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STUDIA UNIVERSITATIS BABES-BOLYAL GEQOGEAPHIA, LV, 1, 2010

GEOMORPHOLOGICAL HAZARD ASSESSMENT OF THE AREA OF
THE MEDIEVAL VILLAGE OF RIOLA (BOLOGNA APENNINES,
NORTHERN ITALY)

D. CASTALDINT', AL, GHINOI", AL. MACCAFERRT

ABSTRACT. - Geomorphalomical harard assessment of the ares of the medieval villagze of
Riola (Bologna Apennines, Northern Italy). The medieval village of Fiols has recanthy been
Zaining imTreasing inferact fior possible fithare tourist explodtaton. This smdy = simed to assess
the gromorpholesical hazards of that area, throuzh detailed secmorphelogical mapping (cross-
verifed by applied-geclosy imestgatons). Pardoulardy, the area’s imnstability has been analyzed,
also with the aim of verifying the officizl maps of the Bologna Province' femitorial plan, whers
the srestest part of the srea has been defined at elevated hydrological nzk, smongly lintane fomre
development This study has demonstated bow a deteiled geomorphological mapping, coupled
with an harard classification method adopted with modifications, from the Swiss hazand-
mapping guwidelines, can give a more realistc picture of the slope metbility Samework of a
nnmicipality than that given by the provincial maps. The latter are bazed on geological maps and
on inferpresation of serisl photographs: the primary am of geological maps is not fo identify
landslides, while aerial photographs can only zive a first glimpse of 2 landslids’s body, not
having much to say on s state of activity.

Keaywerds: lmudslide, seomorphological mapeing, haoard, rizk ferfforial plawming, Bologna
Apennings.

L. INTRODUCTION

Situated in the mumi-
cipality of Castel d'A1ano {Bo-
lognese A.p-mninﬁ} the medieval
village of Ficla 15 of histonc,
architectmal and landscape mm-
portznce and recently if has been
EAmnE ncreasing mferest for
possible fohwme townst exploma-
tion (fig. 1). This study 1s ammed
to assess the geomorphological
hazards of that area, through deta-
tled geomorphological and ap-
phed-geclogy  mwestizatons.
Parteulardy, the area’s mstabily

Fig. 1. Panoramic Wiew from Worth-East of the Medieval
Village of Fiola (Bologness Apenninec,

; Deparmment of Earth Scvences, University of Modena and Reggio Emilia, Ttaly,
_ e-mail: doriane.castaldinidummore it
* Professional geologist, Offfce: Fiale Cadutr in Guerra, Modena, Ttaly



D. CASTALDINL AL GHINOL AL MACCAFERRI

haz been anmalysed, also with the amm of venfymmg the documentz of the Prowvince-
Coordmmated Temitorial Plan (from now on named as PTCP) of the Bologna Province
(Provincia di Bologna, 2004), where the greatest part of the area has been defined at
elevated hydrological nsk, strongly linuting pessible ternitonal plans.

1. GEOGEAFPHIC AND GEOLOGICAL SETTING

The willage of Fiola 15 located in the southemn sector of the mumicipality of Castal
d’Atano, middle Bolognese Apennines. Its byvdrographical basin is the Aneva Tomrent's, left
affluent of the Feno Biver (fig. 2). One hectare of area, the willage spans from 710 to 723
metres above sea level. Despite thiz, the enfire study are covers some 3 square kilometres,
with elevations spanming from 435 m, af the Aneva Toment, fo some 850 m on the peaks
above the village.

Fig, 1. The location of the study area, within the Bologna Apermines, 15 represented by the star.

The Bologna Apenninze belong to the Morthern Apenmnes whech are a fold-and-
thrust belt resulting from a complex and mmlh-staged evolunon. The geclogical features of
the chamn are quite complicated (e.z. see Boecrcaleth & aln, 1931; Cemna Ferom & alu |,
2002). In short, the main geological umit: forming this sector of the Apenmines are as
follows (Bettell: & Die Mardo, 2001):

&



GEOMORPHOLOGICAT HAZART ASSESSMENT OF THE AREA OF THE MEDIEVAL VILT AGE OF RIOLA

- Tuscan Umts, made up of Tertary siliciclashe desp-water twhadites, contimuoushy
croppng out along the Apenmine chain’s axs; they result prevalently from the mfilhng of
distinet rmgrating Tertiary foredesp basin;

- Lipunan Units made up of deep-sea sedmments imcluding Jurassic ophiolites
followed by thick sequences of Cretaceous to Eocene calcareous or temgenons turbadites;

- Manly temigencus epi-Lizunian sequences of the Mhddls Eccene to the Late
Messiman, unconformably resting on the previcusly deformed Ligmian Unatz. The epi-
hgmunseqnﬂn:esandﬂmhgunanUmlsmexpmdmﬂmund-Apmnmﬂs

- the belt of Pho-Chuaternary manne termigenows deposits unconformably overbang
the Ligurian Untts and the epi-Ligunan sequence cropping cut at the Apenmine margin and
dippmz under the allmial deposits of the Po Plamn

Thke study area has been object of vanous studies, at different scales, among which
Annoa (1975 and 1980}, Colombetty (1973) and Pammi et al., (2002). On the bamis of the
most recent cartography (Fegione Enuha-Fomagnz — Semvizio Geologico, Sismico e da
Suoly, 2008, all lithologies croppig ouf in the area belong fo the Epi-Ligunan sequences, In
stnng:mphcurderﬁmyareasﬁ:r]lmrs

F:tg.i! Gmlugmﬂmapnfﬂeshﬂymmmxtﬁumﬁmmnﬁmhgxn Sismico e dei Suooli
(Fegione Emiliz-Fomasna — web site). Legend: red circle: location of Fiola 1) Deposit of
actve slide; 2} deposit of active slow flow; 3) deposit of dormant :lide; 4) deposit of dormant
conplex landslide; 5) talus heap; &) mactve alluvizl fan; 7) tmaverine; §) Formazione di
Panfano (Membro di Sassognidanc), PATIL; 99 Mame di Antognola, ANT; 100 Mame di
Antognola — Membro di Anconells — silty-arenaceons Litho-facies, ANTHa
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D. CASTAIDINL AL GHIMNOL AL, MACCAFERREI

- peliic zandstones of the Membro di Anconella (Formazone di Antognola),
Upper Rupelian - Burdigalion (ANT4a mm fig. 3). This hithotvpe has the laghest ocowrence
m the area, except for the north-western sector;

- marls and clavey marls of the Formazione di Antognela, Upper Rupelian -
Burdigalian (ANT); thev crop out, in some houted sites, m the sowth-eastem sector;

- arepites of the Membro di Sassopudane (Formazione di Pantano), Upper
Burdigalian — Lower Langhian (FAT1); they crop out just in the north-western sector.

Fegarding tectomcs, the village of Ficla 15 located i the southern reaches of a
direct, high-angle fault with a MW-5E direction. The fault has cansed the lowenng of the
Membro di Sassogudane (PATL), on s west side, relatively to the Membro di Anconella
(AMNT4a), on its eastern side.

3. GEOMORPHOLOGICAL STUDY

The geomorphological study 15 an essental phase towards the geomorphological
harard assessment The geomorphological characters of an area are shown on a geomor-
pholozical map (fig. 4), obtaimed, with some appropriate vanatbons, according to the legend
and pude proposed by the Italian Gruppoe di Lavoro per la Cartografia Greomorfologica (1994,

In order to realize fiz. 3. besides field swrvey, fundamental was the interpretation
of aenal photographs and high-definition satelbite mmages, both mult-scale and nmwuln-
temporal, analogical and digital.

The concept of “state of activity™ has been of crucial importance when applied, in
general, to define the dymamics of zeomorphic processes (and thewr relatrre forms and
processes) and, m parbcular, of hydrological-mstability phenonsena.

It 1z known that many defimtions of “state of activity™ exast for geomorpholomieal
processes (and consequently for active, dommant and mactive landshdes) and for thew
dermving forms and deposits. This 1 because it has an extremely interesting applicative
matter. Moreover, the ferm 15 frequently used without specifing 1ts meaning,

Without hsting all the exsting bibhography about this matter, for ths siudy the
defimtion given by the PROAINCIA DI BOLOGHA (2004) has been used. For instable ameas, it
defines:

- “Areas affected by achve landshides™: landshdes which are cumrently achve or
that have been reactivated since the last 30 years (rock-falls are alzo meluded);

- “Areas affected by dormant landshdes™: landshdes that have not showed signs of
actoity since the last 30 wears and that could be reactivated by thewr ongzinal causes,
compresi gli scivolamenti di bloechi, le espansion laterzh e le Deformazioni Gravitative
Profonde di Versante (DGPV);

- “Potentially instable areas™: gquaternary deposits affected by esident superficial
morphogenetic processes such as creep, solifluchon ete.; alluvial fams; areas affected by
relevant erosional processes; natwrally stabilized or relict landshdes.

The reason 15 that the Provineia di Bologna (2004} 15 a reference domument for the
temitonal planning of the Bologna Province and that the methodology to be apphed for the
hazard assessment (see paragraph 6) considers two retum-peniod classes: =< 30 wears, and
from 30 4o 100 vears.

The peomorphological charactenstics of the area, represented m the geomorphological
map of fig. 4, mall be descnbed mow on



GEOMOBPPHOLOGICAL HATART ASSESSMENT OF THE AREA OF THE MEDIEVAL VILT AGE OF FIOLA

Fig. 4. Demiled gromorphologica]l map of the study ares Legend: 1) Marme di Antomnola, ART; 2)
Fommazione di Pantane (Dembro di Sassogpdane), PATI; 3) Mame di Antopnola — Membro di
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Anconella — silty-arenaceous litho-facies, ANT4a;
4) maverdbe; 5) unceriain lithologic boundary; &)
assumed fanlt; 8) factre; 9 stmucharal surface; 107
rdge: 11} soucmre conoolled scarp edse; 12)
canalised smeam: 13) secondary soeam; 14)
torrent; 15) tapped spring; 16) spring; 17) water
well; 18) edze of degradation andor landslide
scarp; 19) landslide body due to flow; 20) body of
rotatonal slide; 21) body of complex Iamdshids; 22)
talns heap; 23} zlope afscted by solifluction; 24)
edze of torrental erosion scamp; 25) gally; 24)
alhavizl deposit; 27) water rebengion basin mmdergaing
rapid sedimentation; 28) artificial embankroent; 297
sbandoned quarry; F1) Ribecco’s landslide; F2)
Canevare’s landslida

The arez 15 drained by a2 dense
network of gullies that convey their waters
info tero main water cowrses, the Fio Fiva and
the Fuo Bragoara. These two are feed from the
left side the Ameva Tormrent that, with a W-E
flow within small fluvaal scarps, borders the
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area to the south (fiz. 3). The mfilbation of superficial waters ocowrs where topography
shows counfer-slope or concave shapes; the underground flux 15 sensibly reduced where
waters encounter clay-rich hthologies.

Mear San Cnistoforo di Labante, the abundance of water flowing out from a spring
and the peculiar chemical composiion of rocks have determined favowable condibons to
calemm-carbonate precipitation and the formation of ravertne.

The waters of the 5 Cnstoforo di Labante’s spring feed the homonymous
waterfall that together with the close by “cave of the Gemmans™ represents the main fourist
attracton of the area (fiz. §). Mearby, an abandoped miming pit has been converted to a
resting place for tounsts.

|| -d“"rgi{‘-" i'.#:;:l b
Fig. 5. Panoramic wiew of the Abbaza d4i Fig_ &. The travertine waterfall near 5.

Labanie's landslide at whose foot the Cristofioro di Labante.

Aneva Tomrent flowrs.

Fegardmg the struchoal-tectome characters, the oromzphic settmg 15 condihoned by a
systeny of faults and fractures with a WW-5E dwechon at which vanous water cowrses have
developed, divided by watersheds and stuchmal scarps. The fimlt of the Riola willage, that
represents the most mportant element of that systems separates the owterops of arenaceous
htholomes mio teo sectors: the western one 5 characterised by counter-zlope stratz dipping
towards M and NE; the eastern one charactenized by along-slope strata dipping towards SE.

Thke buldings of the medieval village lie on top of arenaceous hithologies having a
general counter-slope athtude of the strata. The western sector shows a ugher relief energy
and steeper slopes; the eastern one shows a relatively more gentle relief where, at some
places, the slopes 15 a stmctural swface (fig. 7). Less steep slopes ocour in the south-eastern
sector where marls crop out.

The most abundant superficial deposits around Facla are scree deposits produced by
phymical weatherng of owicropping sandstones and mobihsed along slopes. Less abumdant,
although particulardy mportant for instability, are landshde deposits, ccoumng mamly where
pebte sandstones of the Formamone di Antognola crop out. Landshde tyvpes are: motational rock-
shdes, earth flows and complex landshdes. In detzil, a rofational rock-shde, clearty actve, affect
the south-sastern slope of Fibecco (fom now on called “Fabecco lands=hde”, identified by Fl 1n
fiz. 4). In the upper part of the slope, a fow metres from the bwldings, rock priszmms can be
observed, parhally detached by therr outerop along sub-verhcal swfaces from whech other rock-
falls and rock-shdes nught ake place (fig. 8). Bock-fall deposits can be observed along the slope
whose shape 15 charactensed by manmy counterslopes. Somewhere frees are mebned Moreowver,

10
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witnesses and bibliographies refer about frequent remaking of the tract of the Proninecial Foad
“Wal d"Aneva” that borders the landslide foot. The causes of that landshde are probably related
to tectomic-stuchmal factors because, according to what Regione Emibia-Fomagna — Sermvizo
eologico, Sismico & del Suoll (2008) says, the area hes over the contmuation of the Fiola's
famlt and at the boundary between arenaceous and marly hthologes. On the basis of these data it
15 possible to assumse the presence of a mechamcal weakness that not only may have frachmed
the rock mass, but that may have also favoured preferental infilbation of superficial waters
along sub-vertical fractures unfil the contact with underhying mards. Once sahoated, marls could
tngzer shides that may destabilise also the overlying sandstomes.

Flg.'?ﬁ.lung;—ilupeamtu.deufitmta,grenbya Fig. 8 Panoramic view of the upper part

strucitural surface, ME of the medieval village of the Ribecco landslide. Mote
of Riola (far left in the photsgraph). The the detached rock prisms near
bedrock is commposed by palitic sandstones of the land:lide scarp, wery closs to
the Mambro di Anconella the buildings of Bibecco.

[

Probably 2 complex landshide (rotational shde and flow) has been 1dentified east of
Fibecco’s landshde, south of Canevare: it affects the screes and it will be called, from now on,
“Canevare's landslide”, identified by F2 in fizg. 4). The process, of limited extent, has been
mnsmhmdammduetnﬂ:aen:hﬂmﬂscmandmﬂmsldurﬂllnba not vet revegetated.
Thmnfnmmﬂ:ephmrdu;eaﬁemuﬂbeﬂummufﬂmwe

Two other relevant landslides can be observed on the slope between the Prowineial
Foad Val d"Aneva and the Aneva Tomrent. Particularly, the most extensive mass movement (13
hectares) 15 represented by the complex land=hde east of Santa Mana di Labante at whose foot
the locahty of Abbama di Labante hes (“Abbaza di Labante’s landshde”, fiz. 3). Clues of
activity can not be derived netther from interpretation of aenal photographs, nor from witnesses,
nor from field survey. Moreover, bibliography data do not exast. It 1s a dormant landshde whose
actrvation causes mught be quife simalar to those assumed for the Fibeceo’s landshde. The toe
seems to have diverted the course of the Aneva Torrent.

A dormant rotational earth-shde can be observed at the eastern boundary of the
area, at Casone del Papa ("“Casone del Papa’s landshde™). The source area 1s af the
boundary between peliic sandstones amd clayey marls. Therefore, the cause of the
movement could be the availability of water at the contact between the two hihotvpes.
Water seepage 1= favoured to reach the permeability threshold by the counterslope athtude
of arenaceous strata.

Completing the framework of instability processes, four dormant landshdes, of hrmted
exttent, occur north of Abbama di Labante (“Abbama’s land=lide™), south-west of Santa Maria di

11
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Labante (“land=lide S5O of Santa Mana™), north of Fibecco (“landshide N of Ribecco™) and at the
northern boundary of the study area, east of La Casella (“La Casella’s landshda™).

4. GEOPHYSICAL INVESTIGATIONS

In order to charactenise the area under the geological seismic and geotecmical
point of view, a specific gephysical campaign has been sef up o the place where the
buldings of the medieval village he {and where refirbishment works are planned). The
mvestgafions were: 13 heavy penetrometiies and 4 selsmic refrachion lines.

Penetrometnies have showm the widespread presence of a3 superficial terram with good
geotechnical parameters, having different thikness and overlying the bedrock Generally, the
superficial terrain 15 composed by soree deposits made of fine zilt and sandy =ilt, showang the
lowest resistance values. Faght below them the tenrzin 15 more compact and with good resistance.
The bedrock bes deeper down, where penefrometries stpped, showing bigh resistance values.

From a geotechmical point of view, the inveshgations have shown good resistance
values for superficial deposifs, rapidly increasing untill reaching the bedrock. The presence
of water has pever been detected.

The seismuc refraction investigation has been undertaken m order to determine the
strafigraphy of the upper ground, searching for the bedrock depth under the superficial
deintical cover. The analysis of seizmic data has 1dentfied 3 seismostratigraphic umts. The
most superficial one, associated to the scree deposits, 13 1 to 4 metres thick. The second
one, 2 to 5 metres thick, 15 partly related fo scree depomits and partly to the weathenng of
the bedrock. The shape of the refracton swiface 15 more or less similar fo that of the ground.
The thurd umt, from -3 to -9 metres below ground. can be related to the bedrock whose
weathenng and/or frachimng decreasing with depth.

Alzo dunng seismuc mmvestigations the presence of water has never been detectad

£, ANALYSIS OF GEOMORPHOLOGICAL HAZARD

According to PANIZZA (1987), geommphological hazard can be defined as the
“probability that a certam phencmenon of gecmophologcal mstability and of 2 gven magmtude
MEAY GOCUr M 3 certain termifory ina grven period of fime”.

Therefore, a hazard analysis assumes the knowledge of the spatial distnbution of
mstabilty phenomena (in this specifi case, ladshdes) that ccoured 1 the past m a certam area
Also their intensity and ther rezctivaton frequency (“retn pertod™) should be knowm. It also
maphes apother assumpton: that msyability phenomena (landshdes), already actre 1 the past,
reactivate m the same place, with simmlar miensity and with smwlar frequency. Although the
assumpion 15 not 1deal so & it 15 the only possible starfing point to set wp an hazard anakysis,
smee the complex canse-affect mechamsoys that mle the spattal and temporal evolubon of
land=lhides are pot vet knoum

Freguency and Intensity clazses used for the matricial hazard azseszment (from
Panizza et al,, 2004}, Legend: BEp: refurn period; Vi velocity; G5: zeometric severity

Table 1
Frequency (F) Eeturn Period Class
Very hizgh (active) = 1 year Bp 35
High (frequent) 1— 30 years Fp4

12
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Medinm (medium
. W 31 — 100 years Bp3
Loy (lass frequent) 101 — 3 weras Rp 2
Viery low (rare) = 300 years Bp 1
. Falocity (with reference to the velocity classes by Cruden
ety 40 & Varnas, 1005) o=
Smong = 3 m/minmie (class 7 and class 6) V3
Medinm = 13 m'maonth and < 3 mininate (class 5 and class 4) V2
Weak < 13 m'month (class 3, class 2 and class 1) V1
Intensiny (I} Thickness imvohed Dnameter gf blocks iClazs
Strong =10m =1m Gh 3
Bledinm #2-10m A05-2m G52
Weak <2 m =[5 m 551
: Combined miensity
ety £ (Telocipy x Thickmess or Digmeter of Mocks) Chea
Smong V3mGs 3/ V3ixG52 f VGE3 I5-8
Bledinum WianG52 S WVinGEs1 VInGSs3 13-4
Weak WinG51 / V1ieGS2 / VinGs1 I1-2

Cperatively, from the geomorphological map a thematic map has been demved where
land=hides and their hazard class bave been lophhghted The demmed map 1= called
Ceomorphological hazard map, (fig. 10). The implementation of this map made reference to the
method applied by Pamizes et al. (2004) and by Corsom et al (2005) in South Tyrel (Ialy) and
by Castaldina 1. & Ghines A (2007) (in print) in the Modena Apenmnes. This method . devived

Sireng

Madiam

Combined

Waak

Intensity (I) Velocity or
Geometric severity or

wm

year

Frannanecw (Fi = Raturn narind

Fig. 9. Exvaluation mafrix for land:lide hazard (fom Panizza
et sl 2004). H4 = very high; H3 = high; H2 =

A
A8

d1-100 'ID1 e = HI]
!|IB-iI"II yaare

medinim; H] = rasidual.

from Heimimann et al. (1998),
5 based on a classification of
the infensity and frequency of
land=hdes (zble 1). Thi= 1=
achieved by means of
unmvocal matt combinatons
whech allow the definition of
various levels of geomorpho-
logical bazard (fz. 9). The
Hemimmann et al. (1998)
method B soll uwsed
Switzerland  for landshde
mapping and rsk assessoent
(Loup & Raetzo, 2009).

The defimbion of
hazard «classes has been
possible when gquali-quanfi-
tattve data were available for
mtensity and fHequency of
landshdes. Moreover, where

miﬁgaiinn works have been done, a distinctive symbaol has been used over the hazard color
m order to point out that the hazard clazs ass signed by the matrix can be reasonably lowered.
When no data of intensity and frequency was available, the same symbol used in the

geomorphological map has been assigned to the landshde.
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D. CASTATDING AL GHIMOL AL MACCAFERRI

The hazard characters of the area, shown m the Geomophologcal Hazard Map (g
10, are desenibed below, only for those phenomena whose actinaty clues were surely available.

S N T T ML e T P . R LT
=T :h AR S W Y ._ i et L |

Fig. 10. Geomorphological Hazard Map of the stody area. Legend: 1) Hazard class H4, very high
with mifization works; 2) Hazard class H3, high; 3) donmant landelide body dos to flow; 4)
body of dormant rotadomsl earth-slide; 5) dormant body of complex lamdslide; F1)
Ribecco’s landslide; FY) Canevare’s landlside.

3. I. Ribecco’s landshide (FI)

Fegarding the rotatomal shide of Fibecco, the retwmn penod was deduced by
articles from pewspapers where evidences of reactivafion have been witnessed i 1996 and
1997, Therefore, the landshde has been assigned the class Epd (from 1 to 30 vears).
Moreover, witness and bibliography sowees (Cardinah et al, 1998) refer to frequent
remakes (also during the last vears) of the tract of the Provincial Foad “Val 4" Aneva™ that
borders the landshde’s foot. The landshide thickness has been assumed by the observation
of the dimenmion of unstable blocks at the sowce area (fom 2 to 10 m): therefore, the
miensity class relative to just the geomeinc seventy 15 52 (medium).

Velocity 1= that of quick rotational slides, smmlar to that of rock-falls, assumed
from the same pewspaper articles according to which the 1996 movement was heard by a
big sound, typical of a sudden collapse. The mtensity class relative to velocity 15 V3 (lugh).
The combined intensity class 15 therefore 16 (lugh). The hazard class 15 H4 (very hugh).

From CARDDNALI ET AL {1993} if can be known that dramage works and other
mitigation works were done after the second reactivation of Jamuary 1997 therefore, 1t has
been chosen to put the mutization symbol on top of the hazard colour, m order fo reduce the
matrix hazard degree.
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From the field swvey it 15 evident how the sowrce area shows signs of potential
reactvations, charactensed by a refrogreszive inciplent movemsnt.

3. 2. Canevare’s landshide {F2)

For this phenomenon, evidence were found only from field survey. Parbeulardy, the
fresh soil fractures and the accummlzbon lobes not vet vegetated lead to assume the landshde
active, in the short period. Therefore, the retum period Epd (from 1 to 30 vears) has been
assigned fo 1f. The thickness seems not to be greater than 2 metres, which lead to assign to if the
miensity class 51 relative to just the thickness of the shid mass. The velocity, assumed to be
somlar fo that of earth-flows wath mediom-to-low fhedity, considenng the short length of slope
affected  should not be hisher than 13 m'menth from which an mmtensity elass V1 (low), related
just to veloeity, can be assigned. The combmed intensity class 15 therefore I1 (low). The hazard
calzs 15 H3 (lagh). The extent of the phenomenon 15 anyhow quute smzll To be noted 15 the
presence of a counterslope upword from the landshide, with water ponds, which could favowr the
refrogressive evolufton of the landshde. For this reason it should be useful to mealize a proper
water dramage m order to avord milmaton that could lower the mechameal resistence of the
terram leading to possible shdes.

6. REATARKS AND CONCLUSIONS

The data obtained dunng this study, represented in the Geomorphologmical map
(fiz. 4) and In the Geomorphological hazard map (fig. 10), are sometimes different from
those recently published mm “official” geological documents. Parficularly, substantial
differences between the geclogical maps of BEEGIONE EMILIA-EOMAGHA - SEEVIZIO
GEOLOGICO, SISMICO E DEI SUOLL (WEE SITE) (fig. 3) and the Geomorphological map
(fizg. 4) attain to landshdes. In detail in thiz study the Fibeceo (F1) and Canevare’s (F2)
landshdes have been mapped and classified mn a different wav. Moreover, the La Cazella’s
landshde and the M-of-Fibecco’s landshde have been pewly mapped, since thev were not
idenfified by the regional geological map. The same thing apphies to the Casone del Papa’s
landshde, previously idenfified as scree depeosit The landshde 50 of Santa Mana,
previously 1dentified as shde, has been reinterpreted as complex.

Examimmg the Carta del Dhssesto di Prowvineia di Bologna, vre., the Instabahity
Imventory MMap of the Bologna Provmmee (2004 (g 11). the area between Fabecco and
Santa Mana di Labante 15 partly identified as mstable (zone 1 m red) and partly as evoling
towards mstability (zome 2 mm wellow). Practically, that area comresponds to the sector
ocoupied by the Bibecco’s landshde (F1), by the Capevare's landshde (F2) and by the
upper pat of the Abbama di Labante’s landshde wathin the Geomorphological map (fiz. 4)
and within the Geomorphological hazard map (g 10).

Moreover, the Instabulity Inventory Map of the Bologna Provines (2004) 1denhfies
the whole sector between La Cazella and the Aneva Torment, therefore also the medieval
village of Fiola, as an area with a very lugh land=hide n=k (K1} Differently, the detziled
geomorphological swvey and the geophysical inveshzations undertzken for thas study have
pointed out that: 1) the north-eastem porbion of the study area 15 characterised by a
superficial bedrock and it might be affected just by very superficial soul-slips/flows; 1) the
area with very lhigh or high landshde hazard 15 hmited to the Eibecco (F1) and Capevare’s
(F2) landshdes, therefore the melafive misk can be circumsenbed to Fibeoco, due to the
retrogression of the landshde scaip.
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Therefore, following the results of thas study, the area classified as of very high hazard (E1)
by the Instability Inventory Map of the Bologna Prowvince (2004) should be re-examined
and 1fs extent very much hmated.

Fig. 11. Instabilicy Inventory Map of the smdy area (Extract fom Provincia di Bologna, 2004).
Legend: 1) Zone 1: instable area; 1) area where the instability phenomenon might evolve to;
3) area on which the instability phenomenon might have an mfluence; 4) area fo be mbject
to controls; ) area where the evolution of the phenomenon mizht have an influence; &)
Elementary Hydrogeological Unit (EHLT) mot smitable for urbanistic use; T) EHU o ba
verified; 8) EHIUT mitable, or with few Lmitations, to whanisic ne; 9] dwallings,
manifachure and indwstrial sites; 109 cattles and transformation of agmioaltural products,
urbranistic plamms; 11) graveyards, architecmal assets, highweays, state amd sitategic roads,
railways, aquedncts, sewer network, depurators, dumpings; 12) EHUT at very hizgh nisk; 13)
EHU at high risk; 14) EHL at medium risk; 15) EHU at moderate risk.

In conclusmon, the differences between the defaled geomoiphological swvew
underizken for this study and the geclogical mep pubhshed by the REGIONE EMITIA-
ROMAGNA — SERVIFIQ GEQLOGICO, SISMICO E DEI SUOLT (WEE SITE), basis for the
Instabality Imvrentory Map of the Bologna Provinee (2004, reveal how the geclogical maps often
grve momne Importance to the spatial distnbuhon of landshdes than to therr state of actmvity. The
Latter often vanes within the same land=lide body, affecting the defimtion of =k and . thevefore,
the validity of cartographic documents officially used 1n termtoral planming.

The main hnut of the official instability cartography 15 that if generates planning
constramts at pmicipality scale staring from a base cartography that has a lower degree of
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detail (lower scales) and that most of the times 15 not conceived to analyse hvdrogeological
hazards. Often, detailed mveshgations at mmmcipabity scale are missmg, although they
would be necessary m order to verify what 15 mapped 1n higher-rank termtonal planming.

A detailed geomsorphological analy=is undertzken wsing the methodology here
proposed should be adopted and encouraged in order to mprove the official planning maps.
Besides the geophysical imvestigations, that here have had the only aim of improving the
survey's results, the easy and replicable hazard amaly=is bazed on the Heimimann's matnx
(Heinimann ef al, 1998) would be more than sufficient to better define the hvdrozeclogical
(and, iz particular, landshde) hazard and nsk famework. If adopted at mumicipality scale,
this methodology could lead to a reduction of areas to venfy, as 1t has been showm in thas
study. In thiz specific case, the study has allowed to punctually define landshdes and
landshde hazard in the area swrounding the medieval village of Fiola, pomting out that no
landshde hazard affects the willage whose exploitation may therefore undergo
transformation works.
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