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Abstract  
 
The 8 September 1905 Calabria earthquake is the seismic event for which the Italian Seismic 
Catalogue shows the highest instrumental magnitude of the whole dataset. However, the reported 
MS = 7.47 was calculated over only two stations, and leaves room for a revision. In this work I provide 
a new estimate of the surface-wave magnitude of the earthquake calculated over sixteen individual 
values of magnitude from seven different stations. The new estimate is MS = 7.10 ± 0.21, a value that 
is consistently lined up with other estimates provided by means of macroseismic or geological 
evidence. The novel estimate is stable despite alternative epicentral locations and different depths 
proposed for this event by several investigators. The net variation of almost half a unit magnitude 
implies a resizing of the seismogenic source of the event in the frame of the seismotectonics of the 
region, and highlights the strong need for a systematic revision of the instrumental magnitude 
estimates for several ‘historical’ earthquakes that occurred at the dawning of the instrumental 
seismology. 
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1. Introduction 

 
The 8 September 1905 Calabria earthquake ranks among the ten most powerful events of the whole Italian 

seismic history [CPTI 15 Catalogue, Rovida et al., 2021] in terms of default magnitude (Mw = 6.95, which for this 
earthquake is calculated from the average of the macroseismic and instrumental magnitudes). In particular, among 
the earthquakes for which an instrumental magnitude has been estimated, a MS = 7.47 [Margottini et al., 1993] is 
associated with this event in the CPTI 15 Catalogue. Such a value makes by far the 1905 earthquake the strongest 
event to have occurred during the instrumental era in Italy, even more than other seismic events that deeply affected 
the social, economic and environmental background of the Peninsula such as the 1908 Messina M = 7.10 [Pino et 
al., 2000], 1915 Avezzano M = 7.04 [Margottini et al., 1993], and 1980 Irpinia M = 6.81 [Rovida et al., 2021] 
earthquakes. Such a high value probably derives from the shortage of seismological data associated with this 
earthquake and available to Margottini et al. [1993] to build their dataset. This evidence, along with the awareness 
that the official magnitude estimate of the event contributed to the assessment of the seismic hazard of this part 



of the Calabria region, prompted the author that there was room to attempt a revision of the seismological data 
available for the earthquake and provide an updated value of its surface-wave magnitude because 1) the rapid 
increase of organized catalogs and bulletins on the Internet has made it easier to access a greater number of 
seismological data than thirty years ago, 2) this instrumental data in particular is an important input for the 
evaluation of the magnitude of the 1905 event in the seismic Catalogue, and eventually for the assessment of the 
seismic hazard of the area. 

 
 

2. Overview of the 1905 Calabria earthquake 
 
The 1905 seismic event belongs to a peculiar group of highly destructive earthquakes, occurred at the dawning of 

the instrumental seismology, for which the location, geometry and size of the causative source are lively debated 
and not fully constrained. During the century elapsed since the earthquake, previous Authors identified three different 
epicentral areas that are more than 50 km apart and proposed magnitudes ranging from M = 6.2 to M = 7.9 (Figure 
1 and Table 1; for a comprehensive review about this issue see Tertulliani and Cucci, [2009]). The earthquake struck 
in the early hours of 8 September a vast area of the Tyrrhenian side of the Calabria peninsula (Figure 1), causing the 
death of 557 people and the heaviest damage (I0 = X-XI in CPTI 15) between the towns of Lamezia and Nicotera 
(Figure 1). Extensive damage was also reported in the Aeolian Islands and in north-eastern Sicily.  
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Figure 1. Map of the study area. A black circle indicates the location of the 1905 earthquake by Michelini et al. [2006] 
currently reported in the CPTI Catalogue. A solid line shows the boundary of the most damaged area. Small 
black circles numbered 1 to 4 indicate alternative locations proposed by the investigators and quoted in the text. 
1: Presti et al. [2017]; 2: Galli and Molin [2009]; 3: Camassi and Stucchi [1997]; 4: Guidoboni et al. [2019].



The mainshock originated several ground failures and widespread hydrological changes [Tertulliani and Cucci, 
2008; 2009] and was followed by a long-lasting seismic sequence composed of hundreds of aftershocks [Guidoboni 
et al., 2019]. It also generated a moderate tsunami that was observed along a wide stretch of coast in the Southern 
Tyrrhenian Sea [Maramai et al., 2014]. 

Focusing on the magnitude estimates associated with this event, several diverging estimates are reported by 
various authors. For simplicity I have summarized in Table 1 all the estimates of magnitude discussed below. Besides 
the default magnitude Mw = 6.95 reported in the CPTI 15 Catalogue, results from inversions of macroseismic data 
provided estimates ranging from M = 6.2 [Westaway, 1992], to M = 6.7 [Guidoboni et al., 2007], M = 6.8 [Postpischl, 
1985] and M = 7.0 [Gruppo di lavoro CPTI, 2004]. M = 6.9 is the macroseismic magnitude presently reported in the 
CPTI 15 Catalogue. Other values of magnitude were derived from geological and geophysical data [M ≥ 6.7, Tertulliani 
and Cucci 2009; M = 6.9, Loreto et al., 2017; M = 6.8, DISS Working Group, 2018 and Trippetta et al., 2019]. As regards 
the calculation of instrumental magnitudes, Duda [1965] provides ML = 7.9 that is the highest estimate in the 
literature for this earthquake, Kárník [1969] calculates ML = 7.3, and Riuscetti and Schick [1975] and Carrozzo et al. 
[1975] estimate M = 7.0. Finally, as already mentioned above, Margottini et al. [1993] calculate a MS = 7.47 on the basis 
of the recordings from two stations. 
 

 
 

Table 1. Summary of the estimates of magnitude of the 1905 Calabria earthquake. Abbreviations: Macros (Macroseismic); 
Geol/Geophys (Geological/Geophysical); Instr (Instrumental). 

SOURCE M ORIGIN NOTES

Westaway [1992] MR = 6.2 Macros from isoseismal maps

Guidoboni et al. [2019] ME = 6.7 Macros
CFTIMed Catalogue. Equivalent 

magnitude based on macroseismic 
observations

Tertulliani and Cucci [2009] Μ ≥ 6.7 Geol/Geophys empirical relationships with 
environmental effects

Postpischl [1985] Mk = 6.8 Macros empirical relationships following 
Karnik [1969]

DISS Working Group [2018] Mw = 6.8 Geol/Geophys derived from data by  
Loreto et al. [2017]

Trippetta et al. [2019] FLEM = 6.8 Geol/Geophys fault-length earthquake magnitude

Loreto et al. [2017] Mw = 6.9 Geol/Geophys geological/geophysical data using 
empirical relationships

Rovida et al. [2021] MW = 6.9 ± 0.10 Macros CPTI15 Catalogue. Calculated using 
the code “Boxer” [Gasperini et al. 2010]

Rovida et al. [2021] MWDEF = 6.95 ± 0.09 Macros/Instr “default magnitude”

Carrozzo et al. [1975] ML = 7.0 Instr reported also in  
Postpischl [1985]

Riuscetti and Schick [1975] M = 7.0 Instr unspecified

Gruppo di lavoro CPTI [2004] MA = 7.06 ± 0.09 Macros CPTI04 Catalogue. 
Mean magnitude

This work MS = 7.10 ± 0.21 Instr
calculated over sixteen individual 
values of magnitude from seven 

different stations

Karnik [1969] ML = 7.3 Instr based on two registrations

Rovida et al. [2021] MWins = 7.41 ± 0.29 Instr
CPTI15 Catalogue. Converted from 

Margottini et al. [1993] using  
Lolli et al. [2014]

Margottini et al. [1993] MS = 7.47 ± 0.04 Instr based on two stations

Duda [1965] ML = 7.9 Instr Richter magnitude
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3. Estimate of the surface wave magnitude 
 
Amplitude and period readings were extracted from the station bulletins available to me from the library of the 

headquarter of the Istituto Nazionale di Geofisica e Vulcanologia in Rome and on the Internet (see Data and Sharing 
Resources), and supplemented by readings reported in ISC. Figure 2 shows a map of the seismological observatories 
recording the data that were investigated in the present work. Surface-wave magnitude MS was computed using 
the Prague formula firstly suggested by Kárník et al. [1962] and officially adopted by IASPEI: 
 

         MS = log (A/T) + 1.66 log Δ + 3.3 (1) 
 
where A/T is the maximum value of all ratios of the surface-wave groups on a record, A is the horizontal ground 
motion (in micrometers) associated with a period T (in seconds), and Δ is the epicentral distance (in degrees). 

In general, the equation (1) is employed over any epicentral distance range; however, in this study all the stations 
involved in the estimate of the MS are located between 12° and 154° epicentral distance, thus falling in the interval 
(2°-160°) that is more suitable for such a calculation [Kárník et al., 1962]. Also, the MS estimates were calculated 
without station corrections (except for the not negligible Ci = -0.37 available for the Potsdam station by Margottini 
et al. [1993]), as this factor is found to have an overall relatively small effect that does not affect the distance 
dependence in equation (1) [Ambraseys, 1985; Margottini et al., 1993; Ambraseys and Douglas, 2000]. 
Single-instrument magnitudes were computed from horizontal components following the procedure employed by 
Kárník et al. [1962]. Uncertainties in the data extracted from the station bulletins mainly regard the definition of 

Figure 2. Location of the seismological observatories that provided data. A) European observatories. A white star indicates 
the location of the 1905 earthquake. B) Extra-European observatories.



the amplitude, i.e., peak-to-peak or zero-to-peak, which sometimes is not specified. For the bulletins from Granada 
(CRT) and Hohenheim (HOH) I assumed that the reported maximum amplitude corresponds to peak-to-peak 
readings. In all the cases in which ambiguities could not be resolved the data were discarded. Also, I did not use 
readings of maximum amplitude if no corresponding period T was given. For the calculation of station magnitudes, 
when both the horizontal components were available, the amplitude A was taken as the vector sum of the two 
components; otherwise, each component was used separately and the calculated M value was increased by 0.1 
[Margottini et al., 1993; Ambraseys and Douglas, 2000]. I provide the average of the magnitude estimates for each 
station; finally, the MS magnitude of the 1905 event is calculated from the arithmetic mean of the available station 
magnitudes. Table 2 shows a summary of all the seismic stations examined. The final estimate of the surface-wave 
magnitude of the 1905 earthquake is MS = 7.10; this estimate was calculated over sixteen individual values of 
magnitude from seven different stations, whilst data from other seven stations were discarded. The standard 
deviation of the estimate is sd = 0.21. This new result makes the 1905 earthquake about one fourth of the Margottini 
et al. [1993] estimate in terms of energy released. 
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Table 2. Summary of the seismological data retrieved from the Observatories. The upper part of the Table reports the 
seven seismic stations for which it was possible to estimate the surface-wave magnitude. The lower part of the 
Table reports other seven stations that provided only partial data which did not allow an estimate of magnitude. 
No information is specified regarding the component available for the station API. Records for CRT station were 
obtained with Stiattesi pendula which have no damping. The period for station SHID is assumed to be similar to 
that of the earlier phases of registration. 

OBSERVATORY 
(STATION)

LAT. 
LON. DIST. (°) E-W AMP. 

(𝜇)
PERIOD 

(sec)
N-S AMP.  

(𝜇)
PERIOD 

(sec)
ESTIMATED  
MAGNITUDE

MEAN  
STATION  

MAGNITUDE

JENA 
(JEN)

50.9519 N 
11.5833 E 12.62

335 13.5 430 13.5 6.73

6.88
340 9.5 500 9.5 6.93
340 9.5 500 9.5 6.93
340 9.5 500 9.5 6.93

GRANADA 
(CRT)

37.19 N 
3.59806 W 15.04 290 5.2 66 5.2 7.01 7.01

SHIDE 
(SHID)

50.588 N 
1.286 W 16.80 320 10 502 10 7.11 7.11

HOHENHEIM 
(HOH)

48.7167 N 
9.21667 E 11.00 2978 10 2637 8 7.52 7.52

GOTTINGEN 
(GTT)

51.5464 N 
9.96417 E 13.45

500 10 6.97
6.94500 15 6.8

550 9 7.06
POTSDAM 

(POT)
52.3803 N 
13.0678 E 13.85 2220 16 7.07 7.07

APIA 
(API)

13.8072 S 
171.775 W 154.2

42.5 21 7.34

7.19
17.5 19 7
40 19 7.36
14 18 6.92

37.5 18 7.35

OBSERVATORY 
(STATION)

LAT. 
LON. DIST (°) AMP. 

(mm)
PERIOD 

(sec)
LIVERPOOL 

(BID)
53.401 N 
3.072 W 19.48 8.3 -

EDINBURGH 
(EDI)

55.925 N 
3.184 W 21.29 7.5 -

PAISLEY 
(PAI)

55.846 N 
4.431 W 21.73 8.0 -

S. FERNANDO 
(SFS)

36.46561 N 
6.20553 W 17.25 3.0 -

UCCLE 
(UCC)

50.7983 N 
4.35944 W 14.47 >19 -

PONTA DELGADA 
(PDA)

37.7467 N 
25.6633 W 32.04 2.55 -

KEW 
(KEW)

51.468 N 
0.313 W 16.93 - -



4. Discussion and conclusions 
 
As it was calculated over a considerably larger number of stations, I suggest that the estimate of the surface-wave 

magnitude (MS = 7.10) proposed in the present work is more robust than MS = 7.47 obtained by Margottini et al. 
[1993], that was calculated over only two stations and is presently reported in the CPTI 15 Catalogue. Unfortunately, 
the original documents employed by Margottini et al. [1993] are no longer available (A. Screpanti, personal 
communication) to carry out a crosscheck between the different datasets. I now consider in the following the other 
magnitude estimates put forward in the literature by means of different approaches (macroseismic, geologic, 
geophysical). The 1905 earthquake is quoted in the CPTI Catalogue with M = 6.9 calculated from the inversion of 
macroseismic intensity data by using the code Boxer [Gasperini et al., 2010]. Tertulliani and Cucci [2009] indicate a 
minimum magnitude M = 6.7 on the basis of empirical relations that regulate the distribution of seismically induced 
environmental effects. Loreto et al. [2017] estimate M = 6.9 by combining onshore structural and morphological data 
with offshore geophysical data. Such estimates are rather homogeneous, and the Ms = 7.10 proposed in this paper is 
lined up with them. On the contrary, the instrumental estimates of the magnitude of the 1905 event span over almost 
one unit (M = 7.0 ‐ M = 7.9); a comparison with the magnitude proposed in this paper is not straightforward as I 
suggest that most of those estimates are affected by severe uncertainties (Kárník [1969] and Margottini et al. [1993] 
were based on only two stations, and Duda [1965] is considerably overestimated [Abe and Noguchi, 1983]).  

Some uncertainties in the source parameters of the 1905 earthquake can potentially affect the robustness of the 
surface-wave magnitude proposed in this paper. The first issue concerns the depth of the event. Galli and Molin 
[2009] and Presti et al. [2017], by means of different techniques propose an offshore location at about 30-40 km 
depth, deeper than most of the earthquakes occurring in this region. Although the Prague formula only applies to 
shallow-focus earthquakes (the computed Ms may underrepresent the energy of intermediate- and deep-focus 
earthquakes), a 40 km-deep focus is still within its range of application [Ambraseys and Douglas, 2000; see also 
Data and Sharing Resources], therefore no adjustment is required in the magnitude estimate for such a depth.  

The second issue concerns the epicentral location of the event. For my calculations I used the offshore location 
reported in the CPTI Catalogue [Michelini et al., 2006]; on the contrary, some investigators [Rizzo, 1906; Camassi 
and Stucchi, 1997; Guidoboni et al., 2019] propose an inland epicenter some ~50 km further East that can generate 
different values of the correction term for the epicentral distance in equation (1). However, a novel estimate based 
on the latter location would provide a negligible adjustment of ± 0.01 units of magnitude. 

Though the individuation of the most probable seismogenic source responsible for the 1905 earthquake is clearly 
beyond the scope of the present work, a comparison between my result and the published magnitude estimates 
allows to put forward some pieces of evidence that can be framed in the seismotectonics of this region. Using the 
empirical relationships by Wells and Coppersmith [1994] a M = 7.10 earthquake could be generated by a 40-50 km-
long source, whilst a M = 7.47 event would require a source about twofold in length and almost three times as 
rupture area. A ~100 km-long and 30 km-wide seismogenic source seems unrealistic in the complex geological 
structure of the Calabria region, where the crust is densely fractured, and the faults’ orientation and kinematics are 
highly variable. Indeed, such a very large source has never been previously envisioned by the investigators, neither 
inland [Peruzza et al., 1997; Monaco and Tortorici, 2000; Piatanesi and Tinti, 2002; Cucci and Tertulliani, 2010], 
nor offshore [Galli and Molin, 2009; Loreto et al., 2013, 2017; DISS Working Group, 2018; Presti et al., 2019; Rovida 
et al., 2021]. Given the substantial equivalence between MS and MW for 1905-type earthquakes [Wells and 
Coppersmith 1994; Das et al., 2011] this evidence is equally valid when using MS or MW.  

Finally, following the same criteria of compilation and of definition of a single magnitude for an earthquake 
record of the Catalogue CPTI15 (“default magnitude” in Rovida et al. [2021]), it is possible to derive an updated 
default magnitude M = 6.90 (previously M = 6.95) for this earthquake. Both the new MS = 7.10 and the updated 
default magnitude M = 6.90 scale back the prominence of the 1905 event in the seismic landscape of the region. This 
result (with a net variation of MS of almost half a degree) highlights the strong need for a systematic revision of the 
instrumental magnitude estimates for historical earthquakes, based on all the data available today. The recovery of 
the seismological data still existing and their preservation from dispersion or final destruction is a critical issue, 
considering the importance that the instrumental estimates of magnitude have in the evaluation of the expected 
maximum magnitude and eventually in the determination of the seismic hazard of a region. 
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5. Data and sharing sources 
 
Seismological and geological data were downloaded from the following seismic Catalogues, Databases and Bulletins: 

CPTI15, the Parametric Catalogue of Italian Earthquakes (available at https://emidius.mi.ingv.it/CPTI15-
DBMI15/index_en.htm); CPTI04, Catalogo Parametrico dei Terremoti Italiani (available at 
https://emidius.mi.ingv.it/CPTI04/); CFTI5Med, Catalogo dei Forti Terremoti in Italia (461 a.C.-1997) e nell’area 
Mediterranea (760 a.C.-1500) (available at http://storing.ingv.it/cfti/cfti5/); DISS, Database of Individual Seismogenic 
Sources (available at http://diss.rm.ingv.it/diss/); NT4.1, un catalogo parametrico di terremoti di area italiana al di sopra 
della soglia del danno (available at https://emidius.mi.ingv.it/NT/CONSNT.html). Data from seismological observatories 
are available through the website of EuroSeismos at http://storing.ingv.it/es_web/Data/Collection.htm#Bull. The on-line 
Bulletin of the International Seismological Centre is available at https://doi.org/10.31905/D808B830. Some 
informations on the range of applicability of the Prague formula were retrieved by 
iaspei.org/pub/commissions/CSOI/Summary_WG_recommendations_20130327.pdf 
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