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Introduction 

The Greek territory, from the geological point of 
view, forms the Hellenic Arc, which is a part of the 
Alpine Arc. Due to its present geotectonic position, 
the Hellenic Arc is one of the most active areas of the 
Earth's Crust concerning its tectonic and seismic ac
tivity. It would not be an exaggeration to say that 
some parts of it constitute modern natural Geological 
Laboratories and Geological Museums. 

Additionally, within the broader area of the Hel
lenic territory, one of the most ancient human civili
zations has developed, a civilization with roots lost 
back in the very past, long before the period known 
as historical. 

The archaeological pickax continually discovers 
more and more Neolithic and/or older settlements. 
These periods and especially the old ones, for which 
the archaeological knowledge is limited and covered 
by a mystery veil, belong in the Prehistoric and 
Mythological period. 

Yet, the archaeological findings, of the last de
cades pose a big question. More specifically, the 
question raised is, whether the so-called "myths" are 
really myths or they refer to historical events. 

During the early stages of human society, man's 
dependence on nature was more direct, whereas nat
ural phenomena of extreme intensity, such as floods, 
earthquakes, thunderstorms, volcanic eruptions, etc., 
playing a most crucial part in human's survival, were 
interpreted as divine actions and were connected 
with gods, semi-gods or as actions of men having 
supernatural powers. Such geological phenomena, 

known today under the sense of a myth and connect
ed in time with the period of the uppermost Pleis
tocene and/or that of Holocene, may and should be 
included in a specific category of geotopes, the 
geomythological geotopes or geomythotopes. 

In the Hellenic territory a great number of geomy
thological geotopes exists which, following their lo
calization, should be preserved, rendered and pro
pounded. Some of them even are unique and feature 
a specific, international interest, pertaining to the cli
matic and the paleogeographic changes of the Ho
locene. The geomythological as well as the geoar
cheological geotopes, except their strictly geological 
interest, are of general scientific and educational in
terest too. 

Historical 

The geomythological geotopes are of historical inter
est as they may provide information on the interpre
tation of the development of a civilization, a town or 
a race. 

I st example: The elimination of the Minyan civili
zation due to the destruction of the drainage and 
flood prevention works with which Minyans drained 
Kopais basin (about 130 km NW of Athens, Greece) 
already since the 16th century BC, is ascribed to Her
cules. Kopais basin, from the hydrological point of 
view is a closed system. The Minyans, in order to di
vert the water, had constructed a 27 km long canal, 
through which they funneled it to karstic caves of the 
basin margins and through them to the Euboean Gulf. 
The destruction of the works is rather connected with 
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an earthquake that occurred during the 13th or the 
12th century BC at the very seismotectonically ac
tive area of Kopais basin or Evoikos gulf. The earth
quake caused the collapse of the cave roof, through 
which the water of the lake Kopais was being divert
ed to Evoikos Gulf. 

2nd example: As it is well known, the entire pre
historic town of Santorini was destroyed after a vol
canic eruption, which happened at the 17th century 
BC. The eruption was so vigorous, that created a 
caldera and a thick layer of pumice, that covered the 
ancient settlement of Akrotiri. A detailed study of 
the census lato geological data undoubtedly facili
tates the comprehension of the consequences and, 
moreover, of the historical truth. 

Paleoclimatological 

Geomythological geotopes are of paleo-climatologi
cal intere t as they permit us to draw conclusions on 
the climatic conditions of the Holocene and aid the 
comprehen ion of the periodical climatic changes, a 
notion not yet adopted by the entirety of the interna
tional scientific community. 

Educational 

The geotopes are of educational interest too, as they 
contribute in the comprehension on human direct de-

pendence on natural phenomena and the physicogeo
graphical environment. Therefore, by proper promo
tion, the geomythological and the geoarcheological 
geotopes may contribute not only to the touristic de
velopment of a region, but also to the environmental 
awareness of its citizens. That is, a crucial presuppo
sition of the general politics for the protection of the 
environment and the expansion of the conception of 
sustainable development according to the basic phi
losophy of the well known Rio's AGENDA 21. 

Lerni Springs in Argolis, where Hercules, the fa
mous hero of the Greek Mythology, exterminated 
Lemaia Hydra is such a geomythological geotope. 

The springs of Lerna 
and the myth of Lernaia Hydra 

General 

A it is known, the myth of the extinguishing of Ler
naia Hydra, which is the 2nd labour of Hercules, ha 
a follows: 

A repulsive snake-formed beast named Lernaia 
Hydra u ed to live in the region of Argos, near the 
Lake Lerna. It had an enormous serpentine body 
(Fig. I), which was ending at several snaky tresses, 
with a head at each edge. 

Fig. I. Hercules and Iolaus while they are trying to extinguish Lemaia hydra 
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The beast's breath was poisonous and often Lerna
ia Hydra would spit out fire while, even asleep, it 
used to destroy everything in the valley, including 
crops, trees, animals and even people. 

The myth is obviously connected with disease 
such as malaria caused by the swamps. F. Pou
queville ( 1820) notes (p. 1 00) that " ... as the stinking 
exhalations from the swamps of Greece are proved to 
be fatal for all those who overnight there even for 
only twenty-four hours" while in one of his foot
notes, referring to the Greek swamps, he notes that 
" ... they emit unhealthy exhalations. The flowers as 
well as the fresh herb and the blooming trees grow
ing in these swamps, maskfatal poisons". Referring 
to the swamps of Greece in general and not especial
ly to Lerni, the writer says " .. . whole battalions of 
French soldiers died at the Covino's gorges, at Cor
fu. The fevers from which the soldiers were suffering 
resulted in their death after the third hit. And all 
rhose fevers that were continued, after having ha
rassing the ill for many years, they caused, in their 
majority, dropsy of the brain or decadence". That is 
why Hydra's breath was poisonous and the beast 
could destroy everything in the area including people 
... ( !) 

Evristheus, king of Mycenae, ordered Hercules to 
kill Hyd~a and release Argos from the beast's de
tructive presence. 

The myth of Hercules and Lernaia Hydra probably 
appeared at first on a Beotic clasp of the 8th centu
ryBC. 

Hercules 

Three men are involved in the myth: Hercules, Evris
rheus and /olaus. 

Hercules is the hero who dominates at the Greek • 
Mythology. He is the son of Zeus and Alkmini, wife 
of Amphitrion, the King of Thebes. 

The Myth 

Zeus fell in love with Alkmini and wanted to give 
birth with her to the most powerful and the bravest 
man among the mortals, in order to redeem people 
from suffering. Trying to seduce Alkmini, Zeus de
ceived her and by taking the figure of her husband 
Amphitrion, he spent a night with her, a night that 
actually lasted three nights. The birth of Hercules 
...-as the result of this union. 

When Alkmini was about to deliver her baby, Zeus 
boasted in front of the other gods that the child that 
Eileithia, the goddess of birth, was going to bear, 

YJu/d become the lord of the mortals. 
Hera, Zeus wife, in order to take revenge for her 

hsband's unfaithfulness, first forced Zeus to take an 
oaJh and then managed to provoke Alkmini to bear 
first on that day. Instead, the wife of Sthenelos, the 
king of Argos, gone birth her baby first. So, the son 

of Sthenelos, Evristheus, was born first that day. 
Hercules, due to the fact that was born second and 
because of the oath ofZeus, should serve Evristheus. 
Growing up, Hercules gained unique power and 
ability. After a lot of health problems due to Hera's 
hatred and following the suggestion of the Oracle at 
Delphi, Hercules returned to his forefathers' land, 
Tyrins (Argos) in order to truly serve Evristheus for 
12 years. Evristheus was that time the king ofTyrins 
and Argos and Hercules should accomplish 12 feats 
according to Evristheus' will. So, Hercules comes to 
Argo/is, not alone but with his nephew, lolaus. 

Hercules starts, as a local hero, from Beotia and 
Argolis but he expanded slowly to whole Mediterra
nean and far to the North until Central Europe. 

Hercules: 
Is not the personification of the destructive natural 

forces. 
Is not one of the monsters of theogony. 
Has not the power of a primitive creature. 

Instead, Hercules: 
Has a human feature. 
Is the exterminator of destructive monsters. 
Is the avenger for each injustice . 
Introduces culture and civilization as the savior of 

the humanity. 

Despite his features, with his intervention at Arg
olis, Hercules destroyed a whole race, the Minyans at 
Kopais. Nevertheless, it should be pointed out that, 
Hercules was born in Thebes and at that prehistoric 
time, there was great enmity between the people of 
Thebes and the Minyans who inhabited the neigh
bouring basin with their capital at Orchomenos. 

Additionally, Hercules: 
Should have had great hydraulic, hydrogeological 

and technicogeological knowledge. 
Has implemented several feats in relation with wa

ter, such as the taming of Acheloos River, the 
Stymphalia Birds, the Stables of Avghias, the Lerna
ia Hydra and others. 

Hydra and its heads number 

Hydra was a water snake with many heads (Fig. 1) 
that, according to the Greek mythology, is the daugh
ter of Typhoon and Echidna. 

Hydra used to crawl near Lake Lerna and would 
visit quite often the plain of Argos (east Peloponne
sus). The beast's den was built up on the hill, which 
consists of intensively karstified cretaceous lime
stones of the 0/onos - Pindos geotectonic unit. The 
den was next to the karstic spring Amymoni which, 
according to the myth, was shaded by a plane tree, 
exactly as it is today. 

Hercules, in order to force Hydra to exit from her 
den, aimed burning arrows at the den. 

Concerning the number of Hydra's heads, there 
are several views, such as the following: 
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On a reddish jug of 480-470 BC and on other rep
resentations too, Hydra is presented with 12 heads. 

According to Alkaios and Apollodoros, Hydra had 
9 heads. 

On clasps of the geometric period, Hydra is depict
ed with 5 or 6 heads. 

According to Symonides, Hydra had 50 heads. 
According to Euripides and Deodorus, Hydra had 

100 heads. 
Hydra is also reported as "myriokranos", "am

phikranos" and "polyaphchenos", adjectives show
ing the variety of legends on the number of heads 
("myriokranos" means with 1000 heads) and defi
nitely the frightful character of the beast. 

It is remarkable that, despite the numerous accep
tations on the number of Hydra's heads, one is well 
accepted that the middle head is immortal. 

Another interesting detail is the doubling of the 
heads, that is whenever a head was cut, two others 
would sprout on its position. Some other details are 
that in some representations, Hercules would con
front Hydra with a sword, a cudgel, and stones, while 
his nephew Iolaus cut the Hydra's heads with a sickle. 

Hydrogeological interpretation 
of the myth of Lernaia Hydra 

We do believe that almost the entity of the Greek 
mythology and consequently the roots of the Hellen
ic or Greek civilization are directly connected with 
the physicogeographical potential and the geoenvi
ronmental conditions of the Hellenic territory during 
the prehistoric era and more into account: 

The hydrogeological conditions of the time during 
which sea level rise was completed, and 

The hydraulic behaviour of the karstic springs of 
Lemi as well as that of Kefalari and of the submarine 
springs of Anavalos, south of Kiveri, especially dur
ing the last 18,000 years. 

Therefore, the myth of Hercules and Lemaia Hy
dra may be interpreted if the following are taken. 

The springs 

At the eastern margin of Argolis basin and more spe
cifically at the foot of the mountain, 3 major springs 
exist (Fig. 2). These springs have played a crucial 
part in the older and the later history of Greece. 

It is about: 
the karstic spring of Kefalari, 
the group of the karstic springs of Lemi and 
the group of submarine karstic springs of Kiveri 

(Aghios Georgios). 
All these springs are connected with the creta

ceous limestones of the Olonos - Pindos geotectonic 
unit that here consists a sub-unit known as the "Ark
adian nappe". 

104 

Spring Altitude: The present altitude is varying. 
Specifically, Kefalari springs are at 24 m above the 
present sea level, Lerni springs are at 0,50-1 m, while 
the group of Anavalos springs discharge under the 
present sea level, in a depth of -5m (Table I). 

Spring Yield. The sprmg yield is different and var
ies during the year, as naturally expected. Thus, in 
1965, the mean annual yield of Kefalari springs was = 80x1(f' m1/year, that of the main Lemi spring was 
= 60xJ(f' m3/year whereas that of Anavalos springs 
the discharge was = 1 OOxl (f' m1/year (Zervas, 1965). 

It should be noted that, though the mean annual 
discharge of Kefalari springs is higher than that of 
Lemi, the annual fluctuation is also very high, result
ing very often in a complete dry-up during summer 
and especially for a long period (Table I). In 1965 for 
example, the monthly variation of Kefalari springs 
discharge was 30%, while that of Lerni was just 6%. 

So, despite that the maximum discharge of Ke
falari during March 1965 was 5,45 m3/sec and that of 
Lerni was 2,29 m3/sec, during October of the same 
year the minimum discharge of Kefalari was 0,66 
m3/sec and of Lemi was 1,55 m3/sec. 

Based on these data, Kefalari spring is character
ized as a spring of "variable discharge" (Fig. 3) 
while that of Lerni as a spring of "constant dis
charge". This behaviour is in accordance with the 
regulative reserves of the hydrogeological basins of 
the springs, where it has been calculated (Zervas, 
1965) that the regulative reserves of Kefalari spring 
correspond to the 57% of the annual discharge, while 
that of Lerni corresponds to the 190%. 

On the contrary, at Lerni springs, despite the fact 
that the mean annual discharge is relatively lower 
than the Kefalari one, dry up of the central spring 
has never been observed. 

This is probably the way to interpret the myth that 
says, " ... the middle head is immortal ... ", whereas 
the number of the smaller springs, which discharged 
at both sides of the main one, differs too. 

At Lerni, the discharge obviously before the con
struction of drillings, occurred at several points. 

The number of the points, from where the karstic 
aquifer is being discharged, as it is expected, differs 
and it depends on: 

The season of the year. Specifically during winter, 
water comes out from several points and in the case 
of Lerni mostly north of the central spring. 

The mean annual height of the atmospheric pre
cipitation at the regional area and in this case at the 
mountainous areas of Arkadia and Korinthia prov
inces, and 

The Length of the climatic period, that is if the wet 
period is of I 00, 500 or even 2.000 years (Paepe et a!., 
1984, 1989, Paepe 1986, Jinsun et at., 1993). 

It is well known that during Holocene and more 
precisely during the years around 6.500 and 4.500 
BP, the climate was more favourable, known as "eli-
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Fig. 2. Geological Sketch-map of the area around the Lerni Spring 
I - Quaternary; Olones-Pindos series: 2 - limestones; Tripolis series: 5 - limestones, dolomites; 6 - flysch, 7 - metamorphosed base
ment. 
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Table I 

Discharge 
Springs Altitude nrlyear 

(1965) 

Kefalari +24 80xH1 

Lemi 0.50-1 m 60xl()6 

Kiveri -5 m 100xl06 
(Agios 
Georgios) 

matic optimum", characterized by a higher mean an
nual temperature and more precipitation. Therefore, 
during this prehistoric period, the number of the ex
isting springs should have been greater than that of 
the present. 

In this way, one may interpret the existing differ
ences in the numbers of the heads of Hydra, since it 
may be accepted that each head represents a point of 
discharge of the karstic aquifer and, as it is men
tioned before, this number differs according to the 
climatic conditions existing during a longer or a 
shorter period. 

Ketblari 

Monthly Regulating Maximum 
fluctation reserves discharge 

(%yearly (March 1965) 
Discharge) 

30% 57% 5.45 m'lsec 
variable 
discharge 
6% 190% 2.29 m'lsec 
constant 
discharge 
? ? ? 

The regeneration of Hydra's heads 

The myth informs us on two more actions of Her
cules and on a property of Hydra, that is: 

Hercules faced Hydra with a sword, a cudgel or 
stones, and 

When a head was cut, two new ones were sprout. 
Hercules trying to exterminate Lemaia Hydra 

started by cutting off one by one the heads of the 
beast. The cutting off of a head which, in our opin
ion, represents a spring's discharge at a karstic point, 
may become possible by the placement of a rock at 

m3/s I 
I \ 

4 - t. 

I 
3 ~ 

~ 

1962 1963 

Fig. 3. Discharge fluctuations of Kefalari and Lemi Springs for the years 1962 and 1963 (after Leibundgut et al., 1986) 
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the point where the water discharges, in order to pre
vent its exit or to force it to follow another route. 

It is well known, among the geologists, that, the 
karstified rock body, through which the underground 
water circulates on its way to the spring, represents a 
complex system of underground intercommunicating 
erosion pipes or ducts. In addition, the tectonic dis
continuities, even if the karstification is not very in
tense, are also permeable. 

So, if someone places a rock in front of the mouth 
of a karstic spring, the water will come out from two 
other or more points. That is the reason why in the 
place of a Hydra's head that Hercules cut, two others 
would sprout. 

Concerning the sword, Hercules should have been 
using it in order to cut the thick vegetation that usu
ally exists in front of a spring (swamp). 

Despite the fact that enormous quantities of water 
are pumped today by several drillings constructed in 
the area, it is easy to perceive that the vegetation of 
this hydrobiotope of prehistoric Lemi should have 
been quite rich, and without fail richer than that of 
the present period, especially during the period of the 
climatic optimum, when the sea level was higher 
than today . 

Hercules probably used the cudgel in order to 
smash the limestones at the spring mouth and Iolaus 
used the sickle in order to cut the vegetation and fa
cilitate Hercules' way to the karstic springs, that is 
the heads or the central head. 

Conclusions 

According to what has been described, it is obvious 
that the myth of Lemaia Hydra and Hercules is di
rectly connected with the prehistoric and the present 
day hydrogeological conditions of Lerni springs. 

The inclusion of Lerni spring in the international 
catalogue of geomythological geotopes is, in our 
opinion, absolutely necessary and of crucial impor
tance. The intensive increase of cultivation in this 
fertile land of our planet, without applying in paral
lel certain strategies and measures for water use and 
exploitation, forces us to accept that, it is not far the 
time when the spring will dry up and the immortal 
central head of Hydra will die. 

Hercules, some thousands' years ago and despite 
Hera's orders, could not manage to destroy the cen
tral head of Hydra. If we can achieve it today, we will 
confirm the aspect that we have not yet become con
scious of the notion of sustainable development, sac
rificing slowly but steadily at the altar of the sup
posed development, all these connected with the 
roots not only of our history, but with the roots of 
what is called European or Western civilization. 
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