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Abstract. The area of the Western Gulf of Corinth around the city of Aigio (Achaea, NW
Peloponnese, Greece) represents an international pilot site for continuous monitoring and
multidisciplinary research on earthquake processes. In the framework of the ANR-SISCOR
Corinth Rift Laboratory (CRL) project (2011-2014), a thorough reappraisal of the five
largest (M>6) 18th-19th century earthquakes was performed, namely those of 14 May
1748, 23 August 1817, 26 December 1861, 9 September 1888, and 25 August 1889.
Written observations of earthquake effects were looked into in their original version and
language, and placed in the context from which they originated, to avoid the translations
and digests on which previous seismological studies had relied upon. Earthquake records
were traced for 108 different localities, and 143 macroseismic intensities in EMS98 have
been assigned. Earthquake-related geological phenomena have been identified and carefully
mapped, to be used as a further constrain of the location and magnitude of the associated
earthquakes. Finally, new parameters for the studied earthquakes have been assessed with
two separate and independent strategies, in order to quantify epistemic uncertainties. In
conclusion, the 1748, 1817, and 1888 earthquakes were located in the area of Aigio, the
1861 earthquake is reckoned to be the largest of the area, with an epicentral location at sea,
while the 1889 earthquake has been re-located to the northwest in mainland Greece, well

outside the Gulf of Corinth.

Introduction

The Corinth rift, situated between western mainland Greece and Peloponnese, is among the
most tectonically active areas in the Euro-Mediterranean region, as the result of the large-
scale back-arc extension of the Hellenic Trench, and the westward propagation of the North

Anatolian Fault (e.g. Armijo et al., 1996; Jolivet, 2001; Reilinger et al., 2010). North-



dipping normal faults bounding the southern edge of the Gulf and offshore normal and
strike-slip faults (e.g. Armijo et al., 1996; Bell et al., 2009; Beckers et al., 2015)
accommodate most of the deformation of the area.

With five earthquakes of magnitude greater than 5.8 in the last 35 years, 1 to 1.5 cm/year of
north—south extension, frequent seismic swarms, and destructive earthquakes in the past
centuries (e.g. Briole et al., 2000; Papazachos and Papazachou, 2003; Papazachos et al.,
2010; Stucchi et al., 2013; Bernard et al., 2006), the rift has long been identified as a site of
major importance for earthquake studies in Europe. In 2000, the Corinth Rift Laboratory
(CRL) identified the western part of the Gulf of Corinth as an international pilot site for
continuous monitoring and multidisciplinary research on earthquake processes (Cornet et
al., 2004; Bernard et al., 2006; Corinth Rift Laboratory website), and the project ANR-
SISCOR CRL (2011-2014) has focused on the region of Aigio, in today regional unit of
Achaea, NW Peloponnese (Figure 1). Adopting a multiscale approach to improve the
understanding of the most recent tectonic evolution, it was ascertained that the Corinth fault
system is continuously evolving in space and time at geological time scales (Nixon et al.,
2016; Beckers et al., 2015; Hemelsdaél and Ford, 2016, and reference therein).

In this multidisciplinary project, there has been space for a specific review of the
knowledge of earthquakes in the pre-instrumental period, with the purpose of gathering
information to assess macroseismic data, and reappraise the earthquake parameters,
eventually. Modern studies and regional seismic catalogues (e.g. Papazachos and
Papazachos, 2003) enlist damaging earthquakes that targeted Aigio and its surroundings
since Antiquity. This is the case of the famous 373 BCE earthquake, which destroyed the

coastal town of Helice and the inland town of Boura, both located close to Aigio (e.g.



Ambraseys, 2009); the ca 23 AD earthquake, which damaged the “Peloponnesian port of
Aegeum (Aigio)” (e.g. Ambraseys, 2009); the controversial 551 AD cluster of earthquakes,
one of which was located “in the western part of the Gulf of Corinth and in Achaea” by
Ambraseys (2009).

For the period 1000-2010 (Figure 1), the seismicity is described up to 1899 by the
European-wide catalogue SHEEC (Stucchi et al., 2013), and Papazachos et al. (2010) for
the period 1900-2010. Between 1000-1899, the above mentioned catalogues list five
earthquakes only, with magnitude values ranging from Mw 6.3 to 6.9, located in the
western Gulf of Corinth: 14 May 1748, 23 August 1817, 26 December 1861, 9 September
1888, and 25 August 1889 (Figure 1).

A preliminary overview of previous studies has shown that very few Intensity Data Points
(IDPs) were available, even for such indisputably large earthquakes. To reappraise size and
location with methods processing macroseismic data, these five earthquakes were
investigated ex novo, to assign robust intensity values at as many different places as
possible. Finally, for each earthquake epicentral location and magnitude were estimated,
based on the exploration of two separate strategies that allow quantifying epistemic

uncertainties when processing macroseismic intensity data.

Collecting and processing macroseismic intensity data

From observations to earthquake records

Macroseismic intensity data are widely recognized as the “best available information from
which to constrain the magnitude” of pre-instrumental earthquakes (e.g. Hough and Martin,
2015). Both the definition of macroseismic intensity, in this study according to EMS98

(Griinthal, 1998), and the procedures to obtain reliable intensity values have been the object



of quite a number of contributions (e.g. Musson and Ceci¢, 2002). What is rarely made
available in literature, is the thorough, painstaking process required to i) identify the written
sources potentially containing descriptive data useful for seismological purposes, and
retrieve them, ii) build up of a set of well-distributed-in-space earthquake records (what
Musson and Ceci¢, 2002, shortly define “all available information’), and eventually iii)
have a basic knowledge to place descriptions of earthquake effects in their own
geographical and historical context, in the light of the language, culture and scope at the
very origin of the written testimonies.

While these aspects are detailed in the sections dealing with individual earthquakes, the
following notes pinpoint historical, historiographical, geographical, and seismological
issues, which were inextricably connected with the scientific process carried out to
reappraise the five earthquakes of study.

Calendar and time measure - The Calendar in use in Greece in 18th and 19th centuries
was the Julian calendar, defined as Old Style (O.S.) when it was dismissed and substituted
with the Gregorian calendar, or New Style (N.S.). The change of calendar had started in
western European countries in 1582, but the times of its adoption differ from country to
country, and Greece passed to the Gregorian calendar in 1953. Thus, the dates of 19"
century Greek newspaper issues are expressed in O.S. in text, figures and tables, including
those in the electronic supplement to this article (Tables S5, S6, S7, S8). Dates in both
styles are given when introducing the description of each earthquake (e.g.: 14 December
0.S./26 December N.S. 1861), and for the press in the reference list, only. The Italian usage
of measuring time, with each day starting at sunset, was employed in many Mediterranean

countries, and especially in territories ruled by or linked with Italian states, through all 18"



century. From independence onwards (1821), Greece used the French style, spread during
the Napoleonic period, with each day starting at midnight and divided into two periods,
a.m. and p.m. In the contemporary sources, the time of the 1748 earthquake is given only
according to the Italian usage, that for the 1817 event, a moment of transition, is given
according to both usages, and from the 1861 event onwards the time of the shock is
according to the French or modern style only.

Settlements — After the earthquake observations have been attributed to one and the same
earthquake, starts the process of sorting the data by place. To avoid assigning intensity
either “to a single street” or “to a whole county” (Musson and Ceci¢, 2002), one has to
correctly locate and identify the affected settlements, in relation with their actual
distribution and location when the earthquake happened. In addition to modern
cartography, were used for Peloponnese “the ‘scientifically-derived” map” (Witmore, 2013)
as drawn by Bory de St. Vincent's "Expédition Scientifique de Morée" (Carte de la Morée,
1832), and for Greece the “General-Karte des Konigreichs Griechenland” compiled by L.
Kokkidis and H. Kiepert for the K.u.K. Militdrgeographische Institut, Vienna (General-
Karte, 1884-1885).

Place names have changed, many times, and in correlation with the domination and official
language of the rulers of either the Achaea region or Peloponnese. Present day Peloponnese
was called “Morea” (or “Mora”) under the succeeding Latin (Frankish and Byzantine, 13th
century to 1460), and Ottoman (14601687, and 1715-1820) rules, and also “Romania”
during the second Venetian rule (1685-1715). The town of Aigio was known by the name
of Vostitsa, with the main variants Vostizza, Vostissa, for centuries, and both names were

used well into the 19th century. Different place names were used simultaneously and



indifferently, with the dismissed ones simply disappearing from the latest maps. Tables S1,
S3, S5, S6, S7 of the electronic supplement to this article contain both the place names as
quoted and those in use today.

Sources of information - Types of sources could not but vary in correspondence to
changes of local governments and the passing of time. Administrative documentation was
only partially considered in the framework of this study, with the exception of the
documentary sources for the second Ottoman ruling period (1715 to 1820), already studied
and accounted for in previous studies (Ambraseys and Finkel, 1999; Ambraseys and
Jackson, 1997; Ambraseys, 2009 and 2014). Here follows a list of the main types of

sources used, and the related period of production:

. Travelogues, 18th and 19th century

. Early cadasters, 18th century, and Maps, 19th century

. Commercial and diplomatic Consuls’ reports, 18th and 19th century
. Periodical press and private correspondence, 18th and 19th century
. Local histories, late 19th and early 20th century

. Seismological compilations, mid-19th century onwards.

Language and location of surviving sources have significantly marked this investigation,
too. This is due partly to the variety of sources mentioned above and partly to the area of
study being a crossroad of cultures and languages, especially in late 18th and 19th
centuries. Although in the end the predominant language was of course Greek, in order of
relevance the list comprises German, English, Italian, and French.

As for their location, the greatest part of the original texts were retrieved through the

internet, which is surely the main “repository” accessed along the years this study was



carried through. The British Library, London, and The National Archives, Kew Gardens
(UK), the “Centre des Archives diplomatiques de La Courneuve”, Paris (France), the
“Archivio di Stato” (State Archives) of Venice, and “Biblioteca Comunale” (Municipal
Library), Piacenza (Italy) were visited in person.

What sets of sources were looked into, what were the difficulties related to “translation” vs
“abridgment”, and what types were eventually used for the interpretation of each individual
earthquake, will be explained in the following three sections, in which the five studied
earthquakes have been grouped.

Macroseismic intensities and earthquake related phenomena

Once the observations have been gathered, they have to be put in the context of their time
and place of production, to identify which sources have a common origin, also in case of no
explicit cross-reference, and which are the unquestionably independent items. To this end,
each source of information had to be retrieved in its full, original version, regardless of the
fact that previous studies had 1) already used it, or ii) published some fragments, translated
from any language into English, or ii1) supplied a summary of its seismological contents.

In the words of Musson and Ceci¢ (2002), each set of descriptions has to be checked
against “the intensity scale to determine which description of those for the various intensity
degrees best fits the sum of the data for the particular place under consideration. The key
concept here is coherence. It is not helpful to get lost in a pursuit of detail of individual
diagnostics; the correct assignment is the one that best expresses the generality of the
observations”. This specific part of intensity assignment was reckoned to be best described
in relation with the peculiarities of each of the five earthquakes occurred in the 140 years

time-span here considered. With respect to each case study, it will be explained which



earthquake records were recognized to be original, “independent”, not biased, so to become
those containing the relevant diagnostics, as well as supplemental information (such as how
many buildings existed at the time of the earthquake, how many were affected, and by what
grade of damage), needed and used to produce coherent and robust sets of macroseismic
Intensity Data Points, according to the guidelines of EMS98 (Griinthal, 1998).

Quite a number of observations of earthquake-related geological phenomena were supplied
by contemporary sources, and are fully described and discussed in the following. However,
as strongly suggested by the EMS98 guidelines, these effects were not directly used to
assign an intensity value, given both the dependence of such effects on peculiar geological
environments, and the inherent difficulties in their localization with a pair of geographical
co-ordinates (Griinthal, 1998). Anyway, records of earthquake-related phenomena proved
to be a useful complementary tool to appreciate the extent, and the most likely location of
earthquakes (e.g. see the discussion of the 1817 and 1889 events’ location), a key problem

in a region where they may be located offshore.

Reappraising size and location

The above described process was the necessary, preliminary step to re-assess location
and magnitude for the five studied earthquake, according to procedures making use of
IDPs. Location and magnitude estimates from macroseismic data depend on the Intensity
Prediction Equation (IPE) and the Intensity Measure (IM) used. IPEs depend on the
regional characteristics of wave propagation and the kinematics of earthquake motion, and
are thus derived with a set of events with known magnitude and consistent intensity
distributions that occurred in the region of interest. Due to an insufficient number of well

constrained calibration events in the study region, we relied on existing IPEs: one published



by Papazachos and Papaioannou (1997), hereafter P&P97, and one developed by Gomez

Capera et al. (2014).

The P&P97 IPE is derived from a set of 177 earthquakes that occurred all over
Greece. It is based on the following functional form:

[=1.258 +1.613 Mw —3.282 Log R - 0.003 R (1)

where R is the hypocentral distance.

The IPE by Gomez Capera et al. (2014) is based on the functional form by Sibol et al.
(1987):

M; = a; + b; log” (A)) + ¢; Io® (2)

where A, is the area of the i-th isoseismal, and Io is the epicentral intensity. The coefficients

a;, bj and c¢; were derived, for each intensity class, from 36 crustal (depth between 1 and 16

km) earthquakes that occurred all over mainland Greece in the time-period 1905-2003, with

instrumentally recorded magnitudes in the range 5.1 - 7.0. The dataset includes 10

earthquakes in the Gulf of Corinth.

In order to capture the epistemic uncertainty that affects not only IPEs but also the IM
used for determining magnitude, two strategies are considered for the reassessment of
location and magnitude of the five studied earthquakes:

1) The SISCOR strategy that uses the Bakun and Wentworth (1997) method, hereafter
BW, to calculate the macroseismic magnitude based on the minimization of root mean
square (rms) of a specific IPE over a grid of trial source locations. Then, it identifies
the grid node for which rms is minimum as the macroseismic epicentre, and the
associated magnitude value as the earthquake macroseismic magnitude. Bootstrap

resampling techniques are then used to calculate 67% confidence regions for the
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2)

location (Bakun and Scotti, 2006). In this method the depth is assumed by considering
the depth of instrumental seismicity and the IM used is each individual point-to-
epicentre distance. The IPE published by P&P97 is selected because it has a functional
form suitable for the BW method.

The SHEEC strategy that uses the Boxer method (Gasperini et al., 1999; 2010). In this
method the trimmed mean of the coordinates of the sites in the highest intensity
class(es) is first computed as the macroseismic epicentre. Then, for each intensity
class, the area of a circular isoseismal with the radius equal to the mean of the intensity
point-to-epicentre distances is computed and used to calculate a magnitude value with
an IPE in the functional form of equation (2). The macroseismic magnitude is the
trimmed mean of the magnitudes derived for each intensity class. The magnitude
uncertainty corresponds to the square root of the inverse of the sum of the weights of
the isoseismals used in the trimmed mean. Boxer uses the epicentral intensity to
mitigate the effect of source depth (Gasperini et al., 1999). In the Boxer method, the
IM used is the mean of the intensity point-to-epicentre distances. The IPE published by
Gomez Capera et al. (2014) is selected because it has a functional form suitable for the
Boxer method.

Both selected strategies were compared with data from the only three recent

earthquakes in the Gulf of Corinth for which both macroseismic data points and

instrumentally assessed parameters are available. As shown in the electronic supplement to

this article (“Testing location and magnitude”, which includes Tables S9 and S10, Figures

S1, S2, S3), the two strategies lead to very similar predictions, reasonably close to the

instrumental estimates. Nevertheless, uncertainties in location and magnitude affect both
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instrumental and macroseismic determinations, and the application of the two strategies
provides a minimum uncertainty estimate.

To obtain reliable seismic parameters, for each earthquake a set of well-distributed,
robust, complete, and abundant IDPs is needed. Considering that such IDPs are not
available in published literature, it was essential to put them together anew, from scratch, as

described in the following.

Two Aigio earthquakes: 14 May 1748 and 23 August 1817

These two earthquakes occurred during the second and last period of Ottoman rule
(1715-1820), when Achaea, and all Peloponnese, was included in the “Morea Eyalet”,
governed by a pasha residing first at Nafplio (Argolic Gulf), then at Tripoli (also Tripolice,
Tripolitsa) (e.g. Magocsi, 1993). At that time, the region was certainly not a center of
attention of the Ottoman administration. Although the Grand Tour’s revived interest in
classical antiquity was already a tradition in mid 18th century, few were the western
travelers who reached the places of origin of the classical Greek society, myths and
literature, and one has to wait for the beginning of the 19th century to have the Peloponnese
really back in the spotlight. This sort of centuries-old oblivion of Achaea represented a
challenge with respect to potential - and likely to be accessible - sources of information on

earthquakes between 1748 and 1817.

The 14 May 1748 earthquake

Sources and studies

12



The Ottoman re-conquest of Peloponnese from Venice in 1715 did not result in a
complete break with the past tradition of hosting diplomatic and trade consuls of the
Republic of Venice, the Kingdom of France, and the United Kingdom. Consequently, it is
not surprising that the most detailed description of the effects of the 1748 earthquake is
contained in a long letter, written three days after the earthquake, by the Venetian trade
consul Lappo, residing in Ottoman Morea, exactly at Patras (Figure 1). Lappo’s letter
(Lappo, 1748) was addressed to the governor (“provveditore”) of the then Venetian-ruled
island of Zakynthos (see Figure 1). Although the original document was looked for without
success in the related archival series at the State Archive of Venice (ASVe, 18th cent), a
rare printed copy of its full content was found at the Public Library at Piacenza, Italy
(Relazione, 1748).

The letter by Lappo was reproduced in extenso and in its original language (Italian)
by Issel and Agamennone (1894). They were given the handwritten letter by a “De Biasi” -
De Viazis in Greek, who got hold of it in the archive of the Catholic church of San Marco
at Zakynthos. The same De Viazis (1891) had already published an abridged version of
Lappo’s letter in a Greek translation. Note that all previous studies, and among them
Ambraseys and Jackson (1997), Ambraseys and Finkel (1999), Papazachos and Papazachou
(2003), Ambraseys (2009 and 2014), relied on De Viazis’s abridged version only, to
describe and estimate this earthquake.

Samples were made into diplomatic and commercial correspondence, and the coeval
periodical press and travelogues were investigated, too. Although the weekly “Gazette de
France” in the period between June and August 1748 published correspondences from

“Constantinople”, no items on this earthquake were included. Travelers were still a few,
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even less those who actually got to publish their journals. In 1766, Richard Chandler had
visited Aigio, and its inhabitants had supplied him with details on the 1748 earthquake’s
effects (Chandler, 1776). A well-known traveler and French consul in early 19th century
Greece, Francois Pouqueville, in his “Voyage dans la Grece” drew upon Chandler’s
account, and partially objected to its veracity (Pouqueville, 1820). At that time, western
travelers to Greece were a small, pseudo-academic circle, quoting each other, and rarely
including first-hand and independent observations.

A confirmation that the coeval sources for Aigio and surroundings in mid-18"
century are scarce is found in the history of the town of Aigio compiled by the historian
Stavropoulos (1954). He had to glean information from Chandler (1776) and Pouqueville
(1820), and for what the 1748 earthquake is concerned, Stavropoulos re-published, in a
slightly revised and annotated version, the letter by consul Lappo in the shortened

translation into Greek made by De Viazis (1891).
Time and effects

The date of this earthquake had to be re-adjusted with respect to current catalogues
(e.g. SHEEC, Stucchi et al., 2013). The day when the earthquake happened is clearly
indicated in the letter from consul Lappo as “Last Tuesday, on the 14 extant [May 1748]”
(Lappo, 1748; Relazione, 1748). Correctly, Ambraseys and Jackson (1997) dated this event
to the 14th of May 1748 N.S., while some following studies (Ambraseys and Finkel, 1999;
Papazachos and Papazachou, 2003; Ambraseys, 2009 and 2014) have mistakenly assumed
the date to be expressed in O.S. Thus, eleven days were added to transform the date into
N.S., to obtain the 25th of May 1748. However, the 25th of May 1748 was a Saturday, and

it does not comply with the day of the week being a Tuesday, as given by Lappo (1748). To
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further confirm that the style of calendar adopted was N.S., there is the fact that the time is
given as “at 21 hours”, according to the Italian usage. It corresponds to 15.30 GMT (17.30
Athens time) when translated into today’s style of time measuring.

The place where Lappo found himself at the time of the earthquake is mentioned at
the beginning of the letter: “[...] there was a sensational earthquake that here in Patras, due
to the Almighty’s mercy, caused little or no harm.” Then the focus moves towards Aigio:
“At its start the earthquake was felt there [Aigio] as modest, and it left the panicked
inhabitants enough time to get out from their homes and move in the middle of squares and
widely open streets. Hereinafter, as the earth continued to shake, again and again, almost all
the buildings, churches and towers ruined, with not much harm to the people, as they had
taken the precaution to leave their homes at the earliest opportunity” (Lappo, 1748).

The observers’ attention was caught by the tsunami triggered by the earthquake, as
can be seen in the accounts by Lappo and Chandler, which are compared in Table 1.

The plane-tree is the landmark both observers referred to, and used to give a measure
of the height of the waves (Figure 2). The third wave seems to have reached the upper part
of the town, well above the plane-tree that, still today, lies in the lower part, close to the
coastline.

De Viazis (1891) added that some inhabitants of Patras and Aigio had to forcedly
migrate to Zakynthos. This same information is quoted by Issel and Agamennone (1894),
with the addition that the earthquake had been felt at Zakynthos, though very weakly.

Ambraseys (2009 and 2014) connected to this earthquake the information contained
in two Ottoman documents, dated a few years after 1748, and generically mentioning

damage suffered by the towns of Nafpaktos, northern coast of the Gulf of Corinth, and
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Corinth, at its easternmost tip (Figure 1). These Ottoman documents do not explicitly
mention the date of the earthquake, making reference to damage caused by a “former”
earthquake. After a thorough consideration, and in the light of the comprehensive
reappraisal of the coeval sources presented above, including the complete silence about any
earthquake damage in any place other than Aigio, it was decided on not linking these two
Ottoman documents to the 1748 earthquake’s effects, and consequently the places of
Nafpaktos and Corinth were not included among those that were seriously affected. In
conclusion, macroseismic intensity in EMS98 was assigned at three places, namely Aigio
with 8 EMS98, Patras with an intensity of 5 EMS98, and Zakynthos, 2 EMS98, as shown in

Table S1 in the electronic supplement to this article.

The 23 August 1817 earthquake
Sources and their accounts

Unlike the preceding case, the 23 August 1817 earthquake effects are evoked by quite
a number of contemporary and near-contemporary sources, some of which were known to
and used by modern studies, such as Ambraseys and Jackson (1997), Papazachos and
Papazachou (2003), and Ambraseys (2009).

The most represented types of source used by previous studies of the 23 August 1817
earthquake are travelogues, and periodical press in Greek, French and English. In early 19"
century, the Peloponnese (Morea) was travelled by quite a number of British and French
visitors, either on diplomatic duty, such as the French consul Frangois Pouqueville (1820),
or for scientific and artistic purposes (e.g. the military geographer and British agent W.M.
Leake, 1830, or the classical topographer W. Gell, 1817, travelling with the painter E.

Dodwell, 1819). None of them could have experienced the earthquake in person, because
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their explorations were carried out mostly before, or well before, August 1817, even if their
books were published after 1817. The only exception is Fuller (1829), who visited Aigio in
1818, and was supplied with fresh memories by its same inhabitants. To complement this
mostly second-hand sources of information, the search was extended to the reports of the
British and French consuls in Greece, and more titles of the periodical press of that time, so
that hitherto unknown, independent accounts of the 23 August 1817 earthquake were
retrieved.

A comprehensive view of place and time of production of the seven independent
accounts this study is based upon, together with their date and actual medium of publication
is given in Figure 3 (shaded boxes), and they are:

1 & 2) two unpublished reports by the French consul in Patras, Augustin Arady
(Arady, 1817a and 1817b), the first written four days and the second ten days after the
earthquake, respectively;

3) a so far unknown, anonymous report in Italian, written at Aigio six days after the
earthquake, appeared in the Corfu periodical Gazzetta lonia (1817) three weeks later
(Anonymous, 1817a);

4) an anonymous from Patras (Anonymous, 1817b), who dated his account sixteen
days after the earthquake; this item, most likely in French, was first published in the
Journal des Débats, Paris (1817) more than two months later, then translated into English
to appear in the Morning Post, London (1817), four days later; this record has been
reckoned as the most appreciated by the European and early American press of the time,
and was published in several newspapers and journals in a verbatim translation into English

(e.g. Morning Chronicle, 1817; Literary Gazette, 1817; American Monthly Magazine,
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1818), Italian (e.g. Gazzetta Piemontese, 1817; Gazzetta di Milano, 1817; Messaggere
Tirolese, 1817; Gazzetta di Mantova, 1817; Giornale della Provincia Bresciana, 1817);
Dutch (e.g. Leydse Courant, 1817), German (e.g. Linzer Zeitung, 1817; Weimarische
Zeitung, 1817), and Spanish (e.g. Gaceta de Madrid, 1817);

5) an anonymous from Constantinople (Anonymous, 1817c), who wrote three weeks
after the earthquake, addressed his report to Hermes o Logios (1817), a newspaper in Greek
language published in Vienna, to see it published two months later;

6) another anonymous from Constantinople (Anonymous, 1817d), who resumed the
subject of the earthquake more than three months later, and whose item was published by
the Journal des Débats (1818) and by the Gentleman’s Magazine (1818);

7) an anonymous from Constantinople (Anonymous, 1818), who sent two different
accounts, dated 27 December 1817 and 8 January 1818, to Hermes o Logios (1818), where
they were published together three months later.

Table S2 in the electronic supplement to this article contains the full-text description

of the earthquake effects given by these seven independent sources.

Date and macroseismic effects

This earthquake occurred on a Saturday, 11 August O.S., corresponding to 23 August
1817 N.S. Time is approximately indicated between 6 and 9 a.m., as follows:
o “Le 23 aoust a 8 heures du matin” (Arady, 1817a)
e “Agli 11 (23) Agosto giorno di Sabbato a mezz’ora di giorno (alle sei ore circa
antimeridiane)” (Anonymous, 1817a)
® On the 11/23 August of the past year 1817, at 9 hours, 1.e. at 15 hours Italian style, a

Saturday (translated from Greek; Anonymous, 1818).
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As in the previous case, the accounts of the earthquake effects focused on the town of
Aigio. All the testimonies agree in describing one sudden noise immediately followed by
one violent shock, which lasted “one and a half minute”. This is different from what
happened with the 1748 earthquake, which had been announced by foreshocks. The
suddenness of this earthquake seems to be the reason for the high number of dead, on
which there are at least two divergent opinions. According to three sources (Anonymous,
1817a, Arady, 1817b, Anonymous, 1817b) at Aigio 65 people died under the ruins, while
they were 110 according to the anonymous from Constantinople (Anonymous, 1818).

A report from Aigio (Anonymous, 1817a) (Figure 3) is a unique source, and its vivid
and accurate account of the earthquake effects in each neighborhood (“contrada”) of Aigio
gives a detailed distribution of damage on the occasion of the 23 August 1817 earthquake
(Table 2). The total number of buildings (694 houses, 52 shops, and 6 ovens) is very close
to that of “800” given by the French consul Arady (1817b) as the number of existing
buildings in Aigio. The seriously damaged buildings result to be close to 500, and this
figure is in agreement with the approximation of “two thirds” given by the late report from
Constantinople (Anonymous, 1818).

The available records agree also in reporting at five nearby villages a grade of
damage similar to that experienced at Aigio. Two sources only (Anonymous, 1817a; Arady,
1817b) correctly spell the place name of “Cumari”, today Koumaris, while the other places
have been identified as Eliki (Zevgolatio until 1917), Temeni, Rododafni, and
Dimitropoulo. The earthquake was strongly felt at Patras. In all, macroseismic intensity was
assessed at seven places, with the maximum value of 9 EMS98 assigned at Aigio (Figure 4,

and Table S3 in the electronic supplement to this article).
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There are records of a tsunami affecting both coasts of the Gulf of Corinth with
strong effects at Aigio - where 18 people were drowned (Anonymous, 1818) - and Trizonia
(Figure 4), where it destroyed two buildings (Anonymous, 1817a).

According to contemporary sources (see Table S2 in the electronic supplement to this
article), in the harbor of Aigio, the sea level rose more than 15 cubits (Anonymous, 1817¢c),
or 20 cubits (Anonymous, 1818), or 15 feet (Arady, 1817b; Anonymous, 1817b), which in
meters correspond to 6.8 m., 9.1 m., and 11.2 m., respectively. At Aigio and surroundings,
especially in the area close to the mouth of the River “Gaidouropnieti” (today Meganitas),
the water reached inland a distance of 100 paces (Arady, 1817b; Anonymous, 1817b), or 50
cubits (Anonymous, 1818), corresponding to 75 meters, or 23 meters, respectively.
According to Anonymous (1817a), the sea flooded the area comprised between the “wood
of Longos and the monastery of Calogerico” (not marked in Figure 4). At Trizonia, the sea
advanced inland for 200 paces, corresponding to ca 150 meters (Anonymous, 1817a).

The information about the tsunami reaching Galaxidi (Phocis, see also Figure 1)
comes from two contributions by Christomanos (1870a and 1870b), which were not
retrieved in their original version. Although accepted by previous interpretations, this
unchecked record was considered not reliable enough to be associated with the 1817

earthquake.

A veritable Western Gulf of Corinth earthquake: 26 December 1861

The 26 December 1861 earthquake is included in several studies focusing on large
earthquakes of the Gulf of Corinth (e.g.: Mouyaris et al., 1992; Lekkas et al., 1996; Caputo
et al., 2015). Researchers’ quite uninterrupted attention was drawn by the presumed 12 to

13 km surface rupture mapped by the German astronomer Johann Friedrich Julius Schmidt
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(1825-1884), who at the time of the earthquake was the Director of the Observatory of
Athens. Schmidt published two maps (from now on mapl and map2, as in Figure 5), the
most famous being that in color, or map2 (Schmidt, 1875). Map2 details the
geomorphological features of the Aigio plain, from the mouth of the river Meganitas,
roughly at Rododafni — then Mourla, to the mouth of the river Erasinos, in correspondence
to the small settlement of Pounta, immediately east of Diakopto (Figure 6). Superimposed
are the effects of the 1861 earthquake, according to the observations Schmidt himself made
in January 1862, along routes rendered in the map with red lines. The paramount piece of
this map is the “grosse Spalte”, literally the large fissure, which had opened between the
"alluvial plain southeast of Aigio and the foothills to the south-west" (Schmidt, 1875). This
same map was re-drawn in a simplified manner by Montessus de Ballore (1924), and in this
latter version published by Richter (1958), also; all the studies referenced above include a
reproduction of Schmidt’s map?2.

Some authors consider the 1861 surface rupture the effect of the reactivation of the
373 B.C. Helike fault (Sebrier, 1977; Mouyaris et al., 1992; Caputo et al., 2015). Others,
following de Ballore (1924), interpreted "this crack nothing more than the surface
expression of a large-scale slumping and spreading of the valley material” (Richter, 1958;
Antonopoulos, 1980, who also re-published the simplified map from Richter). Recently,
also Ambraseys (2009) concluded that “the ground crack described by Schmidt was not of
tectonic origin”.

On the contrary, the 1861 earthquake macroseismic effects have been so far less
valued, although included in some studies of the historical earthquakes of the Gulf of

Corinth (Ambraseys and Jackson, 1997; Ambraseys, 2009), Greece (e.g. Papazachos and
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Papazachou, 2003), or the Balkan peninsula (Shebalin, 1974). These authors published
either a textual description of the effects, or isoseismals, or earthquake parameters, but no

estimate of macroseismic intensity values at the affected sites.

Sources and their accounts

When considering the surviving descriptions of this earthquake, the starring role is
undeniably played by the writings of Julius Schmidt, who obscured all the other observers
with his detailed and captivating reports, and his two maps. In Schmidt’s own words
(Schmidt, 1875) his most important publications on the 1861 earthquake are five accounts,
shortly described in Table 3, and referenced in “Julius Schmidt” box of Figure 5.

These five items do not include the several newspaper articles signed by Schmidt
himself, as he considered them not so much relevant. He rather nailed down the
comprehensive essay completed in 1874, and included in the successive editions of his
“Studien iiber Erdbeben” (Schmidt, 1875, 1879, 1881) as the ultimate study on the 26
December 1861 earthquake: “This is the definitive report on which I have been working in
the thirteen years since the earthquake” (Schmidt, 1875). He used his handwritten material,
essentially what he had collected on the occasion of the two surveys of the affected area he
had done between 31 December 1861 and 29 January 1862, together with the data from
other scientists’ essays.

In pinpointing his last account as definitive, Schmidt diverted the attention of those
who studied this earthquake after him from the other contemporary sources, as well as the
several later publications, to the point that he overshadowed his own other essays, and
mainly his first report in Greek (Schmidt, 1862b). The latter was ready to be published in

September 1862, with the first map of the effects in the plain of Aigio, but had to wait until
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1867 to be published, due to the political turmoil Greece was living in those days. In other
words, Schmidt restricted the access to a comprehensive description of the 26 December
1861 earthquake to those able to read German, and focused the scientists’ attention on its
most easily accessible part, the self-explaining map of the “grosse Spalte” in the plain of
Aigio (Figure 6).

Differences and incoherencies among the data contained in Schmidt’s reports become
evident when comparing the digests he included in each of them. Table S4 in the electronic
supplement to this article supplies their full texts, and shows that none of them actually
describes the earthquake in its entirety. This holds especially from the perspective of
acquiring an overall distribution of macroseismic data. On the contrary, excluding the
limited area of the plain of Aigio, as in mapl and map2, the scenario of the 1861
earthquake drawn by Schmidt results in a narrow and sometimes blurred vision.

To change this point of view, and go beyond the so far “untouchable” Schmidt’s
description, earthquake observations hitherto not considered by previous studies have been
added by means of a set of primary sources, and fully reinterpreted. The most substantial
contribution comes from an increased set of Greek newspapers, shown in Figure 5 in the
box “Local newspapers”. Six of them, namely Aion (1861, 1862), Anegersis (1861, 1862),
Avgi (1861a-h; 1862), Elpis (1862), Merimna (1861), and Phos (1861a-c; 1862a-b) were
published in Athens. Printed in Tripoli (Arcadia, Peloponnese) were Arkadia (1861a-b,
1862a-b), and Veltiosis (1861) (note that Aion, Avgi, and Veltiosis were used by
Ambraseys, 2009, too). The newspaper Enosis (1862) was published in Ermoupoli, capital
city of the island of Syros (Cyclades, Aegean Sea), and drew its information from the

periodical Achaia, printed in Patras. Newspapers from abroad were consulted too, such as
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Journal des débats politiques et littéraires (1862) and The Times (1862). Worth mentioning
is also the long letter written on 2 January 1862 by the British consul in Athens, Thomas
Wyse (1862) (this source was used by Ambraseys, 2009, too).

Which are the sources that have supplied valuable records on earthquake effects at
each place is detailed in Table S5 in the electronic supplement to this article. In summary,
out of the 72 places at which the earthquake’s effects were described, 26 are accounted for
by the newly retrieved press items, only. These 26 additional localities substantially
improved the spatial distribution of the earthquake effects, and increased by more than one

third the total number of observation points.

Date and macroseismic effects

Preceded and followed by minor shocks, this damaging earthquake happened on 14
December O.S./26 December N.S. 1861, at 8:28 a.m. (Schmidt, 1875). The actual
distribution of intensity values covers an area much wider than that included both in mapl
and map2 by Schmidt (1862b and 1875), and in previous modern seismological studies
(Figure 6). The number of observations increased in the southern as well as northern coasts
of the Gulf of Corinth to such an extent, that the macroseismic scenario has notably shifted,
and goes well beyond the area of Aigio and surroundings.

Intensity values in EMS98 were assigned, for the first time, at 72 different places,
plus a documented “not felt” at Ermoupoli (island of Syros, Cyclades, Aegean Sea) (Phos,
1861a). The maximum intensity value of 9 EMS98 was assessed at ten places, all located in
today regional unit of Achaea (Figure 6), and for which records of damage go along the

same lines. For some settlements only, the number of houses they were made of is
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mentioned, to conclude that all such buildings were destroyed “from the foundations”,
together with the school and the church, as in the case of Valimitika (e.g. Anegersis, 1861).

In comparison, Aigio seems to have suffered slightly lesser damage (8-9 EMS98), as
a distinction is made among collapsed, cracked, and inclined buildings, the latter so much
so as to be uninhabitable (e.g. Elpis, 1862). An overall view of the disaster in Achaea is
appreciable through the news that, in just the two districts of Aigio and Boura, more than
1,950 families remained homeless (Elpis, 1862). Similarly outright is the concentration of
casualties in Achaea. Figures of lost lives may differ depending on the source (Avgi,
1861d; Enosis, 1862), as follows: 2 or 4 at Aigio, 1 or 2 at Temeni, 1 or 2 at Valimitika, 3
or 4 at Elaionas, 1 at Boufouskia, 1 “carried away by the sea”. The number of injured seems
to have been 126, 18 seriously (Avgi, 1861d).

Intensity reached 8-9 EMS98 also at Galaxidi (Phocis) on the northern coast of the
Gulf of Corinth (Figure 6b). The first records of damage to appear on newspapers are
imprecise, but the passing of time makes clear that Galaxidi suffered damage, of different
grades, to about 200 public and residential buildings - the manor houses, also -, and to
about 30 ships and boats at anchor in the harbor. The schools were not spared, although a
few students only were injured by the falling of the roof (Phos, 1862b; Elpis, 1862;
Anegersis, 1861). The only record of victims in the region of Phocis concerns the village of
Vidavi (Figure 6b), where two houses collapsed, and the three children of the owner died in
the ruins (Anegersis, 1861).

Out of the 23 intensity values of 8 EMS98, eleven were assigned at settlements in

Achaea, four to places in Corinthia, situated to the west of Achaea (Figure 6); the

25



remaining were assessed at three and five places in Beotia and Phocis, respectively. The
earthquake was not felt outside of the territory of today Greece.

The observations on the earthquake related phenomena in the plain of Aigio, as
supplied by the press correspondents, complement the data contained in map1 and map?2 by
Schmidt (1862b and 1875), and they have been put together in the following list and in
Figure 6b.

e The coast between the rivers Selinous and Vouraikos sank “to a great depth and was
cut from the land, for a width of 100 to 120 royal meters” (Anegersis, 1862; Enosis,
1862), and from the Diakopto to Pounta (Schmidt, 1862b and 1875).

¢ (Cracks and liquefaction dotted the same area as above (Schmidt, 1862b and 1875).

e Sand cones appeared mostly in correspondence to the mouths of the rivers
Vouraikos and Selinous, and to the west and east of Aigio (Schmidt, 1862b and
1875).

e The “grosse Spalte” is described by Schmidt as “a fissure (pypa) in the ground,
13,000 meters long” (1862b), which stretched from Keryneia to Pounta; it formed
deep gaps of a considerable width close to Rodia (Enosis, 1862).

e The tsunami affected the following areas: “In Aigio [...] the sea flooded the harbor
road and the springs at the old plane tree only, about 2 or 3 feet uphill” (Schmidt,
1875); on the coast between Elaionas and Diakopto “the sea exceeded its height so
much that a boy of fifteen was swept by it and was drowned” (Enosis, 1862).

The tsunami affected also the northern coast of the gulf (Figure 6b), “from the bay of
Chrissa (Salona, Itea) to that of Nafpaktos” (Anegersis, 1862; Schmidt, 1862b and 1875).

From east to west, in Antikyra, “the sea increased and extended on land for 20 steps and
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more” (Anegersis, 1862), in Galaxidi, the sea raised “10 feet “in successive waves, flooding
the town, and causing ships and boats to crash into each other and to be thrown on land
(Anegersis, 1862; Phos, 1862b), and at Tolofon, warehouses on the coast were flooded by
the sea (Anegersis, 1862). In Galaxidi, cracks on rocky soil were observed, too (Anegersis,

1862).

Disentangling earthquakes effects: 9 September 1888 vs 25 August 1889

As for the previous case histories, the starting point of the investigation of the 9
September 1888 and the 25 August 1889 earthquakes was the preparation of two separate,
independent studies, though their closeness in time - less than a year -, had us be on the
alert. The only way to unravel the knot was to become familiar with the protagonists of the
scientific community of late 19™ century Greece, delve into their published accounts and
the ongoing debate on the earthquake origin, to be able to identify what information was
referred to which earthquake, and eventually to reassign individual effects to each of the
two earthquakes. Something like extracting from a single jumble the pieces to put together
two different jigsaw puzzles.

The authors of reports on both these earthquakes were highly-educated people living
in Greece at that time, with strong interests towards the earthquake phenomenon.

Konstantinos Mitsopoulos was “a professor of mineralogy and geology at the
University of Athens from 1889, and a co-founder of the Greek Geographical Society”
(Peckham, 2000). He had studied in Germany, and used his connections with the German
scientific milieu to personally and shortly report on the occasion of the 1888 and 1889
earthquakes (Philippson, 1889a). Mitsopoulos addressed to Alfred Philippson, a German

geographer, geologist, and university professor, who had travelled Greece many times,
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from 1887 onwards. The two had most likely met, and Philippson published many
contributions on one of the top-journals of that time, “Petermanns’ Geographische
Mitteilungen”, where his essay on Peloponnese was to appear shortly (Philippson, 1892).

Christos P. Koryllos was a medical doctor in Patras, and had attended courses at
Austrian and German universities. According to his own words (Ephimeris, 1889m),
Koryllos had built in his residence a meteorological and astronomical laboratory, completed
with a pendulum to record earthquakes. He had travelled through the Peloponnese, and
published extensively on this region (e.g. Koryllos, 1903).

Bernhard Ornstein is another testimony of the connections between Greek and
German academics, a situation that was going to endure for several decades into the 20"
century. Ornstein had been for many years the surgeon-general of the Greek Army in
Athens, and had a particular interest in natural history; after going back to Germany, he
maintained his interest in Greek matters, and particularly its seismicity (Ornstein, 1889).

W.G. Forster was the “Manager and Electrician to the Eastern Telegraph Company”
in Zakynthos at the time of the 1888 and 1889 earthquakes; he was developing a theory on
the “true and only reason for seismic disturbances” (Forster, 1887, as quoted by Nature,
1888). Having observed a good connection “between interruptions of the cables [in the Gulf
of Corinth] and the occurrence of earthquakes™ he postulated that “seismic disturbances are
mainly due, in a direct sense, or result from, geological evolution or subsidences” (Forster,
1890).

However, the most detailed and reliable accounts of the 1888 and 1889 earthquakes
are actually supplied by the local, Greek press, which published independent and private

telegrams and letters (Figure 7). Both earthquakes were reported by the substitute and the
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British consul in their despatches (Des Graz, 1888; Monson, 1889) (Figure 7), while the
diplomatic correspondence of the French consul was silent.

For both the 1888 and the 1889 earthquakes, the reference study has been until now
that by Angelos G. Galanopoulos (1953). Seismologist, head of the Seismological
Department of the University of Athens, he wrote the ‘“Katalog der Erdbeben in
Griechenland fiir die Zeit von 1879 bis 1892”. Galanopoulos fully referenced his
informative background, made by a sound set of Greek newspapers, printed in Athens and
Patras, supplemented by the scientific reports presented above (see also Figure 7).
Galanopoulos clearly had had access to these sources of information in their original
versions, respectively in Greek and German. However, in his “Katalog” (1953) which has
the format of a 100-pages table followed by short essays on eight large earthquakes, he
published his summaries in German of the earthquake accounts he had collected.

An analysis of the 1888 and 1889 earthquakes was included in the works by
Ambraseys and Jackson (1997), Ambraseys (2009), and Papazachos and Papazachou
(2003). All these authors relied upon the research and trusted the interpretation provided by
Galanopoulos (1953), and evidently without re-reading his sources.

For the first time after the study by Galanopoulos (1953), several hitherto not studied
sources, contemporary to the 1888 and 1889 earthquakes, have been retrieved, and read in
extenso in their original languages. How these sources contributed to a full reappraisal of

these two earthquake is discussed in the following.

The 9 September 1888 earthquake

Of the newspapers used to study the 1888 earthquake (Figure 7), six were published

in Athens, namely Akropolis (1888a-0), Ephimeris (1888a-0), Epitheoresis (1888a-v), Hora
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(1888a-g), Nea Ephimeris (1888a-m), Palingenesia (1888a-1), Proia (1888a-e), while
Phorologoumenos (1888a-d) was printed in Patras. The most informative was reckoned to
be Epitheoresis, published daily. This newspaper had a special correspondent from Aigio
and Achaea, who supplied plenty of information about Aigio, and sketches of the five most
damaged places, under the title “The earthquake in the villages”. Other newspapers, both
printed in Greece (e.g. To Astu, 1888) and abroad (The Times, 1888a-c; Stamboul, 1888a-
b; Neue Freie Presse, 1888) shortly mentioned this earthquake.

Table S6 in the electronic supplement to this article shows which independent press
items and other types of sources have supplied records on the earthquake effects at each
place. In particular, the records from the press contributed appreciably to the reconstruction
of the 1888 earthquake effects, as they supply information on 14 out of the 20 places for
which an intensity value was assigned.

The earthquake happened at about 5.15 p.m. on Sunday 29 August O.S./9 September
N.S. 1888, was made of two or three consecutive shocks, with more shocks on the same
day, and many more in the following days. The first comprehensive report from Aigio and
nearby villages is dated 11 September 1888, two days after the earthquake (Epitheoresis,
1888c). It details the characteristics of the earthquake, the victims — one dead and 20
injured, the related phenomena, the damage to the buildings as well as the economic losses,
the danger for the inhabitants, the needs and the government provisions, the visit of the
Prime Minister, described at length in many other newspapers. It is only some days after,
when tents had been sent, a special committee of engineers established for the survey, and
after another strong shock on 13 September (Epitheoresis, 1888e) that the real entity of the

damage in Aigio is described as follows: “out of the 1,300 houses of the town of Aigio,
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each of the 1,000 affected has suffered on average damages for 5,000 drachmas”
(Epitheoresis, 1888h).

Damage in five villages close to Aigio is summarized in Table 4, and effects are
described as the most severe in Kouloura. In the same region, “apart from the villages
mentioned before, there was important damage to villas and magazines where the raisins
are stored” (Epitheoresis, 1888t).

Intensity values were assessed at 20 different places, with a maximum intensity of 8
to 9 EMSO98 assigned at eight places, all of them in the regional unit of Achaea (Figure 8,
and Table S6 in the electronic supplement to this article).

Phenomena of liquefaction and mud fountains accompanied by cracks in the ground
were observed, especially between Selianitika and Valimitika (Epitheoresis, 1888c;
Palingenesia, 1888g; Proia, 1888e) (Figure 8). In Aigio, the water flow was interrupted, and
after coming back, continued to come and go for at least 24 hours; in an area close to the
town, subsidence was observed (Akropolis, 1888d). A rotational phenomenon was
observed too, with two copper statues of the house of Mr. Panagiotopoulos found turned to
the opposite side (Akropolis, 1888d).

According to Forster and in support of his theory on the origin of earthquakes, “The
earthquake had its center to the right of Aigio, due to the subsidence of the sea at depth,
subsidence that caused the breakage of our cables. This confirms thoroughly the correctness
of my theory about the earthquakes and my prediction, which an earthquake was going to
happen in the Gulf of Corinth. As of today, there is no danger that more earthquakes are
going to happen” (original in Greek) (Palingenesia, 1888b; Akropolis, 1888b). However, a

careful re-reading of a later account of the same Forster (1890), together with the

31



information supplied by newspapers’ items, by an independent eyewitness, i.e. the

stationmaster of Temeni (Issel and Agamennone, 1894), and by Ornstein (1889), suggested

the following observations:

At Aigio “the sea became suddenly agitated and muddy in places at a distance of about
one nautical mile from the west coast” (Forster, 1890).

Forster (1890) was the only one to affirm that the tsunami had been observed “more
especially over at Galatedi, fifteen miles NE of Vostizza (Aigio)”. It seems very much
possible that Forster, who was in Zakynthos, and thus not an eyewitness of this
phenomenon, had confused the “Galaxidiotika” district of Aigio with the settlement of
Galaxidi (Phocis, see Figure 1). This misunderstanding, and a strong belief in all that
had been written by Forster, has passed to modern studies (Figure 7).

Forster (1890) wrote that the submarine cable of the telegraph between Patras and
Athens, laid in 1884, was fractured by a submarine slide right off Aigio. The
importance of the location of cable ruptures with respect to the earthquake “focus”
within Forster’s theory on the origin of earthquakes, was passed over by modern
studies, so that the data and the opinions by Forster have been overvalued.

It may thus be concluded that a submarine slumping was the cause of both the

muddiness of the sea and of the cable ruptures, making it apparent that this earthquake did

not trigger any tsunami (Figure 8).

The 25 August 1889 earthquake

Quite unanimously, Galanopoloulos (1953), Shebalin (1974), and Ambraseys and

Jackson (1997), agreed in designating for the 13 August O.S./25 August N.S. 1889

earthquake two distinct and distant areas as affected by comparably high intensity effects,
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namely today’s regional units of Achaea, in the north-western part of the Gulf of Corinth,
and of Aetolia-Acarnania, on the opposite and westernmost part of Central Greece (Figure
9).

Actually, Shebalin (1974) explicitly referred to Galanopoulos (1953) as his main
source for the re-drawing of isoseismals, while Ambraseys and Jackson (1997) and later
Ambraseys (2009) referenced Galanopoulos (1953) as one among many sources. The
solution adopted by Ambraseys and Jackson (1997) was to locate the earthquake “outside
the Gulf of Corinth”, and - without assigning any intensity value - to define it “a large
magnitude, most probably subcrustal earthquake”. Both Ambraseys and Jackson (1997) and
Ambraseys (2009) supported their conclusion by mentioning 15 out of 41 places mentioned
by Galanopoulos (1953), and without adding any new affected locality. However,
Papazachos and Papazachou (2003) and SHEEC (Stucchi et al., 2013) located the epicenter
close to Aigio, thus attributing this event to the area of study.

For the 1889 earthquake, accounts were found in the same contemporary authors
considered for the 1888 earthquake, and a set of local newspapers (Akropolis, 1889a-i;
Ephimeris, 1889a-0; Epitheoresis, 1889a-c; Hora, 1889a-f; Nea Ephimeris, 1889a-i;
Palingenesia, 1889a-e; Proia, 1889; Phorologoumenos, 1889a-c), larger than that used by
Galanopoulos for this earthquake, but the same used here for the 1888 one (Figure 7, and

Table S7 in the electronic supplement to this article).

The Greek and German versions of the account by Ch. Koryllos, or lost in an

abridged translation

The original version of the account from Christos P. Koryllos was in Greek, written

in the form of a long letter dated from Patras on 23 August O.S./4 September N.S.,
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addressed to the Athenian newspaper “Ephimeris”, where it was published in the 10

September issue (Ephimeris, 1889m). The originality and accuracy of the report by

Koryllos did not escape the Greek and German academic circles of that time, and within the

same year 1889, his account appeared in a translation into German on a prestigious

scientific journal of the time, “Petermanns Geographische Mitteilungen”. The translation is
attributed to a “Dr. J. Nicolaides Cléanthe”, probably living in Athens, who sent it for
publication to A. Philippson (1889b).

To make easier the comparison with the translation into German, the Greek version
may be divided into three sections:

a) Precise and detailed account of the earthquake effects in Patras, including a description
of the injuries suffered, with the accuracy of a medical doctor, such as Koryllos was.

b) A description of earthquake’s effects in some settlements in Achaea, with respect to
their elevation and distance from the coast, attributed by Koryllos to previous “great
and damaging earthquakes of Aigio [373 BCE is mentioned for Diakoptitika, but he
could also refer to 1817 and 1888], Amphissa [probably that on 1 August 1870],
Corinth [probably that on 21 February 1858]”

¢) Data and personal remarks on the location of the “focus” of the 1889 earthquake openly
supporting the opinion by Forster (Akropolis, 1889f), in a telegram published three
days after the earthquake, so that Koryllos should have had the occasion to read
Forster’s opinion before writing his own account.

As it can be clearly seen in Figure 10, part (b) was loosely translated from Greek into

German, and the translator heavily cut the pristine report by Koryllos. The long paragraph

at the beginning of part (b) is written in a really convoluted language and cryptic manner,
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as it is an attempt by Koryllos to distinguish effects to settlements close to the coast from
those caused to places located two to six hours inland, to support Forster’s theory and
interpretation of the earthquake focus. This elaborate section probably challenged the
translator, who decided to solve the problem with sharp and random abridgments of the
original text, and especially of paragraph (5) in Figure 10.

Galanopoulos did not take into account the Greek version by Koryllos, and this is
confirmed by the fact that he did not reference at all the newspaper Ephimeris, where the
report was published, among the items he considered for the 1889 earthquake. Besides,
when discussing the abridged German version of the report by Koryllos, Galanopoulos
never cited him by name, perhaps attributing his report to Philippson (1889b).

In conclusion, the observations on all the places at which damage was assessed by
Galanopoulos, and those who trusted his interpretation based upon Koryllos via the German
version in Philippson (1889b) only, were considered unreliable, and discarded. The
testimony of Koryllos as an eyewitness is here constrained to the first lines of his report
(see above, point a), in which he described the effects at Patras. Such a restoration of the
original value of the report by Koryllos is further supported by the fact that the enlarged set
of contemporary newspapers do not supply any records about damaging effects at Pteri,
Vela, Diakopto, but also at Aigio, Krathis, Akrata, Klimenti, Matzani, Kalavryta, Arphara.
These are the ten settlements in Achaea forming one of the two “core pleistoseismic areas
of degree 7-8 [... the one] leading up from the Gulf of Corinth to the northern Peloponnese
mountains” according to Galanopoulos (1953,10.4, p.227, see Figure 9). The enlarged set
of newspapers provided records on 24 places not mentioned by any other contemporary

source (see Table S7 in the electronic supplement to this article for detail), and all confirm
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the re-interpretation of the report by Koryllos here proposed, together with the new
distribution of effects.

The severest effects of the Sunday 25 August 1889, 21:13 (Athens time) earthquake
are reported at some settlements of Aetolia-Acarnania (Figure 11). According to official
reports, as summarized in the press (Ephimeris, 1889g), at Aitoliko i) 36 houses broke
down seriously; ii) 50 were in danger of collapsing; iii) 18 houses collapsed partly and were
left completely unfit for habitation; iv) 37 collapsed and were no more inhabitable, and v) 9
buildings were fissured and in danger of becoming uninhabitable.

There is no public utility edifice missing from the engineer’s survey of damaged
buildings at Agrinio: the local branch of the National Bank, the police station, the army
hospital, the garrison headquarters, the gymnasium, the boarding school, the public
accounts offices, the courthouse, the telegraphic and municipal offices (Ephimeris, 1889g).
The 81 buildings made ‘“uninhabitable” by the earthquake are listed according to the
owners’ names in an appeal to the Prime Minister; all the others are said to have suffered
relevant damage, except for 20 units which were either insignificantly or not damaged
(Akropolis, 1889e).

Although the figures of damaged buildings in Aitoliko and Agrinio slightly oscillate
in the newspapers, higher in Akropolis (1889h) than in the same day issue of Nea
Ephimeris (1889g), a clear assessment of the grade of damage in EMS98 was prevented by
the persistent use of the wording “unfit for habitation”, focusing on the consequence rather
than on the type of damage suffered.

Although details are scarce, damage was extensive also in Astakos, and in Patras. The

outstanding testimony about Patras is Koryllos (Ephimeris, 1889m). Besides being an
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eyewitness, he described the characteristics of the pendulum he had installed in his
laboratory, together with his readings of the recordings. Coherently with items in the press,
he wrote that “almost all the houses here [Patras] and many in the countryside and the
neighboring villages were damaged in a more or less evident way, some were so affected to
the point of being uninhabitable, one completely collapsed, with the fall of its southern and
northern walls.” His education and professional skills as a medical doctor reveal in the
detailed descriptions of the injuries suffered by “two women and one old man”.

Intensity values in EMS98 were assigned at 41 different places (Figure 11, and Table
S7 in the electronic supplement to this article), with the highest located in Aetolia-
Acarnania, that is 8-9 at Aitoliko, and 8 at Agrinio. In 28 places intensity did not exceed
degree 4 EMS98.

This earthquake was widely felt in Greece, in an area stretching from Athens in the
east to Volos in the north, and south at Kalamata (Messenia) in southwestern Peloponnese.
It was also felt outside Greece, at some places on the coast of Apulia (Italy) to the west of
the most damaged region (Bollettino, 1889) (Figure 11).

Forster (1890) reported that both telegraphic cables in the Gulf of Corinth ruptured,
the one laid in 1884 completely fractured off Xylocastro, and the one laid in May 1889 off
Nafpaktos, respectively. While some modern studies (e.g. Galanopoulos, 1953; Ambraseys,
2009) strictly linked both cable ruptures to the extension of the damaging area, according to
Forster himself only the rupture off Nafpaktos should be related to the August 1889
earthquake.

Liquefaction phenomena close to Aitoliko are similarly described in seven

newspapers: “Outside the town in the western part, at a distance of about forty meters from
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the sea, the ground fissured, holes were formed in a line starting to the right of the road
Aitoliko-Neochorios, crossing it, and ending to the left, of a length of 150 meters. The
holes, from which spurt out water and sand, have the shape of a funnel, and their surface

shows that water and sand were rotating while gushing out” (e.g. Palingenesia, 1889b).

Results and discussion

Macroseismic intensity data

In all, the observations of macroseismic effects retrieved amount to 543, supplied by
116 contemporary, independent sources of information, made of 90 press issues for 1861,
1888 and 1889 earthquakes, and 26 other types of sources. Figure 12 illustrates the relative
contribution of records derived from press items, altogether 426 relative to the 1861, 1888
and 1889 earthquakes, versus 117 records from other types of sources.

These 543 records allowed us to assign 143 intensity values in EMS98, concerning
108 different localities, out of which only the 49 with >3 records are shown in Figure 12.
Although four localities are in Apulia (Italy), and the remaining are mostly concentrated in
Central Greece and northern Peloponnese, the geographic coverage of the 143 IDPs is
much improved with respect to that of previously published studies, and in particular when
considering the spatial distribution of the earthquake effects on the occasion of each
earthquake (Figures 4, 6, 8, 11). The number of IDPs for each earthquake ranges from 3 for
the 1748 earthquake to 72 for the 1861, with values from 9 to 2 EMS98. A total of 53
intensities are in the classes from 9 to 8 (including 8-9), while 90 are encompassed in all
classes between 7-8 and 2.

Reappraised size and location

38



These new sets of IDPs were then processed to obtain the earthquake parameters,
according to both the SISCOR and SHEEC strategies, presented in sub-section
“Reappraising size and location”. As shown in Table 5, between the two strategies a
preferred solution was chosen. For the location, the preferred estimate is the one resulting
from the SHEEC strategy, for the following reasons: i) the results are quite similar (Figure
13, and Figure S1 of the electronic supplement to this article); ii) Boxer estimates location
even with a few (i.e. less than 5-10) intensity data; and iii) for consistency with the most
recent estimates of the SHEEC catalogue (Stucchi et al., 2013; Gomez Capera et al., 2014).
However, the Boxer method used in the SHEEC strategy is not suitable for locating
offshore epicentres (Gasperini et al., 2010), thus the offshore solution of the SISCOR
strategy, consistent with both macroseismic and geological information, was selected for
the 1861 earthquake (Figure 13). The preferred magnitude estimates correspond to the
range of values resulting from the application of both strategies (Figure 14). In particular, in
adopting the SISCOR strategy, the magnitude range results from testing two depth values
(7 and 10 km), i.e. those in accordance with the seismogenic thickness of the study region
(Lambotte et al., 2014). On the contrary, the Boxer method does not determine the depth of
the events, but it has been developed and extensively tested with shallow earthquakes with
an average depth of 10 km, compatible with the seismogenesis of the area. Table 5 contains
the reappraised parameters for the five earthquakes. The results obtained are presented in
Figure 13 and discussed earthquake by earthquake in the following.

14 May 1748: Since for this event there are just three IDPs, with a maximum intensity

of 8 EMS98 at Aigio, its location remains highly uncertain, and the two strategies led to
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magnitude estimates that range from 5.4 to 5.9 (Table 5). The tsunami interesting the town
of Aigio suggests that an offshore location cannot be excluded.

23 August 1817: The effects of this earthquake have been evaluated by assigning a
maximum intensity of 9 at Aigio, and intensity 8 at five nearby villages (Table S3 of the
electronic supplement to this article). Uncertainties in the estimated magnitude (M=6.0-6.5)
remain due to the fact that seven IDPs only are available (Table 5). Given the distribution
of IDPs, both SHEEC and SISCOR strategies locates the epicenter on land to the south of
Aigio (Figure 13a), and it appears plausible to assume a relatively shallow depth (< 10 km).
However, the tsunami on both coasts of the Gulf of Corinth, with strong effects at Aigio
and Trizonia (see Figure 4), suggests a possible epicenter offshore, although this would
imply a magnitude higher than the estimated one.

26 December 1861: Out of the 72 localities at which an intensity was assigned,
distributed both to the south and north of the Gulf of Corinth, the ten localities that
experienced effects equal to 9 EMS98 (which is also the maximum intensity) are all located
on the southern coast, to the east or south of Aigio (Figure 6). The SHEEC strategy locates
the earthquake in the plain to the southeast of Aigio, according to the Boxer method at the
barycentre of the IDPs with intensity 9. However, the epicentral location in the middle of
the gulf, obtained with the SISCOR strategy, was preferred (Figure 13b and Table 5). Such
a location is coherent with the tsunamis reported both in the north of the gulf, from Chrissa
to Nafpaktos, and to the south, with disturbances that have been discovered in the
sedimentary record (Beckers et al., 2015 and 2016, and reference therein). In coherence
with Lambotte et al. (2014), a depth between 7 and 10 km is assumed. Independently of the

strategy, a magnitude of M = 6.6-6.7, a relatively strong one for the region, was estimated
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(Table 5). This would be coherent with both a strong shaking over a wide region along the
southern coast where the disturbances at the surface - sand cones and widespread fracturing
- are reported.

9 September 1888: A maximum intensity of 8-9 EMS98 was assigned at eight out of
20 localities - all located in the regional unit of Achea - at which effects were estimated
(Figure 8). Given the relatively limited extent of the damaged area, the depth of this
earthquake was most likely less than 10 km. This moderate magnitude event M = 5.9-6.1 is
located on land near Aigio (Figure 13c). This is suggested also by the liquefaction features
reported along the coast from Selianitika to Valimitika, and is coherent with the muddy
waters and the cable breaks observed in front of Aigio, phenomena most likely caused by a
submarine slump, since no tsunami was reported.

25 August 1889: As explained at length above, the distribution of effects of this
earthquake has completely changed with respect to previous studies. Of the 41 localities at
which an intensity was assigned, the maximum value of 8-9 EMS98 was reached at
Aitoliko and Agrinio, regional unit of Aetolia-Acarnania, mainland Greece (Figure 11),
and, conversely, the area of Aigio was reckoned to be only slightly affected. This has
implied a M = 6.4-6.6 (Table 5) and a very much different epicentral location, significantly
moving the earthquake out of the area of study (Figure 13d), and more than 60 km to the
west of both SHEEC (Stucchi et al., 2013) and Papazachos and Papazachou (2003)
estimates. The new epicentral location is coherent with the liquefaction features reported
near Aitoliko, and the absence of sea water related movements. Finally, the new IDPs
distribution allowed dismissing the hypothesis of a deep event, shared by some previous

studies and catalogues (Karnik, 1971; Ambraseys and Jackson, 1997; Ambraseys, 2009),
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and to possibly relate the 1889 earthquake with the high slip rates recently assessed for the
Katouna-Stamna Fault System (Pérouse et al., 2017), located to the north west of Aitoliko
(Figure 13d).

The assessed locations of the 1817, 1861, and 1888 with their associated uncertainties
are consistent with the activation of the north dipping faults in the western part of the
Corinth Rift, either outcropping along the southern coast, as it is likely for the 1817 and
1888 earthquakes (Figures 13a and 13c), or offshore, as possibly the case of the 1861
earthquake (Figure 13b).

The magnitude estimates and their uncertainties obtained by applying the SISCOR
and SHEEC strategies are compatible both with the highest instrumental magnitudes
recorded in the area, and with the size of the known faults. Figure 14 compares the
reappraised magnitudes with those supplied by the two most recent catalogues covering the
area of study. For the 1748 and the 1817 earthquakes, magnitude values from the SISCOR
strategy are systematically lower than those from the SHEEC strategy, and are affected by
high uncertainties as a consequence of the availability of <10 IDPs. Both estimates are
about 0.2 magnitude units lower than those by SHEEC (Stucchi et al., 2013), and
Papazachos and Papazachou (2003). A similarly high uncertainty influences the magnitude
estimated for the 1888 earthquake, although it was based on a set of 20 IDPs, larger but
unequally distributed among intensity classes. For the 1861 and 1889 earthquakes, the
SHEEC and SISCOR strategies give comparable, and robust, magnitude values, with low
uncertainties. The 1889 earthquake’s preferred magnitude is similar to the SHEEC one

(Stucchi et al., 2013), but definitely much lower than the value of M 7.0 assessed by
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Papazachos and Papazachou (2003), which so far was the highest magnitude available in
literature for the area of study.
Conclusive remarks

The inherent and double-sided challenge of this study was to present in detail the
scientific process of interpretation of descriptive sources of earthquake effects. Too often,
the passage from a written observation to a macroseismic intensity value has been made in
the past (and near past) without considering the appropriate context in which the
observation was made. To use a simple analogy, such a cursory approach would be like
interpreting an instrumental recording without taking into account the characteristics of the
instrument that produced it. Unfortunately, parametric seismic catalogues for the pre-
instrumental period are - still - full of pseudo-historical seismological interpretations, based
on summaries of summaries, resulting in actual shortcuts in interpretation, to the point of
creating false earthquakes, and assess unrealistic magnitudes and locations.

In conclusion, after having explained the approach adopted to pass from raw
observations to earthquake records and intensity data, this study has succeeded in assigning
robust intensity values at many different places. From these revised sets of IDPs, and after
having tested the methods to assess the earthquake parameters, reappraised size and
location of the five studied earthquakes were obtained, as follows: 14 May 1748 M 5.4-5.9,
23 August 1817 M 6.0-6.5, and 9 September 1888 M 5.7-6.2 earthquakes located not far
from the town of Aigio, the 26 December 1861 M 6.6-6.7 earthquake to the east at sea, and
the 25 August 1889 M 6.4-6.6 earthquake well outside the area of study.

These newly estimated magnitudes and locations will have important implications for

constraining the seismic cycle of Corinth Rift’s faults. However, attributing each event to a
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specific fault remains a challenge, because the Corinth Rift system is made up of a complex
network of interacting faults, which can rupture together as exemplified by the 1981
seismic sequence (Jackson et al., 1982), and shown by results of dynamic modelling of
rupture propagation (Durand et al., 2016). Which fault will host the next event that will
affect the region may very well be one that has not ruptured, yet, in the last 300 years.
Thus, future studies should aim at improving not only the seismological knowledge of the
other major earthquakes that have affected the Corinth Rift, but also at understanding and

modelling the long-term behavior of the fault system as a whole.

Data and Resources

The original digitized version of the periodical press listed in the references as published
sources were consulted at: 1) online section of the Library of the Greek Parliament, Athens,
available at http://catalog.parliament.gr/ (last accessed March 2016); ii) the website of the
“Press Museum”, Patras, at http://www.mouseiotipou.gr/ (last accessed November 2015).
The first edition of J. Schmidt in 1875 is freely accessible in digital format at http://www.e-
rara.ch/zut/content/zoom/5385175 (last accessed December 2015). The SHEEC catalogue
is available at http://www.emidius.eu/SHEEC/ (last accessed May 2016). Data of
Papazachos and Papazachou (2003), and Papazachos et al. (2010) are accessible at
http://geophysics.geo.auth.gr/the_seisnet/ WEBSITE_2005/station_index_en.html (last
accessed May 2016). Corinth Rift Laboratory website address is http://crlab.eu (last

accessed May 2016).
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Table 1

Aigio: earthquake and tsunami on 14 May 1748

Lappo, 1748 (translated from Italian)

Chandler, 1766 (1776 ed., p.273 ff)

Site of Vostizza / Bostitza
/ Aigio

The town is rather high above the sea,
backed up in the north-west direction by a
towering mountain range.

Above the sea is a town called Bostitza,
which stands on or near the site of Aegium.

A plane tree on the shore
of the Morea

The harbor is made of two points extending
from north-west to east, about two miles
apart, and in between there was the
customhouse, the storehouses, and a
plane tree, famous for it vastness and
height.

A plane tree by the shore is remarkable for
its vast size and height. It is sound
flourishing, with huge limbs, affording a
most capacious and thick shade.

Springs [...] by the plane tree there was a spring of | [...] for by the plane-tree is a plentiful

water, streaming from six fountains source of excellent water, streaming
copiously from ten or more mouths of
stone; and many transparent springs rise
on the beach.

Earthquake The first shocks were of moderate strength, | We were told that an earthquake and a
and this gave way to the panicked mighty inundation of the sea happened not
inhabitants go out of their houses, and stay | many years ago [...]
outside, in yards and large streets. When
the earth started to shake more vigorously,
most of the houses fell apart and down,
together with the churches and the towers,
but with not many casualties, because
prudence had everybody already outside
from their homes.

Tsunami As the earthquake ceased, a very placid [We were told ] that the water thrice

sea retreated from his ordinary place for a
great extension, leaving the bottom of the
harbor completely devoid of water, causing
a sudden panic among those close to the
beach [...]. After moving away for quite a
distance, the water suddenly raised, to
form a wave so high to conceal the
mountains on the opposed [northern]
coast. The wave became alive, fell onto the
town, then regressed two times more, and
came back higher and higher, so that the
last time the “water machine” hid the plane
tree, and went to die out on top the
mountain above the town.

mounted above this tree, and the tall cliff
behind it; that some of the branches were
torn off by its violence; and that the people
fled to the mountains.
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Table 2

Report on damage to the neighborhoods of Aigio in 1817 (Anonymous, 1817a)

Neighbourhood Seriously Repairable Undamaged Churches and
(“Contrada”) damaged buildings buildings Mosque
buildings
[Turkish quarter] 2 houses of the 24 houses 5 houses; Mosque completely
kadi and voivode; 30 shops 2 ovens; destroyed
33 houses “teke” (a Sufi
inhabited by monastic complex)
Turkish people;
22 shops
4 ovens
B.V. detta Fanaromeni 112 houses 73 houses 23 houses Church of Blessed
(Blessed Virgin Mary) Virgin Mary was
undamaged
S. Michel Arcangelo 218 large and 45 houses 7 houses, only Church of S. Michel
small houses split from top to
bottom
S. Zorzi Very old church and
belfry of S.George
were seriously
damaged
“contrada detta dei 3 houses 45 houses 21 houses
Galaxidiotti” (natives from
Galaxidi)
Issodia, or Madonna ton 82 houses 1 house Church of Madonna
Xenon (out of 83) ton Xenon was
(Presentation of Mary) damaged
Total affected buildings 450 houses 187 houses 57 houses
22 shops 30 shops 2 ovens
4 ovens 1 monastery
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Table 3

Five relevant publications by Schmidt on the 1861 earthquake (see Figure 5)

Short reference

Short description

Schmidt, 1861

a brief communication sent to Alexis Perrey, shortly after the
earthquake

Schmidt, 1862a

a report for the “Académie des sciences” written in February
1862

Schmidt, 1862b

a 52-pages report in Greek ready for publication in
September 1862, including the first version of the map of
effects in the plain of Aigio (mapl in Figure 5)

Schmidt, 1864

a 4-pages summary in English of the earthquake effects
included in a posthumous volume of the memories of the
British consul in Athens, Thomas Wyse

Schmidt, 1875

a 14-pages chapter on the 1861 earthquake, completed in
1874, in German, with the famous second version of the map
of effects in the plain of Aigio (map2 in Figure 5)
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Table 4

Location, number of buildings, and damage description for five villages close to

Aigio (see Figure 8)

Place name (as

Location and number of

Macroseismic effects (as in the

quoted) buildings press accounts)
Kouloura “located about half an hour from eall the houses collapsed, people
Aigio, made of about 50 houses™ live in the open, and great losses
(Epitheoresis, 1888t) concerned wine and other goods
ethe inhabitants have moved “their
residence to another place, outside
the town of Aigio, which is in
reality a much nicer location”
(Akropolis, 1888i)
Valimitika “located about one hour from “[buildings] have suffered such a
Aigio, made of about 50 buildings” | damage that they are beyond repair”
(Epitheoresis, 18880) (Epitheoresis, 18880)
Agrideika “located 20 minutes from Aigio is “here none of [the buildings] was
made of about 20 buildings” spared by the earthquake, all were
(Epitheoresis, 1888p) cracked, and a few collapsed
completely” (Epitheoresis, 1888p)
Temeni “one of the most beautiful country | “the disaster was such that but for
villages of Aigio, located half an two or three houses all the others
hour from it, and is made of about are in ruins, and mostly
150 buildings most of them recently | uninhabitable” (Epitheoresis,
built” (Epitheoresis, 1888q) 1888q)
Mourla “established only 25 years ago, and | “the earthquake caused great
(today located 15 minutes from Aigio, is damage and about 25 buildings
Rododafni) made of about 100 buildings, almost ruined to the ground and

among which the best can compete
with those in Aigio for their beauty.
It is the only village that in a period
of few years made giant
advancements in letters and arts.
But for a few, all the inhabitants are
wealthy” (Epitheoresis, 1888s)

more than half suffered important
damage” (Epitheoresis, 1888s)
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Table 5

Reappraised size and location of the five studied earthquakes

Date Area IDP | Imax | M pref | M unc SHEEC strategy SISCOR strategy
Lat | Lon Mw* Lat | Lon Mw*
(H=10;7 km)
14 May 1748 | Aigio 3 8 5.9 5.4-5938.25|/22.08 5.89+0.25 |38.25|22.10 5.55; 5.42
23 Aug 1817 | Aigio 7 9 6.5 | 6.0-6.5|38.24|22.08 6.53+0.32 |38.25 | 22.11 6.25; 5.99
26 Dec 1861 |W Gulf of Corinth | 72 | 9 6.7 6.6-6.7|38.21|22.13  6.68+0.12 |38.28 | 22.24 6.68; 6.64
9 Sept 1888 | Aigio 20 | 8-9 6.2 | 5.7-6.2|38.25|22.07  6.16+0.44 | 38.26 | 22.10 5.88;5.70
25 Aug 1889 | Aitoliko 41 9 6.4 6.4-6.6|38.52|21.38 6.37+0.24 | 38.50 | 21.33 6.43;6.42

IDP, number of intensity data points; Imax, maximum intensity; M pref, preferred magnitude; M unc,
uncertainty associated to M pref
*Magnitude values are shown with two decimal numbers to underline the fact that they are computed

values.
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List of Figure Captions

Figure 1. Gulf of Corinth and today Greek regional units with the epicenters of Mw >
5.8 earthquakes for the period 1000-1899 (SHEEC, Stucchi et al., 2013), and 1900-2010
(Papazachos et al., 2010 — Pap10 —, except for the 15 June 1995 earthquake, Bernard et
al.,, 1997). The area of study is enclosed by a black box, together with the years of
occurrence of the five studied earthquakes, and of the 1995 event, and epicenters and

magnitudes according to the above mentioned catalogues.

Figure 2. The “Platanos” (plane-tree), and the fountains at Aigio (Salvador, 1876).

Figure 3. Independent sources of information (shaded boxes) on the 23 August 1817
earthquake. Some more contemporary sources are shown, which translate and/or
summarize the independent ones. Numbers link the sources to their description in the

text.

Figure 4. Intensity distribution in EMS98 and tsunami for the 23 August 1817

earthquake.

Figure 5. Sources and studies on the 26 December 1861 earthquake. Note that local

newspapers dates are given in O.S.

Figure 6. (a) Overall intensity distribution in EMS98 for the 26 December 1861
earthquake, with the plain box showing the area covered by mapl and map2 by Schmidt
(1862b, 1875). (b) Enlargement of the area enclosed by the dashed box in (a), detailing
the earthquake related phenomena. (c) IDPs in the plain of Aigio, superimposed on

Schmidt’s map2 (1875).
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Figure 7. Contemporary sources and modern studies on the 1888 and 1889 earthquakes.
Left, sources exclusively related to the 1888 earthquake; center, common sources; right,

sources exclusively related to the 1889 earthquake.

Figure 8. Intensity distribution in EMS98 and earthquake phenomena related to the 9

September 1888 earthquake.

Figure 9. Isoseismals and epicenter (black star) for the 25 August 1889 earthquake,

according to the interpretation by Galanopoulos (1953).

Figure 10. Comparison of part (b) in the report by Koryllos (/eft) in the origin

al Greek version, dated Patras, 23 August 1889 O.S. (Ephimeris, 1889m) and (right) its

abridged version, translated into German by J. N. Cléanthe (Philippson, 1889b).

Figure 11. Intensity distribution in EMS98 and earthquake phenomena related to the 25

August 1889 earthquake.

Figure 12. Distribution of records and types of sources for the 49 localities with >3
records, out of the 108 at which an intensity value was assigned. Different colors point
to the five studied earthquakes. Press and other types of sources are distinguished by
full and light colors respectively, according to data in Tables S1, S3, S5, S6, S7 of the

electronic supplement to this article.

Figure 13. Intensity distribution, earthquake related phenomena, and epicenters, with
associated uncertainty (coloured circles), assessed for the earthquakes of (a) 23 August
1817, (b) 26 December 1861, (c) 9 September 1888, and (d) 25 August 1889. Epicenters
from SHEEC (Stucchi et al., 2013) and Pap03 (Papazachos and Papazachou, 2003) are

shown for comparison. Active faults mapped in the Gulf of Corinth (1 - Marathias, 2 -
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Trizonia, 3 - Psathopyrgos, 4 - Neos Erineos, 5 - Aigion, 6 - West Helike, 7 - East
Helike, 8 - West Channel, 9 - East Channel, 10 - South Eratini, 11 - North Eratini) are
form Beckers et al. (2015) and references therein, those north of Aitoliko (12 — Stamna)

area from Pérouse et al. (2017).

Figure 14. Magnitudes of the studied events from the SISCOR and SHEEC strategies,
together with the resulting preferred estimate. Magnitudes from SHEEC (Stucchi et al.,
2013) and Pap2003 (Papazachos and Papazachou, 2003) catalogues are shown for

comparison.
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Figure 1. Gulf of Corinth and today Greek regional units with the epicenters of Mw >

5.8 earthquakes for the period 1000-1899 (SHEEC, Stucchi et al., 2013), and 1900-2010

(Papazachos et al., 2010 — Pap10 —, except for the 15 June 1995 earthquake, Bernard et

al.,, 1997). The area of study is enclosed by a black box, together with the years of

occurrence of the five studied earthquakes, and of the 1995 event, and epicenters and

magnitudes according to the above mentioned catalogues.

73



Figure 2. The “Platanos” (plane-tree), and the fountains at Aigio (Salvador, 1876).
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Figure 3. Independent sources of information (shaded boxes) on the 23 August 1817
earthquake. Some more contemporary sources are shown, which translate and/or
summarize the independent ones. Numbers link the sources to their description in the

text.
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Figure 4. Intensity distribution in EMS98 and tsunami for the 23 August 1817

earthquake.
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Figure 5. Sources and studies on the 26 December 1861 earthquake. Note that local

newspapers dates are given in O.S.
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Figure 6. (a) Overall intensity distribution in EMS98 for the 26 December 1861
earthquake, with the plain box showing the area covered by mapl and map2 by Schmidt
(1862b, 1875). (b) Enlargement of the area enclosed by the dashed box in (a), detailing
the earthquake related phenomena. (c) IDPs in the plain of Aigio, superimposed on

Schmidt’s map2 (1875).
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Figure 7. Contemporary sources and modern studies on the 1888 and 1889 earthquakes.

Left, sources exclusively related to the 1888 earthquake; center, common sources; right,

sources exclusively related to the 1889 earthquake.
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Figure 8. Intensity distribution in EMS98 and earthquake phenomena related to the 9

September 1888 earthquake.

81




Patras
1889, August 25.

.AF;NG.'M T

.A"m&.l'_rsq

——Golfvo

Fig. 4. Das weitere Epizentralgebiet des schadenbringenden Erdbebens
von Patras vom 25, August 188g. Bearbeitet von A, Garamorouros.

Figure 9. Isoseismals and epicenter (black star) for the 25 August 1889 earthquake,

according to the interpretation by Galanopoulos (1953).
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. Was nach meiner Ansicht fiir den oben genannten Sitz des

Erdbebens spricht, ist der Umstand, dass Ortschaften, welche bei
dem gewaltigen Erdbeben von Agion, Korinth und Amphissa sehr
wienig gelitten haben, und dig in 3 bis 4 Stunden Erl,'fl:rnung; VO
der Kiste liegen, diesmal stark heimgesucht worden sind.

 Spist 2B, der O Preria, welcher 3 Stunden von Agion entfernt

am Auslaute des Berges Maurikiotis (1780 m Hohe) liegt, diesmal
sehr stark beschdidigt worden, indem won den aus Kalksteinen
aufgebauten Hiusern zehn niedergerissen, alle ibrigen
beschadigt wurden.

.l Dadfe Diakophte wurden Gber fanfzig Hauser bis tur

Unbewohnbarkeit zerstért, wahrend der Ort Diakophtitika,
welcher neben der im Altertum durch Erdbeben zerstirten, Stadt
Bura liegt und neben der schon frither zerstérten Stadt Helika
(373 v.Chr.), diesrmal verschont geblieben ist.

, Ebenso stark wurden auch die an der Kdste liegenden Gemeinden

Krathis, Akrata, Agira, Phelloé und teilweise auch Nonakris
betroffen

_Im Dorfe Bella der Gemeinde Phellog, welches 4 Stunden vom

Meere in giner Hohe von BBD m liegt, wurden zum erstenmal
rwanzig Hiuser niedergerissen, wihrend in Arphara, dem
Hauptorte der Gemeinde Agira, kaum awei bis drei Gebaude
beschadigt wurden...

The translator’s abridgement of the concluding parts
of poragraph 5, fraom § to §. completely changed the
meaning of Koryllos' original text.

Figure 10. Comparison of part (b) in the report by Koryllos (left) in the original Greek
version, dated Patras, 23 August 1889 O.S. (Ephimeris, 1889m) and (right) its abridged

version, translated into German by J. N. Cléanthe (Philippson, 1889b).
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Figure 11. Intensity distribution in EMS98 and earthquake phenomena related to the 25

August 1889 earthquake.
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Figure 12. Distribution of records and types of sources for the 49 localities with >3

records, out of the 108 at which an intensity value was assigned. Different colors point

to the five studied earthquakes. Press and other types of sources are distinguished by

full and light colors respectively, according to data in Tables S1, S3, S5, S6, S7 of the

electronic supplement to this article.

85



0 10 20km
|

Intensity EMS98 Phenomena

® ® @ — fissure
g 9

2 3 4 5 6 T -
e o ® AN subsidence

23 34 45 56 67 78 89 .lu liquefaction

Epicentre
e tsunami A SISCOR strategy
%/ submarine slump W SHEEC strategy

$ v,*_}; SHEEC
cable break &% Pap03

Figure 13. Intensity distribution, earthquake related phenomena, and epicenters, with

associated uncertainty (coloured circles), assessed for the earthquakes of (a) 23 August

1817, (b) 26 December 1861, (c) 9 September 1888, and (d) 25 August 1889. Epicenters

from SHEEC (Stucchi et al., 2013) and Pap03 (Papazachos and Papazachou, 2003) are

shown for comparison. Active faults mapped in the Gulf of Corinth (1 - Marathias, 2 -

Trizonia, 3 - Psathopyrgos, 4 - Neos Erineos, 5 - Aigion, 6 - West Helike, 7 - East

Helike, 8 - West Channel, 9 - East Channel, 10 - South Eratini, 11 - North Eratini) are

form Beckers et al. (2015) and references therein, those north of Aitoliko (12 — Stamna)

area from Pérouse et al. (2017).
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Figure 14. Magnitudes of the studied events from the SISCOR and SHEEC strategies,

together with the resulting preferred estimate. Magnitudes from SHEEC (Stucchi et al.,

2013) and Pap2003 (Papazachos and Papazachou, 2003) catalogues are shown for

comparison.

87



