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In the present paper the results of a statistical analysis are shown,
performed on deep-seated gravirational slope deformation phenomena,
mapped in the central Apennines, located in 9 1:100,000 scale map sheets
(Nos 116 Gubbio, 117 Jesi, 123 Assisi, 124 Macerata, 131 Foligno, 132
Norcia, 133 Ascoli Piceno-Giulianova, 138 Terni, 139 L’Aquila), to cha-
racterize the parameters which determine their distribution or their acti-
vation. The proposed method is based on a preliminary interpretation of
aerial photographs at medium scale (1:33,000) and on a subsequent detai-
led geological-geomorphological field survey (1:25,000, 1:10,000 scale) ai-
med at collecting lithostrucrural and tectonic data of the bedrock, to iden-
tify the different movement types. The field data are collected through a
hard copy checklist and subsequently codified and inserted into a data ba-
se management system to perform the statistical analysis. The results ob-
tained show how these phenomena are determined by particular combina-
tions of lithological, tectonic, structural and morphological factors.
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Sono stati cosi individuati i fenomeni gravitativi, definendone le ca-
ratteristiche litostrutturali e tetroniche dei corpi rocciosi, i rapporti con
eventuali depositi continentali ed i principali meccanismi deformativi. I
dati di campagna, riportati su scheda e successivamente codificati ed ela-
borati statisticamente, hanno permesso di stabilire delle correlazioni, talo-
ra piuttosto strette, tra i fenomeni deformativi ed i fondamentali parame-
tri morfomerrici dei versanti, oltre che con le condizioni litostratigrafiche
e tetronico-strutturali del substrato roccioso.

1 49 casi di deformazione gravitativa profonda di versante studiati,
hanno permesso di evidenziare i diversi fatrori di controllo di tali com-
plessi fenoment, all'interno delle formazioni calcaree ed arenacee dell’Ap-
pennino umbro-marchigiano.

I fenomeni di lateral spreads {distinti in deep-seated block slide e late-
ral spreads s.s.) prevalgono nettamente nelle rocce lapidee intercalate o so-
vrapposte a termini pelitici o caratterizzate da livelli intensamente tetto-
nizzati o carsificati; talora risultano guidati da piani di sovrascorrimento. I
fenomeni di sackungs sono per lo pitt presenti negli ammassi rocciosi frat-
turati, di maggior spessore, che costituiscono versanti con pill elevati valo-
ri dell’energia di rilievo e dell’acclivith. Tra i parametri geologico-struttu-
rali risulta di fondamentale importanza la presenza di discontinuita tetto-
niche (fratrure, faglie, sovrascorrimenti e retroscorrimenti), come & testi-
moniato sia dalla buona corrispondenza tra le direzioni di faglie ¢/o frai-
ture e trincee, che dalla presenza di lineazioni tettoniche in pitt del 60%
dei fenomeni rilevati. L’attivita tettonica, in combinazione con cause cli-
matiche, ha inoltre generato I'energia di rilievo necessaria all'innesco delle
deformazioni. Importante risulta essere infine I'assetto giaciturale dei cor-
pi rocciosi stratificati; nel 75% dei casi studiati, ricorrono infarti disposi-
zioni degli strati a franapoggio, con inclinazione minore del pendio.

Per quanto riguarda i parametri morfometrici e morfologici del ver-
sante si evidenzia un valore minimo di 200 m dell’energia di rilievo neces-
sario per l'innesco dei fenomeni deformativi, che pud raggiungere i 900
metri, nei litotipi a pitt elevata competenza. La lunghezza del versante
non risulta essere un fattore di controllo determinante, presentando co-
munque un intervallo maggiormente ricorrente tra i 900 ed i 1900 metri.

L’angolo di inclinazione del versante ha un valore medio pari a 22°
che aumenta in assenza di faglie e/o fratrure e diminuisce, al contrario, in
presenza di esse e/o di sequenze litologiche costituite da calcari e calcari
marnosi su marne ¢ marne calcaree. La forma del versante in pitt del 70%
dei casi risulta essere convessa e la profondita media stimara di tali defor-
mazioni si attesta intorno ai 100 merri.

I fenomeni di deformazione gravitativa profonda di versante studiati,
ricorrono con maggiore frequenza lungo i fronti di sovrascorrimento e/o
di retroscorrimento e, soprattutto, nell’area meridionale, dove piil rapido
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ed intenso ¢ stato il sollevamento neotertonico. Inoltre la presenza di rali
fenomeni deformativi in aree caratterizzare da minori energie di rilievo,
ma interessate da piti intensa attivita sismica, permette di ipotizzare un lo-
ro stretto collegamento con eventi sismici di notevole intensita.

TERMINI CHIAVE: Deformazioni gravitative profonde di versante,
Analisi morfomerrica, Analisi macrostrutturale, Appennino Centrale.

INTRODUCTION

The present work reports the results of a statistical
analysis of deep-seated gravitational slope deformation
phenomena mapped in the central Apennines (Map sheet
Nos 116 Gubbio, 117 Jesi, 123 Assisi, 124 Macerara, 131
Foligno, 132 Norcia, 133 Ascoli Piceno-Giulianova, 138
Terni, 139 L’Aquila). The aim is to afford a preliminary
characterization of the parameters regulating their distri-
bution or which are determinant in triggering them. A
further aim is to study the connections berween gravitatio-
nal movements and neotectonic activity, as reported by
other Authors (CARRARO & alii, 1979; GUERRICCHIO &
MELIDORO, 1981; SAVAGE & SWOLFS, 1986; BLUMETTI &
aliz, 1990; DRAMIS & SORRISO VALVO, 1994; DRrRaMIS &
alii, 1995).

This study is part of a systematic mapping project at
scales of 1:10,000 and 1:25,000 of the deep-seated gravita-
tional slope deformation phenomena and large landslides
started many years ago; so far many works have been pu-
blished (COPPOLA & alii, 1978; DRAMIS & aliz, 1987 and
1988; GENTILI & alif, 1992; FoLcHI VICI & ali, 1993;
GENTILI & PAMBIANCHI, 1993 and 1994; FARABOLLINI &
alii, 1995). The purpose of the project is to give an investi-
garory methodology for surveying and systematically clas-
sifying large-scale earth movements in the Central Apenni-
nes and to create thematic maps for studying the hazard
arising from gravitational phenomena. The method propo-
sed is based on a preliminary interpretation of medium-
scale (1:33,000) aerial photographs and subsequent detai-
led geological-geomorphological surveys (at scales of
1:25,000 and 1:10,000). Particular care has been taken in
collecring the data regarding the lithostructural and tecto-
nic setting of the bedrock, with a view to interpreting the
various types of movement. The geological-structural para-
meters and geomorphological characteristics of the map-
ped phenomena have been collected and classified on ap-
propriate check-lists for setting up a data bank. The last
phase consists in a statistical elaboration of the information
collected. The present paper reports the results obtained
for deep-seared gravitational slope deformation phenome-

na (fig. 1).

THE MAIN STRUCTURES

In the Umbro-Marchean Apennine area studied here,
terrains of the Umbro-Marchean stratigraphic series crop
out, formed of a sedimentary sequence with levels of diffe-
ring stiffness (CENTAMORE & DEIANA, 1986). This sedi-
mentary cover is made up of:
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1) a carbonatic platform limestone unit approx. 800 m
thick (Calcare Massiccio, Upper Trias-Lower Lias);

2) a well-stratified pelagic and hemipelagic succession
{Middle Lias-Miocene p.p.) made up of limestone, silicious
limestone, marly limestone, and marls of varying thickness
in the northern and central zones between 1400 and 900 m
a.s.l., related with the presence of the complete, compoun-
ded or condensed succession. In the southern portion of
the area, the presence of considerable quantities of lime-
stone deriving from the disintegration of the Latium-
Abruzzi platform makes it extremely difficult to determine
the thickness of the facies;

3) turbidiric silico-clastic deposits of the Umbrian, in-
ner Marchean, outer Marchean, and «della Laga» Basins
(Lower Miocene-Pleistocene).

The area of study is that part of the Apennines borde-
red to the west by the Umbrian Basin and to the east by the
outer Marchean Basin. It is formed by the Umbro-Mar-
chean anticline ridges to the west and the Marchean one to
the east which are separated by the inner Marchean Basin
syncline; to the south of the internal syncline these ridges
join together, giving rise to the massif of the Sibillini Mzs.

The Umbro-Marchean ridge is made up of a series of
periclines and of more complex anticline structures supe-
rimposed on each other with eastern vergence and thrust
onto the silicoclastic sediments of the inner Marchean Ba-
sin; the Marchean ridge is mainly formed of an anticline
which is superimposed on the Tertiary terrains of the outer
Marchean Basin along a thrust plane which to the north of
the River Chienti valley is not visible in outcrops.

The structure of the Sibillini Mts is also made up by a
set of thrusts and is tectonically superimposed on the «del-
la Taga» Basin terrains, along a complex thrust structure.

In addition, the survey area covers the eastern part of
Laga Mountains, including the Montagna dei Fiori ridge
structure, tectonically superimposed on the Tertiary turbi-
ditic depesits of the «Laga» Formation (fig. 1).

The above-mentioned compressional structures, origi-
nated in Upper Miocene-Lower Middle Pliocene, were
subsequently dislocated, starting in Upper Pliocene, by a
series of direct faults trending prevalently berween NNW-
SSE and WINW-ESE; these are grouped in belts and have
given rise to tectonic depressions of varying sizes (e.g., tho-
se of Montelago, Norcia, and Castelluccio) and to slopes

with high relief.

ELEMENTS CONSIDERED

For the statistical survey of the observed deep-seated
gravitarional slope deformation phenomena, some factors
considered significant were encoded and incorporated in-
to a data bank. The lithotypes were first encoded as indi-
vidual formations, and then regrouped as sequences, in
particular as alternations of limestone lithotypes (C), li-
mestone and marly limestone formations stratigraphically
underlying marly formations (CM), marly formations un-
derlying limestone ones (MC), or as alternations of arena-



FIG. 1 - Geological-structural scheme

of the study area, with the location of

the examined deep-seated gravitational
slope deformation phenomena.
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ceous, arenaceous-pelitic, and pelitic formations (AR).  of fracturing in the lithotypes, and the presence and type
In addition, the structural data for the slopes affected  of faults.

by the phenomenon were reported: the bedding of the Also the slope morphology and morphometry were
strata with respect to the slope orientation, the degree  considered to be an element correlated with these pheno-
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mena. Included in the data bank were: the relief (in m), the
average angle of inclination of the slope (in degrees), the
length (in m), and the morphology of the slope (concave or
convex). Of the geomorphological processes acting on the
slopes, erosion due to surface waters was held to be deter-
minant.

About 49 deep seated-gravitational slope deformation
phenomena have been analysed and classified (JAHN, 1964;
ZISCHINSCKY, 1969; VARNES, 1978); the most recurrent ty-
pes are lateral spreads (subdivided in lateral spreads s.s. and
deep-seated block slides), while sackung phenomena are ra-
re (fig. 2a).

The formation most affected by this kind of phenome-
non is the Scaglia rosata (present in 23 % of the cases stu-
died, as shown in fig. 2b), made up of limestones, marly li-
mestones and more markedly of marly levels, and characte-
rized by low shear resistance with the presence of notably
fractured levels. Stratigraphically, this formation overlies a
previously marly one (Marne a Fucoidi). Its high frequency
could also be explained by the extensive outcrops in the
Apennine ridges in the study area.

Also the Marne a Fucoidi is frequently affected by the
deep-seated gravitational slope deformation phenomena
examined. It is formed of limestones, marly limestones and
marls with less pronounced mechanical characteristics
than those in the considerably more calcareous formations
found in the stratigraphic successions both at the top (Sca-
glia rosata) and at the base (Maiolica); in fact, it effectively
forms a «discontinuity» inside the Umbro-Marchean lime-
stone series. Also lithotypes with a higher limestone con-
tent and more rigid behaviour are involved in deep-seated
gravitational slope deformation phenomena. Examples of
these are the Maiolica, Corniola, and Calcare Massiccio
which display characteristic karst levels in parallel with the

stratification (FARABOLLINI & ali7, 1995). The silicoclastic
lithotypes are affected by deep-seated gravitational slope
deformation phenomena at the high reliefs, such as della
Laga Mts. (fig. 1). There the phenomena can be interpre-
ted as lateral spreads or deep-seated block slides. Massive
sandstones dipping out of the slope overlying thin pclitic
or arenaceous-pelitic levels, are activated in corresponden-
ce with these thin low-resistance levels; the phenomenon is
favored by movement of large blocks fragmented by di-
stensive Quaternary tectonic discontinuities. Along the
main tectonic lineaments the major geomorphological evi-
dence is observable, represented by trenches and scarps of
considerable size.

A similar trend can be noticed in the frequency distri-
bution of the phenomena related to the lithotechnical units
(fig. 2¢). About 26 cases comprise the first lithotechnical
group (C); half of them involve rocks showing rigid beha-
vior (limestones) overlying units with lower mechanical re-
sistance (marls). These stratigraphical-structural conditions
are in fact the most favorable for starting up these deep-
seated gravitational slope deformations, as described by
many authors (KAMENOV & aliz, 1977; COPPOLA & alii,
1978; DRAMIS, 1984; CRESCENTI & aliz, 1987). Very similar
conditions characterize the phenomena observed in the AR
lithotechnical unit (alternation of arenaceous massive and
pelitic layers). In the other situations tectonic discontinui-
ties {fractures, faults and thrust fronts) and karst levels pa-
rallel to the layering have been considered fundamental
(GENTILI & aliz, 1992; GENTILI & PAMBIANCHI, 1994; FA-
RABOLLINI & aliz, 1995).

Among the lithostructural control factors, one of the
main ones is the type of bedding. In most of the cases exa-
mined (ca 60%, cf fig. 2d), the deformations are found at
the minor strata dipping out of the slope (class A), whereas
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the presence of strata dipping into the slope (class B) or
subhorizontal (class C) is observed in fewer than 15% of
the cases. Lastly, in fewer than 10% of the case, are situa-
tions found in which the strata are major ones dipping out
of the slope or subvertical (classes D and E).

Subdividing the fracturing into three different classes
according to the numerical frequency of the fractures, it is
seen that in more than 50% of the cases the rock has a hi-
gh degree of fracturing, and that only in 2% of the cases is
a low degree, as shown in fig. 2e.

The distribution of the phenomena was examined from
the standpoint of presence of tectonic lines. From the re-
sults obtained, shown in fig. 2f, it can be observed that
more than half the cases examined occur at the important
fault lines and, in particular, along the thrust and/or
backthrust fronts, showing a direction subparallel to the
one of the slope. To confirm this, an analysis was made of
the correlation between the trends of the faults and those
of the main trenches; the result was a correlation coeffi-
cient of 0.9 as shown in fig. 3a.

This emphasizes the important role played by the tecto-
nic activity and the tectonic structure in the generation of
deep-seated gravitational slope deformations.

An analysis of the morphometric data which characteri-
ze the slopes evidences the role of the relief as a predispo-
sing factor for deep-seated creep phenomena. The slopes
affected by deformation have relief values mostly between
200 and 900 m (fig. 3b); the one most frequently found (in
about 16% of cases) is that of 300 m, while a secondary
peak occurs at 600 m.

However, it can also be observed that low relief (200
m) is present in ca 8% of the cases examined, which pro-
ves that structural or tectonic factors are sometimes more
influential than morphological ones. The relief cannot be

separated from the length of slope factor, which is general-
ly found between 900 and 1900 m, with a main peak at
1000-1400 m and a secondary one at 2600 m (fig. 3¢).

The highest values, characterised by a low ratio
between relief and length, correspond to lateral spread
phenomena inside the Scaglia rosata or Calcare Massiccio
formations or the arenaceous ones. Generally, the deep-
seated gravitational slope deformation phenomena affect
slopes of considerable size, and only 4 % of the slopes have
a length of less than 600 m. The regression rate berween
relief and length of slope affords a correlation coefficient
of about 0.5 (fig. 3d), which testifies that high relief is not
necessarily associated with long length of slope.

This can be due to the recent (Lower-Middle Pleistoce-
ne), intense and rapid tectonic uplifting which affected the
area; it is usually connected to the strong river erosion dee-
pening which determines, in the areas close to the river
beds, the generation of steep slopes of limited size.

The mean angle of slope values range from 15° to 30°
with an average of about 22° and a peak between 20° and
21° (fig. 3e), which is in agreement with literature data
(MAHR, 1977; MORTARA & SORZANA, 1987). Relatively low
values could testify that the lithostructural and tectonic
characteristics are more determinant than the morphologi-
cal and morphometric parameters. To confirm this hy-
pothesis, the mean angles of slope both in absence and in
presence of faults were compared (fig. 3f). In the first case
an angle of more than 20° can determine the triggering of
deformation, whereas in the second case an averagely
lower angle is enough, since in 50% of the cases deforma-
tion occurs with angles of less than 20° down to a mini-
mum of 15°.

The representation was performed by «Box and Whi-
skers» type graphics, where the width of the «Box» is pro-
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portional to the square root of the number of observations,
while its length covers 50% of them (interquartile range).
The central line indicates the median and its size is propor-
tional to that of the step calculated. When the lines
marking the median of the two groups separate, there is a
statistically significant difference between the medians,
and thus berween the groups.

The geomorphological investigations also dealt with the
shape of the slopes affected by the deep-seated creep clas-
sifying it as concave, convex or rectilinear (fig. 4a).

In addition to the slopes, also those zones were measu-
red which are affected by deformation with an almost nor-
mally distributed angle of slope, and with values ranging
from 14-15° to 28°, with a mean of ca 22° (fig. 4b). The
most frequently occurring value (in more than 20% of ca-
ses) was 16° The relation between the angle of the defor-
med zones and the lithological sequences is represented in
fig. 4c. In this graph, no substantial differences are obser-
ved because the median of the value in the AR sequence is
ca 23°, while that for the limestone sequences (C) is 20°,
and in MC-type sequences it is ca 22°. The only feature ob-
served is the presence of a certain dispersion in lower va-
lues (up to-14°) for the MC lithological sequence compa-
red to the others. That could be explained by the presence
of underlying marly levels that induce the triggering of the-
se phenomena even at lower angles. Lastly, the deforma-
tion thicknesses, as hypothesized by kinematic interpreta-
tion of the movement deduced from geological and geo-
morphological surface data, ranged between 100 and 200
mi with an evident peak between 100 and 120 m (in 37 %
of cases, cf fig. 4d).

It can also be noticed that the slopes which were trigge-
red by the deformations in absence of faults are affected by
river erosion deepening in nearly all cases (ca 75%), as

08

shown in fig. 4e, f. In the opposite case, that is in presence
of faults, only 31% of the slopes are affected by river ero-
sion deepening. This can be due to the fact that the relief
necessary to start a deep-seated deformation is a direct
consequence of the tectonic activity (e.g., fault scarps, th-
rust/backthrust fronts). On the contrary, where no tecto-
nic dislocations occur, it is always uplifting combined with
river erosion which can give rise to such deep-seated
deformations.

CONCLUSIONS

Deep-seated gravitational slope deformation phenome-
na are complex and derive from a combination of different
facrors. In the present study, the data deduced from a sam-
ple of these phenomena have evidenced the different con-
trol factors inside the limestone and arenaceous formations
of the Umbro-Marchean Apennines.

The most frequent typologies are block slide and lateral
spread, mostly present in rocks either intercalated with or
overlying marls or pelites, or characterized by intensely
tectonized or karstified levels and occasionally controlled
by thrusts. The gravitational phenomena attributable to
sackung are usually present in fractured rocks and their re-
lief and slope angle values are higher that those of the for-
mer type. Of the geological-structural parameters, the pre-
sence of preexistent fracturing, and even more so that of
intense recent extensional tectonics, is fundamental.

Tectonics is a primary control factor that is proved
both by the high level of correspondence between the
trend of the fault and that of the trench and by the presen-
ce of tectonic lines in more than 60% of the phenomena
surveyed. The tectonics has acted in combination with cau-

0.6

DISTRIBUTION (%)
DISTRIBUTION (%)

0.4

DEFORMED ZONE ANGLE

0.2

50

40

30

20

Fic. 4 - a) Distribution of slope

M
==y

morphology (conv=convex; conc=con-
cave; rect=rectilinear); b) distribution

of the deformation zone angle of slo-

pe; c) relationship berween the litho-

CONV. CONC, RECT. o

20 30 20 50
SLOPE SHAPE DEFORMED ZONE ANGLE

(@ ®)

0.4 PRESENCE OF FAULTS

cM MC
LITHOTECHNICAL SEQUENCE

©

technical sequence and the deforma-
tion zone angle (the value of the
deformation zone angle is given on
the axis of the ordinates), AR=arena-
ceous associations intercalated with

ABSENCE OF FAULTS pelitic and arenaceous-pelitic levels;

08

07

08

C=limestones and marly limestones;

07

0.3

0.6

06

CM-=a base of limestones and marly li-

DISTRIBUTION (%)

05

05

mestones, surmounted by marly lime-

DISTRIBUTION (%)
DISTRIBUTION (%)

02

04

04

stones and marls; MC=a base of marly

limestones and matls, surmounted by

03
o1

0.2

03
0.2

limestones and marly limestones; d)

distribution of deformation zone

=

thickness; e, f) presence of strong ri-

200 300 400
THICKNESS OF DSGSD (m)

&)

N Y
RIVER EROSION DEEPENING

©

340

ver erosion deepening at the base of
the slope in presence (e) or absence

(f) of faults (Y=yes; N=no).

N Y
RIVER EROCSION DEEPENING

o



ses of climatic origin creating the relief needed to trigger
the deformations (intense tectonic uplifting and the conse-
quent deep cutting of the hydrographic net, AMBROSETTI
& alii, 1982).

The bedding of the strata is also important; in 75 % of
cases it is of the minor dipping out of the slope type derer-
mining block slide and lateral spread phenomena. With re-
gard to the morphometric and morphological slope para-
meters, the minimal value for the relief needed to trigger
the phenomena is 200 m, and in the cases examined it can
reach 900 m, above all in the lithotypes with greater stiff-
ness. Slope length does not prove to be a determining con-
trol factor, and mostly ranges from 900 to 1900 m. The
mean value for the angle of slope is 22°, which can increa-
se in absence of faults and, conversely, decrease in the pre-
sence of faults and of lithological sequences formed of li-
mestone and marly limestone over marls and calcareous
marls. In more than 70% of cases the slope morphology
was convex and the average estimated depth of these
deformations lies at around 100 m.

Observation of the distribution of deep-seated gravita-
tional slope deformation phenomena in the studied area
(fig. 1) reveals a particular frequency of these phenomena
along the thrust and/or backthrust fronts and above all in
the southern area, where a more rapid and intense uplif-
ting has occurred. The presence of such phenomena in
areas characterized by minor relief but affected by intense
seismic and neotectonic activity leads to the hypothesis of
a connection with the seismic events of considerable inten-
sity that have occurred in the area.
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