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SubmergedSites and Geomorphological Changes in the Coastal Zone of Alexandria
Emad Khalil

rchaeological
research in the coastal
zone of Alexandria during the past
decade has revealed a number of submerged sites (Fig. I). Some of them have been
subject to meticulous investigation, while others are yet to be studied utilizing multidisciplinary scientific approaches.

A

However, the most noticeable fact about those
sites is that they are quite variable in their dates,
as well as in their depths. This actually raises a
question about the causes of their submergence, and the connection between the submerged sites and the geomorphic characteristics of the Alexandrian coastal zone. Therefore,
this paper will be looking at those sites and
some of their attributes hoping to shed some
light on the factors that contributed to their
submergence in relation to the changes that
occurred in the coastline of Alexandria during
the past two millennia.
I. The Eastern Harbour
Since 1996 the Eastern Harbour of Alexandria
has been subject to an archaeological geophysical survey conducted by the Institut Europeen
d'Archeologie
Sous-Marine (IEASM), which
resulted in the discovery of the remains and
foundations of a number of Hellenistic basins,
mostly associated with the Ptolemaic royal
quarters (Fig. 2) (Goddio et al. 1998).
The submerged remains were mainly of a number of quays and jetties constructed of limestone blocks and lime mortar, and in some cases
were paved with limestone imbedded in mortar
(De Graauw 1998). However, it was noticeable
that none of the submerged structures had any
Roman features or could be identified as
Roman. On the other hand, a number of Roman
statues and blocks carrying Latin inscriptions
were found on the site, which could indicate
that the site was actually still exposed and in use

ENAAIA VIII· 2004

at least until the middle of the 3rd century AD
(Bernand 1998; Goddio and Yoyotte 1998).
The submerged harbour structures were at
maximum depth of 6.8 meters, and by taking
into account a likely minimum height of 1-2 m
above sea level for these structures in antiquity, it can be concluded that the combined sealevel rise/subsidence effect has resulted in a
down thrust movement of at least 8 m during
the past 1700 years. Nevertheless, the estimated rate of relative sea-level rise for the Alexandria coastal region is 10 - 20 cm/century (Frihy
et al. 1996, 285; Warne and Stanley I993a, 46),
which could account only for 1.7 m - 3.4 m of
the 8 m change. Therefore, another force must
have been involved in the submergence of this
specific area. It is generally accepted that an
earthquake, which struck the northern Egyptian
coast in 365 AD, was the major cause for the
submergence of this area, especially since it was
accompanied by a destructive tsunami, which
resulted in considerable damage to the coastal
maritime installations in Alexandria (Goddio
1998). In other words, this area was subject to
a combination of factors, which lead to its final
fate but the seismic activity played the major
role.
2. The Pharos Area
Between 1994 and 1998 the Centre d' Etudes
Alexandrines (CEA) conducted an underwater
survey of the site of the ancient Pharos Lighthouse, which was erected at the entrance of the
city's Eastern Harbour in the 3rd century BC,
and was destroyed by the 14th century AD as a
result of a number of earthquakes affecting the
area.
The survey revealed over 3000 scattered pieces
of architectural elements at the depth of 6-8 m.
They were mainly comprised of granite blocks,
columns, column bases and capitals, as well as a
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Figure I: The city of Alexandria and the location of the submerged sites mentioned in the text: 1- The Eastern Harbour, 1The Pharos site, 3- The Diamond rock, 4- Abukir Bay. (Modified from the Alexandria Preservation Trust, Historic Map Series
# I).
number of sphinxes and statues, mostly from
the Hellenistic period associated with the lighthouse complex (Fig. 3) (Empereur
1998, 64-80,
2000). However, the Arabic traveller AI-Makrizi
(1364-1442, 159), narrated that in 12th century
AD, Quraja,
the governor
of Alexandria
appointed by the Sultan Salah AI-Din, in order
to protect Alexandria from any possible attack
by the Crusaders,
brought down 400 granite
columns from the remains of the Serapion of
the city and deposited them into the entrance
of the Eastern Harbour,
to prevent the enemies' ships from entering (AI-Shayyal 1966, 645). The columns, which were deposited,
are
probably among the remains located during the
CEA survey, since many of the columns that
were found on the site were just broken shafts
without bases or capitals (Fig. 4).
Since Quraja's objective was to prevent warships from entering the harbour basin, he must
have deposited the columns so that they would
reach a depth shallower
than the draught of
Crusader warships.
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Generally there are two types of Crusader warships, the oared war galleys such as the 'galeae'
and 'taridae', and round hulled sailing ships such
as the 'naves' and 'salandria'. The draught from
keel to waterline for the Crusader war galleys
was about 1.3 m (Pryor 2000, I 14). So if the
columns deposited at the entrance of the harbour were meant to block Crusader ships from
entering, they probably had to be at a depth of
about I m from the water surface; nevertheless,
the majority of <columns were located at 6-8 m
deep, so there has been a relative sea-level rise
of about 5-7 m during the past nine centuries,
that is 55-77 cm/century;
more than four times
the estimated
average for Alexandria
coastal
zone.
The Pharos site is more than 15 km west of
where
the westernmost
Nile branch,
the
Canopic Branch, used to be (Fig. 5). On the
other hand, the longshore drift along the coast
of Alexandria
runs in an eastwards
direction,
therefore,
it constantly shifted to the east much
of the silt that was deposited
from the Nile
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branches into the sea during the river's annual
flood cycle (Butzer 1976, 18; Sestini 1989, 1023; Said 1993, 96-7). Therefore,
the shores of
western Alexandria were not affected by Nile
silt, which minimized the compaction and subsidence effect in the area. Accordingly, the vertical movement
of seabed witnessed
on the
Pharos site was accelerated
mainly by seismic
activities.
3. The Diamond

Rock

More evidence from a nearby site at this part of
the coast can be seen in what is known as the
Diamond Rock, which is part of the limestone
reef that extended
north east of the Pharos
peninsula and runs parallel to the shoreline.
An
illustration of the Diamond Rock, which dates
to 1798 during the Napoleonic
campaign on
Egypt, shows that the rock then was about 4 m
above sea level, judging from the relative size of
the human figures standing on it (Fig. 6) (Frost
2000, 64). At present, the peak of the Diamond
Rock is just below water level, as waves can be
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seen breaking on it even in moderate
weather
(Fig. 7). So, this area has been subject to at least
4 m of vertical movement
during the past 200
years, which is 2 m/century;
a number that
exceeds any pervious estimated rates of relative
sea-level rise.
4. Abukir

Bay

If we look at evidence from the eastern limit of
the Alexandria coastline, and particularly from
Abukir BaYI where the pre-Hellenistic
towns of
Can opus and Herakleion were located, we can
see how much the specific nature of the site
and its proximity to a defunct Nile mouth affected its fate (Fig. 8).
Until the foundation
of Alexandria,
Canopus
and Herakleion served as a gateway to the ports
and towns of the Nile Delta and particularly to
the Greek
settlement
of Naucratis
on the
Canopic branch; the western most Nile branch
and the main entrance to Egypt. The foundation
of Can opus and Herakleion was associated with
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Figure 1: The submerged Hellenistic foundations discovered in the Eastern Harbour of Alexandria. (After Goddio 1000: 60,
Fig. I)
the foundation
of Naucratis
as a major commercial centre during the reign of Psammetichus
I (664-610
BC) (Grimal
1997, 363; Bernand
2000). Greek merchant vessels were obliged to
enter Egypt though the Canopic mouth, and
submit to the local authorities
at Canopus and
Herakleion
to pay duties on imported
goods,
before reaching Naucratis (EI-Abbadi 1990, 334). After the foundation of Alexandria the cities
lost their strategic and economic importance.
Starting from 1997, the IEASM (Yoyotte 2002),
has been conducting
a survey of Abukir Bay
where the remains of Canopus and Herakleion
were discovered
(Fig. 9). From the very few
articles that have been published so far about
the project, we can deduce that Can opus and
Herakleion
were found about 1.6 km and 5.6
km respectively, offshore the current coastline
east of Abukir headland, covering an area of
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more than 120 hectares
(Mayell 2000). The
ruins included harbour installations, architectural elements,
remains of buildings as well as a
number
of shipwrecks.
The archaeological
material generally ranges in date from the late
Pharaonic up to early Islamic periods (Goddio
200 I), while the majority
of artefacts
date
between the 4th to Ist centuries BC. The ruins
of the ancient towns were found under a thick
layer of sediment, 6-7 m below present sea level
(Mayell 200 I; Stanley et al. 200 I; Yoyotte 2002).
However,
it has been suggested
that these
remains were originally as much as 3 m above
sea level (Warne and Stanley 1993a, 48), which
means that they have been submerged about 910 m from their original level.
The submergence
of these towns, according to
Stanley et al. (200 I), occurred by the middle of
the 8th century AD; however, they could have
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Figure 3: The Pharos site revealed more than 3000 submerged constructional elements. (After Empereur 1998: 64)

been abandoned
before that date. Textual and
archaeological
evidence indicate that the towns
were inhabited to a certain extent until the end
of the Byzantine period in the 7th century AD
(Goddio 200 I). Nevertheless,
during the survey, a few 8th century Islamic coins were discovered in Herakleion, and their existence was
interpreted
as evidence for the towns surviving
past the 7th and into the 8th century (Reed
2000). However, these coins were found out of
context and they could bear no connection with
the abandonment
or the submergence
of the
towns. It is obvious that the towns lost their
prosperity
with the foundation
of Alexandria;
however;
their abandonment
was probably
associated with the silting of the Canopic branch
in the 5th century AD.

Figure 4: A diver examining some of the columns' shafts
discovered at the Pharos site. (After La Riche 1996: 36).
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Figure S: The Nile branches based on Strabo's description. Note the Canopic Branch that debouched east of Alexandria and
the direction of the longshore drift. (Modified from Said 1981: 81)

Once more, the cause behind these sites submergence was debated among scholars. The
average rate estimated for relative sea-level rise
in the Alexandria region is 10-20 cm/century
(Frihy et al. 1996, 285), which would not
account for a submergence of 9-10 m in about
1250 years. The submergence must therefore
have involved processes other than a progressive rising of sea level and isostatic lowering
level of land (Stanley et al. 200 I). Therefore,
two other factors were suggested as major
causes for the destruction of these towns.
As mentioned earlier, Canopus and Herakleion
were situated at the Canopic mouth of the Nile.
Therefore, they were built mainly on a foundation of Nile silt and mud, which was deposited
during the river's annual flood cycle. Sediments
carried by the Canopic branch and deposited
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east of Alexandria suffered from compaction
and subsided under its own weight. Moreover,
the muddy unstable ground underneath the
towns and their proximity to the Nile mouth
made them vulnerable to the effects of heavy
Nile floods. The heavy weight of floodwater,
eventually, caused the soil to liquefy and the
towns to collapse (Mayell 200 I; Reed 2000).
Therefore Warne & Stanley (1993b, 718) suggest a relatively high subsidence rate of -22cm/
century for Can opus area. Stanley (et al. 200 I)
also proposes that a significant Nile flood that
occurred in 741 or 742 AD was responsible for
the sudden collapse of the towns. The flood
triggered the sinking of the towns by turning
the ground beneath them into liquefied mud.
On the other hand, another theory on the
destruction of the towns has been put forward
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Figure6: An 18th century illustration of the Diamond Rock.
(After Neret 1997: 663 Fig. 3)

Figure 7: Waves breaking at the submerged Diamond Rock
as seen at present. (Photo by: Sherief Shaban).

t

[

Figure 8: A map ofAbukir Bay based on a survey
conducted in the 1930s by Prince Omar Tusson,
showing the course of the defunct Canopic Branch
of the Nile (Courtesy the Underwater Archaeology
Department - Egypt).
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Canopus
Eastern
Canopus

Canopic
Mouth of
the Nile
Figure 9: A map of Abukir Bay based on the
survey conducted by the lEASH showing the
location of the towns of Canopus and Herakleion. (Courtesy the Underwater Archaeology
Department - Egypt).
by Said (2002), who disapproves
that the Nile
flood could be responsible
for their submergence, simply because Nile flood could not have
reached Abukir Bay by the 7th or 8th century,
as the Canopic mouth had silted up more than
200 years earlier. Also there was no mentioning in historical sources of the 8th century, neither for the sudden destruction
of these towns,
nor for an exceptionally
high and devastating
flood (Said 2002). Instead he believes that the
destruction
occurred
as a result of repetitive
earthquakes.
The disappearance
of Canopus and Herakleion
probably happened gradually and was not a sudden event. Also it is acceptable that the towns,
being standing on unstable soft ground, were
more vulnerable to cornpaction and subsidence
of soil. However, the tectonic activity and earthquakes that affected the coast of Alexandria
could have resulted in the gradual subsidence of
the towns. Moreover, a devastating earthquake
that hit Alexandria in April of 769 AD (Taher
1998) may have contributed
to their final
destruction.
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During the survey of Herakleion,
at least 50
columns 6 m tall and 0.75 m in diameter were
found lying in a northeast
southwest
direction
(Davis 200 I), which could be an evidence for a
tsunami resulting from an earthquake.
A tsunami also could have caused the liquefaction of
soil, and accelerate subsidence.
Accordingly, we can conclude that the eustatic
sea-level rise in Alexandria was not the only or
even the main factor affecting the coastal zone,
since the relative displacement
was generally
higher than the eustatic rise of sea level. On the
other hand, the tectonic factor has played the
predominant
role in modifying the coastal zone,
resulting in a down thrust movement of 5-6 m
in certain areas (Sestini 1989;. Warne and Stanley 1993a, 48-9). However, the eastern part of
the coast, close to the defunct and present Nile
mouths, has thicker layers of deposited
sediments, which made it more susceptible to compaction and liquefaction, resulting in higher subsidence rates; an important factor contributing
to relative
sea-level
changes
in the region
(Church et al. 200 I, 659).
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In fact, various factors have combined and influenced each site at different degrees, according
to the specific nature of each site i.e. its type,
location as well as its physical and morphological characteristics. Therefore, looking closely at
the previous examples of submerged sites off
the coast of Alexandria enables us to examine
and differentiate between the different coastal
processes and their various effects on the
coastal zone. Moreover, it demonstrates that
there is no simple correlation between the age
of a certain site and the depth it was found at.

In other words, depth can never be taken for
granted as a method of dating, since different
parts of the same coast had submerged at different times and rates and for different reasons.
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