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1. Introduction

Structurally complex flysch formations, sub-
jected to intense tectonic events, widely crop out 
in the Apennine mountain chain of Southern Ita-
ly. They consist of marine clays including layers of 
fractured rocks, or rock blocks or fragments. The 
unweathered formation is usually found at few me-
ters from the ground surface. The shallowest soils 
are characterized by mechanical properties very 
different from those of the bedrock, being deteri-
orated by weathering and by deformations and dis-
placements. The weathered cover is often involved 
in earthflows [HUNGR et al., 2014]. Earthflows can 
last hundreds of years, with cyclic reactivations due 
to climatic conditions. The mechanism of move-
ments progressively changes through various stag-
es, depending on different factors, that can vary 
over time, such as: the supply of material, river ero-
sion at the toe, and the consistency of the involved 
soils. The fabric of the earthflow materials is char-
acterized by special features that have significant ef-
fects on the soil properties and behaviour. At the 
base of earthflows, a softened shear zone, undergo-
ing large shear strains, is always present [PICARELLI et 
al., 2005; PICARELLI et al., 2013], and the soil fabric is 
completely obliterated.

Pore pressure distribution in the landslide body 
plays a fundamental role both in triggering and for 

its successive evolution. In fact, due to the low per-
meability of soils and to the non-uniform strain dis-
tribution, the movements cause excess pore pres-
sures in the landslide body which add their effects to 
the seasonal effects induced by rain [COMEGNA et al., 
2007]. Positive excess pore pressures reduce the sta-
bility of the landslide body; negative ones improve 
stability and act as a brake, preventing the accelera-
tion of the unstable mass.

Several aspects of the considered soils’ behav-
iour and of the landslides’ monitoring have already 
been analysed. In particular, PICARELLI et al. [2005] 
described the fabric of samples taken from some 
trenches dug in the landslide bodies, and evaluated 
and compared the physical and mechanical proper-
ties of the soils from the landslide, of the shear zones 
and of the stable formations. The Authors showed 
that the material of the shear zones generally exhib-
its values of the over-consolidation ratio, OCR, lower 
than that of the landslide body and close to one. On 
the other hand, although more consistent, the soil 
from the landslide body exhibits a ductile behaviour 
[COMEGNA et al., 2007].

In this paper, a global view of earthflows’ evolu-
tion is provided in which the results of previous 
monitoring and of studies of the hydro-mechanical 
behaviour of earthflows [URCIUOLI, 1998; PICARELLI et 
al., 2006] have been reviewed to discuss the existing 
links between the morphologic characters of earth-
flows and their kinematics: in particular, the actual 
state of activity of the landslide can be regarded as an 
important tool to foresee, by direct observation, its 
possible evolution (among others: BAUM et al., 1998; 
GUERRIERO et al., 2014).
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To give an example of the correspondence be-
tween the morphological features of the landslides 
and the observed kinematics, in this paper some 
earthflows that have been extensively investigated 
in the homogeneous geological basin of the High 
Basento Valley are presented and discussed.

2. Morphological features of earthflows in Hi-
gh Basento Valley

The High Basento Valley is a typical mountain-
ous context of Southern Italy frequently affected by 
landslides. GUIDA and IACCARINO [1991] recognized 
and mapped 484 landslides in the high Basento 
Valley, mostly involving pliocenic highly overcon-
solidated clays and miocenic intensely fissured tec-
tonized clay shales. About 95% of those landslides 
can be classified as earthflows [HUNGR et al. 2014], 
characterised by the co-existence of one or more ro-
tational slides in the source area, and a main track 
immediately downslope, originating from the soil 
dislocated by the rotational slides. As typical of these 
complex slope movements, such landslides include 
a source area, a main channel and an accumula-
tion area (Fig. 1). The source area is bounded by 
the main scarp and can include many mutually in-
dependent small slides. The soil mass dislocated by 
failure events and subsequent large displacements 
within the source area is discharged towards the 
main channel, which often coincides with a pre-ex-
isting gully, typically representing a neck for the soil 
mass coming from the wider upslope zone. In the 
channel, both slide at the base and flow in the land-
slide body often contemporarily occur [BRUNSDEN, 
1984]. The material discharged in the channel is 
conveyed and transported to the accumulation area 
which, with a rather gentle slope, spreads over the 
valley flood plain of the river, as usually occurs for 
earthflows.

To improve the existing knowledge on the 
mechanics of earthflows of the Basento Valley, since 
the end of the Seventies, several geotechnical surveys 
were carried out and monitoring was performed at 
five sites south-east of the town of Potenza (Fig. 2): 
1) Masseria Marino; 2) Masseria De Nicola; 3) Masseria 
Acqua di Luca; 4) Brindisi di Montagna Scalo; 5) Costa 
della Gaveta. These earthflows are clustered, with the 
maximum relative distance of about 20 km (from site 
3 to site 5). Three of them (sites 1, 2 and 3) develop 
on the right hand flank of the Basento river, while 
the other two (sites 4 and 5) are situated on the left 
hand side (Fig. 2). In all the cases, the involved soils 
belong to structurally complex formations, as the 
Varicoloured Clays and the Red Flysch. As described 
by PICARELLI et al. [2000], these fine grained forma-
tions, of a type widely diffuse along the Apennine 
chain, sedimented some tens millions of years ago 

in a marine environment. Due to tectonic displace-
ments, they have been intensely sheared and frac-
tured. The resulting formations are indurated clay 
shales crossed by a network of small polished or slick-
ensided fissures. These fissures are spaced from a 
few millimetres to a few centimetres and subdivide 
the material into very small fragments. The forma-
tions are also called “scaly” clay shales to stress that 
they are constituted of “scales”, i.e. fragments or 
shear lenses of the size of millimetres to centimetres. 
The upper part of the formations has experienced 
weathering and adsorption of fresh water, so under-
going softening and mechanical degradation due to 
the high plasticity of the pelitic fraction.

The most significant geometrical characteristics 
of the studied earthflows are reported in table I and 
in figure 2d. The minimum and maximum values of 

Fig.  1 – Morphological features of earthflows (after ZARUBA 

and MENCL, 1969).

Fig.  1 – Caratteristiche morfologiche delle colate (modificato da 

ZARUBA e MENCL, 1969).

N. Earthflow
L

[m]

B 

[m]

D 

[m] [°]

1 Masseria Marino 370 30 6 10.5

2 Masseria De Nicola 1000 20 5 10

3 Masseria Acqua di Luca 1350 30 6 10.5

4 Brindisi di Montagna 700 40 5 10

5 Costa della Gaveta 1250 150 23 10

Tab. I – Geometrical features of the five selected earthflows: 

L = total length from the main scarp to the toe along the 

earthflow axis; B = mean width of the main track; D = 

thickness of the landslide body in the main track;  = ave-

rage slope.

Tab. I – Caratteristiche geometriche delle cinque colate di argilla 

tenute sotto osservazione: L = lunghezza totale dalla scarpa prin-

cipale al piede lungo l’asse della colata; B = larghezza media del 

canale principale; D = spessore del corpo di frana nel canale prin-

cipale; = pendenza media.
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the total length are respectively 370 m (site 1) and 
1250 m (site 5). The first mentioned case is a typical 
example of lobate (with a short track) earthflow and 
the second one of elongate (with a long track) earth-
flow. The morphology can have strong implications 
when selecting a representative geometry of the ge-
otechnical model. Most of earthflows in the Basen-
to Valley are of the elongate type, and thus, with re-
spect to some types of analyses, such as slope stabili-
ty assessment, a 2D approach is sufficiently accurate. 
In the case of lobate earthflows, on the contrary, the 
stability is strongly influenced by the 3D shape of the 

moving soil body. The landslide of site 5 (Figs. 2d, 16 
and 22), currently in a sliding stage, has a complex 
geometry [DI MAIO et al., 2010; 2013]. It is 1250 m 
long, from 100 to 600 m wide, and has an average in-
clination of about 10°. It is characterized by a max-
imum depth of about 40 m, a large accumulation ar-
ea, a straight channel and a wide source area, mostly 
empty. The variations in width from the head to the 
toe are such that 3D models are necessary to simu-
late the landslide behaviour, as shown by VASSALLO et 
al. [2014] for the evaluation of pore pressure distri-
bution and safety factor. 

Fig. 2 – Maps of: a) Italy; b) Basilicata region; c) High Basento Valley with location of the selected test sites: 1) Masseria Ma-

rino; 2) Masseria De Nicola; 3) Masseria Acqua di Luca; 4) Brindisi di Montagna Scalo; 5) Costa della Gaveta; d) contours of 

the studied landslides.

Fig. 2 – Mappe di: a) Italia; b) regione Basilicata; c) Alta Valle del Basento con la posizione dei siti di prova selezionati: 1) Masseria Mari-

no; 2) Masseria De Nicola; 3) Masseria Acqua di Luca; 4) Brindisi di Montagna Scalo; 5) Costa della Gaveta; d) contorni delle frane stu-

diate.

a)

b)
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For all examined cases, the average slope of 
ground surface in the main channel is about 10°. The 
other morphological features of the earthflows are 
quite different. For instance, the source area in sites 1 
and 4 is a single wide amphitheatre with steep slopes, 
in which numerous rotational slides occur. Because 
of this morphological conformation, a large amount 
of material is discharged from the main scarp to the 
main track which is consequently very active. In the 
case of site 2, the source zone is formed by narrow 
gullies; a little amount of material is therefore con-
veyed to the main track and the earthflow activity is 
low. The source areas of sites 3 and 5 are almost com-
pletely empty and the recharge from the main scarps 
– cut in the rock-like and much more stable forma-
tion of Corleto Perticara – is currently scarce. Actu-
ally, the activity of sites 3 and 5 is currently low. The 
landslide bodies in the main channels are thus not 
subjected to the thrust of freshly discharged material. 
In all of the considered sites, the geological and ge-
omorphological features of the source area thus de-
termine the amount of material dislocated and con-
veyed towards the main track and thus influence the 
kinematics of the landslide body. The greater the 
amount of the mobilized material in the source area, 
the greater the mobility of these landslides. 

According to GUIDA and IACCARINO [1991], the 
morphological evolution of earthflows in the high 
Basento Valley is characterised by the chronological 
sequence of four stages (A to D, Fig. 3). 
– During stage A, a quick mobilisation and flow 

of the soil mass occur. The ground surface is hi-
ghly softened and very irregular, with steps and 
secondary scarps. The stage is characterized by 
the clear evidence of boundary surfaces between 
the softened soil and the solid stable one. The di-
splacement rate ranges between very rapid and 
moderate [VARNES, 1978]. 

– During stage B, the landslide flows within well-
defined and easily recognisable lateral shear sur-
faces, but the displacement rate is continuously 
decreasing, eventually becoming slow. During 
stages A and B, the movement is of the “flow” 
type.

Fig. 4 – Masseria Marino test site: a) view of the main scarp; b) pre-failure deformation experienced by trees (stage A ).

Fig. 4 – Sito 1: a) vista della scarpata principale; b) deformazioni pre-rottura manifestate dagli alberi (fase A ).

Fig. 3 – Morphological evolution of earthflows (after GUIDA 

and IACCARINO, 1991).

Fig. 3 – Evoluzione morfologica delle colate (modificato da GUIDA 

e IACCARINO, 1991).

a)

b)
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– In stage C, the ground surface becomes mo-
re and more rounded and regular. The geo-
morphological elements that characterize the 
earthflow (main and secondary scarps, lateral 
shear boundaries) tend to be obliterated. The di-
splacement rate is still decreasing, ranging from 
slow to extremely slow, and the style of move-
ment changes, becoming that of a “slide”. 

– During the final stage D, the landslide body is 
not easily recognisable on the slope. Sliding is 
extremely slow until a complete stop, which can 
occur even tens or hundreds of years after the 
mobilization. 
The evolution from one stage to the next is al-

so linked to the different pore pressure distribution 
in the landslide body and to the consistency of the 
soil, which changes over time. Every investigated 
site shows features directly related to the model pro-
posed by GUIDA and IACCARINO [1991] that can be use-
fully recognized and interpreted into the framework 
of the described classification. In the stages from B 
to D, a retrogressive or lateral evolution of the earth-
flows can occur and the mass of involved soil can ex-
hibit characteristics similar to those of stage A (stage 
called A’ by GUIDA and IACCARINO, 1991). As an ex-
ample of this process, figure 4 reports a recent pho-
tograph of the main scarp of the Masseria Marino 
earthflow which shows some trees noticeably de-
formed as a consequence of the progressive strains 
of the upslope soils. The upslope soil is thus close 
to failure. The stages A and A’ are generally char-
acterized by the formation of Riedel shears [RIEDEL, 
1929; FLEMING and JOHNSON, 1989] along the lateral 
boundaries of the landslide body (Fig. 5a), and then 
by a clear and persistent discontinuity which delim-

itates the earthflow body (Fig. 5b); the subsequent 
soil deformation process makes the recognition of 
these boundaries difficult during and after the stag-
es C and D (Fig. 5c). HUTCHINSON [2004] pointed out 
the existence of such boundary surfaces also for oth-
er earthflows.

Changes in environmental factors such as hydro-
logical events or toe erosion can cause sudden ac-
celerations and modifications of the described cycle, 
which can restart from stage A but also from other 
stages. At sites 1, 2 and 4,the existence of feeding ma-
terial in the previously depleted zone can periodical-
ly induce the discharging of soil mass from upslope 
toward the track. On the contrary, if the source area 
is almost completely empty, as in sites 3 and 5, only 
stages C and D can take place; as a consequence of 
this, the reactivation processes give rise to essentially 
slide type movements.

3. Types and properties of involved soils

3.1. The soil of the parent formation 

Soil samples taken from the stable parent forma-
tion (Fig. 6) show that the original material is consti-
tuted by small fragments of hard or indurated scaly 
clay, separated by polished fissures. Its fabric is char-
acterized by macro-discontinuities, as major shear 
surfaces, and meso-discontinuities, as minor shears 
(polished fissures). Fissures bound shear lenses con-
stituted by hard aggregates of clay particles, that can 
be slightly bonded. In the source area, the material 
involved in rotational slides is subjected to stress re-
laxation. Hence, in the collapsed soils, fractures and 

Fig. 5 – Observations at site 1: a) Riedel shears and main slip surface formation occurring as a preparation of stage A  (from 

in situ survey); b) continuous lateral shear observed during stage B along the left boundary of the landslide; c) lateral shear 

observed during stage C.

Fig. 5 – Osservazioni sul sito 1: a) fratture di Riedel e superficie di scorrimento principale in corso di sviluppo durante la preparazione del-

la fase A  (da rilievo eseguito in sito); b) superficie di taglio laterale osservata durante la fase B lungo il contorno laterale sinistro della fra-

na; c) superficie di taglio laterale osservata durante la fase C.
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fissures open in the depth range from the ground 
surface down to 0.5-1 meter or more. Rainwater can 
flow into the discontinuities, thus favouring swelling 
and softening of the involved soil, which is thus more 
subjected also to fissuring by desiccation (Fig. 7). 
The soil looses progressively its fabric, becomes very 
compressible and its shear strength decreases. These 
processes occur when the material is characterized 
by high swelling potential. In this case, the composi-
tion of the pore fluid has significant influence on the 
soil softening process [DI MAIO, 1996].

DI MAIO and ONORATI [2000 ]evaluated such an 
influence for the Marino landslide clay, carrying 
out some oedometer tests on specimens exposed to 
different fluids. Figure 8a reports the results rela-
tive to two undisturbed specimens, one immersed 
in a bath of distilled water, and the other in a bath 
of 1 M NaCl solution (about 58g/l at 20 °C). This 
solution has a ionic force close to that of the undi-
sturbed natural pore solution at about 20 m depth, 
and it causes similar effects on the solid skeleton 
[DI MAIO et al., 2014b]. The figure shows that the 
compression curves are very close to one another, 
whereas the swelling curves are very different. In 

particular, swelling of the specimen in contact with 
distilled water is much higher. Figure 8b reports the 
results of oedometer tests on two undisturbed spe-
cimens of the Marino clay, one taken at a depth of 
about 2.5 m and the other at about 24.5 m. During 
the tests, both the specimens were immersed in a 
bath of distilled water. It can be observed that their 
initial void ratios are very different. DI MAIO and 
ONORATI [2000] suggested that the higher void ra-
tio of the shallower soil depends on the inward flow 
of fresh water(rain) caused by osmotic processes. 
As a consequence of the different initial void ratio, 
the swelling curves of the two specimens are very 
different: under low values of axial stress, the swel-
ling index of the shallower material is much lower 
than that of the deeper material (Fig. 8b). In the 
equilibrium conditions represented by point A, the 
cell water of the specimen taken at 2.5 m was re-
newed. This caused further swelling (segment AB) 
under constant external load. A possible explana-
tion of this behaviour is that, during the previous 
phases of the test, ions of the pore solution diffu-
sed toward the cell water, thus causing a decrease 

Fig. 6 – Schematic representation and photo of a specimen 

taken from the parent formation of site 1 (after COMEGNA et 

al., 2004).

Fig. 6 – Rappresentazione schematica e fotografia di un provino 

della formazione di base del sito 1 (modificato da COMEGNA et al., 

2004).

Fig. 7 – Network of fractures observed at the ground surfa-

ce of the source zone of site 1, crossed by the main slip sur-

face.

Fig. 7 – Rete di fratture osservate sul piano campagna della zona 

di alimentazione del sito 1, attraversate dalla superficie di scorri-

mento principale.
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of osmotic gradients. The renewal of the cell water 
made such gradient increase, thus leading to fur-
ther water flow towards the sample pores. Further-
more, the osmotic swelling AB of the undisturbed 
specimen suggests that a type of swelling chemically 
induced is still possible in the field conditions. A si-
milar behaviour was noticed by DI MAIO and ONORA-
TI [2000] for the Bisaccia clay. Furthermore, DI MA-
IO et al. [2014a] showed that in the pore fluid of the 
Costa della Gaveta landslide (site 5), ion concen-
tration greatly varies with depth from ground surfa-
ce. The shallower soils are characterized by higher 
water content and lower ion concentration. Due to 
the concentration gradient, the pore fluid ions are 
reasonably slowly diffusing towards the ground sur-
face, where advection due to fresh water flow pro-
bably contribute to the salt removal. The laboratory 
results show that the process of pore ion concentra-
tion decrease can cause a creep behaviour [DI MA-
IO et al., 2015] . 

3.2. The soil of the landslide body 

The soil body within the earthflow is composed 
of clay blocks of the parent formation that have 
been subjected to both mechanical and chemical 
degradation, and by rock blocks and fragments of 
limestone, sandstone, siltstone or marl (depend-
ing on the nature of the parent formation) in turn 
plunged into a fine-grained matrix (Fig. 9). This 
consists of a mixture of soft clay and centimetre to 
millimetre sized hard lumps, known as lithorelicts 
(Fig. 10a). 

The landslide body moves over a shear zone 
(Fig. 10b). A direct observation of these zones has 
been possible only for the earthflows at stages C 
and D, as the soil strength allowed the construc-
tion of trenches or wells and a safe underground 
observation. At these stages, the thickness of the 
shear zone has been observed to vary between few 
centimetres and one or more meters. In the track, 
the shear zone is simply at the contact with the un-
disturbed parent formation, the top soil cover of 
this having been completely eroded during move-
ments. As a consequence of remoulding caused 
by large strains and displacements accumulated 
during the movement, the material of the shear 
zone has completely lost its original fabric, look-
ing as a homogeneous clay with few isolated and 
very small clay lumps and rock fragments. Fissures 
are not evident. While minor shears are not clearly 
distinguishable, a main shear surface can be some-
where recognized. Experiences carried out at the 
micro-scale on the shear zone of site 1 (Fig. 11) put 
into evidence the alignment of the clay particles 
along the direction of the principal shear [COME-
GNA and PICARELLI, 2008]. 

3.3. Soil properties 

A large investigation on the consistency and plas-
ticity of all the soils found in the studied test sites(in 
particular on the soils of the landslide bodies and of 
the shear zones) has been carried out. 

The presence of lithorelicts into the landslide 
body makes the “overall” liquidity index (Tab. II) too 

Fig. 8 – Oedometer tests carried out on undisturbed specimens taken from test site 1: a) response of two specimens respec-

tively immersed in a bath of 1 M NaCl solution and of distilled water; b) response of two specimens taken at different depths 

and immersed in a bath of distilled water (from DI MAIO and ONORATI, 2000).

Fig. 8 – Prove edometriche eseguite su provini indisturbati prelevati dal sito 1: a) risposta di due provini rispettivamente immersi in una so-

luzione 1M NaCl ed in acqua distillata; b) risposta di due provini prelevati a differenti profondità ed immersi in acqua distillata (da DI 

MAIO e ONORATI, 2000).
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Fig. 9 – a) Landslide body at site 4 , b) parent formation at site 2 and c) slip surface observed at site 1.

Fig. 9 – a) Corpo di frana nel sito 4, b) formazione di base nel sito 2 e c) superficie di scorrimento osservata nel sito 1.

Fig. 10 – Schematic representation and photos of specimens taken at site 1 from: a) the landslide body and b) the shear zo-

ne (after COMEGNA et al., 2004).

Fig. 10 – Rappresentazione schematica e fotografie di due provini prelevati nel sito 1: a) dal corpo di frana e b) dalla zona di taglio (modi-

ficato da COMEGNA et  al ., 2004).
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low – typically less than one – for landslides exhibit-
ing flow movements. On the other hand, the water 
content of the “matrix” including only the smallest 
lumps (maximum size 2 mm), is significantly larger 
(about 30%) than the overall one.

The overall water content of the shear zone is 
generally higher than that of the earthflow body eval-
uated in the stages C and D of the earthflow, when 
the sliding mode prevails. Also the plasticity of the 
soil in the shear zone is larger than that measured 
in the landslide body. This can be justified by the 
fact that the landslide body, during its movement, 
dismantled and incorporated at its base the superfi-
cial soil (with its organic substances) of the gully in 
which it moves.

The difference between the shear zone and the 
earthflow body or the parent formation, respective-
ly above and below it, is clearly showed by figure 12, 
that presents an example of an investigation on 
earthflow soils carried out in pits dug down to the 
underlying stable formation. Data provide the “over-
all” water content along some verticals of the land-
slides of the sites 1 and 2. In the same figure, the 
undrained shear strength measured with a pocket 
penetrometer is also shown. 

Fig. 11 – Shear surfaces parallel to aligned clay particles 

evidenced by a SEM photograph of a specimen taken from 

the shear zone of site 1 (from COMEGNA and PICARELLI, 

2008).

Fig. 11 – Superfici di taglio parallele all’allineamento di particelle 

argillose evidenziate da una foto SEM eseguita su un provino prele-

vato dalla zona di taglio del sito 1 (da COMEGNA e PICARELLI, 2008).

Fig. 12 – Water content and undrained shear strength measured within the earthflow body, the shear zone and the parent 

formation of: a) site 1 and b) site 2 (after GUERRIERO, 1995).

Fig. 12 – Contenuto d’acqua e resistenza non drenata misurata all’interno del corpo di frana, della zona di taglio e della formazione di ba-

se: a) del sito 1 e b) del sito 2 (modificato da GUERRIERO, 1995).
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Several data relative to the higher water content 
and the smaller shear strength close to the slip sur-
face were reported by LEROUEIL [2001].

The influence of the pore pressure distribution 
on the mechanism of earthflows is relevant as it will 
be clarified in the following sections. Hydraulic con-
ductivities have been evaluated in order to investi-
gate pore pressures in the landslide bodies, their re-
lationship with rainfalls and infiltration, and to have 
a deeper insight in the development of excess pore 
pressures during the movement. Values representa-
tive at the site scale have been obtained by falling 
head test carried out in piezometers. Table III shows 
that the values are strongly influenced by the net-
work of fissures, fractures and consistency but in all 
the cases they are low enough to induce undrained 
soil response during the landslide movement. The 
undrained behaviour can be the interpretation key 
for the movement of the studied earthflows.

Table III also reports the average friction angle 
mobilized along the sliding surface: it varies in the 
range 10° - 11°, consistently with large displacements 

occurred and the high plasticity of the soils of the 
shear zone.

4. Monitoring data

4.1. Monitoring of pore pressures and displacements

All the sites have undergone geotechnical inves-
tigation. Earthflows were equipped with Casagrande 
piezometers – both in the landslide body and in the 
stable formation –, topographic benchmarks and in-
clinometers. Furthermore, continuous monitoring 
of pore pressures, and of surficial and deep displace-
ments were also carried out by means of vibrating 
wire cells (site 1), GPS permanent and periodical 
stations (site 5) and electro-levels (sites 1 and 5) in-
stalled in inclinometer tubes.

Data from monitoring over at least ten years 
show that the groundwater pressure distribution in 
the earthflow is very much influenced by rainfall pat-
terns and characterized by a seasonal trend as well 
(Figs. 13 to 16). The time trend is influenced by the 
rainfall series, the evapotranspiration of the site and 
the soil properties which influence the delay in the 
response to boundary conditions [VASSALLO et al., 
2014]. In particular, pore pressures typically attain 
peak values between December and April, then gen-
tly decrease reaching a minimum between Septem-
ber and October. Piezometric fluctuations measured 
in the main track are typically higher than those 
measured in the source area (Fig. 13). This proba-
bly occurs because pore pressures in the channel are 
influenced also by total stress variations occurring in 
undrained conditions. The data provided by the cou-
ple of piezometers installed at different depths along 
the same verticals allow to observe a significant verti-
cal component of water flow towards the base of the 
landslide body and the underlying stable formation. 

Tab. II – Mean values of clay fraction, CF; plasticity index, PI; water content, w; liquidity index, IL, of the parent formation 

(p.f.), earthflow body (e.b.) and shear zone (s.z.): overall values (o.v.) and general matrix values (mat.).

Tab. II – Valori medi di: frazione argillosa, CF; indice di plasticità, PI; contenuto d’acqua, w; indice di liquidità, IL, della formazione di 

base (p.f.), del corpo della colata (e.b.) e della zona di taglio (s.z.): valori globali (o.v.) e riferiti alla sola matrice (mat.)

N. CF [%]
PI

[%]
w

[%]
IL

[%]

p.f. e.b. s.z. p.f. e.b. s.z. p.f. e.b. s.z.

ov ov. mat. ov. mat. ov. ov. mat. ov. mat.

1

40

27 22 27 16 20 24 22 25 -40 -29 -10 -11 0

2 28 27 29 16 22 28 27 - -29 -9 11 21 -

3 33 27 30 18 23 29 27 - -31 -26 -4 3 -

4 44 46 46 19 30 40 30 - -25 -2 19 -6 -

5 38 - - 15 25 - - - -29 0 - - -

Tab. III – Hydraulic and strength properties of the invol-

ved soils: k = hydraulic conductivity; mob = average mobi-

lized friction angle at three test sites.

Tab. III – Proprietà idrauliche e di resistenza dei terreni coinvolti: 

k = permeabilità; mob = angolo di attrito mobilitato in tre siti di 

prova.

site 
no.

k 
[m/s]

mob [°]

stable formation earthflow

1 9·10-11 ÷ 2·10-9 2·10-10 ÷ 2·10-9 11 -12

2 3·10-11÷ 9·10-10 9·10-10÷ 4·10-9 -

5 10-10 ÷ 10-9 10-9 ÷ 10-8 10
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In the warm season, typically occurring between May 
and November, even intense rainfall events are not 
able to produce significant increases in pore pres-
sure, probably because of the very low permeability 
of the shallowest soil layers (some tens of centime-
tres thick) that are unsaturated in summer, and be-
cause of evapotranspiration, for which the infiltrat-
ed rain water return back to atmosphere. The pro-
cesses described for the case of the Marino earthflow 
(Fig. 13) are confirmed by data relative to De Nico-
la (Fig. 14), Acqua Di Luca (Fig. 15) and Costa del-
la Gaveta (Fig. 16). In particular, the seasonal varia-
tions of piezometric heights can be observed. In the 
case of Costa della Gaveta, VASSALLO et al. [2014] car-
ried out 3D analyses of the influence of the historical 
rainfall series on pore pressures and on the landslide 
displacement rate. They showed that that pore water 
pressure variations induced by rainfall in that land-
slide are significant only at depths lower than about 
10 m, and that the displacement rates are strongly 
correlated to them.

Figure17 shows the displacement rate at site L. 
PICARELLI et al. [2005] confirmed that this landslide 
has been active for several decades. Nowadays, the ex-
amined earthflows are in different stages of the Guida 

and Iaccarino classification. For instance, landslides 
no more fed by the source zone, as those at sites 3 and 
5, are interested only by low displacement velocity 
(few centimetres per year), typical of stages C and D. 
On the contrary, the movement at site 1 is character-
ised by alternating periods of high (metres per day) 
and low displacement rates. In particular, high veloci-
ties are observed with a return period of approximate-
ly ten years, that is the time necessary to accumulate a 
great quantity of softened soil in the source area. Ro-
tational slides along the main scarp that provide mate-
rial to the source area also depend on transient hydro-
dynamic phenomena, as discussed in the following.

PELLEGRINO et al. [2000] observed a quite complex 
propagation of movement in the downward direc-
tion, mainly caused by the thrust of the material in 
the source area (less stable) on the material in the 
channel (more stable). As a consequence, the track 
soil, pushed downslope, compresses the soil of the 
depositional area, climbing over the nearby material 
in the form of a new soil overlapping tongue. The dif-
ferent parts of the landslide body do not move con-
temporary. The propagation of movements is shown 
in Figure 18a, where the displacements observed at 
the ground surface between October 1997 and De-

Fig. 13 – Monthly rainfall and pore water pressure measured by Casagrande piezometers and vibrating wire cells at site 1.

Fig. 13 – Piogge mensili e pressioni interstiziali misurate da piezometri Casagrande e piezometri a corda vibrante nel sito 1.
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Fig. 14 – Monthly rainfall and pore water pressure measured by Casagrande piezometers at site 2.

Fig. 14 – Piogge mensili e pressioni interstiziali misurate da piezometri Casagrande nel sito 2.

Fig. 15 – Monthly rainfall and pore water pressure measured by Casagrande piezometers at site 3.

Fig. 15 – Piogge mensili e pressioni interstiziali misurate da piezometri Casagrande nel sito 3.
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cember 1998 in the source zone and in the main 
channel of site 1 are represented through displace-
ment vectors. During the first stage (October 1997 
– June 1998), the displacements in the source zone 
and in the upper part of the main track are large (of 
the order of metres), while the track experiences very 

small movements. On the contrary, in a following 
stage (from June to December 1998) the source zone 
is stable, while the main track becomes active, with 
displacement rates of some centimetres per day (thus 
displaying a delay with respect to the upslope deple-
tion area). 

Fig. 16 – Daily rainfall and pore water pressure measured by Casagrande piezometers at site 5 (from VASSALLO et al., 2014) 

Fig. 16 – Piogge giornaliere e pressioni interstiziali misurate da piezometri Casagrande nel sito 5 (da VASSALLO et al., 2014).

Fig. 17 – Measured daily rainfall and landslide velocity observed from 1991 to 2004 during different stages at site 1.

Fig. 17 – Piogge giornaliere e velocità della frana osservate dal 1991 al 2004 durante differenti fasi nel sito 1. 
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The source zone experiences extension, as sug-
gested by the trend of measured settlements over 
the observation time period; in particular, the ratio 
between the vertical and horizontal displacement is 
larger than the tangent of the mean inclination of 
the slip surface, indicating that the vertical compo-
nent of the displacement is mainly associated to soil 
deformation (Fig. 18b).

With the same criterion, the compression of the 
landslide body has been detected. Finally, displace-
ments at the ground surface suggest that the source 
zone is mostly active during the wet season (winter 
and spring), decelerating in summer and autumn, 
whilst the material in the main channel starts mov-
ing mostly in the late spring and early summer, due 
to the thrust of the upslope soils. 

Moreover, from the inclinometer profiles repre-
sented on the cross section of site 1, zones of exten-
sion (in the source zone) and compression (at the 
track initiation zone) can be clearly recognised in 
the upper part of the landslide (Fig. 19). 

4.2 Relationship among pore pressures, strains and 
displacements

During the rapid active stages, several instru-
ments went out of use and had to be replaced. Nev-
ertheless, some automatic vibrating wire piezome-
ters and inclinometers equipped with electro-levels 
provided continuous and significant data that al-
lowed to check some hypotheses about the nature of 

Fig. 18 – Daily rainfall, velocity, vertical and horizontal displacements measured at site 1 from October 1997 to December 

1998: a) plan view; b) total displacement measured by stakes 5 and 6.

Fig. 18 – Piogge giornaliere, velocità, spostamenti verticali e orizzontali misurati nel sito 1 da ottobre 1997 a dicembre 1998: a) vista in 

pianta; b) spostamenti totali misurati ai picchetti 5 e 6.

a)

b)



85

GENNAIO - MARZO 2016

THE BASENTO ALLEY: A NATURAL LABORATORY TO UNDERSTAND THE MECHANICS OF EARTHFLOWS

the landslides’ movements. Figure 20 compares dis-
placements and pore pressures measured from 1995 
to 1998 in the uppermost active part of the earthflow 
at site 1. From the data, a sudden displacement ac-
celeration was observed in May 1998; it can be associ-
ated to the building up of excess pore pressures due 
to undrained compression of the main track. The ex-
cess pore pressures have been clearly measured by 
the electric piezometer PC located in the main track 

(section C of Fig. 20a). During a rapid active phase of 
the earthflow, the piezometer measured a pressure 
height 3 m above the ground surface, correspond-
ing to a water pressure very close to the average total 
stress. At the same time, just before the reactivation, 
an almost simultaneous decrease in pore pressure 
was measured by the electric piezometer PA, located 
in the upslope alimentation zone (section A of Fig. 
20b), reasonably as a result of undrained extension. 

Fig. 19 – Displacement measured by inclinometers from October 1992 to January 1993 at site 1.

Fig. 19 – Spostamenti misurati con inclinometri nel sito 1 da ottobre 1992 a gennaio 1993.

Fig. 20 – Automatic measurements of pore water pressure and displacement at site 1: a)in the main track, and b) in the 

source zone.

Fig. 20 – Misure automatiche di pressioni neutre e spostamenti nel sito 1: a) nel canale principale e b) nella zona di alimentazione.
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As a matter of fact, if the rate of movement is 
low, pore pressure distribution depends on the hy-
draulic boundary conditions(as in rest parts of the 
earthflow). Such behaviour is always observed in the 
accumulation zone (Fig. 13), that is normally char-
acterized by very slow movements. Similarly, if reac-
tivation is induced not by the thrust of the source 
zone but by other causes acting in drained condi-
tions (such as very slow toe erosion or rainfall act-
ing as hydraulic boundary condition), pore pressure 
oscillations simply follow seasonal trend also in the 
main track even during active phases, as observed at 
site 3 and site 5 (Figs. 15 and 16).

Direct observations and the collected field data 
also show that the flow kinematics are generally ex-
hibited during A and B stages, whereas the slide style 
is exhibited during C and D stages. Different move-
ment styles can however occur simultaneously in dif-
ferent parts of an earthflow characterized by not ho-
mogeneous consistency. As an example, figure 21a 
shows the inclinometer profile recorded at site 1, 
from September 1991 to July 1992, at the top of the 
main channel, where the soil is very softened and 
thus exhibits a viscous behaviour, with a flow type of 
movement. In this case, the overall displacements of 
this part of the landslide are controlled by the more 
stable downslope part of the landslide, which is in 
the C stage. On the contrary, figure 21b shows the 
inclinometer profile typical of “slide-style” move-
ments observed during phases of slow movement 
(stages C and D), occurred on site 2 from November 
1992 to June 1993: large strains concentrated only 
in the shear zone, while the uppermost part of the 
earthflow body is characterized by uniform displace-
ments. The slide style has been observed by the incli-
nometers installed within the main track of the land-

slide body of site 5, that are always uniform along the 
entire thickness and extremely slow, being the rate 
of movements within the interval 0.6 - 1.6 cm/year 
(Fig. 22).

5. A model for earthflow mechanisms

Monitoring and analysis of active earthflows in 
the High Basento Valley suggest that pore pressures 
are strictly related to the kinematics of the landslide 
body, playing a fundamental role in landslide initia-
tion and development. 

Earthflows typically include an upslope alimenta-
tion area bounded by the main scarp, where multiple 
and retrogressive roto-translational slides can occur. 
Failures reasonably produce negative pore pressure 
increments in the main scarp, and thus pore pres-
sures equalization regulates the successive collapse 
(Fig. 23a). According to such hypothesis, the time 
needed to accumulate a more or less high quantity 
of softened soil in the depletion zone is influenced by 
pore pressure equalization and swelling of clay. As a 
consequence, the return period of such stage strong-
ly depends on these phenomena and on the permea-
bility of the stable formation. According to the avail-
able data, the return period of huge reactivation in 
the Basento area is about ten years. In fact, when the 
source zone has been completely emptied and the 
main track is no more recharged, reactivation is char-
acterized only by slow movements. Consequently, the 
excess pore pressures induced by movements are neg-
ligible and the landslide style turns into a slide type. 

Once the earthflow is mobilized, slope move-
ments are quite rapid and induce quick and non-uni-
form changes in the total stress field. Due to the low 

Fig. 21 – Observed inclinometric profiles: a) stages of flow-style movement occurred at site 1; b) stages of slide-style move-

ment occurred at site 2.

Fig. 21 – Profili inclinometrici osservati: a) fasi di movimento del tipo flusso nel sito 1; b) fasi di movimento del tipo scorrimento nel sito 2.
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permeability of involved soils, development of excess 
pore pressures is likely to occur, in addition to the ef-
fects induced by the infiltration of rain water. In par-
ticular, the upslope zones of the landslide channel are 
subjected to undrained extension with negative ex-

cess pore-pressure generation, while the downslope 
zones to undrained compression, with positive ex-
tra-pore pressure. Mobilization of the landslide body 
produces extension and thus pore pressure decrease 
which, in turn, reasonably determines deceleration 

Fig. 22 – a) Inclinometric profiles and b) relative displacement on the slip surface observed at site 5.

Fig. 22 – a) Profili inclinometrici e b) spostamenti relativi misurati sulla superficie di scorrimento osservati nel sito 5.

Fig. 23 – Scheme of the undrained response induced in upslope and downslope zones of earthflow: a) mechanism of initia-

tion; b) mechanism of propagation.

Fig. 23 – Schema della risposta non drenata indotta nelle zone di monte e di valle di una colata: a) meccanismo di innesco; b) meccanismo 

di propagazione.

a)

a)

b)

b)
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(Fig. 23b). Probably, this is why these landslides 
don’t reach velocities higher than some m/h. Figure 
24 reports the peak velocities, measured or estimat-
ed, of some earthflows of the Southern Italian Apen-
nine, and compares them with the velocity classes by 
CRUDEN and VARNES [1996]. The fastest observed ve-
locities, concerning cases such as Tessina or Covatta 
earthflows, can be classified as “rapid”. 

6. Conclusions

This paper examines the mechanical behaviour 
and the kinematics of the earthflows, on the basis 
of the study of five test sites located in the Basento 
Valley, which have been monitored over more than 
ten years. The aim of the paper is to show that the 
kinematic features of these landslides are related to 
their geological and geomorphological characteris-
tics which also influence pore pressure changes in 
the landslide body. The geomorphological frame-
work considered in this paper is the one outlined 
by GUIDA and IACCARINO (1991] in the High Basen-
to Valley. 

As a matter of fact, at all the considered sites, the 
geological and geomorphological features of the al-
imentation zone determine the amount of materi-
al dislocated and conveyed towards the main track. 
The greater the amount of the mobilized material in 
the source area, the greater is the thrust on the land-
slide body. If the compression occurs in undrained 

condition, the shear strength decreases and the mo-
bility of the landslide body increases.

The earthflow kinematics is influenced by the 
seasonal pore pressure variations due to rainfall. In 
particular, for shallow earthflows (thickness less than 
5-6 m) pore pressures typically attain the peak val-
ues in the period December-April, then gently de-
crease reaching a minimum between September and 
October. Pore pressure increases due to rain causes 
reactivation. After a huge mobilization, the upslope 
zones of the landslide channel can be subjected to 
undrained extension with negative excess pore-pres-
sure, while the downslope zones can be subjected 
to undrained compression, with positive extra-pore 
pressures. Negative excess pore pressures improve 
the stability conditions and prevent the acceleration 
of the unstable mass. The contrary occurs as a con-
sequence of positive excess pore pressures. Because 
of the contemporary action of positive and nega-
tive excess pore pressures, the different parts of the 
landslide body subjected to extension and those sub-
jected to compression do not move contemporarily 
[PICARELLI et al., 2004].
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La valle del Basento: un laboratorio 

naturale per comprendere i meccanismi 

delle colate di argilla

Sommario

Le colate di argilla sono le frane più diffuse in Italia meridionale 

e coinvolgono in modo estensivo i depositi di argille consistenti 

tettonizzate e fessurate di elevata plasticità che costituiscono la 

frazione pelitica delle formazioni a struttura complessa della catena 

appenninica (Argille Varicolori e Flysch Rosso).Questo articolo presenta 

all’interno di un quadro unitario i caratteri della franosità della Valle 

del Basento (un’ampia area dell’Appennino) attraverso i risultati del 

monitoraggio di alcuni siti pilota, in cui sono state rilevate, studiate 

e messe sotto osservazione strumentale cinque colate di argilla. I 

risultati del monitoraggio (di piogge, pressioni interstiziali, spostamenti 

superficiali e profondi) evidenziano differenti comportamenti di zone 

diverse di ogni singola frana e la forte relazione esistente fra gli aspetti 

morfologici e quelli cinematici. I dati del monitoraggio indicano che 

talvolta il movimento avviene in condizioni non drenate o parzialmente 

tali, con conseguente sviluppo di sovrappressioni interstiziali, che 

influenzano in maniera significativa il tipo di movimento e la stabilità.

Le osservazioni riportate in questo articolo sono coerenti con 

le fasi del movimento delle colate di argilla classificate e descritte 

nella letteratura scientifica (fra gli altri: GUIDA e IACCARINO, 1991). 

Subito dopo l’innesco, i terreni del corpo di frana sono fortemente 

ammorbiditi, tanto da avere l’aspetto di un fluido viscoso (processi 

di natura sia meccanica che chimica possono essere responsabili del 

forte decadimento meccanico); di conseguenza la frana assume la 

forma di una colata. Durante le fasi successive, il terreno consolida 

diventando più rigido e il modo con cui la frana si muove cambia in 

maniera significativa, passando dal flusso viscoso allo scorrimento 

di un corpo rigido su una superficie di rottura.


