
108 109108

ENGINEERING GEOLOGICAL BEHAVIOUR  
OF VOLCANIC FORMATIONS.  

REFERENCES TO INSTABILITY PHENOMENA  
AND TOWN PLANNING IN LESVOS ISLAND, GREECE.

Saroglou H.1

Engineering Geologist, M.Sc., PhD
Geotechnical Dept., School of Civil Engineering, National Technical University of Athens,  

7-9 Iroon Polytechniou Str., 15780, Zografou. tel. 210 7722440, e-mail: saroglou@central.ntua.gr

ΤΕΧΝΙΚΟΓΕΩΛΟΓΙΚΗ ΣΥΜΠΕΡΙΦΟΡΑ ΗΦΑΙΣΤΕΙΑΚΩΝ ΣΧΗΜΑΤΙΣΜΩΝ ΜΕ ΑΝΑΦΟΡΕΣ ΣΕ ΚΑΤΟΛΙΣΘΗΤΙΚΑ ΦΑΙ-
ΝΟΜΕΝΑ ΚΑΙ ΟΙΚΙΣΤΙΚΗ ΑΝΑΠΤΥΞΗ. ΠΑΡΑΔΕΙΓΜΑΤΑ ΑΠΟ ΤΗ Ν. ΛΕΣΒΟ.

Σαρόγλου Χ.

ABSTRACT
The volcanic formations have varying behaviour between rock and soil depending 
on their geological origin, weathering degree and fracturing degree. The engineer-
ing behaviour and weathering classification of these formations is briefly reviewed. 
Slope stability problems in these rocks have either the form of soil type instabilities 
(mainly circular failures and creep phenomena) or rock instabilities such as rock slid-
ing on discontinuities and rockfalls. These slope instabilities pose significant prob-
lems to human activities. 
A case study referring to slope stability problems in different volcanic formations is 
given from the area of Petra municipality in Lesvos Island, Greece. The main volcan-
ic formations in the study area are rhyodacitic and latiandesitic lavas, having rock 
behaviour and perlites, silicated lavas and pyroclastics, which have a soil like behav-
iour. Additionally, profiles of totally weathered andesites resulting to clay rich soils 
are frequently encountered. The mechanism of the anticipated instability phenom-
ena are presented and analyzed. 
Finally, a simple vulnerability map for instabilities was prepared, which can assist in 
town planning. Based on the field observations, the potential for occurrence of insta-
bility phenomena is related to the following factors:  a) Slope aspect and b) geologi-
cal nature of volcanic rocks (weathering degree and permeability).
Keywords: Slope stability, weathering, andesites, rockfall.

Περίληψη
Η τεχνικογεωλογική συμπεριφορά των ηφαιστειακών σχηματισμών έχει διακύμαν-
ση μεταξύ εδαφικού και βραχώδους χαρακτήρα και εξαρτάται απο τη γεωλογι-
κή σύσταση και προέλευση, το βαθμό αποσάθρωσης και τον βαθμό  κερματισμού 
εφ’όσον είναι βραχώδεις. Στην παρούσα εργασία γίνεται σύντομη αναφορά στην 
ταξινόμηση της αποσάθρωσης των ηφαιστειακών σχηματισμών. Οι τύποι αστάθει-
ας στους σχηματισμούς αυτούς είναι είτε εδαφικού τύπου (κυρίως υπο τη μορφή 
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περιστροφικών ολισθήσεων και ερπυστικών φαινομένων), είτε βραχώδους τύπου 
όπως ολισθήσεις και ανατροπές που ελέγχονται από τα επίπεδα ασυνεχειών του 
πετρώματος καθώς και καταπτώσεις βράχων. Οι αστοχίες αυτές αποτελούν σημα-
ντικό κίνδυνο σε ανθρώπινες δραστηριότητες. 
Στο παρόν άρθρο, παρουσιάζονται δύο περιπτώσεις αστοχιών διαφορετικής μορ-
φής σε ηφαιστειακούς σχηματισμούς από την περιοχή του Δήμου Πέτρας, στη Βό-
ρεια Λέσβο. Οι κύριοι γεωλογικοί σχηματισμοί που απαντούν στην περιοχή έρευ-
νας είναι ρυοδακιτικές και λετιανδεσιτικές λάβες, που έχουν βραχώδη χαρακτήρα 
καθώς και περλίτες, πυριτιωμένες λάβες και πυροκλαστικοί σχηματισμοί (τόφφοι) 
που έχουν εδαφικό χαρακτήρα.  Επιπροσθέτως, οι ανδεσιτικές λάβες εμφανίζο-
νται σε πολλές θέσεις τελείως αποσαθρωμένες με τη μορφή αργιλικών εδαφών, 
γεγονός το οποίο συμβάλλει στην εκδήλωση φαινομένων αστάθειας ακόμα και σε 
πρανή με μικρές κλίσεις. Ο μηχανισμός των συναντώμενων φαινομένων αστάθει-
ας αναλύεται με βάση υπολογιστικές μεθόδους ευστάθειας πρανών. Ειδικότερα, 
στην πρώτη περίπτωση έγινε ανάλυση καταπτώσεων βράχων από το πρανές που 
βρίσκεται ανάντη του χωριού της Στύψης θεωρώντας διαφορετικά υψόμετρα εκκί-
νησης αυτών καθώς και διαφορετικούς συντελεστές αναπήδησης του υλικού του 
πρανούς. Δεδομένου, ότι η ανδεσιτική βραχόμαζα παρουσιάζεται με κυμαινόμενο 
βαθμό αποσάθρωσης, απο υγιής μέχρι μέτρια αποσαθρωμένη, έγινε απομείωση 
των συντελεστών αναπήδησης χρησιμοποιώντας την τιμή σκληρότητας σφύρας 
Schmidt που μετρήθηκε επι τόπου.
Στη δεύτερη περίπτωση, έγινε ανάλυση ευστάθειας εδαφικού πρανούς με βάση τη 
γεωμετρία της ολισθαίνουσας μάζας και τις γεωλογικές συνθήκες που απαντώνται 
στη θέση έρευνας. Σημειώνεται, ότι οι σχηματισμοί στη θέση αυτή είναι τόφφοι και 
τελείως αποσαθρωμένοι ανδεσίτες, με αναλογία βράχου/εδάφους μεταξύ 20 και 
30%. Η ανάλυση ευστάθειας έγινε θεωρώντας παραμέτρους του εδαφικού υλικού, 
ενώ γίνεται αναφορά στη μέθοδο υπολογισμού των ισοδύναμων παραμέτρων του 
ετερογενούς υλικού, εδάφος με τεμάχη βράχου (block-in-matrix). 
Τέλος, δημιουργήθηκε ένας απλουστευμένος χάρτης τρωτότητας έναντι ασταθει-
ών της περιοχής έρευνας, που μπορεί να βοηθήσει στην οικιστική ανάπτυξη της 
περιοχής. Με βάση την εργασία υπαίθρου, οι παράγοντες που καθορίζουν την πι-
θανή εκδήλωση φαινομένων αστάθειας είναι: α) η κλίση του αναγλύφου και β) η 
γεωλογική σύσταση των ηφαιστειακών σχηματισμών (βαθμός αποσάθρωσης και 
περατότητα).
Λέξεις κλειδιά: Ευστάθεια πρανών, αποσάθρωση, ανδεσίτες, καταπτώσεις.

1. Introduction
1.1. Engineering behavior of volcanic 
formations 
Volcanic formations originate from vol-
canic eruptions or magma flow. Their 
composition may differ significantly ac-
cording to the chemical composition of 
the magma (mafic, felsic) and the hydro-
thermal alteration. Usually, the change of 
mineral structure due to weathering in-

creases with the weathering degree and 
finally the rock is altered to soil. In some 
cases, complete weathering profiles are 
encountered in volcanic rocks. The prop-
erties of the volcanic formations and their 
long-term behaviour in slopes are strong-
ly controlled by the degree of weather-
ing (soil and rock proportion in the mass) 
and the mineralogy of clay components 
when totally weathered (Irfan, 1999).
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Compared to the work on granitic and 
metamorphic rocks, the studies carried 
out on the weathering of volcanic rocks 
are considerably limited. Saito (1981) 
studied the relationships between the 
physical and mineralogical properties of 
weathered igneous rocks, including an-
desites, to define a quantitative meas-
ure of the degree of weathering. Tugrul 
& Gurpinar (1997) studied the basalts at 
Niksar (Turkey) and proposed a weath-
ering classification consisting of four (4) 
main classes and seven sub-classes 
ranging between fresh rock (class I) and 
soil (class IV). Emphasis for the charac-
terization was given in the percentage of 
core stones in the material. Karpuz and 
Pasamehmetoglu (1997), who studied 
Ankara andesites, proposed an idealized 
weathering profile and scale of rock mass 
weathering with their range of thickness-
es. They recommended that weathering 
grades of this acidic volcanic rock could 
be quantified by means of both index and 
field tests.

Arikan et al. (2007) proposed a weather-
ing classification for acidic volcanic rocks 
based on a rating system. They present-
ed a comparison of some field indicators 
to recognize the weathering grades of an-
desites and dacites, as presented in Tab. 
1. The system consisted of six (6) grades 
ranging between fresh rock (grade I) and 
residual soil (grade VI). The rocks stud-
ied have been affected by hydrothermal 
alteration and weathering. For this rating, 
they have used the uniaxial strength, the 
tensile strength, the longitudinal wave ve-
locity and the block punch strength in-
dex for the grades I to IV which refer to 
rock. The values of these parameters de-
creased from grades I to IV indicating 
that the strength of volcanic rocks is sig-
nificantly influenced by the change in the 
character of the material due to weather-
ing.
Finally, their characterization has taken 
into account the rock/soil ratio to dis-
tinguish between soil and rock behav-
iour of the volcanic rock and Schmidt 

hammer values (for 
grades I to IV). They 
proposed that a 
moderately weath-
ered formation has a 
rock/soil ratio great-
er than 50% and 
Schmidt hammer 
values greater than 
30. For highly weath-
ered formations, 
the rock/soil ratio is 
lower than 50% and 
Schmidt hammer 
values lower than 30. 
In Completely weath-
ered rocks (grade V), 
corestones may be 
present resulting in a 
rock/soil ratio is low-
er than 20 to 30%.

Table 1. Field indicators for the characterization of volcanic rocks (from Arikan et al., 2007 with additions 

from present study) 

Πίνακας 1. Δείκτες πεδίου για χαρακτηρισµό των ηφαιστειακών πετρωµάτων (Arikan et al., 2007 µε 

προσθήκες απο την παρούσα έρευνα). 

 
 

Table 2.  Weathering grade of encountered materials in the study areas 

Πίνακας 2.  Ταξινόµηση των γεωυλικών στις θέσεις έρευνας µε βάση την αποσάθρωση  

Characterization Area 1 Area 2 

Description Slightly to moderately 

weathered andesite, 

intersected by three joint sets 

Tuffs and totally weathered 

andesites resulting in clay 

rich soils 

Rock/Soil Ratio (%) > 80 < 20 

SHV 51 45 34 - 

Weathering Grade I II III V to VI 

 

 

Tab. 1. Field indicators for the characterization of volcanic rocks (from Ari-
kan et al., 2007 with additions from present study)
Πίν. 1. Δείκτες πεδίου για χαρακτηρισμό των ηφαιστειακών πετρωμάτων 
(Arikan et al., 2007 με προσθήκες απο την παρούσα έρευνα).
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1.2. Slope instabilities in volcanic  
formations
The types of instabilities encountered in 
volcanic formations are primarily the fol-
lowing, according to the classification 
proposed by Varnes (1978):
1. Rockfalls and toppling failures when 

the formations have a rock structure
2. Rotational and translational soil fail-

ures, 
3. Lateral spreading when hard rock for-

mations overlie weak, totally weath-
ered volcanic formations

4. Creep and earth flows in weak, argilla-
ceous formations.

5. Composite failures when mixed rock 
and soil formations exist,

Slopes in volcanic formations have a 
complex behaviour, which primarily de-
pends on the existence of interlayers of 
sedimentary rocks and their degree of 
weathering or hydrothermal alteration. 
When these are encountered interbed-
ded with sedimentary rocks, the form of 
instabilities is governed by the geometry 
of the weak layers and the nature of the 
interbedded formations. Instabilities are 
planar - translational along weak layers or 
composite. When no interbeds exist, the 
controlling factor is the engineering be-
haviour of the volcanic formations which 
may range from soil to rock, depending 
on the degree of weathering and hydro-
thermal alteration (if present). Thus, if the 
formation has a rock structure, instabili-
ties are controlled by the nature and ori-
entation of discontinuities and their prop-
erties. The usual forms of instability are 
kinematical falls (planar, wedge and top-
pling failures) as well as rockfalls. When 
the volcanic formations are highly to to-
tally weathered, usually clay rich soil for-
mations are evident and slope instabili-
ties in the form of rotational failures exist.
Since weathered volcanic rocks and tuffs 
can produce block-in-matrix formations 

the block proportion in the soil mass can 
influence the geometry of the failure sur-
face as it may be impeded by blocks 
(Medley and Sanz Rehermann, 2004; Tsi-
ambaos, 2010).

2. Volcanic Formations in Lesvos 
Island
2.1. General
The study area is located in the Northern 
part of Lesvos Island, in Petra prefecture. 
Two areas were examined, characterized 
by different engineering geological be-
haviour of the volcanic rocks. In area 1 
a slightly weathered andesite is encoun-
tered, which has a rock type behavior, 
while in area 2 volcanic tuffs and total-
ly weathered andesites (clay rich kao-
linitic soils), having a soil type behavior 
are found. The present study analyses 
the different mechanism of the instability 
phenomena originating from the different 
nature (rock or soil) of these volcanic for-
mations. 

2.2. Geological setting – hydrogeology
Geologically the northern part of Les-
vos island consists of andesite-dacite la-
vas, 400 m thick (Hecht, 1974; Pe-Piper, 
1978). The fresh parts of the rocks are 
strong but in the upper parrt the materi-
als are weathered and loose. The main 
geological formations, which were en-
countered in the area are (as presented 
in Fig. 1, based on the present study and 
the geological map by Hecht, 1974): (a) 
lateral scree (H.cs), (b) allouvial deposits 
(fine and coarse grained), (c) silicated la-
vas (Ng.q), (d) rhyodacitic veins (Ng.d), 
(e) rhyodacitic, latitic, latiandesitic lavas 
of the upper lava group (Ng.ul) (f) latian-
desitic lavas of the lower lava group (Ng.
ll2), (g) pyroclastic formation – lapilic tuff  
(Ng.pc). At the base of the upper lava 
group, numerous kaolinitized zones ex-
ist. 
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The mineralogical composition of the an-
desites is reported as a microfelsitic mass 
made from a mixture of feldspar material, 
hematite and quartz in small percentage. 
The phenocrystalls include plagioclase, 
pyroxene, biotite and alteration products 
are olivine, talc, clay minerals from feld-
spars and mixture of metals (magnetite, 
feroxide).
The lavas have generally a rock like na-
ture while the tuffs and weathered “ka-
olinitized” zones have a soil like nature. 
The area is intersected by a number of 
faults, which have a WNW-ESE and NE-
SW strike. 

These are responsible for the creation of 
the tectonic graben of Petra. The study 
area belongs to the geothermal field of 
Stypsi, which is affected by significant hy-
drothermal activity. The area is character-
ized by the presence of the contact zone 
between the upper and lower lava units, 
which for a significant length is through 
fault structures (Fig. 1). Concerning the 
hydrolithological behaviour of the geo-
logical formations the upper lava unit has 
medium permeability with medium infil-
tration capacity while the lower lava unit 
and the tuff formation are relatively imper-
meable with low infiltration.

Fig. 1. Geological map of the study area.
Εικ. 1. Γεωλογικός χάρτης περιοχής έρευνας. 
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2.3. Instability phenomena
2.3.1. Types of instabilities
The broader study area is characterized 
by different types of instabilities in rock 
and soil formations. More specifically, in 
the dacitic and andesitic lavas rockfalls 
and failures along discontinuities occur. 
Rotational or translational slides, which 
are small in scale have occurred in the to-
tally weathered andesites, residual soils, 
silicated lavas, pyroclastics (tuffs).
Instabilities in loose volcanic formations 
in the form of landslides in Lesvos Island 

have been reported by Christaras et al. 
(2000).

2.3.2. Rock type failures
Characteristic rock failures in the form of 
rockfalls are encountered in the village 
of Stypsi (Fig. 2) and the protruding rock 
tower in the city of Petra, where the mon-
astery Koimisi of Theotokos is founded. 
Toppling failures are encountered along 
the national road near the village of Ipsi-
lometopo, where andesitic lavas with ver-
tical cooling joints outcrop (Fig. 3).

Fig. 2. Rock slope overhanging the village of Stypsi where rockfalls have occurred.
Εικ. 2. Πλαγιά ανάντι του χωριού Στύψη στην οποία έχουν εκδηλωθεί καταπτώσεις.

Fig. 3. Slope in andesitic lavas, prone to toppling failure.
Εικ. 3. Πρανές σε ανδεσιτικές λάβες, αστοχία υπό μορφή ανατροπής.
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2.3.3. Soil type failures
As stated earlier, soil instabilities in the 
broader area are found in the weathered 
profiles of lavas and pyroclastic forma-
tions. Such a landslide occurred in the 
study area (near Stypsi village in Decem-
ber 1968 in the tuff and the weathered 
upper parts of the andesitic formations, 
which are practically clay soil formations 
with some rock blocks (Fig. 4). The slide 
caused a movement over a length of 60 
m, with a vertical displacement of 1.0 m 
at the national road. The landslide had 
an area of 5 acres as reported by Kat-
sikatsos (1969). The slope where the 
landslide occurred has an angle of 20-
220 dipping to SE. The area of the slide 
consist of pyroclastic tuffs and totally 
weathered andesites, having a high per-

centage of clay minerals (Fig. 5). These 
are overlain by massive andesite rocks 
of the upper lava unit, which due to their 
fracturing, result in the formation of con-
tact springs along their base. Along the 
slipped area, springs are encountered 
until today with generally low outflow (3 
- 5 m3/h). 
The factors that triggered the landslide 
were: a) the high percentage of clay 
materials, b) the underground and sur-
face flow of water from springs and c) 
the high slope angle in certain loca-
tions. The mineralogical composition of 
the kaolinitic formations in the area of 
Stypsi is: kaolinite (19%), saponite (8%), 
montmorillonite (4%), illite (25%), quartz 
(31%), albite (4%), others (9%) (Tsoli – 
Kataga, 1979).

Fig. 4. Αrea with instability phenomena in tuffs and extremely weathered andesites.
Εικ. 4. Περιοχή με φαινόμενα αστάθειας σε τόφφους και αποσαθρωμένους ανδεσίτες.

Fig. 5. Close view of tuffs and extremely weathered andesites in the site of the examined slope failure.
Εικ. 5. Άποψη τόφφων και αποσαθρωμένων ανδεσιτικών λαβών στη θέση αστάθειας.
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2.4. Engineering geological behaviour
The weathering state of the formations, 
encountered in the two study areas, 
were distinguished in the field (at both 
the material and mass scale) based on 
an assessment of the degree of discol-
oration of the rock material, the pres-
ence of the original rock texture/fabric or 
structure and rock-soil ratio as suggest-
ed by ISRM (1981). In addition to these 
visual descriptions, Schmidt hammer re-
bound values (SHV) were obtained for 
the andesites in area 1 (which retains 
a rock structure). Finally the materials 
were characterized according to the 
weathering rating proposed by Arikan et 
al. (2007). The results are presented in 
Tab. 2. 
The point load strength of the andesites 
in area 1 (for weathering grade II) was 
found equal to 2.7 MPa, having a range 
between 0.5 and 6.7 MPa. The uniaxial 
compressive strength was found equal 
to 54 MPa.
In area 2, the weathering grade of the 
tuffs and andesites is V to VI having a 
soil like behavior. The original structure 
of the andesitic rock is retained in very 
few places, in the form of small core-
stones within the clay soil mass (Fig. 5).

3. Slope Stability
3.1. Rockfall case study
The rockfall case study in area 1 refers 

an andesitic slope overhanging the vil-
lage of Stypsi. Andronopoulos & Kouk-
is (IGME, 1979) have performed a de-
tailed study in the broader area after the 
rockfall events that occurred in 1977. 
In this study, they described the rock 
structure of the andesitic rockmass and 
the rockfall instability mechanisms in 
detail, while they also proposed a num-
ber of stabilization measures. Addition-
ally, a detailed stabilization study was 
carried out for the protection of the vil-
lage from rockfalls (Pangea, 1995; Ap-
ostolidis, 2002). 
The andesitic rockmass is intersected 
by three main discontinuity sets, one of 
which is the pseudo-bedding of the la-
vas. The dip of the discontinuities rang-
es between 50 and 80 degrees. The 
average slope angle is 500, while lo-
cally it can reach up to 800 due to the 
relaxation of the andesitic rock mass 
and formation of steep cuts parallel to 
the almost vertical joint sets. Extensive 
rockfalls have occurred in the past (in 
1963 and 1977), posing a significant 
hazard for the houses and human ac-
tivities of the village. The size of the po-
tentially unstable blocks range between 
0.5 and 3.0 m3, and the average size is 
1.0 m3. The detachment of the blocks 
can occur from different heights above 
the village and can reach 40 m approxi-
mately.

Tab. 2. Weathering grade of encountered materials in the study areas
Πίν. 2. Ταξινόμηση των γεωυλικών στις θέσεις έρευνας με βάση την αποσάθρωση 

Table 1. Field indicators for the characterization of volcanic rocks (from Arikan et al., 2007 with additions 

from present study) 

Πίνακας 1. Δείκτες πεδίου για χαρακτηρισµό των ηφαιστειακών πετρωµάτων (Arikan et al., 2007 µε 

προσθήκες απο την παρούσα έρευνα). 

 
 

Table 2.  Weathering grade of encountered materials in the study areas 

Πίνακας 2.  Ταξινόµηση των γεωυλικών στις θέσεις έρευνας µε βάση την αποσάθρωση  

Characterization Area 1 Area 2 

Description Slightly to moderately 

weathered andesite, 

intersected by three joint sets 

Tuffs and totally weathered 

andesites resulting in clay 

rich soils 

Rock/Soil Ratio (%) > 80 < 20 

SHV 51 45 34 - 

Weathering Grade I II III V to VI 
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A rockfall analysis was performed in 
order to study the phenomenon us-
ing Rocfall software (Rocscience Ltd.). 
The slope section for the analysis was 
taken from Andronopoulos and Koukis 
(1979). The coefficients of restitution of 
the andesites were considered equal to 
Rn= 0.63 and Rt=0.85, based on rele-
vant experience (Richards et. al., 2001). 
The analysis was performed, consid-
ering different heights of the detach-
ment of the rocks (ranging between 9 
and 40 m). Additionally, since the nor-
mal coefficient decreases with the in-
crease of weathering, a set of analysis 
were carried out using different weath-
ering grades of the rock slope. Sa-
roglou et. al. (2010) have proposed a 
correlation between the normal coeffi-
cient of restitution, Rn, and the Schmidt 

hammer value, described by the equa-
tion Rn = 0.0086*SHV+0.19. Based on 
the Schmidt hammer values shown in 
Tab. 2, the coefficient was reduced as 
the weathering grade increased. More 
specifically, Rn was calculated equal to 
0.58 for weathering grade II and 0.48 for 
grade III. The tangential coefficient is 
less dependant on the hardness of the 
bouncing surface, therefore it was only 
reduced from 0.85 to 0.80. The friction 
angle was reduced from 32 to 30 de-
grees. No initial velocity of the falling 
rocks was considered. The resulting ki-
netic energy at the slope foot (at the up-
per end of the village) was found to in-
crease substantially with the height of 
the detachment point, while it reduced 
significantly with increasing weathering 
degree, as shown in Fig. 7.

Fig. 6. Rockfall analysis for the slope of Stypsi village.
Εικ. 6. Ανάλυση καταπτώσεων στο πρανές ανάντι του χωριού της Στύψης.
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The rock slope has been stabilized at 
certain locations, following the rockfall 
events in 1963 and 1977 by the erection 
of concrete and stonewalls on the slope 
for the closure of cavities and support of 
overhanging andesite blocks. Other sta-
bilization measures include construction 
of a concrete wall – barrier at the slope 
foot for a limited length, installation of 
wire mesh and cables at selected loca-
tions, planting of vegetation for the re-
strain of falling rocks and filling of open 
joints with cement for strengthening of 
the rockmass (as reported in Apostolid-
is, 2002).

The erection of rockfall barriers along 
the slope foot would further reduce the 
rockfall risk on human activities in the 
area.  

3.2. Rotational slide
Based on the geometry of the slipped 
mass a slope stability analysis was per-
formed, in order to define the sliding 
mechanism. The properties of the tuffs - 
weathered materials were taken from lit-
erature (del Potro and Hürlimann, 2009; 
Rodriguez Pineda, 2007), considering a 
clay rich soil. The increase of the rock/
soil percentage within the slipped mass 

Fig. 7. Variation of maximum total kinetic energy related to weathering degree
Εικ. 7. Μεταβολή της μέγιστης συνολικής κινητικής ενέργειας συναρτήση της αποσάθρωσης
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(up to 30-40%), which could occur in 
tuffs and weathered ground profiles, 
would result in a higher overall strength 
of the material. Medley and Sanz Re-
hermann (2004) have proposed a slope 
stability approach, which is based on 
the mechanism of failure of block-in-ma-
trix formations. This approach assumes 
that failure does not occur only through 
the soil but also can be influenced by 
the presence of rock blocks in the soil 
mass. It requires the calculation of the 
equivalent strength of the block-in-ma-
trix formation, by taking into account the 
strength of the rock blocks and the sur-
rounding soil mass in the relevant pro-
portions. This approach was not taken 
into account in the present study.
The slope stability assumed that sliding 
took place through a soil material (tuff 
and totally weathered andesite), having 
a thickness of 15 m. The peak strength 
of the clay rich soil was taken equal to 
c’=10 kPa and φ=210, while the strength 

of the underlying and overlying andesitic 
formations (lower and upper unit) equal 
to c=80 kPa and φ=350. The level of 
the water table was considered to lie 2 
m below ground water surface, due to 
the presence of flowing water from the 
springs in the area. 
The stability analysis was performed 
verifying that the geometry of the sliding 
surface coincides with the field observa-
tions and description given by Katsikat-
sos (1969). The analysis was performed 
with Slide software (Rocscience Ltd.).
The factor of safety for saturated condi-
tions was calculated equal to 1.17 (as 
shown in Fig. 8), while for drained con-
ditions it was found equal to 1.89. This 
implies that failure occurred under un-
drained conditions. The factor of safety 
under seismic loading was calculated 
equal to 1.25. It was also investigated 
that if the slide occurred at lower eleva-
tion the factor of safety would be slightly 
higher due to the lower slope angle.

Fig. 8. Slope stability analysis at the landslide site of a slope near Stypsi village.
Εικ. 8. Ανάλυση ευστάθειας πρανούς στην θέση της κατολίσθησης.
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4. Vulnerability Map for  
Instabilities - Town Planning
4.1. Criteria
A simple zonation of the area against in-
stability phenomena is proposed based 
on the following factors:  a) slope aspect 
and b) geological nature of the volcan-
ic formations. Concerning the geologi-
cal nature, the degree of weathering and 
permeability is taken into account. The 
intensity of rainfall and the presence of 
groundwater are important when assess-
ing the possibility of occurrence of slope 
instabilities. The effect of groundwater 
was taken into consideration indirectly 
in the overall assessment of the geologi-
cal behaviour of the formations. Rainfall 
intensity remains the same for the study 
area and thus it was not taken into ac-
count.
The geological formations, which will re-
sult in rock instabilities, are the andesites 
of the upper and lower lava unit, with 
weathering degree between I and IV. The 
geological formations prone to soil type 
instabilities are the totally weathered an-

desites with weathering degree between 
V and VI, the pyroclastic formations (tuffs) 
and the silicated lavas. These formations 
have a soil-like behaviour.
The slope inclination is important since it 
can determine the depth of the weather-
ing profile but also is directly related to 
the outbreak of instability, as analyzed in 
the following paragraph.
Furthermore, 
 
4.2. Vulnerability Map
When studying slope instability in terms 
of zonation, it is important to define slope 
inclination classes. For the purpose of 
this study a simple approach was con-
sidered. Areas with a slope angle greater 
than 35% (20 degrees) were designated 
as potential for the outbreak of instabili-
ties (either soil or rock type). The slope 
aspect map of the area (Fig. 9) shows that 
a significant part of the study area has 
slope inclination greater than 40%. Addi-
tionally, there is also a large area where 
the morphology is gentle with slope incli-
nations lower than 150.

Fig. 9. Slope aspect map of the study area.
Εικ. 9. Χάρτης κλίσεων αναγλύφου περιοχής έρευνας.
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Based on the criteria presented earlier, a 
vulnerability map against instabilities was 
prepared for the study area. The catego-
ries, which were attributed, are the follow-
ing:

a) Area prone to rockfalls
b) Area prone to soil instabilities
c) Reasonably stable areas.

The map is presented in Fig. 10. It must 
be stated that the totally weathered zones 
of the andesites as well as the kaolinitized 
zones of the volcanic formations cannot 
be outlined accurately in this scale. For 
this purpose, such a vulnerability map 
should be used for information purposes 
only.

5. Conclusions 
The engineering geological behaviour of 
volcanic formations was reviewed based 
on references from literature. The behav-
iour varies significantly between soil and 
rock depending primarily on the geo-
logical origin and weathering degree. A 
weathering classification of volcanic for-
mations was presented and applied to 
the analysis of slope instability phenom-
ena encountered in andesitic formations 
in Lesvos Island in Greece. The slope in-
stabilities in the two case studies, which 
were analyzed were representative of the 
different geological behaviour, either soil 
or rock. In the rockfall case, the effect of 

Fig. 10. Vulnerability map of the study area, regarding the slope Instability.
Εικ. 10. Χάρτης τρωτότητας έναντι ασταθειών περιοχής έρευνας.
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weathering of the andesitic rock on the 
kinetic energy of the falling rocks was 
examined. For this purpose, the use of 
Schmidt hardness values was utilized in 
order to characterize the weathering de-
gree of the slope on which rockfalls oc-
curred. In the second case, a rotational 
soil instability in a tuff and totally weath-
ered andesite formation was analyzed. 
The slope stability of volcanic rocks, 
which have a soil like behaviour, can be 
analyzed by either considering geotech-
nical parameters for a soil mass or the 
equivalent ones for a soil mass having 
blocks of rock inside it (block-in-matrix 
formation).
Finally, a simple zonation of the study 
area against instability phenomena was 
proposed based on the slope aspect and 
the geological nature of the volcanic for-
mations encountered.
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