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Abstract
Ancient authors report the destruction and drowning in 373 B.C. in the Gulf of Corinth
(Greece) of Helike (Helice and Eliki), an important, nearly coastal town, and of Boura
(Bura, Buris, Bouris, and Voura), another town in the hinterland, as a punishment by
the ancient God Poseidon because of a serious crime committed in his shrine. This narrative has been regarded as a description of a true event, though with some exaggerations, and the 373 B.C. event is included in earthquake and tsunami catalogs. In the first
part of this article, it is shown that (1) local natural hazards exclude the possibility (risk)
of total loss of the ancient “polis” (town state) of ancient Helike because of its vulnerability due to its geography. (2) Systematic geoarchaeological studies confirm this prediction because they reveal essentially undisturbed archaeological layers predating and
postdating 373 B.C., with no signs of a tsunami. (3) Archaeological excavations have
recently brought to light, among other findings, remains of the harbor of Boura and
of the shrine of Poseidon at Helike, as well as coins issued by Helike several decades
after its alleged loss. This evidence permits a reconsideration of ancient texts related to
the loss of Helike in a supervised learning-type approach. It was found that genuine
ancient Greek texts do not mention any catastrophe of Helike, but rather that the
legend of its total loss appeared several centuries later in Roman times, in local legends,
rumors, and forged or manipulated ancient texts (e.g., by pseudo-Aristotle). The ancient
legend became important because it explained the collapse of the town state of Helike
and it fit ancient religious ideas in a tectonically active region because of the rapid burial
(“disappearance”) of ancient Greek remains under sediments in a young delta and
because of the prominent location of Helike in the seafaring route between Rome
and the eastern Mediterranean.
For earthquakes before our era, historical and archaeological data have attracted
interpretations… attributing to earthquakes… the demise of flourishing city-states.
…The reason for the revival of catastrophe hypotheses is perhaps that they are easy
to explain. They are too simple, too obvious and too coincidental and chiefly because
they have become fashionable in recent years. (Ambraseys, 2006)

Introduction
An earthquake reported to have hit the Gulf of Corinth in
Greece, in 373 B.C. (Figs. 1 and 2), combining both a tsunami
and ground deformation, is among the most famous though
ambiguous seismic events in antiquity. Information about this
event is conveyed by more than a dozen ancient authors, most
writing several centuries later. Their basic scenario is that the
towns of Helike (Helice and Eliki) and nearby Boura (Bura,
Buris, Bouris, and Voura) committed a horrible crime in an
important sanctuary of Poseidon. For this reason, Poseidon,
god of seas and earthquakes, punished the two sinful towns
with an earthquake and a tsunami, which moved the two towns
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with all their inhabitants under the sea, with their remains
being visible under the water for centuries afterward (see
Table 1 and Table S1, available in the supplemental material
to this article, which summarizes the ancient texts; for a complete list of ancient sources, see Rizakis, 1995; Morgan and
Hall, 2004; see also the website of Topostext Foundation in
the Data and Resources section).
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Figure 1. Gulf of Corinth in the framework of the marine routes of
the eastern Roman Empire. Helike was at a prominent position of
this route, near the western entrance or exit of the Gulf of

Corinth. The color version of this figure is available only in the
electronic edition.

Figure 2. Gulf of Corinth, location map. The color version of this

figure is available only in the electronic edition.
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TABLE 1
Summary of Historical Information for Helike and Boura

373
Pausanias 4

Lost in a chasm
Lost in a chasm

Lost in a chasm

Lost in a chasm

All Achaia destroyed

Both in Thessaly, not Achaia
Drowned by sea

Lost in chasm
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Eq&ts subsidence

Existing continental town Existing continental town Coordinates provided
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Polyaenus (second century)

Claudius Ptolemeus A.D. 100–
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750
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Crime: god punishment for crimes: “A,” impiety to gods; “B,” disobedience to Achaean council decision; “C,” killing suppliants; “D,” killing suppliant gir; eq, earthquake; Eq&ts, earthquake and tsunami; HB, Helike and Boura.
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TABLE 1 (continued )
Summary of Historical Information for Helike and Boura
4

Although scenarios of the loss of towns (Hansen and
Nielsen, 2004, index 20) and of punishment by gods are
not unusual in the ancient Greek and Roman cultures and
literature (“providentialism”; Stiros, 2020a), and although
the reports for Helike and Boura are controversial (see
Table 1), the 373 B.C. event has been adopted by scholars,
for example Anderson (1954), Baladie (1980) and has been
included in earthquake and tsunami seismic catalogs
(Guidoboni et al., 1994; Ambraseys and White, 1997;
Papazachos and Papazachou, 1997; Papadopoulos, 2003;
Ambraseys, 2009). This is due to four factors: (1) the
373 B.C. catastrophe seemed to be reported by prestigious
ancient authors such as Aristotle, Strabo, Pausanias, and
Seneca; (2) Helike was the leading town of the Achaia
League, a confederation of town states in northwest
Peloponnese, but it disappeared from the political scene after
approximately 300 B.C.; (3) the wider area is crossed by the
Aigion fault (or Eliki fault; Fig. 3), which was reactivated in
1861, producing subsidence of a narrow strip of coastal land
(see Mouyaris et al., 1992; Ambraseys and Jackson, 1997) and
hence providing a parallel for the ancient disaster, although at
a very small scale; (4) the legacy of S. Marinatos, an imaginative archaeologist, highly influential after the discovery in
Santorini in the 1970’s of remains of the prehistorical town of
Akrotiri that was buried by pumice during the famous
Minoan eruption. Marinatos had suggested that the ancient
texts describe a true event, and he promised that the discovery
of a drowned Helike would represent an archaeological discovery of unsurpassed significance and wealth (Marinatos,
1960). This scenario was appealing because of the advent,
at that time, of underwater archaeology.
The approximate location of ancient Helike is known to be
near the modern village of Helike on the delta of the modern
Kerynitis and Selinous Rivers, a few kilometers west of the
modern and ancient town of Aigion (Figs. 2 and 3). In this area,
no signs of classical remains had been found until recently
(Anderson, 1954), giving some weight to the hypothesis of a lost
town. On the other hand, Boura, the second town described as
punished by Poseidon, has been identified with extensive
ancient remains near Ano Diakopto (for location, see Fig. 3),
in a mountainous area (see Rizakis, 1995; Kolia, 2007).
Inspired by Marinatos (1960), marine investigations for the
search of ancient Helike started in the last decades of the twentieth century, but they proved unsuccessful (Schwartz and
Tziavos, 1979). This was because the continental shelf of the
critical area, a Quaternary delta in a tectonically active area
marked by a 900 m deep gulf, is dominated by slumps. For
this reason, geoarchaeogeological studies were shifted inland,
searching for the ancient town beneath recent sediments
through geoarchaeological studies (Alvarez-Zarikian et al.,
2008). In addition, archaeological investigations and excavations in the wider region were carried out mostly by the
Greek Archaeological Survey.
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This article tries to shed light on this famous earthquake
using a new approach: the overall study is not a priori
constrained by the theory that the loss of Helike in 373 B.C.
was a true event, as was the case of most previous investigations.
This study first focuses (1) on the scale of natural hazards in the
critical area; (2) on the vulnerability of a “polis,” an ancient
Greek town state (Morgan and Hall, 2004) as a result of its geography; and (3) on the prediction of the risk of the loss of Helike.
This prediction is then juxtaposed with results of the available
geological, geoarchaeological, and archaeological studies in the
wider region. The output of this combined investigation is then
used to evaluate ancient texts referring to the loss of Helike in a
type of “supervised learning.” These ancient texts were analyzed
using not the traditional approach, that is, regarding sources of
information as complementing each other, but as a function of
the passage of time since 373 B.C. In addition, these ancient texts
were critically evaluated using the most recent archaeological
and geoarchaeological evidence and are summarized in
Table 1 and Table S1, in which references are given in a coded
form, for example “Aristotle 1” or “Polybius.” The overall output
is that no physical loss of the classical town state of Helike
occurred and that this alleged loss represented a legend from
Roman times, several centuries after 373 B.C. (for archaeological
and historical terminology, see Table S2).
Apart from its importance to historical seismology, shedding light on this event is important for various other disciplines focusing on aspects of the ancient world. This is
because, lacking other evidence, the archaeological stratigraphy
in seismically active regions is constrained by destruction
layers or abandonment periods, which are frequently a priori
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Figure 3. Oblique Google Map photo showing the area of ancient
Helike between the Kerynitis and Selinous Rivers, view to the
south. The Helike fault marks the southern margin of the Aigion–
Helike coastal plain, a composite delta. Dots with numbers
indicate approximate locations of sites of archaeological excavations mentioned in the Archaeological Excavations: Discovery
of Remains of Ancient Helike and Boura section. The color
version of this figure is available only in the electronic edition.

assigned to earthquakes (Stiros, 2020b) and are then used to
date older or younger layers. The 373 B.C. earthquake is among
the earthquakes that have been extensively used as a dating
benchmark in the archaeological stratigraphy in a broad region
(e.g., a review of archaeological work by Tomlinson, 1996). In
addition, Helike has been used to date ancient texts and events
in most reaches of the ancient world. For example, if an ancient
book on navigation of coasts mentions Helike, it is dated before
373 B.C., and ancient towns and events mentioned are also
dated before 373 B.C. If Helike is not mentioned, the book
and events reported (wars, etc.) are dated after 373 B.C.
(Rizakis, 1995). This shows the importance of historical seismology, for example, for research in archaeology and ancient
history.

Previous Scenarios for the Loss of Helike
Currently, there are three groups of scenarios to explain
ancient texts referring to Helike.
First, supporting the views of Marinatos (1960), Ferentinos
et al. (2015) argued that an earthquake not accompanied by a
tsunami produced a huge translational landslide that swept the
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upper levels of soil to the sea bottom, but preserved deeper, older
occupation horizons represented by excavated ancient remains.
Second, there are the views of scientists collaborating with
the “Helike Project.” After sonar surveys discarded the possibility of finding ancient remains offshore, the study of this
group was directed to the young sediments in the delta
between the modern Selinous and Kerynitis Rivers. Based
on sedimentological evidence, various scenarios have been
proposed by this group following the progress of their study.
A first hypothesis was that Helike was buried in a coastal
lagoon (i.e., a trench) that opened inside the delta because
of the 373 B.C. earthquake (Alvarez-Zarikian et al., 2008).
Subsequently, based on high-quality analysis of sedimentological data, the possibility of a major tsunami and of significant deformation of the delta sediments was discarded.
Furthermore, based on identification of buried archaeological
layers of the classical period, it was proposed that Helike survived the famous earthquake, the impacts of which were exaggerated by ancient authors (Engel et al., 2016). In a more
recent article, the absence of ground deformation during
the 373 B.C. earthquake and the survival of Helike were again
endorsed, but to explain the ancient texts, it was proposed
that the ancient town was swept by water and mudflow after
the breaching of a 30–60 m high dam and lake which were
produced by seismic landslide debris in a river valley, a
few hours after the earthquake (Koukouvelas et al., 2020).
Third, there are the views of scientists and archaeologists critical of the idea of a total loss of Helike that are based on different
evidence essentially ignored in the past. (1) M. Petropoulos,
based on the first excavations of the Greek Archaeological
Service, proposed a continuity of Helike after 373 B.C. and
argued that its urban center was close to the southern limit of
the coastal plain (between sites 3 and 5 in Fig. 3; for references,
see Morgan and Hall, 2004). Petropoulos (1983) had also questioned the scale of the alleged disaster because it was ignored by
fourth-century authors such as Aristotle and Xenophon, who
were fully aware of the history of northwest Peloponnese around
373 B.C. (2) Stiros (1996) argued that the scale of the alleged
destruction is too large to be explained by any combination
of natural effects, whereas some details of the ancient texts referring to the loss of Helike, ignored by modern authors, indicate
later legends (Faraklas, 1998). For example, after the postulated
earthquake, tsunami, and subsidence of the land by tens of
meters, it was unlikely that a statue of Poseidon would have
remained standing erect at the sea bottom for centuries; if the
area between the Selinous and Kerynitis Rivers had been swallowed by the sea, it is unlikely that Aigion suffered no damage
only a few kilometers away (Figs. 2 and 3; Seneca 2). (3) Faraklas
(2001), in a detailed study of the history and geography of
ancient Achaia, argued that Helike was damaged in 373 B.C.
and probably lost its harbor, and as a consequence, it disappeared
as an organized town but survived in smaller villages in upland
areas; a scenario broadly similar to that of Mackil (2004).
6

Seismic Hazard, Vulnerability, and Risk
of Helike and Boura
Physiographic and seismotectonic background
and natural hazards
The Gulf of Corinth, a tectonic graben about 900 m deep, represents a major geomorphological discontinuity in Greece that
offered a connection between the Aegean and the Ionian and
Adriatic Seas. For this reason, the Gulf of Corinth was a main
part of the seaway from the Aegean Sea and Asia Minor to Italy
(Fig. 1) since the eighth century, when Greek towns, including
Helike, established colonies in southern Italy. However, the
connection between the Aegean Sea and the Adriatic Sea is disrupted at the eastern edge of the Gulf of Corinth by the 6 km
wide Isthmus of Corinth, a tectonic horst uplifted since
Pliocene (Fig. 2), famous for the nineteenth century Corinth
Canal. In antiquity, ships with their cargos, when crossing
the Gulf of Corinth, were pulled on land along a 6 km long
slipway in the form of a double ramp (“Diolkos”) across the
Isthmus. To facilitate the transportation of goods across the
Isthmus, effort to excavate a canal was made in the Roman
times. Ancient Corinth, with harbors in the Gulf of Corinth
(Lechaio) and the Aegean Sea (Kenchreai), had a strategic
position in the ancient maritime route between Italy and the
Aegean and eastern Mediterranean (Figs. 1 and 2).
Coastal uplift is not limited to the Isthmus; the whole south
coast of the Gulf of Corinth is marked by flights of marine
terraces several hundred meters high, especially preserved in
the area of Corinth (Kelletat et al., 1976; Keraudren and
Sorel, 1987; de Martini et al., 2004). The uplift culminates
in the center of the gulf. For this reason, the sea-level mark
in the Roman harbor of Aigeira is currently at a height of
4 m (Stiros, 1998; for location, see Fig. 2). Corals and other
marine species in nearby rock provide evidence of an uplift
of 9 m in the past 7000 yr. Similar data provide evidence of
an uplift of 11 m in the past 5000 yr farther west, close to
the site identified as the harbor of Boura (Stewart and VitaFinzi, 1996; Pirazzoli et al., 2004).
The wider Gulf of Corinth area is seismically very active,
and in the last centuries, it experienced several significant
earthquakes each century (Ambraseys and Jackson, 1997;
Papazachos and Papazachou, 1997).
The Gulf of Corinth area is crossed by numerous active
faults; among them is a fault known as Aigion or Eliki fault,
which limits the Selinous–Kerynitis delta to the south (Fig. 3;
Mouyaris et al., 1992; Stewart and Vita-Finzi, 1996; de
Martini et al., 2004). Faults in the Gulf of Corinth, however,
are less than 20–25 km long, and this length limits earthquakes on this and on nearby faults to M 7.0 or less
(Roberts and Jackson, 1992). For this reason, Ambraseys
and White (1997) concluded that ancient texts describing
the loss of Helike originated from a moderate seismic event,
the impacts of which were exaggerated because of possible
religious implications.
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Natural hazards in the wider Helike and Boura
area
The 1995 M 6.2 Aigion earthquake produced horizontal acceleration exceeding 0.5g, with catastrophic effects on traditional
houses (Athanasopoulos et al., 1999), which share common
dynamic characteristics with ancient houses. This earthquake
reveals that earthquakes represented a major threat to ancient
towns as well. Evidence from an earthquake that hit the area
in 1861 producing seismic faulting and subsidence of a strip
of land indicates the possibility of seismic faulting of the order
of 1 m, occasionally associated with drowning of coastal strips of
land or, alternatively, of coastal uplift (Stiros, 1998; Pirazzoli
et al., 2004). Local ground instability effects, such as liquefaction
and landslides, were also possible. Landslides may produce
damming of rivers inside gorges (Koukouvelas et al., 2020)
and loss of coastal strips of land. In 1963, an aseismic slump
near Aigion led to the loss of a small part of cultivated land
and to a tsunami hitting the two sides of the Gulf and killing
people (Galanopoulos et al., 1964). However, dramatic geomorphological changes, such as drowning of a major part of the
delta, for example, of the area between the Selinous and
Kerynitis Rivers (i.e., of the location of ancient Helike) with a
maximum elevation above 40 m (Fig. 3), can be excluded.

Geography, Vulnerability, and Seismic
Risk of Helice and Boura
Seismic vulnerability of a polis (town state)
Helike was a “polis,” a town state with long history (Morgan and
Hall, 2004), and hence it was expected to consist of a fortified
main administration, military, and religious center (“acropolis”)
and of satellite inhabitation centers around it. For example,
ancient Athens, another polis, consisted of an urban center
around an acropolis, known as the Acropolis, along with 100
communities (“demoi”), some representing fortified small
towns. Rural Sparta, on the contrary, consisted of numerous
small villages and did not include a main urban fortified center.
Furthermore, ancient Greek towns with a long history were
built on safe and favorable environments, avoiding unstable
ground and unhealthy areas; only isolated shrine complexes
could have been located in areas not satisfying the aforementioned conditions. Ancient towns with a long history were
resilient, and failure of the water supply system was the only
environmental reason for rapid abandonment of organized
towns in the region. If this was, indeed, the reason for rapid
abandonment, the remains of the civil infrastructure would still
be visible (e.g., Di Vita, 1996).
Helike, which had a long history (it was mentioned by
Homer, Iliad b, 575), could not have been an exception.
Because of the variability of the landscape (Fig. 3), the inhabitation centers of the town state of Helike should have been distributed among different physiographic environments: a fertile
plain, exceeding an elevation of 40 m at its southern margins, a
hill >200 m high hosting its acropolis, and small isolated plains
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in the hinterland. The distribution of the polis of Helike to different physiographic settings limited its vulnerability to strong
earthquakes and made virtually impossible the risk of the total
loss of its structures (houses, fortifications, etc.) due to an
earthquake and its accompanying effects.
Boura also represented a town state in a mountainous area
(Figs. 2 and 3), most probably including several settlements on
intramountain small plains and a harbor. The same conclusion
about the seismic risk of Helike also applies to the polis (town
state) of Boura.

Archaeogeological and Archaeological
Evidence
Numismatic evidence: Helike and Boura existed
for decades after 373 B.C.
The only physical evidence presented until recently for the
existence of Helike was two coins issued by the town state
of Helike (Marinatos, 1960). These coins have been a priori
assumed to predate the destruction of 373 B.C. Recent excavations have brought to light additional coins of Helike, which
have been examined by Weir (2017). His conclusion is that the
dimensions and iconography of all of these coins indicate that
they had been minted several decades after 373 B.C. This
means that the polis-state of Helice existed at least for about
50 yr after its alleged loss. Numismatic evidence from the
harbor of Boura also indicates an essential continuity of
inhabitation between approximately 600 and 230 B.C.
(Kolia, 2007, 2018).
Geoarchaeological evidence: Large-scale ground
stability and no 373 B.C. tsunami
In the past 30 yr, an extensive program of boreholes, mostly
shallow, has been drilled in the Helike area, with the main
focus in the part of the delta between the modern Selinous
and Kerynitis Rivers (Fig. 2). These studies have identified
archeological layers predating and postdating 373 B.C. and
indicate an overall ground stability, though with local stratigraphic perturbations (Soter and Katsonopoulou, 2011;
Engel et al., 2016), which are definitely expected in an active
young delta in a tectonically active area.
In addition, no signs of sediments that may support the possibility of a major tsunami in 373 B.C. have been found in drillholes. This result is consistent with the results of Kortekaas
et al. (2011) at Alyki near Aigion (Fig. 3), a site that could have
served as a trap for tsunami deposits.
Archaeological excavations: Discovery of remains
of ancient Helike and Boura
Until recent decades, the absence of archaic and classical
remains (i.e., before 320 B.C.) was striking in Achaia
(Anderson, 1954). This was to a major degree due to the fact
that ancient remains found during the excavation of the railroad in the 1880s and major roads in the 1960s were destroyed
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without any report, either because ancient remains were
underestimated or to avoid problems in the works. This situation changed after a large number of archaeological excavations were made mostly by the Greek Archeological Service
(see, e.g., Kolia, 2015). The output of these studies is summarized by Kolia (2011) and in Kolia (2015), who presented an
illustrated summary of excavations.
1. On the steep hills marking the south limit of the delta, there
have been identified remains of the acropolis (site 4 in Fig. 3)
and of a cemetery (site 2 in Fig. 3) of Homeric (Mycenean)
Helike (for archaeological terminology, see Table S2).
2. On the acropolis hill (site 4), the remains of a Hellenistic
temple (roughly of the times of Alexander the Great), excavated by P. Petropoulos, indicate continuity of inhabitation
in the area after 373 B.C.
3. Along the south margin of the plain there are remains of a
settlement of the Homeric period (site 3) and of an earlier
(Early Helladic) settlement (site 5).
4. The remains of a geometric sanctuary, built on the remains
of an older shrine, have been found at site 1. Various artifacts indicate that it represents the sanctuary of Poseidon
8

Figure 4. Recently found ancient building remains of (a) Helike
and (c) Boura. Foundations stability and the overall environment
of these remains exclude the possibility of major geomorphological changes induced by the 373 B.C. earthquake and of
physical loss of these two towns. (a) Foundations of the shrine of
Poseidon of Helike (site 1 in Fig. 3) and (b) its reconstruction. This
apsidal shrine, partly excavated, is typical of the geometric period
(900–700 B.C.) and very different from the later classical temples.
(c) Excavations of the Boura harbor, showing foundations of
several houses, each with several rooms; view after the site was
cleaned. The railroad near the coast destroyed part of the site in
the 1880s, but no ancient remains were reported. This site spans
the period of approximately 500–230 B.C. and was marked by
two major destruction layers. (d) Destruction layer (fallen rooftiles) in a room of this complex, possibly related to an earthquake
at about 290 B.C. (panels a,c,d excavations photos, courtesy of E.
Kolia, panel (b) modified after Kolia, 2011). The color version of
this figure is available only in the electronic edition.
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(Fig. 4a,b; Gadolou, 2011), which was the central point
of the ancient legend. This sanctuary was much older
and very different from the monumental ancient Greek
temples. Next to it, there were found remains of public
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buildings and of a dumping site for material from the
destruction of a nearby archaic temple, the foundations
of which have not yet been excavated. The destruction of
this temple is dated to the fourth-century B.C.
5. Site 6 is a representative site in which remains of an Early
Helladic settlement were found beneath building remains of
the Roman period. In several other nearby sites, ancient
Greek ruins were found buried by layers of sediment
beneath layers containing building remains or artifacts of
the Roman period.
6. At the east edge of the complex delta, extensive excavations
have brought to light the remains of an ancient coastal settlement (Fig. 4c), which can be identified with the harbor of
ancient Boura (Fig. 3). The available data, however, do not
provide any information about the harbor installations
(Giaime et al., 2019). A rather continuous period of occupation, from approximately 500–230 B.C., is inferred from
numerous coins, permitting an accurate dating of occupation layers (Kolia, 2018). Two destruction layers in this site
(Fig. 4d) at about 290 and at 230 B.C., marking the abandonment of the site, were possibly associated with earthquakes. Evidence from this site, which is in an area of
rapid Holocene uplift (Pirazzoli et al., 2004), excludes the
possibility of significant marine regression in 373 B.C.

Re-examination of Historical Sources
For five days before Helice disappeared all the mice and
martens and snakes and centipedes and beetles and every
other creature of that kind in the town left in a body by the
road that leads to [the mountains]. (Aelian, About the
nature of animals, 11, 19).
The previous evidence excludes the possibility of the total loss
of Helike and Boura because of major geomorphological
changes during an earthquake and indicates that both towns
existed as organized centers for decades after 373 B.C. This
calls for a new reading of historical sources, such as the one
in the overhead of this section, which seem to report highly
exaggerated or fake events. This study differs from previous
approaches in three points.
First, the loss of Helike is not regarded as an a priori true
event, but as an at least exaggerated event.
Second, ancient sources of different periods are not a priori
regarded as sources of information complementing each other,
but rather their accuracy is regarded as a function of the time
since 373 B.C.
Third, genuine ancient texts are separated from later, fabricated texts, for example, that written by pseudo-Aristotle. In
addition, information provided by authors of the Roman period
is critically analyzed, making a distinction between personal
observations, explicit citations of authors of older periods,
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and indirect information and rumors. The latter are inferred
to correspond to an expression that is literary translated as
“it is said that.,” but rather meaning “rumors are spreading
that…” (see Table S1).
Following this approach, ancient sources are divided in
three groups: (1) sources of the fourth-century B.C., (2) older
sources apparently cited by authors of the Roman period,
(3) sources of the Roman period. Data are summarized in
Table 1 and Table S1.

Fourth-century B.C. sources (nearly contemporary
to the alleged disaster)
The only directly known source for an earthquake in 373 B.C.
is Aristotle, who mentions only an earthquake and a tsunami in
Achaia at the time of a comet. Aristotle mentions the term
“earthquake” about 40 times, with notices of other highly
destructive earthquakes, but from his overall text, that earthquake in Achaia is not regarded as an event with spectacular
destructive impacts, nor Helike is mentioned.
All other sources of the period (fourth- to third-century
B.C.), especially Xenophon who covered the area and the period
and in about 371 B.C. was in nearby Corinth, do not mention
any destructive effects to Helike, as Petropoulos (1983) first
noticed. The loss of the leading town of the area should have
been an event with important military and political impacts
and could not have been ignored, at least by Xenophon.
Some investigators refer to an ancient book named “de
Mundo,” assigned to Aristotle, in which a vague reference
to the loss of Helike and Boura is given. This is not a genuine
text; it is a text produced by later authors, known as pseudoAristotle, who were imitating Aristotle’s style (Forster, 1914).
This was a practice very common since the Roman times, and
imitations of various ancient authors are known (pseudoPlutarch, pseudo-Callisthenes, pseudo-Democritus, pseudoAugustine, etc.). Guidoboni et al. (1994), for instance, include
at least four ancient sources with prefix “pseudo.”
References to ancient Greek authors by later
authors
The texts of the Roman period which seem to cite ancient Greek
authors referring to the loss of Helike (Table 1) should be treated
with much care. This is because the original Greek texts to which
they refer are not available, and because in many cases citation of
older texts in antiquity was based on texts orally presented and
discussed during symposia (for example, during the Plutarch’s
Table Talk; Klotz and Oikonomopoulou, 2011), so that an older
text could be easily corrupted. Since catastrophic scenarios for
Helike can be excluded, the following comments can be made
for this group of texts in a “supervised learning” approach.
Strabo 5 (Table 1 and Table S1) refers to Eratosthenes using
the expression “Eratosthenes said («φησί» in ancient Greek) that
he observed submerged ruins in Helike and ferrymen crossing
the submerged area after the disaster.” This gives the impression
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that Strabo was citing Eratosthenes but this is out of place for the
topography of the area. The problem is solved if the term «φησί»
is changed to «φασί», meaning “it is said that Eratosthenes,” and
which should be translated as “rumors are spreading that
Eratosthenes . . . . . . .” This would indicate not a direct citation
of Eratosthenes but a later legend or rumor, using the name of
Eratosthenes to give some emphasis on the legend because
Eratosthenes was a figure of influence in many fields; among
others he was the first to measure with accuracy the radius
of the Earth. A similar correction from «φησί» to «φασί» is suggested also for the text of Strabo 6 referring to Heracleides, a
name referring to several ancient Greek authors. This change
makes the text of Strabo consistent with texts of other authors
of the Roman period who refer to Helike using the expression
«φασί» (e.g., Pausanias 6, Aelian 1). It is quite possible that the
proposed original term «φασί» was corrupted to «φησί» by later
scribes, a problem common in antiquity (Sánchez Vendramini,
2018) and in texts referring to Helike.
Seneca 6 refers to the fourth-century writer Ephorus. A
careful examination indicates that Ephorus was not making
any reference to Helike, but rather he was only arguing that
a certain comet was split in two. Seneca criticized him for this
argument, “because it is widely known that this comet caused
drowning of Helike and Boura.” Hence, it is Seneca who indirectly introduced the connection between an earthquake in
Achaia and a comet mentioned by Aristotle and the alleged
destruction of Helike (Wickersham, 1994).
Seneca refers three times to the fourth-century historian
Callisthenes as the source of information for the loss of
Helike and Boura. Callisthenes is supposed to have written
a treatise about the loss of these two towns (Seneca 1), relating
their loss to a comet (Seneca 3, 5). Callisthenes work has been
lost, but his book on the expedition of Alexander the Great
against Persia, manipulated, if not fully rewritten by later
authors, became very popular in various regions and languages
until Medieval times; it is currently known as the work of
pseudo-Callisthenes (Merkelbach, 1977; Bosworth, 2016). It
is likely that Seneca was misled by the later text by pseudoCallisthenes because it fit his ideas about comets.
In summary, no genuine, reliable information about the loss
of Helike is offered by ancient Greek authors cited by authors
of the Roman period.

Independent sources of the Roman period
Several authors of the Roman period discuss the loss of Helike,
though with many differences (Table 1 and Table S1). A majority of these authors repeat a legend, some providing religious
information about punishment of the sinful cities; only the text
of Pausanias is a report of his visit in the area more than 500 yr
after 373 B.C. Of interest are some verses (by Philo, Orosius,
Bianor; Table 1) that indicate that Helike had become an
empire-wide legend. On the contrary, a catalog of Roman towns
includes Helike and Boura as towns in the hinterland and
10

provides their coordinates (for details, Rizakis, 1995, p. 284).
These reports are summarized in thematic units in the following
paragraphs.
Birth of the legend. Helike was among several other towns of
the region that disappeared as town states during a period of
instability before the Roman times (Hellenistic period) and during the early Roman times (Karambinis, 2018). According to later
sources (Strabo 6 and Pausanias), the land of Helike was annexed
(usurped?) by Aigion. This information may conceal an explanation for the decay of Helike. The first surviving reference to the
legend of the loss of Helike in the Roman period is due to
Polybius, who died in about 120 B.C. This means that this legend
existed in the early Roman period in Greece. What fed this legend
is not known, but the legend of punishment by Poseidon was an
easy explanation for the disappearance of the major town because
of political and social reasons (Mackil, 2004).
Comet and earthquake. Comets were benchmarking
events in antiquity, and Aristotle 1 reported a combination
of a comet with an earthquake and a tsunami in Achaia,
but he did not mention Helike, nor any major impacts in
the wider area (Achaia). This combination of comet and
earthquake was essentially forgotten in the following centuries, indicating that the Aristotle earthquake was ignored by
later authors. Diodorus 1 and 2 mentioned a comet, but not
related to Helike. About 100 yr later, Seneca 5/6 discussed this
comet and manipulated ancient texts because he wanted to
reject the hypothesis of Ephorus for a comet split in two,
and in fact, he introduced a connection between the comet,
Aristotle’s earthquake, and the loss of Helike and Boura
(Wickersham, 1994).
Geography
of
the
area
and
submerged
ruins. References to Helike in the Roman period are vague,
and only two authors provide much information about
Helike and Achaia.
Strabo, a major source for information for the Peloponnese
about 400 yr after 373 B.C., did not have any personal experience of the area (Weller, 1906). Hence, his references to
Helike are likely to reflect information and a legend that existed
during his times.
Pausanias, on the contrary, visited the area more than 500 yr
after 373 B.C. and provides a detailed and reliable description of
what he saw and what people reported to him. Pausanias was
shown the area of ancient Helike, in which he observed no traces
of the ancient town, and this is reasonable because classical
remains were buried by deltaic sediments at this time. He
was perhaps also shown what was regarded as submerged
remains of Helike. Apparently, Pausanias found no satisfactory
evidence of submerged ruins, and his response was presented in
a diplomatic way: he stated that the remains of Helike are not as
clearly visible as in the past (see Faraklas, 2001).
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Crime and punishment of Helike in the context of the
ancient Greek World. Punishment of Helike and Boura
by Poseidon is reported by four different authors, but for four
different crimes: impiety to gods (crime “A”; Diodorus 1), disobedience of Helike to a decision of a council of confederated
town states (crime “B”; Strabo 4), killing of suppliants from
Asia Minor (crime “C”; Pausanias 1), and killing of a suppliant
woman from the modern Greece mainland (crime “D”;
Polyaenus).
The differences in the crimes leading to punishment are
remarkable, culminating with the killing of suppliants, the most
severe crime in ancient Greece. No convincing explanation for
such a crime is given, although the punishment was severe in
comparison with the punishment of Athens and Sparta for similar crimes. Hence, the core of the story is very diffuse and weak.
Contradictions
in
ancient
texts
concerning
Boura. Various modern investigators have noticed major
contradictions in the legend of the 373 B.C. earthquake, especially concerning Boura, the loss of which has been characterized as an exaggeration (Guidoboni et al., 1994).
Helike and Boura were punished for the same crime. Helike
was supposed to have disappeared forever, but Boura only temporarily because it appeared again on the scene 70 yr later
(Diodorus 3) and soon became an important town (Polybius),
reconstructed by those who were away during the calamity
(Pausanias 4). Furthermore, Boura is described by various
ancient authors as having been submerged in the sea, although
it was a town in the mountains. Some ancient authors alternatively suggest that it was lost in a “chasm” of the ground,
which is impossible for a town state (see earlier). Aigeira, a
third town farther east (Fig. 2), was also supposed to have been
submerged during the same earthquake (Philo).
To reconcile this contradictory information, Stylianou
(1998) proposed that both Boura and Aigeira included a harbour with the same name and that only their harbours were
submerged in 373 B.C., whereas the main towns remained
above sea level. Still, the remains of the harbour of Aigeira have
been identified since long above the water, and in fact this harbor was uplifted by earthquake faulting, not submerged (Stiros,
1998). Similarly, the harbor site of Boura, brought to light by
recent excavations (Fig. 4a), shows no sign of submergence; on
the contrary, it is also located in an area of rapid uplift (Stewart
and Vita-Finzi, 1996; Pirazzoli et al., 2004).
Helike and Boura as existing Roman towns. Not all
sources of the Roman period regard Helike and Boura as lost
towns. Pliny, a reliable author with experience in natural disasters (Plinian volcanic eruptions bear his name), reported that the
two towns existed in his days, refounded by survivors of the disaster (Pliny 2). Furthermore, the list of Roman towns by
Claudius Ptolemeus includes Helike and Boura as existing towns
in the hinterland and even gives their coordinates (see Rizakis,
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1995, p. 284). This strong evidence is usually ignored. Helike,
however, is not shown in Tabula Peutingeriana, a thematic
map of the late Roman World, surviving in a copy of the
Medieval period (see fig. 4 in Stiros, 2020a).
Reliability of certain ancient texts. Some of the texts of
the Roman period are unlikely to have any historical significance. For example, the text of Aelian, shown at the beginning
of this section, was part of a book with oddities and imaginary
stories on animals, written by the author to entertain his
audience.

Discussion
In the first part of this study it was shown that the physical loss
of Helike and of Boura during an earthquake was not possible,
and recent geoarchaeological and archaeological studies confirm this result. Hence, Helike is simply one of the ancient
towns that disappeared (Hansen and Nielsen, 2004, index
20; Karambinis, 2018), probably because of political, social,
and military reasons. However, Helike represented a unique
case because the remains of its Greek period had been rapidly
buried by deltaic sediments, and they could not be seen during
the visit by Pausanias in the area 500 yr after 373 B.C.
(Pausanias 1/2/3). In fact, the first remains of Helike were
brought to light only recently (see earlier, Fig. 4). The main
problem is hence to explain whether and why ancient texts
report a catastrophe that never occurred.
In the second part of this study, working in a kind of supervised learning, that is, excluding a major geomorphological
change (and a catastrophe) in 373 B.C., it was possible to
re-evaluate ancient texts using a new approach. Ancient texts
were regarded as a function of time since 373 B.C., and in addition, genuine texts were separated from rumors and forged
texts. The conclusion of this analysis is that Aristotle reported
an earthquake and tsunami in Achaia in 373 B.C., correlating
with a comet, but he made no mention to any disaster of Helike
because no such disaster took place. Certain texts or later references to ancient Greek authors that seem to mention the loss of
Helice are later forgeries(e.g., by pseudo-Aristotle) or were
manipulated. In fact, the first mention of the Helike legend
was made in the early Roman period by Polybius. The comet
that correlated with the earthquake in Achaia according to
Aristotle was ignored by all other later authors except for
Seneca (Table 1). In fact, Seneca introduced the connection
between the legend of the loss of Helike with Aristotle and
the comet only to strengthen his theory about comets.
The Helike legend became very popular in Roman times for
certain good reasons. It was reminiscent of ancient Greek traditions of god punishment that were in fashion in Roman times.
It provided an easy explanation for the disappearance of an
important ancient Greek town, and it had a convincing physical
background: ancient Greek remains were invisible, buried by
deltaic sediments, and remained buried until recently, feeding
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the modern legend of the loss of Helike by Marinatos (1960);
that is, another neocatastrophism theory (Ambraseys, 2006).
It is also possible that certain natural concretions and biological
structures on the sea bottom that gave the impression of
building remains (compare with Andrews et al., 2016) had contributed to the formation and longevity of the legend. In fact,
until about 30 yr ago, local people liked to point out offshore
features that they mistakenly called submerged ancient remains.
Another main reason for the popularity of the legend of
Helike in an empire-wide scale is that the Helike area was
located in a prominent position in the seaway between
Rome and the eastern provinces of the Roman empire, near
the western entrance or exit of the Gulf of Corinth (Fig. 1).
Hence it was visible to sailors and travelers eager for a nice
story during and after a long trip.
What is interesting, however, is that the legend of destruction of Helike became popular, whereas the “true” destruction
of the uplifted Aigeira harbor (Stiros, 1998, and references
therein) and especially of the submergence of the Kenchreai
harbor (for location, see Figs. 1 and 2), critical for the connection of Rome with the eastern part of the empire, were ignored
by ancient authors (Stiros, 2020b). The Aigeira uplift, however,
may have been recorded as subsidence (Philo report, Table 1).

Possible archaeoseismomological evidence
Archaeological excavations have brought to light ancient
remains in the Helike area that may testify to ancient earthquakes. The inferred destruction of an archaic temple next
to the older temple of Figure 4a may testify to a fourth-century
B.C. earthquake. An earthquake is inferred to have damaged
another archaic temple, dedicated to Artemis (Diana), in
Ano Mazaraki between 400 and 350 B.C. (for location, see
Fig. 2; Petropoulos, 2012). Destruction layers in the Boura harbor may also testify to two earthquakes, approximately in 290
and 230 B.C. (Kolia, 2018). However, because all of this evidence is still fragmentary and because earthquakes are and
were frequent and “local” in Achaia (see Aristotle 1.6.368b
and Seneca 7), the study of these possible archaeology-derived
earthquakes is a future task.
Implications for the tsunami mentioned by
Aristotle
The results of sedimentological analyses (Kortekaas et al., 2011;
Engel et al., 2016) tend to exclude the possibility of a significant
fourth-century B.C. tsunami in the wider Aigion area. This
result can be used as a constraint to understand Aristotle text.
His text is unclear (Table S1), and with modern knowledge, it
can be read in two ways: (1) the great comet rose from the SW,
about the same time with the Achaia earthquake and the wave
invasion; (2) the great comet rose from south, at the same time
with the Achaia earthquake and the wave invasion from the
west. This second alternative means that the tsunami had
hit not the Gulf of Corinth, but the western coast of
12

Achaia, the Patras area, which is exposed on the west to the
open sea (Ionian Sea); this part of Achaia was too poorly developed before the Roman period (Rizakis, 1995; Petropoulos,
2012) to deserve a mention of towns damaged by the tsunami
and the earthquake reported by Aristotle.

Implications for Historical Seismology
Results for Helike do not question the value of reliable ancient
texts reporting earthquakes. They only indicate a necessary distinction between two different types of information:
1. vague, dramatized information, mostly by much later sources
and with religious character, may not reflect natural events
and disasters, especially because such concepts were intrinsic
in the ancient Greek religion and culture (Leveau, 2005).
2. ancient reports, especially by contemporary authors describing specific events, provide reliable seismological information. For example, concurring events (an earthquake
during a military operation or during a visit of a certain
authority in an area) or reports of seismic damage, especially
of temples and aqueducts, occasionally supported by excavation evidence (e.g., Stiros, 2020c) or repairs and support for
recovery of towns from seismic damage (Guidoboni et al.,
1994; Ambraseys, 2009) represent reliable reports of earthquakes and evidence permitting reconstruction of some of
the earthquake parameters.

Data and Resources
The source of all data used is indicated in References. Ancient texts
discussed were obtained from searches in the Library of the British
School of Archaeology at Athens, the Loeb Classical Library (www
.loebclassics.com/, last accessed July 2021), and the Perseus Digital
Library (www.perseus.tufts.edu/hopper/, last accessed July 2021).
The website of the Topostext Foundation (www.topostext.org, last
accessed August 2021) was consulted. Figures were based on material
obtained from Google Maps, from the Geographical Service of Greece
(www.gys.gr, last accessed August 2021) on ESRI background or provided by the excavator, E. Kolia. The supplemental material for this
article includes Table S1 with excerpts of ancient texts of Table 1 and
Table S2, which explains archaeological and historical terminology.
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