistosity planes of SE to SSW dip
direction (Figure 10).
In the present study only a geotechnical site
investigation was carried out by slope stability
analysis at the construction area.

Figure 10. Agiou Pavlou Monastery. Only the
northern part of the Monastery is founded directly
on the bedrock.

Figure 9. Dionisiou Monastery. The rock mass
where the Monastery is founded.
According to our preliminary data, the slopes of
the rock-hill present relatively unstable conditions;
further research on slope stability will lead to better
conclusions.
AGIOU PAVLOU MONASTERY
The Monastery of Agiou Pavlou is located at the
western toe of mountain Athos (altitude 2013m) and
its establishment is dated at the second half of the
10th century. During the centuries the Monastery

Field measurements were statistically interpreted
by using Schmidt diagrams. The slope planes (SL)
as well as the envelopes (DE) of joints that daylight
on the corresponding slope face are presented in the
stereonets in order to determine the probable
surfaces of sliding. The intersections of joint sets
that determine probable wedge and planar failure
conditions, are also given for representative sites,
using the tests proposed by Markland (1972), Hocking (1976) and Hoek & Bray (1981), (Figure 11a). A
friction circle (FC) with assumed general friction
angle (ö=30o) was also plotted in every stereonet for
this purpose. The interpretation of these stereonets
determined wedge and plane failures and the factors
of safety (SF) were calculated for each one of them
(Figure 11b).
The statistical elaboration of the collected
tectonic data show that the northern part of the
studied rock mass, presents a fair quality and
correspond to the most unstable part of the
Monastery. At the western part, the poles of the
calculated joint sets do not fall inside the daylight
envelope (DE). Furthermore, the intersections of the

joint sets do not correspond to unstable wedge
failure conditions.
CONCLUSIONS
In the present investigation the geological and
geomechanical conditions of the Monasteries
foundation areas are studied regarding the
classification of the rock mass and the analysis of
the rock slope stability.
The field observations and the data analysis have
shown that the geomechanical and general stability
problems are mainly due to the geometry and the
slip of the discontinuities (large scale normal faults,
open fractures and closely spaced joints). These
discontinuities can create rock wedge sliding or
planar failure in relation to the direction of the
slopes.
The origin of the geotechnical problems
mentioned in this paper differ from site to site
related to the foundation rock and the tectonic
features that prevailed in each area.
Nevertheless most of these failures are related to
the neotectonic frame of the broader area showing
creep movements of various velocity.
A final classification of the instabilities in
categories related to local or general conditions will
be utilised both as a recording of the current
conditions of our historical and religious monuments
and as a guide for the suggested protecting measures
which have to be applied.
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