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ABSTRACT The eastern Alps earthquake of 25 January 1348 i s one of the few  pow erful earthquakes 
located in central Europe, and it is also one of the better-known European earthquakes 
of the Middle Ages. Its many studies, by different researchers, rely on almost the same 
collection of historical data, but set out different earthquake scenarios, from which 
various epicentres and seismic sources are derived. We tried to find a common solution by 
focusi ng  on the m ai n sources av ai lab le on the m ost d am ag ed  areas, tryi ng  to accurately 
identify as many earthquake-affected localities as possible, and re-considering all data 
homogeneously and transparently, in order to allow fruitful criticism and facilitate the 
work of future researchers. Our study increases the number of earthquake-affected 
localities, checks the effects in Carniola and confirms the epicentral location proposed 
recently and  i nclud ed  i n the latest I tali an earthquake catalog ue, i .e. i n the C am porosso 
sad d le, nex t to the b ord er w i th C ari nthi a and  C arni ola.

Key words: 1348 earthquake, Villach, eastern Alps.

Experience and learning are the basis of knowledge that regulates human activities, 
reducing the weight of the imponderable and the margin of risk every time we have to 
make decisions.

E z i o M auro, L a R epub b li ca, 23 Octob er 20 20

1. Introduction

The eastern Alps earthquake of 25 January 1348 i s one of the few  v ery strong  earthquakes 
located  i n central E urope. I ts m aj or effects affected  a w i d e area, d i v i d ed  tod ay b etw een 
Austri a, I taly, and  S lov eni a. I ts shaki ng  w as percei v ed  as far w est as S trasb ourg  ( F rance)  
and  possi b ly as far south as P i sa ( I taly) . The new s of i ts occurrence spread  all ov er E urope, 
as w i tnessed  b y the v ast num b er of contem porary chroni cles that record ed  i t. The 1348 
earthquake is also one of the better-known European earthquakes of the Middle Ages. Most 
m ed i ev al earthquakes hav e a v ery poor set of hi stori cal d ata [ no m ore than 10  m acrosei sm i c 
d ata poi nts ( M D P s)  each, and  i n a few  cases, no d ata poi nts at all]  b ut the 1348 earthquake 
d ata set i nclud es 46 M D P s accord i ng  to H am m erl ( 19 9 4) , or 56 M D P s, accord i ng  to Gui d ob oni  
and  C om astri  ( 20 0 5) .

U p to the 180 0 s, the 1348 earthquake w as taken as a land m ark b y scholars, from  K onrad  
v on M eg enb erg  ( 14th cent.), author of the first German-language natural history, to many others 
(Manetti, 15th cent.; Lycosthenes, 1557; Ligorio, 1570-1571; Ragor, 1578; Sardo, 1586; Rash, 1591; 
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Bonito, 1691; Pilgram, 1788; Hoff von, 1840; Perrey, 1848; Mallet, 1853-1854; Mercalli, 1883; 
Baratta, 1901). In the second half of the 1800s, several monographic studies were made (Mitteis, 
1862;  H oernes, 187 8, 19 0 1;  H ö fer v on H ei m halt, 1880 ;  H ann, 19 0 3;  R ad i cs v on, 19 0 3;  Ti ll, 19 0 7 ) . 
Modern seismological studies, started after the 1976 Friuli earthquake (Slejko, 2018), led to the 
drafting of several scenarios of the 1348 earthquake (Ambraseys, 1976; Drimmel, 1980; Gentile 
et al., 1985). On the historical side, it is worth mentioning the in-depth study by Borst (1988). 
D uri ng  the last d ecad e of the 20 th century, Austri an and  I tali an researchers resum ed  the stud y 
b y carryi ng  out ex tensi v e surv eys of m ed i ev al E uropean record s. The m ost relev ant are C hri sta 
Hammerl’s doctoral thesis, written in the German language (Hammerl, 1992) and its English 
sum m ary ( H am m erl, 19 9 4) , w hi ch w as the reference stud y for the I tali an i ntensi ty d atab ase 
( S tucchi  and  M onachesi , 19 9 7 ) , and  the w ork b eg un b y Boschi  et al. ( 19 9 7 , 20 0 0 )  and  resum ed  
by Guidoboni and Comastri (2005). This latter was included in the earthquake catalogue  of the 
M ed i terranean area ( Gui d ob oni  et al., 20 18) .

Althoug h all these stud i es larg ely rely on the sam e set of hi stori cal d ata, each i nterprets them  
in its own way, setting out different earthquake scenarios, from which different epicentres and 
seismic sources are derived. Finding a solution is critical because the 1348 earthquake is the 
cruci al ev ent for assessi ng  the m ax i m um  possi b le m ag ni tud e i n the sei sm og eni c z one of the 
eastern Alps area where it took place. In this work, we analyse principally the contributions of 
H am m erl ( 19 9 4)  and  Gui d ob oni  and  C om astri  ( 20 0 5) .

Some years ago, in the frame of the compilation of the Italian earthquake catalogue 
C P TI 15v 1.5 ( R ov i d a et al., 20 16) , som e of the authors of the present w ork released  a 
preli m i nary report ab out thi s ev ent ( C aracci olo et al., 2015). It is still the reference study for the 
C P TI 15v 3.0  catalog ue ( R ov i d a et al., 20 21) . C aracci olo et al. ( 20 15)  w as ‘ only an ex trem e and  
circumscribed summary, which anticipates the conclusions being drawn up and published’, and 
though it did significantly increase the 1348 earthquake data set, it also left several unresolved 
questions. The new study presented here goes beyond this commitment because it not only 
com pletes the preli m i nary report, d escri b i ng  i ts cri teri a and  m ethod olog y, and  d i scusses the 
i ssue thoroug hly, b ut i s ab ov e all a rev i si on of the results. M oreov er, i n thi s w ork, w e i ntrod uce 
and  d i scuss other aspects, such as the g eophysi cal and  tectoni c aspects, w hi ch w ere ab sent i n 
C aracci olo et al. ( 20 15) .

Up to the mid 1900s, the 1348 earthquake used to be associated with Villach, a town in 
C ari nthi a ( currently a S tate or Land of Austri a) , w hi ch contem porary sources nam e as the reg i on 
that w as m ost heav i ly d am ag ed  b y the quake. L ater stud i es located  the earthquake close to the 
present boundary between Italy, Austria, and Slovenia or shifted the epicentre to the south, at 
the ed g e of the F ri uli  P lai n ( F i g . 1) . S i m i larly to the case of the earthquake of 1511 ( C am assi  et 
al., 2011), considerable uncertainty remains about the location, as well as for the magnitude 
value of the event (Table 1). Although most of the proposed locations refer to the border area 
of the three cited countries, they do not identify a possible seismogenic source because of the 
complex tectonic environment with two main systems in this region: the pre-Alpine overthrusts 
to the south and the Alpine vertical faults to the north with the Gail Line (letter a in Fig. 1) 
acting as a boundary between the two systems. In any case, the high magnitude of the 1348 
earthquake m akes i t reasonab le to thi nk that i t should  b e associ ated  w i th a larg e fault such as 
the Gail Line (letter a in Fig. 1) or the Fella-Sava Line (letter b in Fig. 1). Conversely, taking into 
account the 1348 earthquake’s very wide distribution of damage, it could be associated with the 
Gemona-Kobarid Thrust (letter c in Fig. 1), located farther south than the previously cited faults, 
as proposed  b y Galad i ni  et al. ( 20 0 5) .
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Fig. 1 - Seismotectonic map of the eastern Southern Alps and western External Dinarides. Red circles indicate events 
w i th an M W  larg er than, or equal to, 6.0 , yellow  ci rcles ev ents w i th an M W  b etw een 5.0  and  5.9 , and  g reen ci rcles 
ev ents w i th an M W  between 4.0 and 4.9. The earthquake epicentres (1000 - 2017) are taken from Rovida et al. ( 20 21)  
and  the faults ( b lack li nes)  from  Galad i ni  et al. (2005): a = Gail Line; b = Fella-Sava Line; c = Gemona-Kobarid Thrust. 
The epicentres proposed for the 1348 earthquake according to different authors are shown with yellow squares, the 
num b ers refer to the references i n Tab le 1:  1 =  Am b raseys ( 19 7 6) , 2 =  Bartole et al. (1976), 3 = Gentile et al. ( 19 85) , 4 =  
Boschi  et al. (1995), 5 = Hammerl (1994) [according to the interpretation of DOM 4.1 (Stucchi and Monachesi, 1997)], 
8 =  Gui d ob oni  et al. (2018), 9 = this study. The red area in the inset map of Italy shows the Friuli - Venezia Giulia region.

This uncertainty in the location of the 1348 event plays an important role in the seismic 
haz ard  assessm ent of the terri tory b ecause, tog ether w i th the earthquakes of 1511 ( C am assi  
et al., 20 11)  and  19 7 6 ( S lej ko, 20 18;  Tertulli ani  et al., 20 18) , the 1348 earthquake represents 
the larg est ev ent to occur i n the reg i on and  i t i s fund am ental b oth as a d esi g n earthquake 
in risk scenarios and as a source definition for probabilistic seismic hazard assessment. 
To quantify the last statement, the influence of different locations of the two historical 
earthquakes has been investigated to identify the variability of the expected ground motion 
considering two major towns affected by those events, Tolmezzo and Udine (Fig. 2a). Four 
of the proposed earthquake locations have been taken into account for the 1348 and 1511 
earthquakes (Table 1): they remain associated with different seismogenic zones (see the black 
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b ox es i n F i g . 2a)  accord i ng  to the reg i onal sei sm i c haz ard  assessm ent ( S lej ko et al., 20 11) . The 
computed seismic hazard, in terms of expected peak ground acceleration (PGA) for different 
annual exceedance probabilities, shows a near coincidence of results for high probability but 
noticeable differences can be seen for probabilities lower than 0.0004 (i.e. return periods 
long er than 247 5 years)  b oth for Tolm ez z o ( F i g . 2b )  and  U d i ne ( F i g . 2c) . W hen consi d eri ng  
the Italian seismic hazard map (http://esse1-gis.mi.ingv.it/), no difference is found in the 
com puted  sei sm i c haz ard  curv es of the tw o si tes of U d i ne and  Tolm ez z o ( g reen d ashed  li nes 
i n F i g s. 2b  and  2c) . Thi s i s b ecause b oth tow ns are i nsi d e the sam e w i d e source of the I tali an 
seismogenic zonation (red boxes in Fig. 2a), and even considering the different epicentres in 
Tab le 1, the sei sm i c haz ard  curv es w ould  not chang e notab ly. The need  for a g ood  know led g e 
on the historical earthquakes is, then, strongly motivated although the influence produced in 
seismic hazard, as pointed out by this analysis, is marginal but of interest in specific cases [e.g. 
ri sk analysi s ( C arulli  et al., 2003), retrofitting intervention priorities (Grimaz et al., 20 16) ] .

Table 1 - Different epicentres proposed in literature for the 1348 and 1511 earthquakes.

Ref. Authors 1348 1511
Lat. Lon. Mag. Lat. Lon. Mag.

1 Am b raseys ( 19 7 6) 46.50 13.40 6.6 46.20 13.60 6.4
2 Bartole et al. ( 19 7 6) 46.50 13.7 5 6.8
3 Gentile et al. ( 19 85) 46.60 13.85 5.7
4 Boschi  et al. ( 19 9 5) 46.333 13.433 7 .3
5 H am m erl ( 19 9 4) * 46.254 12.883 6.7
6 F i tz ko et al. ( 20 0 5) 45.87 14.0 7 6.6
7 C am assi  et al. ( 20 11) 46.20 9 13.216 6.3
8 Gui d ob oni  et al. ( 20 18) 46.580 13.541 7 .1 46.19 8 13.431 7 .0
9 Thi s stud y 46.50 4 13.581 6.6

*According to the interpretation of DOM 4.1 (Stucchi and Monachesi, 1997).

The 1348 earthquake i s also cruci al for assessi ng  the m ax i m um  possi b le m ag ni tud e i n the 
seismogenic zones of the eastern Alps and for implementing efficient measures of emergency 
planning of civil protection. With the exception of the zonation used for the most recent seismic 
haz ard  m ap of I taly ( Gruppo d i  L av oro, 20 0 4;  S tucchi  et al., 20 11) , w here the sei sm og eni c z ones 
are very large, the locations of the 1348 and 1511 earthquakes are crucial for the zonation design, 
as seen before, and, although their direct contribution to hazard can be limited (Fig. 2), both the 
1348 and 1511 earthquakes considerably condition the maximum possible magnitude for the 
related seismogenic sources and, consequently, the identification of the design earthquake for 
ri sk assessm ent.

For this reason, it is necessary to ensure that their size and location are established as accurately 
as possi b le, i .e. from  a m acrosei sm i c scenari o as com plete and  reli ab le as possi b le. Thi s paper 
describes the efforts made, in the last few years, to solve some of the still open questions by: a) 
focusi ng  on the m ai n hi stori cal sources that d eal w i th the m ost d am ag ed  areas ( F ri uli , C ari nthi a, 
and Carniola); b) trying to correctly identify as many of the earthquake-affected localities named 
in these sources as possible; c) re-considering all the available data in a homogeneous way; d) 
keepi ng  track, as fully and  transparently as possi b le, of the w hole process, i n ord er to allow  
fruitful criticism and to facilitate the work of future researchers.
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2. The framework

2.1. Seismotectonic framework

The area aff ected by the 1348 earthquake (Fig. 1) represents the north-eastern porti on of 
the d eform ed  m arg i n of the Ad ri a m i croplate ( And erson and  Jackson, 19 87 ;  S lej ko et al., 19 89 ) , 
caused by the anti clockwise rotati on of Adria against the Eurasian plate, where the Periadriati c 
Lineament [whose segment in the study area is called the Gail Line (lett er a in Fig.1)] represents 
the b ound ary b etw een the tw o plates and  related  tectoni c system s ( S outhern Alps and  Alps) . 
M oreov er, the area com pri ses the hi ng e z one b etw een the eastern sector of the S outhern 
Alps and the north-western part of the External Dinarides (Carulli et al., 19 9 0 ) . Both system s 
refl ect in shape and in geodynamic evoluti on the eff ects of the cited collision between Adria and 
E urope. The S outhern Alps g rad ually pass tow ard s the east i nto the D i nari c orog eni c b elt and  the 
southern parts of these m ountai n chai ns ( C arni an and  Juli an P realps)  face southw ard s on the 
F ri uli  P lai n ( i .e. the eastern end  of the P o P lai n) , w hi ch can b e consi d ered  as thei r foreland  b asi n.

c	

b

Adriatic	Sea	
a	

		A	

SLO	

			I	

Fig. 2 - Infl uence of diff erent locati ons for the epicentres of the 1348 (stars) and 1511 (circles) earthquakes in the 
expected ground moti on, in terms of PGA (in g) vs. annual exceedance probability, at two main towns in Friuli: a) 
epicentres according to diff erent authors: blue = n. 1 in Table 1 (Ambraseys, 1976), violet = n. 5 in Table 1 (Hammerl, 
19 9 4)  for the 1348 ev ent and  n. 6 i n Tab le 1 ( F i tz ko et al., 20 0 5)  for the 1511 ev ent, b lack =  n. 8 i n Tab le 1 ( Gui d ob oni  
et al., 20 18) , red  =  n. 9  i n Tab le 1 ( thi s w ork)  for the 1348 ev ent and  n. 7  i n Tab le 1 ( C am assi  et al., 20 11)  for the 1511 
event; b) seismic hazard curves for Udine according to the diff erent epicentres of Table 1; c) seismic hazard curves for 
Tolmezzo according to diff erent epicentres of Table 1. The black boxes in panel a indicate the seismogenic zones used 
for the reg i onal sei sm i c haz ard  assessm ent ( S lej ko et al., 20 11)  w hi le the red  ones are those used  i n the I tali an sei sm i c 
haz ard  m ap ( S tucchi  et al., 20 11) . The g reen d ashed  li nes i n panels b  and  c show  the sei sm i c haz ard  curv es accord i ng  
to the Italian seismic hazard map (htt p://esse1-gis.mi.ingv.it/).
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The Southern Alps orogenic belt is composed of closely-spaced, E-W oriented, generally 
south-verging overthrusts (Fig. 1). The southernmost overthrusts, in the maximum shortening 
zone, developed in response to the more recent N-S oriented compressional stresses (Zanferrari 
et al., 2000). The recent activity of these tectonic lines is amply documented by geological data 
( C arulli  et al., 1980; Zanferrari et al., 1982) and high-precision topographic measurements 
( Talam o et al., 1978). The north-western edge of the Southern Alps is characterised by the 
presence of E-W oriented faults, among which the Gail Line (letter a in Fig. 1) and the Fella-Sava 
Line (letter b in Fig. 1) are the most important. The Gail Line represents the eastern segment 
of the Periadriatic (or Insubric) Lineament; it is a system of E-W oriented, sub-vertical mostly 
normal dislocations and is a very strong tectonic separation between the south verging thrust 
belt of the Southern Alps, unaffected by Alpine metamorphism, and the metamorphic nappe 
building of the Alps (Transalp Working Group; 2003). The Fella-Sava line is an E-W oriented, 
reverse high-angle fault (Castellarin, 1981). According to Carulli et al. ( 19 80 ) , m orphotectoni c 
evidence connected to post-Pleistocene anomalies of the hydrographic grid support a 
recent sinistral and dextral transcurrent activity of the Gail and Fella-Sava lines, respectively. 
Conversely, according to Doglioni (1999), both the Gail and the Fella-Sava lines are potentially 
active with probable dextral transpressive movements. The Gemona-Kobarid Thrust (letter c 
in Fig. 1) is an outstanding structural feature whose high-angle ramp bounds to the north the 
entire Friulian thrust edifice (Galadini et al., 20 0 5) .

The tectonic elements of the Dinaric orogenic belt are overthrusts and mostly dextral, sub-
vertical faults with direction ranging between NW-SE and NNW-SSE and with a SW vergence.

Thanks to the early settlement of this area (some towns, such as Belluno, Cividale, and Trieste, 
already existed in Roman times and flourished in the Middle Ages) the historical seismicity of the 
eastern Alps is comparatively well known (e.g. Bonito, 1691; Baratta, 1901). The eastern Alps and 
western Dinarides have a long history in instrumental data collection too, some seismographic 
stations (e.g. Trieste, Ljubljana, Pula, Padua, Venice, Treviso) having been operating since early 
20 th century ( S and ron et al., 20 14) . Thanks also to stud i es on reg i onal sei sm i ci ty ( e.g . S lej ko et al., 
19 89 ) , the latest I tali an earthquake catalog ue ( R ov i d a et al., 20 21)  g i v es a cred i tab le ov erv i ew  of 
the seismically most active areas. Major seismicity occurs along the piedmont belt, from Cividale 
to Belluno, reachi ng  i ts m ax i m um  i n central F ri uli  ( F i g . 1) . M i nor sei sm i ci ty occurred  i n southern 
Austri a and  w estern S lov eni a ( D el Ben et al., 19 9 1) . N ot consi d eri ng  the 1348 ev ent, the only 
strong  hi stori cal earthquake located  i n the prox i m i ty of the ci ted  Gai l L i ne occurred  i n 169 0  
( Barb ano et al., 19 9 4) , w hi le a few  sm all m ag ni tud e ev ents are reported  along  the close R i v er 
F ella v alley ( P oli  et al., 20 0 2) .

Owing to the regional tectonic regime (mostly overthrusts), a direct association of earthquakes 
to faults is very difficult and, consequently, seismicity was more easily associated with fault 
system s and  w i d e z ones w ere g enerally proposed  as sei sm og eni c sources [ see the m ost recent 
zonations in Slejko et al. ( 20 11) ]  and  used  for sei sm i c haz ard  assessm ent.

2.2. Historical context

A little knowledge of the geopolitical context of the 1348 earthquake can help to appreciate 
the qualities of the records that describe its effects. The area most severely affected by the 
earthquake was a political and cultural patchwork. It was governed by several rulers, both lay and 
ecclesiastic: the Dukes of Carinthia and Carniola, the Patriarch of Aquileia, the Count of Gorizia, 
the Germ an b i shops of F rei si ng  and  Bam b erg  ( F i g . 3) . The i nhab i tants b elong ed  to sev eral ethni c 
groups and spoke different languages (German, Italian, and Slav dialects).
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Fig. 3 - Politi cal jurisdicti ons of the area most aff ected by the earthquake, in the fi rst half of the 14th century.

No fi rst-hand account of earthquake eff ects in this region seems to have survived. However, by 
some means or other, descripti ons of these eff ects did reach contemporary (or nearly so) chroniclers, 
who lived outside the most aff ected area and who preserved these accounts by transcribing or by 
summarising them in their writi ngs. During this process, the original texts (that could have been 
writt en in Lati n or in any of the other languages spoken in the area) could have been translated, 
shortened  and  m ayb e d i storted . Another layer of com plex i ty w as ad d ed  b y the plag ue pand em i c 
known as ‛the Black Death’, that swept over Europe days, weeks or months (according to the cases) 
aft er the earthquake, taking a toll of possibly millions of victi ms and causing severe social and 
economic upheavals. It is diffi  cult to evaluate how heavily the plague conditi oned the availability 
of hi stori cal sources ab out the 1348 earthquake. N onetheless, our und erstand i ng  of w hat actually 
happened in the area most aff ected by this earthquake must be based on reports writt en by 
people who lived outside it, but somehow managed to collect informati on coming from there and 
preserved it for posterity. Of these second-hand reports, one was writt en up a few weeks aft er the 
earthquake (Villani, 14th cent.), another a few years aft er (Matt hias von Neuenburg, 14th cent.-a, 
14th cent.-b), the last a few decades later (Detmar von Lübeck, 14th cent.) . I f w e w i sh to m ake the 
most of them, we have to sharpen our investi gati on tools as best we can.
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3. Toward a new scenario

The stud i es b y H am m erl ( 19 9 2, 19 9 4)  and  Gui d ob oni  and  C om astri  ( 20 0 5)  are b ased  m ore 
or less on the same set of sources, but they interpret them in diff erent ways. Hammerl (1994) 
identi fi es 46 aff ected localiti es (MDPs) and proposes an epicentral locati on in northern Friuli 
(n. 5 in Fig. 1) instead of in the area of Villach (southern Austria), because the author believes 
that reports of parti cularly heavy damage in Villach could have been exaggerated by mistaking 
the consequences of a massive, earthquake-triggered landslide on the nearby Dobratsch Mount 
for seismic eff ects. Guidoboni and Comastri (2005) identi fy 57 aff ected localiti es (MDPs) and 
confi rm the traditi onal epicentral locati on of the earthquake in southern Austria, near the Friuli 
border (n. 8 in Fig. 1), though they suggest that a diff erent soluti on could be possible, pointi ng 
out that “the identi fi cati on of the epicentre is (...) considerably hampered by the lack of data for 
the S lov eni an area” .

The identi fi cati on of place names menti oned by the sources is a crucial issue for the 
interpretati on of the 1348 earthquake, but neither Hammerl (1992, 1994) nor Guidoboni and 
Comastri (2005) explain either how they identi fi ed each place name or why they disagree in the 
identi fi cati on of some important places (see Fig. 4). Both Hammerl (1992, 1994) and Guidoboni 
and Comastri (2005) derive most of their informati on from Villani (14th cent.) and Matt hias von 
N euenb urg  ( 14th cent.-b), two chroniclers that give long lists of earthquake-aff ected localiti es. A 
third source giving informati on on many localiti es is the chronicle by Detmar von Lübeck (14th

cent.) . H am m erl ( 19 9 2, 19 9 4)  uses i t spari ng ly, b ut Gui d ob oni  and  C om astri  ( 20 0 5)  d o not use i t 
at all because they do not consider it a ‛primary source’.

Fig. 4 - Locati on of the toponyms menti oned in Matt hias von Neuenburg (14th cent.-b) according to Hammerl (1994) 
( b lue stars)  and  to Gui d ob oni  and  C om astri  ( 20 0 5)  ( red  stars) .

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   342 22/09/21   14:57



343

Bull. Geoph. Ocean., 62, 335-364The eastern Alps earthquake of 25 January 1348

C onsi d eri ng  the scenari o proposed  i n the ci ted  stud i es and  b y an unpub li shed  paper b y 
H am m erl ( 19 9 3) , and  focusi ng  on the m ost d am ag ed  z ones ( C ari nthi a, C arni ola, and  F ri uli ) , w e 
note that more than half of the localiti es (16 MDPs out of 28) are derived from Villani (14th cent.) , 
Matt hias von Neuenburg (14th cent.), and Detmar von Lübeck (14th cent.)  ( F i g . 5) , that none of 
the ci ted  stud i es ex ploi ted  these three sources to the full, and  that som e of the place nam es they 
menti on sti ll remain unidenti fi ed. In our study, we tried to do both things.

Fig. 5 - Distributi on of the damaged localiti es in Carinthia, Carniola, and Friuli, and their historical sources according to 
Hammerl (1993). Full circles indicate localiti es identi fi ed only by the three most important sources: Villani (14th cent.) , 
Matt hias von Neuenburg (14th cent.-b), and Detmar von Lübeck (14th cent.). Empty circles indicate localiti es identi fi ed 
b y other sources.

Identi fying the localiti es aff ected by the 1348 earthquake on a modern map is a tricky task. 
Most place names quoted by the three main sources menti oned above are distorted or altered 
to some extent. Understandably so: medieval records were writt en and copied by hand, which 
can easily lead to mistakes, parti cularly when names are translated from foreign languages and 
the transcriber has no direct knowledge of the country described. Furthermore, some localiti es 
could have been named diff erently by diff erent ethnic/linguisti c groups that lived there and 
ruled over it. Finally, an additi onal complexity is that many localiti es menti oned by the original 
sources changed their names in the following centuries: someti mes it is comparati vely easy to 
connect a cited toponym with its modern homologue, but in other cases the interpretati on is 
controversial or a sati sfactory soluti on impossible. To avoid making decisions that may seem 
arb i trary or perplex i ng , w e w i ll clari fy here the cri teri a that w e follow ed :
a) considering each source as a composite document with an internal logic. Chronicles are oft en the 
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result of mixing, translating, cutting up and the recombination of many texts: knowing how each of 
them was compiled can help identify the present homologues of the toponyms mentioned in it; 

b) checking whether the identified localities were already in existence in 1348, to avoid making 
anachronistic choices;

c) checking the relevance of localities. When there were two or more likely candidates for 
identification with one of the place names mentioned in the sources, we opted for the 
one that was most important in 1348 (because it was more likely to attract the attention of 
potential witnesses);

d) considering how the source describes each locality. In the case of multiple choice, knowing 
w hether the source d escri b es the locali ty as a tow n, castle, v i llag e, tow er, m onastery and  so on, 
can help d eci d e w hi ch i s the b est m od ern hom olog ue. I t i s also w orthw hi le checki ng  w hether the 
mentioned name was related to a human settlement or some other type of geographical feature.
These criteria would have been of little use without referring to bibliographic tools for the 

identification and characterisation of toponyms, such as the work of Valvasor (1689) and Dehio 
( 20 0 1) . Besi d e these, other tools prov ed  useful:  K ohla ( 19 53) , K ohla et al. (1973) and Zdovc (2010).

We distinguish the toponyms mentioned in the sources according to whether they can be 
interpreted in two or more ways (Table 2); whether the relationship with modern localities 
is deduced from linguistic characteristics and from the internal logic of the source (Table 3); 
whether the relationship with the currently recognised localities is hypothetical (Table 4).

Table 2 - Place names with more than one possible identification with modern localities (small caps indicate our 
choice). Legend: G&C = Guidoboni and Comastri (2005); H = Hammerl (1992, 1994); Hf = Hofmeister (1924-1940). 
S c =  speci al case;  I B =  i solated  b ui ld i ng ;  TE  =  terri tory.

Toponym 
mentioned in 

the source 
Source Possible location (places 

chosen are in small caps)
Author of 

alternative 
identification*

Sc Lat. N (°) Lon. E (°) Country

Achelberch D etm ar v . 
Lübeck

Aichelberg I B 46.644 13.9 6 A
Ai chelb urg I B 46.611 13.513 A

Bemburg Matthias v. 
N euenb urg

Bleiburg 46.588 14.7 9 8 A
Bad  Blei b erg G& C 46.625 13.67 8 A

Bam b erg TE - - A/ I

Geilenstein Matthias v. 
N euenb urg

Mount Gerlitzen TE A
Kolovec-Gerlochstein H f 46.19 3 14.641 S L O

Gerli tz en G& C A

Krancke Matthias v. 
N euenb urg

Kranj - Krainburg H 46.239 14.356 S L O
K rai nb erg G& C I B 46.532 13.7 57 A

Lümburg Matthias v. 
N euenb urg

Liemberg G& C , H I B 46.7 51 14.233 A
Khünburg I B 46.633 13.41 A

Remmetze Matthias v. 
N euenb urg

Reifnitz G& C , H f, H 46.60 6 14.183 A
R i b ni ca [ R ei fni tz ] H f 45.7 39 14.7 28 S L O

Rathberch D etm ar v . 
Lübeck

Radovljica 46.344 14.17 3 S L O
R atz eneg g I B 46.661 14.19 0 A

Tranburg Matthias v. 
N euenb urg

Karnburg H f 46.684 14.315 A
Ob erd raub urg G& C 46.7 48 12.9 7 1 A

Kranj - Krainburg 46.239 14.356 S L O

Waldenberg Matthias v. 
N euenb urg

Weidenburg I B 46.648 13.0 58 A
Wallenberg / Pusti-Grad H I B 46.9 30 1489 3 A
S . P eter a. W allersb erg G& C 46.658 14.69 0 A

Waldenstein Matthias v. 
N euenb urg

Wildenstein I B 46.549 14.513 A
W ald enstei n 46.9 30 14.89 3 A

Wildemburg Matthias v. 
N euenb urg

Wallenberg / Pusti-Grad H I B 46.327 14.169 S L O
W i ld enstei n G& C I B 46.549 14.513 A
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Table 3 - Place names for which a likely relationship with current localities can be established. Legend: Sc = special 
case;  I B =  i solated  b ui ld i ng .

Toponym 
mentioned in the 

source
Source Localisation proposed in this 

study Sc Lat. N ( ° ) Lon. E ( ° ) Country

Holenberch D etm ar v . L . H ohenb urg I B 46.852 13.41 A

hus Nye D etm ar v . L . Neuhaus (near Tržič) I B 46.365 14.311 S L O

Nyenberch D etm ar v . L . N euhaus an d er Gai l I B 46.553 13.7 7 1 A

Ragni Villani R ad end orf 46.548 13.389 A

Tyner D etm ar v . L . Tai nach 46.635 14.538 A
Wartemburg Matthias v. N. W ernb erg I B 46.623 13.9 29 A

Table 4 - Place names for which only a hypothetical relationship with current recognised localities can be established. 
L eg end :  S c =  speci al case;  I B =  i solated  b ui ld i ng .

Toponym mentioned in the 
source Source Possible 

identification Sc Lat. N ( ° ) Lon. E ( ° ) Country

Derzmola dat hus Schaym D etm ar v . L . Domžale I B 46.144 14.59 8 S L O
hus Tyli D etm ar v . L . Tolm i n I B 46.184 13.7 34 S L O

Landemburg Matthias v. N.

L and skron

I B 46.642 13.89 7 A

Lentzeburg Matthias v. N. I B 46.642 13.89 7 A

Schellenburg Matthias v. N. S chaum b urg I B 46.7 9 14.29 1 A

4. Critical re-evaluation of the three main sources

4.1. Villani’s Cronica

Giovanni Villani, a Florentine merchant and administrator who died of the plague in the 
summer of 1348, wrote a world chronicle, at the end of which there is a description of the 
1348 earthquake. This description is based on a letter written shortly after the event, by some 
Florentine traders stationed in Udine (central Friuli), that gives information on several localities 
on the F ri uli an and  C ari nthi an si d es of the Alps, m ost of them  located  along  tw o m aj or trad e 
routes linking Udine with Bavaria, on one side, and with Villach and Feldkirchen on the other 
( H am m erl, 19 9 4) .

Hammerl (1994) derives from Villani (14th cent.) information on earthquake effects in Sancille
( S aci le)  ( w e w i ll i nd i cate i n italics the place names mentioned in the sources), La Muta ( M authen) , 
U d i ne, Santo Danielle ( S an D ani ele) , R ag og na, Gelmona ( Gem ona) , Vencione (Venzone), Tornezzo 
( Tolm ez z o) , Lemborgo ( W asserleonb urg ) , Vedrone (Federaun), Villach, Dorestagno ( Arnold stei n) , 
Osgalche ( Ossi ach) , and  Verkir (Feldkirchen). Guidoboni and Comastri (2005) identify other 
toponyms mentioned by Villani (14th cent.)  La Muta ( M authen)  and  Tranburg ( Ob erd raub urg ) ;  
the place which Villani (14th cent.)  nam es Destrafitto w as associ ated  w i th the S trassfri ed  castle 
( near Arnold stei n) , now ad ays i n rui ns. The Ragni castle was identified with Rain: yet there is 
nei ther castle ( or rui ns)  nor ham let of thi s nam e. P rob ab ly Ragni stand s for R ad end orf ( Radna 
vas i n S lov eni an)  ( Tab le 3) . F i nally, Gui d ob oni  and  C om astri  ( 20 0 5)  associ ated  the place nam e 
La Croce w i th the Alpi ne pass of M onte C roce C arni co:  yet there i s prob ab ly a m i sund erstand i ng  
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in Villani’s Cronica ( 14th cent.)  b ecause thi s toponym  correspond s to an Alpi ne pass w i thout any 
human settlement.

In Villani (14th cent.), the description of damage for each place, although brief, is longer than in 
the other chroni cles. F or ex am ple, “ i t has fallen the P atri arch’ s palace and  other houses” , at U d i ne;  
“ S an D ani ele’ s castle has fallen, and  there hav e d i ed  m any m en and  w om en” ;  “ m ore than half of 
the houses hav e b een d am ag ed  and  fell” , at Gem ona, and  so on. W e hav e to poi nt out that w hen 
Villani (14th cent.) mentions castles but not the respective towns (as in the case of San Daniele and 
Tolmezzo), we cannot assign any value in the macroseismic scale but only indicate a ‘description 
code’ according to the procedures adopted for the compilation of the Italian macroseismic database 
DBMI15 (Locati et al., 2021). Villani (14th cent.) devoted more time to describing the effects at 
Villach, as also Matthias von Neuenburg (14th cent.-a, 14th cent.-b) did in both his texts.

4.2. Matthias von Neuenburg’s texts

Matthias von Neuenburg, a lawyer in the service of the Archbishop of Strasbourg, described 
the 1348 earthquake tw i ce, i n a Chronica written shortly after the event, and in a biography of 
hi s late m aster:  the Gesta Bertholdi, written after 1353. The Chronica description is brief and 
names only a few affected localities; the Gesta description is longer and includes many more 
localities, yet without details of the damage.

S om e of the toponym s quoted  i n the Gesta w ere located  i n S lov eni a b y H am m erl ( 19 9 2, 19 9 4) , 
w hi le Gui d ob oni  and  C om astri  ( 20 0 5)  placed  all of them  i n C ari nthi a ( F i g . 4) .

Both tex ts start w i th the sam e i ntrod uctory parag raph. Then, the Chronica d escri b es the 
effects in Villach, while the Gesta gives a first list of damaged castles, starting with castrum 
Osterburg in Valle Steintal, which Hammerl (1994) identifies as Osterberg, a castle of Carniola 
whose ruins exist today near Podgrad, in the Ljubljana municipality (Valvasor, 1689). Then, two 
coupled localities come, Lentzeburg and  Rosach. The latter is certainly to be associated with 
Rosegg; Guidoboni and Comastri (2005) identified the former (without explaining how) with 
Mauthen. We can tentatively identify Lentzeburg with the Landskron castle, near Villach, yet 
further research is needed on this account (Table 4). This first list of the Gesta i nclud es other 
four toponym s:  Ortemberg, which both studies identify with the Ortemburg castle, Waldenberg, 
identified by Hammerl (1994) with the Carniolan castle of Wallenberg and by Guidoboni and 
Comastri (2005) with Sankt Peter am Wallersberg; we, instead, identify it with the castle of 
Weidenburg (Dehio, 2001), midway between Ortemburg and Villach (Table 2). Then, comes 
Schwartzenburg, which Guidoboni and Comastri (2005) identify with the castle of Hochenwart. 
The fourth place, Schellenburg, w as not recog ni sed  b y the prev i ous stud i es;  w e sug g est a li nk 
w i th S chaum b urg , b ut further research i s need ed  ( Tab le 4) .

The Gesta, then, describes the earthquake effects in Villach, following almost verbatim the 
Chronica. I t, then, g i v es another li st of ei g ht toponym s:  Waldenstein, identified by previous studies 
with Waldenstein (Wolfberg District), while we suggest an association with Wildenstein. We also 
prefer to identify Wildemburg with Wallenberg/Waldenberk, a Slovenian castle mentioned above. 
Hohenburg is identified with the Hollenburg castle and Lůmburg w i th the L i em b erg  castle. S i nce 
these localities are on the eastern side of Carinthia, near Klagenfurt, we suggest that the following 
toponyms, whose identification is uncertain, were broadly located in the same area. Accordingly, 
we identify Wartemburg w i th W ernb erg  [ or castrum Werdenburch ( D ehi o, 20 0 1) ]  ( Tab le 3) ;  
Remmetze is identified with Reifnitz by both studies, yet, as Hofmeister (1924-1940) pointed out, 
there are two Reifnitz, one in Carinthia, and another in Carniola (the latter known in Slovenian as 
R i b ni ca)  and  b oth w ere relev ant places i n the 130 0 s;  therefore, i t i s not easy to d eci d e w hi ch i s 
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the better candidate (Table 2). We identify Krancke w i th K ranj  ( or K rai nb urg ) , the C arni ola capi tal 
tow n ( Tab le 2)  and  Tranburg with the Karnburg castle (Hofmeister, 1924-1940; Dehio, 2001) (Table 
2). The previous studies made different choices: Tranburg w as associ ated  w i th K ranj  b y H am m erl 
( 19 9 4)  and  w i th Ob erd raub urg  ( on the Bav ari an b ord er)  b y Gui d ob oni  and  C om astri  ( 20 0 5) .

 The Gesta goes on to mention two castles that were destroyed by landslides: Lowenburg
b y the land sli p of the M ount D ob ratsch, and  Landenburg, which to date defies identification. 
It could be identified with the Landskron castle; yet, as in the case of Lenzeburg, a possi b le li nk 
need s further research ( Tab le 4) .

The Gesta description ends with two toponyms whose identification remains controversial: 
Bemburg and  Geilenstein. Guidoboni and Comastri (2005) identify Bemburg w i th Bad  Blei b erg . 
This site was associated with a mine from antiquity, but the town of the same name was founded 
m uch later than the 14th century ( D ehi o, 20 0 1) . S o, i t i s unli kely that a 130 0 s source could  hav e 
mentioned it. Admitting almost the same spelling distortion, we suggest that Bemburg i nd i cates 
the castle and town of Bleiburg, an important centre at that time, though it lies farther eastwards 
i n C ari nthi a ( D ehi o, 20 0 1) . I t i s also possi b le that Bemburg did not stand for a specific place but the 
Bamberger jurisdiction (Table 2).

The last place, Geilenstein, i s i d enti fi ed  b y Gui d ob oni  and  C om astri  ( 20 0 5)  w i th Gai li tz , a 
hamlet close to the Arnoldstein monastery. Hofmeister (1924-1940) linked it with a castle 
mentioned by Detmar von Lübeck’s (14th cent.)  chroni cle ( see the follow i ng  parag raph)  as 
the castle of Gerlochstei n, i n S lov eni a. Another possi b i li ty i s that the m enti on of Geilenstein
allud es to a hug e land sli d e caused  b y the earthquake i n the M ount Gerli tz en, ab ov e the 
lake of Ossi ach. I n thi s area, accord i ng  to other chroni cles ( Anonym us L eob i ensi s, 14th cent.;  
Villani, 14th cent.;  And reas v on R eg ensb urg , 14th-15th cent.) , the 1348 earthquake caused  a 
m aj or land sli d e ( Gui d ob oni  and  C om astri , 20 0 5) .

4.3. Detmar von Lübeck’s chronicle

We will devote particular attention to Detmar von Lübeck’s (14th cent.)  chroni cle b ecause i t i s 
the only one to cover all three political and linguistic areas involved in the earthquake (Carinthia, 
Carniola, and Friuli), because of the important information it provides, and also because earlier 
stud i es used  i t spari ng ly ( H am m erl, 19 9 2, 19 9 4)  or not at all ( Gui d ob oni  and  C om astri , 20 0 5) . 
Detmar von Lübeck (14th cent.)  w as not an eyew i tness to the 1348 earthquake, as hi s chroni cle 
was written from 1385 onwards and far outside the earthquake-affected area, but this is not 
enough to discard his report, particularly so as, after all, neither Villani (14th cent.) or Matthias 
v on N euenb urg  ( 14th cent.-a, 14th cent.-b) wrote their reports at first hand. In any case, Detmar 
von Lübeck’s (14th cent.)  chroni cle cannot b e d i sm i ssed  as ei ther unreli ab le or uni m portant. I t 
was the official chronicle of Lübeck, one of the most important German cities of the time ( P utz o, 
2010), and to write it Detmar von Lübeck could have relied on all the informative potential of the 
Lübeck city archives, including documents and correspondence collected since the end of the 
13th century. F or these reasons w e can consi d er i t as reli ab le and  analyse i t i n the sam e w ay as 
other chronicles nearer in time and space to the 1348 earthquake.

Detmar von Lübeck’s (14th cent.) description of the 1348 earthquake comprises two main 
parts and, in the second part, it is possible to distinguish three different fragments (Fig. 6). In 
the first part, Detmar von Lübeck lists a group of localities placed along an imaginary south-
north line (Fig. 7) where several natural phenomena occurred: a fire caused by lightning in Coron 
and Modon (Koroni and Methoni), two important Venetian colonies in the Peloponnese (Miller, 
19 0 8;  H eyw ood , 19 86;  Bé es, 19 9 3) ;  an earthquake ( not necessari ly the one w e are stud yi ng )  that 
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Fig. 6 - Detmar von Lübeck (14th cent.) chronicle: localities mentioned and probable origin of the information.
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damaged Ravenna; the plague and the earthquake in Venice; and fi nally the aft ermath of the 
1348 earthquake i n the m ost d am ag ed  areas. At thi s poi nt, si d e b y si d e w i th Aqui lei a, D etm ar 
von Lübeck’s names another locality: Kaiser Juliis Markede (a literal translati on of Forum Julii, the 
Lati n name of modern Cividale del Friuli), where a large church collapsed (“vel en grot tempel” ) . 
Excepti ng a brief and generic allusion to Cividale by a 16th century author (Nicoletti  , 16th cent.) , 
Detmar von Lübeck is the only nearly contemporary author to menti on this town. Although 
Gui d ob oni  and  C om astri  ( 20 0 5)  d o not i nclud e C i v i d ale am ong st thei r results, the C F TI 5M ed  
( Gui d ob oni  et al., 2018) contains it without adding any explicati on.

Fig. 7 - First list of localiti es aff ected by natural phenomena menti oned by Detmar von Lübeck’s (14th cent.) . N um b ers 
i nd i cate the ord er i n the tex t.

Then, Detmar von Lübeck mentions Roden felde ( R ed  fi eld  or, i n I tali an, C am porosso) , 
situated on the road to Villach (“men gheit to Villacum ” ) . At thi s poi nt, the tex t enters 
the terri tory und er j uri sd i cti on of Bam b erg ’ s Bi shopri c ( F i g . 3) . N ow ad ays, the toponym  
C am porosso m ay b e appli ed  ei ther to the ham let com pri sed  i n the Tarv i si o m uni ci pali ty 
(Camporosso in Valcanale), or to a strip of land of approximately 20 km lying along the 
Pontebba-Malborghetto-Tarvisio line, which marks the watershed between the Adriatic Sea 
and the Danubian Basin. Yet, Detmar von Lübeck’s narrative seems to refer to the latter 
b ecause i t uses the plural form , “ all tow ns and  churches i n that land  fell ( vellen alle burghe 
unde keerken ) ” , w hi ch d oes not fi t i n a si ng le v i llag e or ham let ( F i g s. 3 and  8;  Tab le 5) . The 
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text goes on with the damage at the village and monastery of Arnoldstein and Villach. At this 
point ends the first part of the text, which we can assume originates from Venice, because 
of i ts g eog raphi cal cov erag e and  also b ecause Roden felde m atch the I tali an toponym  
( translated  i n Germ an) , w hi le i n Germ an thi s place i s know n as S ai fni tz  ( F i g s. 6 and  7 ) .

The second half of Detmar von Lübeck’s narrative shows an abrupt change of style. 
After a short m enti on of m any collapses i n Kerrentyn ( C ari nthi a)  and  Carbonos ( presum ab ly 
Carniola), Detmar von Lübeck presents another list of 26 toponyms, with very few descriptions 
of earthquake effects. W e sug g est that thi s passag e can b e b roken d ow n i nto three parts, 
each reflecting a separate source of information used by Detmar von Lübeck (14th cent.) , 
ori g i nally w ri tten i n d i fferent places ( F i g . 6) .

The fi rst part i nclud es 10  toponym s:  Vedderin, i .e. F ed eraun, Sternberch, i .e. S ternb erg , 
and  Lowinberch, i.e. Wasserleonburg, all in the surroundings of Villach. It is also possible 
to i d enti fy Ortunberch w i th Ortenb urg  and  Holenbuch w i th H ollenb urg :  i n 1348 b oth w ere 
important castles, not far from Villach but outside its jurisdiction. Then, comes Caynberch, 
w hi ch could  correspond  to H ohenw art, m enti oned  b y M atthi as v on N euenb urg  ( 14th cent.-b) 
as Schwarzenburg (Black Castle, in Slovenian Črni Grad). Cheynberch i s li kely to correspond  to 
K ellerb erg , a castle i n the Ortenb urg  j uri sd i cti on, also nam ed  b y the chroni cles b y Anonym us 
L eob i ensi s ( 14th cent.)  and  And reas v on R eg ensb urg  ( 14th -15th cent.) , b oth ci ted  b y D ehi o 
( 20 0 1) . The last place m enti oned  i n thi s part of the li st i s the church of S ankt L eonhard  i m  
L av anttal (Sunte Leonardus kerke to Lenvil ) . Thi s b ui ld i ng , located  outsi d e the forti fi ed  b urg  
of Gomarn and relatively far from the epicentral zone, was, like Villach, an enclave of the 
Bishopric of Bamberg within the Duchy of Carinthia. Detmar von Lübeck (14th cent.)  could  
hav e had  som ew hat ex ag g erated  i nform ati on ab out thi s place, b ecause he states that the 
church w as enti rely d estroyed  ( “ is al vorstoret ” ) . But accord i ng  to D ehi o ( 20 0 1) , the church 
w as b ui lt only a few  years b efore 1348, and  i t show s no trace of d am ag e. M oreov er, there 
i s no i nform ati on ab out the consequences of the earthquake ei ther i n the castle or i n the 
v i llag e. Arg uab ly, the church suffered  only sli g ht d am ag e, ov erstated  d uri ng  the process of 
transm i ssi on of the new s. I n thi s part of the li st, there are tw o toponym s ( Caseberch and  
Cursenwi )  that sti ll d efy i d enti fi cati on. W e thi nk that thi s frag m ent w as i ni ti ally w ri tten i n 
Villach (Fig. 6).

The second  part, i nclud i ng  11 place nam es, i s set apart from  the others b y the use of 
a ‘ sem anti c m arker ’  ( Grei m as and  C ourté s, 19 82) :  the term  hus, m eani ng  b oth ‘ house’  
and  ‘ forti fi ed  house’  or ‘ castle’  ( W ackernag el, 187 8) , appli ed  to 8 toponym s. D etm ar v on 
Lübeck (14th cent.)  d oes not use i t i n any other secti ons, and  thi s could  m ean thi s part of 
the li st w as b ased  on a separate source. W e can i d enti fy hus Gwetenberg w i th Gutenb erg  
castle [ Gutenburg i n M atthi as v on N euenb urg  ( 14th cent.-b)]; hus Osterlut in Sewntal w i th 
Osterb erg  i n the S av a v alley [ nam ed  b y M atthi as v on N euenb urg  ( 14th cent.-b) as well]; hus 
Osterbit in Kerrentyn w i th the H ochosterw i tz  castle i n C ari nthi a;  and  hus Tzovesberch w i th 
the Zobelsberg castle. Among the ‘hus-less’ toponyms, Gerlochstein could  correspond  to 
the Gerlachstei n/ K olov ec castle. The last place nam e i n thi s secti on i s Tyner, i d enti fi ab le as 
Ti nj e, the S lov eni an nam e for Tai nach or Ti nach ( K ohla, 19 53) , a tow n less than 20  km  east 
of K lag enfurt ( Tab le 3) . E v en thoug h i t i s not m enti oned , the centre of the area d esi g ned  b y 
these locali ti es i s K lag enfurt. S om e of the places nam ed  i n thi s frag m ent are near K lag enfurt 
or located  along , or v ery close to, the old  R om an road  that connected  E m ona ( now  L j ub lj ana)  
to Virunum (close to Maria Saal today) passing through the Loibl Pass. We suggest that the 
other place nam es i n the sam e secti on are located  there too:  i n thi s case, hus Nye could  b e 
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Fig. 8 - Extended areas with heavy and total destruction.

Table 5 - Extended areas included in the new scenario.

Extensive area Source Kind of damage Level of damage

Afritz Valley Villani (14th cent.) Earthquake - Landslides - Flood Heavy Destruction

Bam b erg  D i stri ct Anonym us L eob i ensi s 
( 14th cent.) Earthquake - Landslide Heavy Destruction

C arni a D i stri ct Villani (14th cent.) E arthquake Heavy Destruction

Ortenb urg  D i stri ct Anonym us L eob i ensi s 
( 14th cent.) Earthquake - Landslides - Flood Heavy Destruction

C am porosso sad d le Detmar von Lübeck 
( 14th cent.) E arthquake Total Destruction

Villach District Villani (14th cent.) Earthquake - Landslides - Flood Heavy Destruction

M ount Gerli tz en
Villani (14th cent.)

Matthias von Neuenburg 
( 14th cent.-b)

Earthquake - Landslides Heavy Destruction
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Neuhaus castle, near Tržič (as well as Gutenberg castle), and Derzmola dat hus Schaym could  
be Domžale (or Dom-schal in German); this last identification has two linked drawbacks: the 
reli ab i li ty of the toponym  and  the relev ance of the v i llag e at the ti m e of the earthquake ( Tab le 
4). This fragment includes another four, hard-to-identify toponyms: hus Scaym, Wetzeneth, 
Rathberch and  hus Tyli. The fi rst could  b e a d upli cati on of hus Schaym, the follow i ng  tw o 
d o not hav e the m arker hus, so they could be towns, rather than castles. Hofmeister (1924-
19 40 ) , li nks Wetzeneth w i th R ei fni tz  [ nam ed  Remmetze b y M atthi as v on N euenb urg  ( 14th

cent.-b), Table 2]. Rathberch m i g ht correspond  to R ad m annsd orf, i .e. respecti v ely the 
German and Italian names of present-day Radovljica [or the Carinthian castle of Ratzenegg 
near K lag enfurt ( D ehi o, 20 0 1) ]  ( Tab le 2) . Thi s leav es us w i th tw o m ore place nam es w i thout 
clear i d enti fi cati on. One i s hus Tyli. Arg uab ly, Am b raseys ( 19 7 6)  i nd i cated  Tolm i n am ong st 
the damaged places by this earthquake on the basis of Detmar von Lübeck (14th cent.) . Y et, 
Tolm i n i s far from  the other places m enti oned  i n the sam e frag m ent and  i ts li nk w i th the 
toponym  i s rather w eak;  m oreov er, w e d o not know  any other source, w hi ch m enti ons i t. 
Therefore, w e consi d er hus Tyli ( and  Tolm i n)  as a hypothesi s for further research ( Tab le 4) . 
W e thi nk that thi s frag m ent com es from  K lag enfurt, nam ely the centre of the cov ered  area, 
while the last fragment comes (again) from Villach (Fig. 6).

The fi rst locali ty i n the last frag m ent i s Wincenstein, w hi ch correspond s to F i nkenstei n 
castle ( now  Altfi nkenstei n) ;  Achelberch could  m atch ei ther Ai chelb erg / E i chelb erg  castle, 
near U m b erg , or Ai chelb urg  castle, near S ankt S tephan i m  Gai ltal ( D ehi o, 20 0 1)  ( Tab le 
2) . Holenberch could  b e a d upli cati on of Holenbuch ( m enti oned  i n the fi rst secti on) , 
correspond i ng  to H ollenb urg , or refers to the H ohenb urg  castle, near P usarni tz , not far from  
Villach (Table 3).

The very last toponym named by Detmar von Lübeck (14th cent.)  i s Nyenberch, that 
could  correspond  to N euhaus am  Gai ltal, an early m ed i ev al fortress located  i n front of the 
D ob ratsch land sli d e, and  li kely the sam e place m enti oned  b y M atthi as v on N euenb urg  ( 14th

cent.-b) as Nuwenburg and  i d enti fi ed  b y Gui d ob oni  and  C om astri  ( 20 0 5) .
Detmar von Lübeck (14th cent.)  end s hi s parag raph d ev oted  to thi s ev ent b y sayi ng  that 

“many other places were affected by the earthquake, but I do not know their names”. H ow ev er, 
Detmar von Lübeck (14th cent.)  hi m self clai m s that the earthquake d am ag ed  approx i m ately 30  
tow ns i n C ari nthi a and  C arni ola, b ut i nd i cates the nam es of only 26 of them .

5. Results

5.1. Quality of data

To assess the quali ty of the results, w e follow ed  the m ethod  sug g ested  b y Burton et al. ( 19 84)  
and modified by Musson (1998), that employs three categories of quality (reliability, locational 
certainty, and veracity), evaluating them by a binary criterion 0/1 that corresponds to a positive/
negative answer.

The first category (reliability) evaluates whether the data are adequate to establish the 
intensity assignment beyond a reasonable doubt, but in our case descriptions of effects are 
generally poor and insufficient to establish a definite intensity value: therefore, most localities in 
our d ata set should  b e cod ed  1 for reli ab i li ty.

The thi rd  categ ory ( v eraci ty)  ev aluates w hether the d ata are actually truthful and  connected  to a 

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   352 22/09/21   14:58



353

Bull. Geoph. Ocean., 62, 335-364The eastern Alps earthquake of 25 January 1348

specific earthquake. In our case information is mostly poor, and its veracity is based on the general 
reli ab i li ty of each source. S i nce w e chose to use only sources consi d ered  as ‘ truthful’ , accord i ng  to 
M usson’ s ( 19 9 8)  cod e, the w hole set of d ata should  b e m arked  0  for v eraci ty ( Tab le 6) .

In our case, the crucial aspect of the data set is the category of ‘locational certainty’, which 
evaluates whether the data are adequately located. Therefore, the toponyms whose identification 
i s prob ab le b ut not certai n ( Tab les 2 and  3)  w i ll b e i nd i cated  i n Tab le 6 w i th an ‘ x ’  i n the colum n 
Q  ( quali ty) .

Moreover, we hypothesised other possible links between recognisable localities and 
toponyms mentioned in the sources. As further research is required to identify these localities, 
we decided not to plot them for the time being. Finally, a few of the localities mentioned in 
the sources remain unidentified and without any possible identification to this day. These are 
Caseberch and  Cursenwi.

5.2. Identifying toponyms and assessing damage

We depict the scenario of the zone of the most significant damage based on the three main 
sources examined here. Many localities have been relatively easily identified (Table 6). Other 
localities are more difficult to plot on modern maps. Amongst these places, some could be matched 
with two modern localities: our choices are indicated in small caps (Table 2), and are included in the 
final intensity list (Table 6) with an ‘x’ in the quality column (Q).

Table 3 lists a group of place names whose relationship with modern localities is deduced 
from linguistic features and from the internal logic of the source.

Table 4 lists a group of place names mentioned by the three main sources, whose relationship 
with modern localities is only hypothetical. They have not been included into the final data set 
but we consider these cases as starting points for further research.

Matthias von Neuenburg (14th cent.-b) and Detmar von Lübeck (14th cent.)  prov i d ed  a larg e 
number of locations with a single and brief description of the damage. In these cases, as well 
as with isolated buildings (castle, monastery or church), a generic ‘description code’ has been 
assigned. According to the procedures adopted for the compilation of the DBMI15 (Locati et al., 
2021), we will use the code HD (heavy damage), indicating an intensity larger than, or equal to, 
7 for most of the localities indicated by both mentioned chroniclers (rather than the code D, that 
represents a range of 6-8 grades and includes slight damage). Therefore, when we use the HD 
code, we do not consider all locations to have suffered in the same way, but that these places 
have suffered damage equal to, or greater than, grade 7.

The preli m i nary stud y b y C aracci olo et al. (2015) included some localities based on local 
hi stori og raphy or of late chroni cles w i thout ex pli ci t li nks w i th ori g i nal sources [ for ex am ple C av i telli  
(1588), Nicoletti (16th cent.) , and  P allad i o d eg li  Oli v i  ( 1660 ) ] . Accord i ng  to M usson ( 19 9 8) , these M D P s 
w ere cod ed  w i th a low  lev el of v eraci ty and  reli ab i li ty. I n thi s paper, to av oi d  m i sund erstand i ng s, 
we prefer to consider them (in a similar way to those of Table 4) as hypotheses, starting points for 
further research, but not as results. On the contrary, we took into account several localities outside 
the maximum damage area, information on which is provided by contemporary and reliable 
sources ( Tab le 6) .
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Table 6 - Macroseismic data used in this work for drafting a new scenario of the 25 January 1348 earthquake. Legend: 
S c =  speci al case;  I B =  i solated  b ui ld i ng ;  MS = multiple settlement; DL = deserted locality; TE = territory; HD = heavy 
d am ag e;  D  =  d am ag e;  S D  =  sli g ht d am ag e;  Q   =  quali ty colum n;  x  =  second  rate d ata.

25.01.1348 Eastern Alps
Imax = 9-10 - Ep. 46.504 13.581 - Mw = 6.6

Place name Sc Lat. N (°) Lon E (°) Int. (MCS) Country Q
Villach 46.614 13.845 9-10 A

Gem ona d el F ri uli 46.27 9 13.135 9 I
M authen 46.663 13.0 0 0 8-9 A

Ob erd raub urg 46.7 48 12.9 7 1 8-9 A x
P aluz z a 46.531 13.0 17 8-9 I

R ag og na ( S an Gi acom o) M S 46.17 7 12.9 7 8 8-9 I
Venzone 46.333 13.139 8-9 I

U d i ne 46.0 63 13.234 8 I
Bolz ano 46.49 9 11.352 7-8 I
Venezia 45.438 12.336 7-8 I
P ad ov a 45.40 7 11.87 5 7 I
Trento 46.0 68 11.122 7 I

Ai chelb erg  /  E i chelb erg D L , I B 46.644 13.9 6 H D A x
Altfinkenstein I B 46.546 13.9 0 3 H D A

Aqui lei a I B 45.7 68 13.37 H D I
Arnold stei n ( ham lets) M S 46.55 13.7 0 4 H D A

Arnold stei n ( m onastery) I B 46.548 13.7 0 9 H D A
Blei b urg I B 46.588 14.7 9 8 H D A x

Čušperk-Zobelsberg I B 45.885 14.686 H D S L O
F ed eraun I B 46.57 1 13.812 H D A

Gutenb erg I B 46.362 14.29 1 H D S L O
Hochwart-Hochenwart I B 46.638 13.9 9 5 H D A

H ohenb urg I B 46.852 13.410 H D A x
H ollenb urg 46.547 14.262 H D A
K arnb urg 46.684 14.315 H D A x
K ellerb erg I B 46.67 4 13.7 0 8 H D A

Kolovec-Gerlochstein 46.19 3 14.641 H D S L O
Kranj-Krainburg 46.239 14.356 H D S L O x

L i em b erg I B 46.7 51 14.233 H D A x
N euhaus an d er Gai l I B 46.553 13.7 7 1 H D A x

Neuhaus-Tržič I B 46.365 14.311 H D S L O x
R ad end orf 46.548 13.389 H D A x
Ortenb urg I B 46.7 9 4 13.459 H D A

Ossi ach I B 46.67 5 13.9 84 H D A
Podgrad-Ljubljana / Osterberg I B 46.0 69 14.638 H D S L O

Pusti Grad-Wallenberg I B 46.327 14.169 H D S L O x
R ad ov lj i ca 46.344 14.17 3 H D S L O x

R ag og na ( castello) M S  I B 46.17 7 12.9 7 8 H D I
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R ei fni tz 46.60 6 14.183 H D A x
R oseg g 46.589 14.0 18 H D A

S an D ani ele d el F ri uli I B? 46.157 13.0 1 H D I
S ternb erg I B 46.626 13.9 9 2 H D A
S trassfri ed I B 46.55 13.65 H D A

Tai nach 46.635 14.538 H D A x
Tolm ez z o 46.39 8 13.0 19 H D I

W asserleonb urg I B 46.60 4 13.633 H D A
W ei d enb urg I B 46.648 13.0 58 H D A x

W ernb erg 46.623 13.9 29 H D A x
W i ld enstei n I B 46.547 14.521 H D A x

C i v i d ale d el F ri uli 46.0 9 3 13.431 D I
C ostoz z a 45.469 11.60 8 D I

F eld ki rchen i n K är nten I B 46.7 24 14.0 9 4 D A
H ochosterw i tz I B 46.7 56 14.452 D A

P ord enone 45.9 59 12.658 D I
S aci le 45.9 53 12.49 9 D I

Sankt Leonhard im Lavanttal I B 46.9 63 14.80 0 S D A x
Bolog na 44.49 4 11.343 5 I
F errara 44.836 11.618 5 I

W ei henstephan b ei  F rei si ng 48.39 6 11.7 25 5 D
Concordia Sagittaria 45.7 56 12.846 H F I

E rfurt 50 .9 7 5 11.0 25 H F D
M od ena 44.647 10 .9 26 H F I

M oz z ani ca 45.47 6 9 .69 2 H F I
P i acenz a 45.0 52 9 .69 3 H F I

P i sa 43.7 18 10 .40 2 H F I
R eg g i o nell’ E m i li a 44.69 8 10 .631 H F I

Verona 45.439 10 .9 9 4 H F I
F rankfurt 50 .10 0 8.683 F D
M antov a 45.158 10 .7 9 4 F I
München 48.138 11.564 F D

R eg ensb urg 49 .0 14 12.111 F D
S trasb ourg 48.583 7 .7 33 F F

Vicenza 45.548 11.546 F I
Würzburg 49 .80 0 9 .9 33 F D

Afritz Valley TE H D A
Bamberg District TE H D I-A

Camporosso TE H D I
Carnia TE H D I

Mount Gerlitzen TE H D A
Ortenburg District TE H D A

Villach District TE H D A

Table 6 - continued.
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5.3. Environmental consequences of the earthquake

It is not possible to study the eastern Alps earthquake of 1348 without mentioning the enormous 
land sli d e of M ount D ob ratsch. F ew  hi stori cal earthquakes hav e such a close li nk to a land sli d e as i n thi s 
case, to such an extent that it has been known as the ‘Villach earthquake’. In fact, an important part 
of Hammerl’s (1992) research aimed at severing the association between epicentre and landslide.

H ow ev er, hi stori cal sources allow  us to b road en the scene of the env i ronm ental upheav al 
produced by the earthquake. In addition to the landslide of Mount Dobratsch, Villani’s 
correspond ents had  reported  si m i lar phenom ena i n the Afri tz  v alley ( a few  ki lom etres north of 
Villach) and in the Gerlitzen Mountain, above Lake Ossiach.

Beside the analysis of historical sources, other scientific methods suggest that the huge rock 
avalanche in the Veliki vhr (Slovenia) could have been caused by the 1348 eastern Alps event 
( M erchel et al., 20 14) .

In addition to what the sources tell us about the consequences of the earthquake, it is also worth 
noting here what they do not mention. Although the earthquake occurred in the middle of winter, 
the sources do not cite any snow avalanches among the effect of the earthquake. Furthermore, 
Villani’s correspondents had collected information from the northern side of the Alps a few days 
after the event, with no apparent communication problems caused by the fall of snow.

According to Lendhard (2007), on one hand, the resistance of a slope to the ground motion 
depends on the geometrical properties of the ground and on its water saturation. On the other 
hand, an earthquake can trigger a landslide only if the rocks are in unstable conditions. So, we 
can hypothesise that the 1347-1348 winter was mild, with heavy rains instead of snow, and that 
the rocky slopes w ere frag i le and  at the poi nt of b reaki ng .

5.4. Extended areas

Regarding medieval earthquakes, efforts are not always sufficient to find evidence that clearly 
i nd i cates the epi central z one ( Gang l, 20 0 3) . F or thi s reason, w e hav e used  other clues that the 
sources offer. In the new scenario, we have included some extended areas or ‘territories’ (TE) 
instead of single localities, such as the Afritz Valley, the Camporosso saddle and small administrative 
districts like Villach and Ortemburg (Table 5). According to the code used by DBMI15 (Locati et al., 
2021), the effects of the earthquake in all those areas are indicated with HD (heavy damage) in 
Table 6. Nevertheless, the level of damage is not the same in all these zones. Narrative sources 
i nd i cate heav y d am ag e, w i th m any castles, churches or ham lets d estroyed  ex cept for C am porosso. 
According to Detmar von Lübeck (14th cent.) , i n the C am porosso area, the earthquake d estroyed  all 
churches and hamlets. We consider the difference between ‘many’ and ‘all’ to be just as significant 
as regarding individual locations. The Camporosso saddle, situated in the middle of the other zones, 
appears to b e the area w i th the g reatest d am ag e and  coi nci d es w i th the epi centre calculated  w i th 
the traditional macro-seismological method (Fig. 8).

5.5. Seismological considerations

To identify clues, if any, about the seismic source of the 1348 earthquake, we used a simplified 
representation of some intensity maps and mapped the area of the largest ground motion 
( hi g hest 2 d eg rees) , the area w here d am ag e i s reported  ( i ntensi ty larg er than, or equal to, g rad e 
6), and the area of perceptibility (intensity larger than, or equal to, grade 3), as was done for the 
1511 earthquake b y C am assi  et al. ( 20 11) .
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In additi on to the 1348 earthquake, we have considered three main events which occurred 
i n the stud y reg i on:  the 1511 earthquake, the Gem ona 19 7 6 m ai n earthquake, w hose source 
was located on the Susans-Tricesimo Alpine thrusts (Galadini et al., 20 0 5) , and  the 19 9 8 Bov ec 
earthquake, whose source was associated to the Ravne Dinaric strike-slip fault (Bajc et al., 20 0 1;  
Zupančič et al., 2001). For the last two earthquakes, an intensity map with a wealth of informati on 
i s av ai lab le ( F i g s. 9 c and  9 d ) ;  conv ersely, the 1511 i ntensi ty m ap show s a li m i ted  num b er of d ata 
poi nts outsi d e the epi central area ( F i g . 9 b ) . The i ntensi ty m ap of the 1348 earthquake ( F i g . 9 a)  
actually remains rather poor in informati on also aft er this investi gati on. If a faint similarity can be 
tentati vely suggested between the 1511 and 1976 events, also considering the wider extension of 
the d am ag e area of the hi stori cal ev ent that should  sug g est a larg er m ag ni tud e, the few  d ata and  
the widely spread largest intensiti es do not support any considerati on on the source of the 1348 
quake. F or the sake of preci si on, i t m ust b e sai d  that nei ther the si m i lari ty nor the larg er m ag ni tud e 
of the 1511 earthquake w i th respect to the 19 7 6 one w ere proposed  b y C am assi  et al. ( 20 11) . I n 
sum m ary, the epi centre alread y proposed  b y C aracci olo et al. ( 20 15)  for C P TI 15 ( R ov i d a et al., 20 21)  
seems the most convincing based on the present historical investi gati on and on the seismotectonic 
considerati ons cited in our previous chapters and is confi rmed by this study (see Table 1).

Adriatic	
Sea	

a	 b	

c	 d	

Fig. 9 - Simplifi ed intensity maps, the points with a large intensity (equal to the highest 2 intensity degrees) are mapped 
i n red , those w i th an i ntensi ty larg er than, or equal to, g rad e 6 are m apped  i n yellow , and  those w i th an i ntensi ty larg er 
than, or equal to, g rad e 3 are m apped  i n g rey:  a)  1348 earthquake, M D P s from  thi s stud y;  b )  1511 earthquake, M D P s from  
C am assi  et al. ( 20 11) ;  c)  19 7 6 Gem ona earthquake, M D P s from  Tertulli ani  et al. ( 20 18) ;  d )  19 9 8 Bov ec earthquake, M D P s 
from Zupančič et al. (2001). Intensity scale is MCS for the 1348 and 1511 quakes and EMS-98 for the 1976 and 1998 events.
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6. Conclusions

At this point, we can indicate the contributions of this work, the open questions and the 
possible ways for further research. From the quantitative viewpoint, this study increases the 
number of earthquake-affected places to 74 MDPs (Table 6 and Fig. 10a), with respect to the 
46 MDPs of Hammerl (1994) and 57 MDPs of Guidoboni and Comastri (2005). This figure is 
not a mere ‘addition’ but the result of a nearly complete revision of the data points, including 
those mentioned in the preliminary report by Caracciolo et al. (2015). In that work, 89 localities 
were indicated, yet those records were not qualitatively homogeneous. A meaningful part of the 
present work involved reassessing those records, distinguishing certain, probable and possible 
data, the latter being considered mere hypotheses for further research, and, therefore, not 
reliable enough to be included in Table 6. Other points mentioned here were not even considered 
i n the C aracci olo et al. ( 20 15)  w ork.

Another important aspect of this study is the corroboration of the effects in Carniola, 
considering the lack of information in Slovenia lamented by Guidoboni and Comastri (2005). 
Besides that, this work confirms the epicentral area reported in CPTI15 (Rovida et al., 20 21)  on the 
b asi s of the C aracci olo et al. ( 20 15)  stud y. I t i s located  i n the southern si d e of the b ord er b etw een 
C ari nthi a and  F ri uli , not far from  the epi centre i nd i cated  b y Gui d ob oni  and  C om astri  ( 20 0 5)  and  
agrees with the proposition of Hammerl (1992, 1994) too, who suggested the epicentral area in 
Friuli, southwards of Villach (Fig. 10b).

Ab ov e all, w e w ould  li ke to em phasi se the i m portance of the read i ng  of hi stori cal sources 
reg ard i ng  som e sm all areas. Accord i ng  to thi s analysi s, the z one of g reatest d am ag e w ould  i nv olv e 
the settlements on the Camporosso saddle, namely the villages of Pontebba, Malborghetto and 
Tarv i si o, that m atches w ell w i th the epi central area calculated  on the b asi s of the av ai lab le M P D s.

In addition to these seismological achievements, we would also like to point out two relevant 
m ethod olog i cal i ssues. D espi te the li m i ts of space i n thi s type of paper, w e soug ht to m ake the 
critical reading of the sources and the identification of toponyms as detailed as possible: that 
i s, the process of b ui ld i ng  the m acrosei sm i c scenari o. W e thi nk that b oth i ssues are cruci al for 
further research as well as useful criticism.

Further studies will hopefully improve the macroseismic information about this event, 
reconsidering the points not sufficiently reliable or providing additional macroseismic data points. 
Until now, studies on this earthquake are based almost entirely on the same sources. The archives 
of b oth Bam b erg  and  F rei si ng  b i shopri cs, possi b ly preserv e other d ocum ents not yet consi d ered . 
N ew  releases of hi stori og raphi cal stud i es reg ard i ng  castles and  tow ns ( li kely prod uced  not i n d i rect 
relation with earthquakes) may help to shed new light on the 1348 event as well. These issues 
are linked with two other seismological aspects of the 1348 earthquake that still remain open: 
the hypocentre and the magnitude. Although these parameters can be considered sufficiently 
identified, given the period when the event occurred, they cannot be considered well-constrained 
because of the still associated large uncertainties. Further clues about the source of the 1348 
earthquake could be given by geological investigations (e.g. paleoseismic trenches to date coseismic 
ruptures). As concerns hazard and risk, it is reasonable to think that specialised scientists working 
on the 1348 earthquake will need to take good account of the enduring uncertainties.

Acknowledgements. M any thanks are d ue to G.B. C arulli , form erly at U ni v ersi ty of Tri este, for checki ng  
the g eolog i cal part of thi s paper, to D . Bertag nolli , seni or assi stant professor of Germ ani c P hi lolog y at 
University of Bologna, for his linguistic consultancy, to I. Cecić, Agency of the Republic of Slovenia for the 
E nv i ronm ent L j ub lj ana, for the i ntensi ty d ata of the 19 7 6 and  19 9 8 earthquakes, and  to A. Tam aro, OGS  

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   358 22/09/21   14:58



359

Bull. Geoph. Ocean., 62, 335-364The eastern Alps earthquake of 25 January 1348

Fig. 10 - New scenario of the 25 January 1348 earthquake: a) larger outlook; b) epicentral area.

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   359 22/09/21   14:58



360

Bull. Geoph. Ocean., 62, 335-364 C aracci olo et al.

Trieste, for his help in drawing some figures. The paper has benefitted from the detailed reviews by L. 
P eruz z a, OGS  Tri este, and  an anonym ous rev i ew er:  b oth are ki nd ly thanked . S hortcom i ng s, errors and  m i s-
understandings are unavoidable in this kind of work. They are, of course, our entire responsibility. Some 
figures have been produced by the GMT software (Wessel et al., 20 13) .

REFERENCES

Am b raseys N .N .;  19 7 6:  The Gemona di Friuli earthquake of 6 May 1976. I n:  P i chard  P ., Am b raseys N .N . and  
Ziogas G.N., The Gemona di Friuli earthquake of 6 May 1976, UNESCO, Paris, France, Restricted Technical 
Report, RP/1975-76/2.222.3, part. 2, 152 pp.

And erson H . and  Jackson J.;  19 87 :  Active tectonics of the Adriatic Region. Geophys. J. R. Astron. Soc., 91, 937-983.
And reas v on R eg ensb urg ;  14th-15th cent.:  Chronica pontificum et imperatorum Romanorum. I n:  L ei d i ng er G. ( ed ) , 

1903, Sämtliche Werke, Quellen und Erörterungen zur Bayerischen und Deutschen Geschichte, München, 
Germany, pp. 1-157.

Anonym us L eob i ensi s;  14th cent.:  Anonymi Leobiensis chronicon. Zahn J. (ed), 1865, Leuschner & Lubensky, Gräz, 
Austri a, 50  pp.

Baratta M.; 1901: I terremoti d’Italia. Saggio di storia geografia e bibliografia sismica italiana. F ratelli  Bocca, 
Tori no, I taly, 9 50  pp.

Barbano M.S., Bellettati D. and Slejko D.; 1994: Sources for the study of the Eastern Alps earthquakes in the turn 
of the 17th cent. In: Albini P. and Moroni A. (eds), Historical investigation of European earthquakes, CNR, 
Istituto Ricerca Rischio Sismico, Milano, Italy, Vol. 2, pp. 115-132.

Baj c J., Aoud i a A., S araò  A. and  S uhad olc P .;  20 0 1:  The 1998 Bovec-Krn mountain (Slovenia) earthquake sequence. 
Geophys. Res. Lett., 28, 1839-1842.

Bartole R., Bernardis G., Giorgetti F., Russi M. and Nieto D.; 1976: Earthquake catalogue of Friuli-Venezia Giulia 
region (from Roman epoch to 1976). Boll. Geof. Teor. Appl., 19, 299-334.

Bé es N .E .;  19 9 3:  Modon. I n: Bosw orth C .E ., v an D onz el E ., H ei nri chs W .P . and  P ellat C . ( ed s) , E ncyclopaed i a of 
Islam, Brill, Leiden, The Netherlands, Vol. VII, pp. 216-218.

Boni to M .;  169 1:  Terra tremante. D .A. P arri no, N apoli , I taly, 822 pp.
Borst A.;  19 88:  Il terremoto del 1348. Contributo storico alla ricerca sulle catastrofi. L av eg li a E d i tore, S alerno, 

I taly, 64 pp.
Boschi E., Ferrari G., Gasperini P., Guidoboni E., Smriglio G. and Valensise G. (eds); 1995:  Catalogo dei forti 

terremoti in Italia dal 461 a.C. al 1980. Istituto Nazionale di Geofisica e Vulcanologia-Storia Geofisica 
Ambiente (INGV-SGA), Bologna, Italy, 973 pp.

Boschi E., Guidoboni E., Ferrari G., Valensise G. and Gasperini P.; 1997: Catalogo dei forti terremoti in Italia 
dal 461 a.C. al 1990. Istituto Nazionale di Geofisica e Vulcanologia-Storia Geofisica Ambiente (INGV-SGA), 
Bolog na, I taly, 644 pp.

Boschi E., Guidoboni E., Ferrari G., Mariotti D., Valensise G. and Gasperini P. (eds); 2000: Catalogue of strong 
Italian earthquakes from 461 B.C. to 1997. Ann. Geophys., 43, 609-868.

Burton P .W ., M usson R .M .W . and  N ei lson G.;  19 84:  Studies of historical British earthquakes. British Geological 
S urv ey, Glob al S ei sm olog y, R eport 237 , K eyw orth, E ng land , 10 2 pp.

Camassi R., Caracciolo C.H., Castelli V. and Slejko D.; 2011: The 1511 Eastern Alps earthquakes: a critical 
update and comparison of existing macroseismic datasets. J. Seismol., 15, 191-213, doi: 10.1007/s10950-
010-9220-9.

Caracciolo C.H., Camassi R. and Castelli V.; 2015: Il terremoto del 25 gennaio 1348 (Alpi orientali). Istituto 
Nazionale di Geofisica e Vulcanologia (INGV), Roma, Italy, Rapporto interno, 12 pp.

Carulli G.B., Carobene L., Cavallin A., Martinis B., Onofri R., Cucchi F. and Vaia F.; 1980: Evoluzione strutturale 
Plio-Quaternaria del Friuli e della Venezia Giulia. In: Contributi alla Carta Neotettonica d’Italia, CNR - Progetto 
Finalizzato Geodinamica, Roma, Italy, Pubbl. 356, pp. 488-545.

C arulli  G.B., N i coli ch R ., R eb ez  A. and  S lej ko D .;  19 9 0 :  Seismotectonics of the Northwest External Dinarides. 
Tectonophys., 179, 11-25.

Carulli G.B., Riuscetti M. and Slejko D.; 2003: La carta del rischio sismico. Rassegna Tecnica del Friuli Venezia 
Giulia, 54, 17-22.

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   360 22/09/21   14:58



361

Bull. Geoph. Ocean., 62, 335-364The eastern Alps earthquake of 25 January 1348

C astellari n A. ( ed ) ;  19 81:  Carta tettonica delle Alpi Meridionali (alla scala 1:200000). CNR - Progetto Finalizzato 
Geod i nam i ca, Tecnopri nt, Bolog na, I taly, P ub b l. 441, 220  pp.

C av i telli  L .;  1588:  Annales. Apud  C hri stophorum  D raconi um , C rem ona, I taly, 431 pp.
D ehi o;  20 0 1:  Dehio - Handbuch. Die Kunstdenkmäler Österreichs. Kärnten. K arl Gei hard t ( ed ) , S chroll, W i en, 

Austri a, 1157  pp.
Del Ben A., Finetti I., Rebez A. and Slejko D.; 1991: Seismicity and seismotectonics at the Alps - Dinarides contact. 

Boll. Geof. Teor. Appl., 33, 155-176.
Detmar von Lübeck; 14th cent.:  Chronik des Detmar von Lübeck. I n:  K oppm ann K . ( ed ) , 1884, D i e C hroni ken d er 

D eutschen S täd te v om  14 b i s i ns 16, Jahrhund ert, Bd  19 , H i rz el S ., L ei pz i g , Germ any, 59 7  pp.
D og li oni  C .;  19 9 9 :  Sismotettonica dell’Italia nord-orientale e possibile comparazione con gli Appennini. P E 9 8 

- Progetto 5.1.1, UR Università La Sapienza, Roma, Italy, <https://emidius.mi.ingv.it/GNDT/P511/UNI_RM/
rel9 9 0 9 0 6.htm l> .

D ri m m el J.;  19 80 :  Rezente seismizität und seismotektonik des Ostalpenraumes. I n:  Geolog i sche Bund esanstalt 
(ed), Der Geologische Aufbau Österreiches, Springer, Vienna, Austria, pp. 507-509, doi: 10.1007/978-3-
7091-3744-4_24.

F i tz ko F ., S uhad olc P ., Aud i a A. and  P anz a G.F .;  20 0 5:  Constrains on the location and mechanism of the 1511 
western-Slovenia earthquake from active tectonics and modeling of macroseismic data. Tectonophys., 40 4, 
77-90.

Galadini F., Poli M.E. and Zanferrari A.; 2005: Seismogenic sources potentially responsible for earthquakes with 
M ≥ 6 in the eastern Southern Alps (Thiene-Udine sector, NE Italy). Geophys. J. Int., 161, 739-762.

Gang l G.;  20 0 3:  Makroseismische Intensität des 1348er bebens in Villach - Intensity data point Villach 1348. I n:  
Symposium zur Geschichte der Erdwissenschaften in Österreich. Berichte der Geologischen Bundesanstalt, 
Wien/Klagenfurt, Austria, Band 64, pp. 32-36.

Gentile F., Renner G., Riggio A.M., Slejko D. and Zacchigna M.; 1985: The Villach earthquake of January 25, 
1348. In: Postpischl D. (ed), Atlas of isoseismal maps of Italian Earthquakes, CNR - Progetto Finalizzato 
Geodinamica, Quaderni de La Ricerca Scientifica, 114, Vol. 2A, pp. 14-15.

Grei m as A.J. and  C ourté s J.;  19 82:  Semiotics and language. An analytical dictionary. I nd i ana U ni v ersi ty P ress, 
Bloom i ng ton, I N , U S A, 40 9  pp.

Gri m az  S ., S lej ko D ., C ucchi  F . and  W orki ng  Group AS S E S S  ( Baraz z a F ., Bi olchi  S ., D elpi n E ., F ranceschi ni s R ., 
Garcia J., Gattesco N., Malisan P., Moretti A., Pipan M., Prizzon S., Rebez A., Santulin M., Zini L., Zorzini F.); 
20 16:  The ASSESS project: assessment for seismic risk reduction of school buildings in the Friuli Venezia Giulia 
region (NE Italy). Boll. Geof. Teor. Appl., 57, 111-128.

Gruppo d i  L av oro;  20 0 4:  Redazione della mappa di pericolosità sismica prevista dall’Ordinanza PCM 3274 del 20 
marzo 2003. Istituto Nazionale di Geofisica e Vulcanologia (INGV), Milano-Roma, Italy, Rapporto conclusivo 
per il Dipartimento della Protezione Civile, 65 pp. + 5 App.

Gui d ob oni  E . and  C om astri  A.;  20 0 5:  Catalogue of earthquakes and tsunamis in the Mediterranean area from 
the 11th to the 15th cent. Istituto Nazionale di Geofisica e Vulcanologia-Storia Geofisica Ambiente (INGV-
SGA), Roma-Bologna, Italy, 1037 pp.

Guidoboni E., Ferrari G., Mariotti D., Comastri A., Tarabusi G., Sgattoni G. and Valensise G.; 2018: CFTI5Med, 
Catalogo dei Forti Terremoti in Italia (461 a.C.-1997) e nell’area Mediterranea (760 a.C.-1500). Istituto 
Nazionale di Geofisica e Vulcanologia (INGV), Roma, Italy, doi: 10.6092/ingv.it-cfti5.

H am m erl C h.;  19 9 2:  Das erdbeben vom 25. Jänner 1348 - Rekonstruktion des naturereignisses. D i ss. U ni v . W i en, 
Austri a, 256 pp.

H am m erl C h.;  19 9 3:  The earthquake of January 25, 1348. Reconstruction of a natural phenomenon. U npub li shed .
H am m erl C h.;  19 9 4:  The earthquake of January 25th, 1348: discussion of sources. I n:  Alb i ni  P . and  M oroni  A. 

(eds), Materials of the CEC project Review of Historical Seismicity in Europe, CNR, Milano, Italy, Vol. 2, pp. 
225-240.

H ann F .G.;  19 0 3:  Das erdbeben in Kärnten im Jahre 1348 und die Zerstörung von Villach. Die Erdbebenwarte, 3, 68-75.
H eyw ood  C .J.;  19 86:  Koron. I n: Bosw orth C .E ., v an D oz el E ., H ei nri ch W .P . and  P ellat C h. ( ed s) , E ncyclopaed i a of 

Islam, Brill, Leiden, The Netherlands, Vol. V, pp. 270-271.
H ö fer v on H ei m halt H .;  1880 :  Die Erdbeben Kärntens und deren Stoßlinien. Denkschriften der Akademie der 

Wissenschaften, Math. Natw., Wien, Austria, Klasse 42-2, Abth., 1-90.

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   361 22/09/21   14:58



362

Bull. Geoph. Ocean., 62, 335-364 C aracci olo et al.

H oernes R .;  187 8:  Erdbeben-Studien. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt, 28, 387-
448.

H oernes R .;  19 0 1:  Erdbeben-Inschriften. Die Erdbebenwarte, 1, 67-71.
Hoff K.E.A. von; 1840: Chronik der Erdbeben und Wulkan-ausbrüche. In: Hoff K.E.A. von, Geschichte der durch 

Überlieferung nachgewiesenen natürlichen Veränderungen der Erdoberfläche: ein Versuch, Gotha, Vol. 4, 
47 0  pp.

Hofmeister A. (ed); 1924-1940: Matthias von Neuenburg, Gesta Bertholdi Argentinensis. I n:  M onum enta 
Germaniae Historica, Scriptores rerum Germanicarum, Nova series, IV, pp. 502-543.

K ohla F .X .;  19 53:  Kärtens Burgen. Schlösser und wehrhafte Stätten. Verlag des Geschichtvereines für Kärnten, 
K lag enfurt, Austri a, 37 3 pp.

K ohla F .X ., v on M etni tz  G.A. and  M oro G.;  19 7 3:  Kärntner Burgenkunde. Erster Teil. Kärntens Burgen, Schlösser, 
Ansitze und wehrhafte Stätten. Ein Beitrag zur Siedlungstopographie. Geschichverein für Kärnten - Rudolf 
Habelt Verlag, Klagenfurt-Bonn, Austria-Germany, XXIV + 436 pp.

K onrad  v on M eg enb erg ;  14th cent.:  Das Buch der Natur. In: Pfeiffer F. (ed), 1861, Karl Aue Verlag, Stuttgart, 
Germ any, 436 pp.

L enhard t W .;  20 0 7 :  Earthquake - Triggered Landslides in Austria - Dobratsch revisited. Jahrb uch d er Geolog i schen 
Bundesanstalt, 147, 193-199.

Ligorio P.; 1570-1571: Libro di diversi terremoti. I n:  Gui d ob oni  E . ( ed ) , 20 0 5, E d i z i one naz i onale d elle opere d i  
Pirro Ligorio: Libri delle antichità, De Luca, Torino, Italy, Vol. 28, 261 pp.

Locati M., Camassi R., Rovida A., Ercolani E., Bernardini F., Castelli V., Caracciolo C.H., Tertulliani A., Rossi 
A., Azzaro R., D’Amico S., Conte S., Rocchetti E. and Antonucci A.; 2021: Database Macrosismico Italiano 
(DBMI15), versione 2.0. Istituto Nazionale di Geofisica e Vulcanologia (INGV), Roma, Italy, d oi :  10 .13127 /
D BM I / D BM I 15.2.

L ycosthenes C .;  1557 :  Prodigiorum ac ostentorum chronicon, quae praeter naturae ordinem, motum, et 
operationem, et in superioribus & his inferioribus mundi regionibus, ab exordio mundi usque ad haec nostra 
tempora, acciderunt. P etri  H ., Basel, S w i tz erland , 67 0  pp.

Mallet M.; 1853-1854: Third report on the facts of earthquake phaenomena. Catalogue of recorded earthquakes 
from 1606 B.C. to A.D. 185. I n: Report of the British Association for the Advancement of Science, London, UK, 
pp. 117-212 (1853), pp. 1-326 (1854).

Manetti G.; 15th cent.:  De terraemotu Libri tres. Molin D. and Scopelliti C. (eds), 1983, Collana Commissione 
ENEA/ENEL per lo Studio dei Problemi Sismici Connessi con la Realizzazione di Impianti Nucleari, Romana 
E d i tri ce, R om a, I taly, 250  pp.

Matthias von Neuenburg; 14th cent.-a: Chronica. In: Hofmeister A. (ed), 1924-1940, Monumenta Germaniae 
Historica, Scriptores Rerum Germanicarum, Berlin, Germany, Nova Series, IV, pp. 1-500.

Matthias von Neuenburg; 14th cent.-b: Gesta Bertholdi Argentinensis. In: Hofmeister A. (ed), 1924-1940, 
Monumenta Germaniae Historica, Scriptores Rerum Germanicarum, Berlin, Germany, Nova Series, IV, pp. 
502-543.

M ercalli  G.;  1883:  I terremoti storici italiani. I n:  N eg ri  G., S toppani  A. and  M ercalli  G. ( ed s) , Geolog i a d ’ I tali a, 
Vallardi, Milano, Italy, Parte 3, pp. 216-367.

Merchel S., Mrak I., Braucher R., Benedetti L., Repe B., Bourlès D.L. and Reitner J.M.; 2014: Surface exposure 
dating of the Veliki vrh rock avalanche in Slovenia associated with the 1348 earthquake. Q uat. Geochronol., 
22, 33-42.

M i ller W .;  19 0 8:  The Latins in the Levant, a history of Frankish Greece (1204-1566). E.P. Dutton and Co., New 
Y ork, N Y , U S A, 67 5 pp.

Mitteis H.; 1862: Über Erderschutterungen in Krain. Jahreshefte des Vereines des krainerischen Landesmuseums, 
III, 96-114.

M usson R .M .W .;  19 9 8:  Intensity assignments from historical earthquake data: issues of certainty and quality. 
Ann. Geofis., 41, 79-91, doi: 10.4401/ag-3795.

Nicoletti M.A.; 16th cent.:  Patriarca Bertrando. Biblioteca e Museo Correr, Venezia, Italy, ms. Cicogna 1362, no page.
P allad i o d eg li  Oli v i  G.F .;  1660 :  Historie della Provincia del Friuli. Niccolò Schiratti, Udine, Italy, 495 + 334 pp.
P errey A.;  1848:  Mémoire sur les tremblements de terre de la peninsule Italique. M é m oi res couronné s et 

mémoires des savant étrangers, Acad. R. Sc. Lett. et Beaux-Arts de Belgique, Bruxelles, Belgium, 22, 145 pp.

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   362 22/09/21   14:58



363

Bull. Geoph. Ocean., 62, 335-364The eastern Alps earthquake of 25 January 1348

P i lg ram  A.;  17 88:  Untersuchungen über das wahrscheinliche der Wetterkunde durch vieljährige Beobachtungen, 
J. E d len v on K urz b eck, W i en, Austri a, 60 8 pp.

Poli M.E., Peruzza L., Rebez A., Renner G., Slejko D. and Zanferrari A.; 2002: New seismotectonic evidence from 
the analysis of the 1976-1977 and 1977-1999 seismicity in Friuli (NE Italy). Boll. Geof. Teor. Appl., 43, 53-78.

P utz o C .;  20 10 :  Detmar von Lübeck. I n:  D unphy G. and  Bratu C . ( ed s) , E ncycloped i a of the m ed i ev al chroni cle. 
Brill, Leiden-Boston, The Netherlands - U.S.A., 2, p. 519.

R ad i cs P . v on;  19 0 3:  Das Erdbeben in Kärnten im Jahre 1348 und die Zerstörung von Villach. D i e E rd b eb enw arte, 
3, 141-145.

R ag or J.H .;  157 8:  Von den Erdbidem. Getruckt z u Basel b ey P erter P erna, Basel, S w i tz erland , 63 pp.
R ash J.;  159 1:  Erdbidem. Chronic nach Art eines Calenders. Adam Berg, München, Germany, 39 pp.
Rovida A., Locati M., Camassi R., Lolli B. and Gasperini P. (eds), 2016. Catalogo Parametrico dei Terremoti Italiani 

(CPTI15). Istituto Nazionale di Geofisica e Vulcanologia (INGV), Roma, Italy, <https://doi.org/10.6092/INGV.
IT-CPTI15>.

Rovida A., Locati M., Camassi R., Lolli B. and Gasperini P.; 2021: Catalogo Parametrico dei Terremoti Italiani 
(CPTI15), versione 2.0. Istituto Nazionale di Geofisica e Vulcanologia (INGV), R om a, I taly, d oi :  10 .13127 /
C P TI / C P TI 15.2.

S and ron D ., R enner G., R eb ez  A. and  S lej ko D .;  20 14:  Early instrumental seismicity recorded in the eastern Alps. 
Boll. Geof. Teor. Appl., 55, 755-788, doi: 10.4430/bgta0118.

S ard o A.;  1586:  Del Terremoto. I n:  D i scorsi  d el S anto Alessand ro S ard o d ella b ellez z a, d ei  precetti  hi stori ci , 
della nobiltà, delle qualità del Generale, della poesia di Dante, del terremoto, Giolitti, Venezia, Italy, 
pp. 169-207.

S lej ko D .;  20 18:  What science remains of the 1976 Friuli earthquake? Boll. Geof. Teor. Appl., 59, 327-350, doi: 
10 .4430 / b g ta0 224.

Slejko D., Carulli G.B., Nicolich R., Rebez A., Zanferrari A., Cavallin A., Doglioni C., Carraro F., Castaldini D., Iliceto 
V., Semenza E. and Zanolla C.; 1989: Seismotectonics of the Eastern Southern-Alps: a review. Boll. Geof. Teor. 
Appl., 31, 109-136.

Slejko D., Carulli G.B., Riuscetti M., Cucchi F., Grimaz S., Rebez A., Accaino F., Affatato A., Biolchi S., Nieto D., 
Puntel E., Sanò T., Santulin M., Tinivella U. and Zini L.; 2011: Soil characterization and seismic hazard maps 
for the Friuli Venezia Giulia region (NE Italy). Boll. Geof. Teor. Appl., 52, 59-104.

S tucchi  M . and  M onachesi  G.;  19 9 7 :  DOM4.1, an intensity database of damaging earthquakes in the Italian 
area. Gruppo Nazionale per la Difesa dai Terremoti, Roma, Italy, <https://emidius.mi.ingv.it/DOM/>.

Stucchi M., Meletti C., Montaldo V., Crowley H., Calvi G.M. and Boschi E.; 2011: Seismic hazard assessment 
(2003-2009) for the Italian building code. Bull. Seismol. Soc. Am., 101, 1885-1911, doi: 10.1785/0120100130.

Talam o R ., P am paloni  M . and  Grassi  S .;  19 7 8:  Risultati delle misure di livellazione di alta precisione eseguite 
dall’Istituto Geografico Militare nelle zone del Friuli interessate dalle recenti attività sismiche. Boll. Geod . 
Sc. Aff., 1, 6-75.

Tertulliani A., Cecić I., Meurers R., Sović I., Kaiser D., Grünthal G., Pazdirkova J., Sira C., Guterch B., Kysel R., 
C am elb eeck T., L ecocq T. and  S z anyi  G.;  20 18:  The 6 May 1976 Friuli earthquake: re-evaluating and 
consolidating transnational macroseismic data. Boll. Geof. Teor. Appl., 59, 417-444, doi: 10.4430/bgta0234.

Ti ll A.;  19 0 7 :  Das grosse Naturereignis von 1348 und die Bergstürze des Dobratsch. Mitteilungen der K.K. 
Geographischen Gesellschaft in Wien, 50, 534-645.

Transalp W orki ng  Group;  20 0 3:  The TRANSALP seismic profile and the CROP 1A sub-project. M em . D escr. C arta 
Geol. d’Italia, 62, 107-126.

Valvasor J.W.; 1689: Die Ehre des Hertzogthums Crain. Funfzehendes Buch, Laibach-Nürnberg, Slovenia-
Germ any, 7 30  pp.

Villani G.; 14th cent.:  Nuova cronica. Porta G. (ed), 2007, Parma, Italy, Vol. 3, 691 pp.
W ackernag el W .;  187 8:  Altesdeutsches Handwörtherbuch. Schweighauserische Verlags, Basel, Switzerland, 409 pp.
W essel P ., S m i th W .H .F ., S charroo R ., L ui s J. and  W ob b e F .;  20 13:  GMT 5, Generic mapping tools: improved 

version released. EOS Trans. AGU, 94, 409-410, doi: 10.1002/2013EO450001.
Zanferrari A., Bollettinari G., Carobene L., Carton A., Carulli G.B., Castaldini D., Cavallin A., Panizza M., Pellegrini 

G.B., Pianetti F. and Sauro U.; 1982: Evoluzione neotettonica dell’Italia nord-orientale. M em . S ci . Geol., 35, 
355-376.

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   363 22/09/21   14:58



364

Bull. Geoph. Ocean., 62, 335-364 C aracci olo et al.

Zanferrari A., Rogledi S. and Poli M.E.; 2000: Il fronte della Catena Sudalpina orientale nelle Prealpi Carniche 
centro-orientali (Friuli): caratteri strutturali ed evoluzione pliocenico-quaternaria. I n:  C arulli  G.B. and  L ong o 
S.G. (eds), 80a Riunione Estiva Società Geologica Italiana, Riassunti delle comunicazioni orali e dei poster, 
Trieste, Italy, pp. 467-468.

Zdovc P.; 2010: Slovenska Krajevna Imena na Austrijskem Koroškem. Die Slowenischen Ortsnamen in Kärnten. 
Slovenska Akademija Znanosti in Umetnosti, Ljubljana, Slovenia, 447 pp.

Zupančič P., Cecić I., Gosar A., Placer L., Poljak M. and Živčić M.; 2001: The earthquake of 12 April 1998 in the 
Krn Mountains (Upper Soca valley, Slovenia) and its seismotectonic characteristics. Geologija, 44, 169-192.

Corresponding author: C arlos H é ctor C aracci olo
Istituto Nazionale di Geofisica e Vulcanologia
Via Donato Creti 12, 40128 Bologna, Italy
Phone: +39 051 4151543; e-mail: carlos.caracciolo@ingv.it

01 - 210296 - OGS.BGTA-Caracciolo.06_online23_09_21.indd   364 22/09/21   14:58




