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L Laga Formation. Turbidite deposits. .
M Il D2-D D4-D .54 .07 41
ain viflage Arenaceous lithofacies.Upper Miocene * yes ridge masonry 3 > 0.5 0.0 0
Accumoli (1) Fonte del Quaternary continental deposits. Debris flow
and colluvial deposits on terraced alluvial no slope masonry D3-D4 - 0.57 0.07 0.40
Campo R . 1
deposits. Upper Pleistocene-Holocene
. . Quaternary continental deposits.
historic Fluvial and  alluvial  fan  deposits
center p. no ridge masonry D4-D5 D4-D5 0.62 0.08 0.46
(conglomerates, gravels, sands). Early-Middle
(red zone) . )
Pleistocene
Quaternary continental deposits.
Fluvial and alluvial fan deposits .
D2-D D3-D .62 . .
suburb (conglomerates, gravels, sands). Early-Middle no ridge RC 3 3-D4 0.6 0.07 0.46
Pleistocene 2
Amatrice (2) Quaternary continental deposits.
Fluvial and alluvial fan deposits
I D3-D4 - . .07 .
Cascello (conglomerates, gravels, sands). Early-Middle no toe masonry 3 0.58 0.0 0.39
Pleistocene 2
Quaternary ubiquitary deposits
Glacis deposit. Sandy-silty colluvial and
Vi D3-D4 - . .07 .34
oceto torrential deposit with sandy pebbles. no toe masonry 3 0.50 0.0 03
Holocene 2
Mosicchio Laga Formation. Turbidite deposits. no toe masonry D1-D2 - 0.56 0.07 0.42

! Information taken from Seismic Microzonation of Accumoli municipality (Regione Lazio, 2012)
2 Information taken from Mancini et al., 2017




Stratified arenaceous rock interbedded with
marls. Upper Miocene?
Laga Formation. Turbidite deposits.
Casale Stratified arenaceous rock interbedded with no slope masonry D4-D5 - 0.63 0.08 0.38
marls. Upper Miocene®
Saletta Quat.ernary .contlnental .dEpOSIti' Fluvial no slope masonry D4-D5 - 0.62 0.09 0.38
alluvial deposits. Upper Pleistocene
Quaternary continental deposits. Fluvial and
Sommati alluvial fan deposits (conglomerates, gravels, no slope masonry D3-D4 - 0.60 0.07 0.38
sands). Early-Middle Pleistocene?
Villa San . . .
Lorenzo Quat.ernary .contlnental Vdeposn:ss. Fluvial no slope masonry D4-D5 - 0.64 0.09 0.38
R alluvial deposits. Upper Pleistocene
Flaviano
Collecreta L?ga Formatlon. Turbldlte dep.05|ts, ) no toe masonry DO-D1 - 0.48 0.06 0.33
Siltstone lithofacies. Upper Miocene
A Laga Formation. Turbidite deposits. .
M I D4-D D4-D . .1 .2
ain viflage Arenaceous-pelitic lithofacies. Upper Miocene* yes ridge masonry > > 0.38 0.10 0.26
i | its.
Arquata del Borgo Qua.ternary . Con'tlnenta 4 deposits no toe masonry D2-D3 D3-D4 0.38 0.10 0.27
Tronto Eluvial/colluvial deposits. Holocene
Pescara del Quaternary continental deposits. Debris flow
(3) Tromto (33) | deposits I-}lolocene“ P ves slope masonry D4-D5 D4-D5 0.48 0.10 0.34
Tufo Qua.ternary . Con'tlnental 4 deposits. no slope masonry D2-D3 D4-D5 0.53 0.09 0.42
Eluvial/colluvial deposits. Holocene
Astorara Sﬂiitsl;zzzruvial de;Z:ifclsnel-T(:T;ene“ deposits. no slope masonry DO-D1 D4-D5 0.28 0.12 0.26
Balzo ag.a.Formatlon Tur'bldlte f:leposns . 3 no ridge masonry - D2-D3 0.23 0.12 0.23
Pelitic-arenaceous lithofacies. Upper Miocene
Castro Syjf/‘?;gag‘;loigz‘:‘ental deposits. - Landslide yes ridge masonry D3-D4 D4-D5 0.24 0.12 0.24
Colle Laga Forr‘.natlon.. Turbldm? dEPOSItS’ no slope masonry D2-D3 D4-D5 0.28 0.13 0.27
Arenaceous lithofacies. Upper Miocene
Montegallo (4) Collefratte S\:ﬁf,?r:ga:_lydg::;glental deposits. - Landslide yes ridge masonry D2-D3 D3-D4 0.26 0.12 0.25
Quaternary continental deposits. Landslide
Colleluce evolving. Holocene® yes slope masonry D1-D2 D4-D5 0.28 0.13 0.27
Piano Laga Formation. Turbidite deposits. no toe masonry D0-D1 DO-D1 021 0.12 0.22
Arenaceous-pelitic lithofacies. Upper Miocene
Pistrino di Quaternary continental deposits. Eluvial-
Sopra coIIuviaIdeosits Holocene. P yes slope masonry D2-D3 D3-D4 0.22 0.12 0.22
Laga Formation. Turbidite deposits. .
P d - - 0.16 0.10 0.18
ropezzano Arenaceous lithofacies. Upper Miocene* no ridge masonry

3 Information taken from Seismic Microzonation of Amatrice municipality (Regione Lazio, 2016)

4 Information taken from Regione Marche - Geologic Regional Map (CTR Edition), available on
http://www.ambiente.marche.it/Territorio/Cartografiaeinformazioniterritoriali/Archiviocartograficoeinformazioniterritoriali/Cartografie/CARTAGEOLOGICAREGIONALE110000.
aspx



Main village | Quaternary continental deposits. Alluvial cone no toe masonry D0-D1 D2-D3 0.28 0.27 0.38
on terraced alluvial deposits. Holocene
Castelluccio Diaspri Forma.tlon. S|I|ce.ous, sedimentary r?ttsk no ridge masonry D3-D4 - 0.46 0.16 0.45
composed mainly of radiolars. Upper Jurassic
Quaternary continental deposits. Alluvial cone masonr
Pie del Colle on terraced alluvial deposits (gravel, sands, no slope and RCy - D3-D4 0.27 0.45 0.36
silt). Pleistocene-Holocene®
Castello di Maiolica Formation. Limestone.
Norcia (5) ) : ol . : I s no slope masonry - D2-D3 0.26 0.49 0.36
Campi Upper Jurassic-Lower Cretaceous
Serravalle Ca.Icarl Diasprigni .F(S)rmatlon. Limestones. no slope masonry - D0-D1 0.14 0.12 0.26
Middle-Upper Jurassic
t ti tal d its. T d
Popoli Qua .ernary 'con mgn @ eposits ;errace no toe masonry - D2-D3 0.26 0.16 0.54
alluvial deposits. Pleistocene-Holocene
San Quaternary continental deposits. Terraced
. alluvial deposits often covered by debris flow no slope masonry - D4-D5 0.37 0.18 0.61
Pellegrino R . 5
deposits. Pleistocene-Holcoene
Lo Laga Formation. Turbidite deposits. .
Main village no ridge masonr DO-D1 - 0.10 0.02 0.13
in villag Arenaceous lithofacies. Upper Miocene® 'de v
. Laga Formation. Turbidite deposits.
Montereale (6) Aringo Arenaceous lithofacies. Upper Miocene® no toe masonry DO-D1 - 0.17 0.03 0.18
Laga Formation. Turbidite deposits.
Santa Lucia 5 ) k pos| ; no slope masonry D2-D3 § 0.22 0.04 0.21
Arenaceous lithofacies.Upper Miocene'
Quaternary continental deposits. Fluvial- retrofitted
Capitignano (7) Main village lacustrine deposits, often interfinged with no toe masonry DO-D1 - 0.11 0.02 0.12
alluvial cone deposits. Holocene’ and RC
Quaternary continental deposits. Alluvial and
Visso (8) - eluvio-colluvial deposits (gravel, sands silt). no toe masonry - D3-D4 0.21 0.39 0.39
Holocene*
Ussita (9) . Quaternary  continental  deposits.  Slope no toe masonry . D3-D4 0.18 0.43 0.43
deposits.Holocene
Quaternary continental deposits. Eluvio-
Tolentino (10) ) colluvial dep95|ts (gra.wel, sands §|It) and no toe masonry ) D2-D3 0.09 010 011
terraced alluvial deposits. Upper Pleistocene- and RC
Holocene*
Quaternary continental deposits. Eluvio-
San Severino (11) . colluvial - deposits (gravel, sands silt) and no toe masonry . D1-D2 0.07 0.11 0.11
terraced alluvial deposits. Upper Pleistocene- and RC
Holocene*
. Camerino Formation. Turbidite deposit. masonry
Camerino (12 - no toe - D1-D2 0.07 0.14 0.18
(12) Arenacous lithofacies. Upper Miocene®* and RC

5> -Information taken from Geologic cartography of Umbria Region, scale 1:10.000, available on http://www.regione.umbria.it/paesaggio-urbanistica/cartografia-geologica-per-
google-earth

6 Information taken from Centamore et al., (1992).
7 Information taken from SeismicMicrozonation of Capitignano. Regione Abruzzo


http://www.regione.umbria.it/paesaggio-urbanistica/cartografia-geologica-per-google-earth
http://www.regione.umbria.it/paesaggio-urbanistica/cartografia-geologica-per-google-earth

Pievebovigliana

Quaternary continental deposits. Terraced

(13) - alluvial deposits (gravel, sands, silt). no toe masonry D2-D3 0.08 0.18 0.22
Upper Pleistocene®
Lo Scaglia  Cinerea  Formation.Gray  marly
Main village R 4 no toe masonry D3-D4 0.16 0.42 0.34
limestones. Upper Eocene-Lower Neogene
Quaternary continental deposits. Alluvial,
Pieve Torina (14) Fiume (14a) eluvial-colluvual deposits and debris flow no toe masonry D2-D3 0.09 0.21 0.25
deposits. Holocene?
Casavecchia Schlier Formation. Marns and calcareous marls.
i D3-D4 1 41 .
Alta (14b) Middle Miocene* no ridge masonry 3 0.15 0 033
Scaglia Bianca, Variegata and Cinerea
Main village Formations. Limestone. Middle Cretaceous- no ridge masonry DO-D1 0.12 0.06 0.18
Oligocene®
Sellano (15) Terne Quatern.ary contl.nental deposslts. Alluvial cone o toe masonry D0-D1 011 0.07 016
on alluvial deposits. Holocene
Villamagina | c2glia Bianca Formation. Limestone. Middle - no slope masonry DO-D1 0.12 0.06 0.18
Upper Cretaceous
Cessanalombo Quaternary continental deposits. Terraced
P - alluvial deposits (gravel, sands and silt). no slope masonry D1-D2 0.07 0.10 0.11
(16) ; ; .
Lower - Middle Pleistocene
Main village Scaglia Rossa Formation. Limestone. Upper no slope/toe masonr D0-D1 0.19 0.28 0.32
& Cretaceous-Middle Eocene® P ¥ ) ) )
Preci (17) Scaglia Bianca, Variegata and Cinerea
Piedivalle Formations. Limestone. Middle Cretaceous- no toe masonry DO-D1 0.21 0.34 0.33
Oligocene®
t ti tal its. T
Caldarola (18) - Qua .ernary Fon inenta quOSI 54 erraced no slope masonry DO-D1 0.07 0.11 0.12
alluvial deposits. Upper Pleistocene
_ Quaternary continental deposits. Fluvial
Colfiorito (19) - . ) ) N no slope masonry D0-D1 0.18 0.36 0.26
lacustrine sediments. Pleistocene-Holocene
Camerino Formation. Turbidite deposit
. San Lorenzo " - X .
Fiastra (20) Pelitic-arenacous, and pelitic lithofacies. no ridge masonry D3-D4 0.07 0.17 0.20

in Colpolina

Upper Miocene®
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Figure S1. Geological map of the Montegallo area. (source: Regione Marche - Geologic Regional Map
available at
http://www.ambiente.marche.it/Territorio/Cartografiaeinformazioniterritoriali/Archiviocartograficoei
nformazioniterritoriali/Cartografie/ CARTAGEOLOGICAREGIONALE110000.aspx, last accessed 25
July 2017).



http://www.ambiente.marche.it/Territorio/Cartografiaeinformazioniterritoriali/Archiviocartograficoeinformazioniterritoriali/Cartografie/CARTAGEOLOGICAREGIONALE110000.aspx
http://www.ambiente.marche.it/Territorio/Cartografiaeinformazioniterritoriali/Archiviocartograficoeinformazioniterritoriali/Cartografie/CARTAGEOLOGICAREGIONALE110000.aspx

| LEGEND

5,2 musa Debris flow deposits (Holocene)

musb2 Eluvial colluvial deposits (Holocene)

Muss  Recent alluvial deposits (Holocene)

mustt Travertine (Holocene)
Scaglia Cinerea Formation (Priabonian - Aquitanian)

Scaglia Variegata Formation (Lutetian - Priabonian)

Scaglia Rossa Formation - Upper member (Turonian - Lutetian)
Scaglia Rossa Formation - Middle member (Turonian - Lutetian)

Scaglia Rossa Formation - Lower member (Turonian - Lutetian)

Scaglia Bianca Formation (Albian - Turonian)

Structural and tectonic elements
Normal fault ~" Bedding

}

Horizontal bedding

Reverse fault

MU\SbZ Overturned bedding

Figure S2. Geology map of the Fiume area on an extract and modified from Progetto CARG, Regione Marche,
Section 313130. Legend: MUSa: Debris flow deposits (Holocene); MUSb2: Eluvial-colluvial deposits

(Holocene);

MUSDb: Recent alluvial deposits (Holocene); MUSf1: Travertine (Holocene); SCC: Scaglia

Cinerea (Priabonian p.p — Lutetian p.p); VAS: Scaglia Variegata (Lutetian p.p — Priabonian p.p); SAA3:
Scaglia Rossa,-upper member (lower Turonian p.p — Lutetian p.p); SAA2: Scaglia Rossa-middle member

(lower Turonian p.p-Lutetian p.p).
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Figure S3.

Cross sections (b) of the Visso Village area (Regione Marche, 2012). Successive large outcrops

with a stratigraphic sequence characterized by a set of finely stratified sedimentary layers of pelagic
environment, with an alternation of calcareous-marly and siliceous calcareous layers. Outcrops consist of the
Scaglia sequence: Scaglia Rossa, micritic pinky limestone alternated with marls and brick red marly limestones
(SAA3 and SAA2), Scaglia Variegata, pink/green/grey marly limestone, (VAS) and Scaglia Cinerea, grey
marly limestone (SCC).



DAMAGE LEVELS

® DO - No damage © D3 - Significant damage load-bearing elements
© D1 - Cracking of non-structural elements @ D4 - Partial structural collapse
O D2 - Major damage to non-structural elements @ D5 - Full collapse

~

LEGEND
Bisciaro Formation.
Aquitanian-Burdigalian.

Scaglia Cinerea Formation.

-

o

| nale J Inactive landslide. Pleist.-Holoc.

4 Upper Eocene-Aquitanian. L
Scaglia Variegata Formation. i a3a 1 Debris flow deposit. Upper Pleist.-Holoc.
- Middle Eocene-Upper Eocene

5 : a3b - | Debris flow deposit. Pleist.
Scaglia Rossa Formation. = ) )
Late Cretaceous-Middle Eocene b Alluvial deposit. Holoc.

Marne a Fucoidi Formation.

i .| Alluvial terraces. Pleist.-Holoc.
L Q Aptian-Albian. '

1 Eluvio-colluvium deposit.

b2 i
GEOLOGICAL ELEMENTS L ' Pleist.-Holoc.
A A 1 Mixture: alluvial fan and debris
< Strata _— LY laowd y |
30 Trace of geological section ; ' flow deposit. Holoc. 200 m

Figure S4. Geological map of the Visso Village area (Regione Marche, 2012). The damage distribution
detected during the GEER site-inspection is superimposed on the geological map.
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Covering Terrains

]
RI Anthropyc layer

Silty gravels, gravel-sand-silt mixtures

Clayey gravels, gravel-sand-silt mixtures

Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity

Geolgoical bedrock

7]
t/}ﬁ ' Highly fractured geological bedrock

- Layered lithotype alternation
- Layered, choesive and over consolidated bedrock

Layered, granular and cemented bedrock

Study area

Geological elements

12

5 In green boreholes that reach the bedrock.

1
@

@ goreholes lacation and maximum depth (m) of investigation.

Section B-B’
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Complex and latent landslide

Structural and tectonic elements
Al ACA1 Normal fault {inactive)
L_b_b Reverse fault (inactive)

_____ Strike slip fault (inactive)

Horizontal bedding

+

X Strata 0°- 15
X

X

Strata 15°- 55°
Strata 55° - 80°

\ Vertical bedding

X Overturned bedding

SSE

Camerino historical center

Figure S5. Geological map of Camerino (a) and cross section BB’ (b) (Regione Marche, 2012).




N. 1 Via Cristoforo Colombo N. 3 - Via Anicia S. Agostino church,
Piazza Margherita

N. 4 Via Govone N. 5 —Corner between N. 6 Chiesa del Crocifisso nearby

Via Polla Vespasia, Via Anicia Piazza Palatina

N. 7 Church in Via Cappellini,
Piazza Nazario Sauro

N. 10 Corso Sertori

g

N. 16 Via Cesare Battisti . 17 Via San Martino (1)

N. 19 Medieval wall N. 20 Duomo N 21 Collapsed church

N. 22 Collapsed church (2)

Figure S6. Pictures of all structures with assigned damage level D5 in the city center of Norcia, along with
their identification numbers.



