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Chapter 1

Geoar?haeological Exploration of Submerged Sites
in Aboukir Bay, Egypt: an Introduction

Jean-Daniel Stanley

1 Geology j )
archaeo?gg;]tegrated with submarine

Geoar ;
with i?st‘i,?.logy is the integration of earth sciences
Natura] Conc}{l't-and archaeology to interpret past
sively, anq ":110“5 more precisely and comprehen-
Pogenic accti‘i(-)t to _1dent1fy the effects of anthro-
OCCupation, It sll y in areas of earlier human
and archaeolo ,"OUId be recognised that geologists
'egards sjte exg]lStS ]?a\-’e key_ common interests as
€ Critical ele P Oraflon: Of significance to both are
Struct, in thremer.lts of time and the ability to recon-
anthrop genice I?Imens%o_ns, past sedimentary and
U8, to inter ally modified stratigraphic horizons.
Settlement & P ;et Cohe_rently the history of an early
Water, o, nd especially one positioned under-
Coordinate t}g 9910815:(5 and archaeologists need to
Ormey site 1el.r ?ffOrts closely, so as to place a
Possible ang :1t‘hln as precise a time-frame as
efore, dyrin efine the site’s environmental §etting

O envisj g and following human occupation.

of a site g on how one would interpret the history
north-WEStw Submerged in Aboukir Bay, off Egypt's
tbe approa Nile delta, it might be useful to consider
City such ch one could take to study, say, a modern
Vulnerab]eeis Venice, New Orleans or any other
€nce and OW_IYinS coastal centre prone to subsi-
Presen;. 4 Potentially serious damage. What would
Such 4 mogl SChQIarS need to record in detail about
Y disap, ern city if they foresaw that it might 0n¢
th arleg Lyi?ﬁr be_ne’cllth the waves? In such a case
b € past’ ¢ Omes prmC_lple of ‘the present as the key to
rie 2 Powerfy] S to mind and almost certainly would
"e so0loo approach for the merging of subma-
®ffort, Ogical and archaeological exploration
iilzd: easr;er inWould inevitably focus on describing
Y's disq g prominent features before such a
“oulq Pro Ppearance, and especially those that
*Cholapg atVIde valuable historical information for
a later date. Thus, application of Lyell’s

Prine;

Ciple
h + 3s well as its reverse (the past as key to
under-

g were

line " rESeNt), ; ;
S the m);lls the basis of our approach and
nner in which investigation

conducted and summarised in the following four
chapters prepared for this monograph.

Any comprehensive study, whether by geologist
or archaeologist, of a now submerged site of Greek
to Byzantine age in Aboukir Bay must, at the very
least, attempt to resolve the following key
questions: (1) Where were the sites originally

ositioned relative to the Egyptian coast and the
Nile branch between the sixth century BC and the
eighth century AD, and why were they placed in
such a location? (2) What was the nature of the
geography and environmental conditions of the site
localities while subaerially exposed, and how did
these change through time? (3) What processes,
natural and anthropogenic, were responsible for
their destruction and subsidence beneath the

waves?

The geoarchaeological technology necessary to
resolve these questions in the study area includes:
geographical analyses of the bay-floor and once
contiguous land areas, by means of closely spaced
bathymetric SUrveys geological study, primarily by
means of petrological, biofacies an_d geochemical
investigations of closely spaced radiocarbon-dated
core sections; and geophysical surveys using tight-
grid high—resolution sub-bottom seismic, side-scan
sonar, and nuclear resonance magnetometer

technologies. )
We have found it necessary, where possible, to
roceed with the following steps to study
Heracleion and East Canopus, now submerged in

the western part of the bay:

samples and any

ribing core
hen and where

to determine W
tially emplaced.

Dating and desc
artefacts therein,
the sites Were ini
settlement and
submergence,
ental setting.

Detailing the geography of each
its surroundings prior  t0
focusing on the overall envqonm set
s Comprehensive analys1§ wquld include
he following features and

inal coastline, river mouth

processes: the orig
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and channels; elevation
sga level; coastal
(tides, winds, curre

of the settlement above

oc i
mse:;ggraphlc parameters
waves); normal and

sh ment
* Rec 1€ settlements wereSI;]letrczii ¢
Ognisi ace
Powerfy, Mg even |og
| Natura] gy > Tequent b
qf akes; tSuﬂa . eVentS (Nlle f ut more
\effects that oy ) and gl anoods’ earth-
p?mérabl low- aVe_j indllCe dest rOPOgemc
i?:flhces d athn Site ld ruCtIOn Of a
nout fon cement of Constructiop
Sedimeng p, S on large structy
Se res
eVentyg] fail d Unconspliqg
Mea ure , O ind: ated
Sures djq chi it o irettly,
prOtect t P 0 What + 1O
e t Plotectiye
Te they off Ment (jf ,
. ' to whg ny) to
easyr extent
mVOltr:d the date ,
0 i ’ f()r the c ’ nd ho
ttes in ple 8 a perj
AbDu te S p riod Was
I“itiatio B gence of th
xplo col] arc
the ratlF)n te ab()ratio PI‘ESented
Stithg, " and N bety,q ere
Progry Nian | Specia| the | as
0dd; m p Stityg ! affi]; EASM
1o, ¢ preciat. lon’ 1 lateq )
Marine InStitu 10n jg ¢ 8eoarc With
fo]‘ N (IE SM ; t Uropg XpreSSQd aE()[O
gat‘the]r encoy) M Parig oo 4'A t Frapy
10 Ury S an, Ic é ) an
S ent ang he | Ogle SOUS~
2 Am Port “UNdation
r
The }Ong the my, Nvesti-
Chy Of fin
f()rm ¢ pt@rs in he lndlngs
prOCQS g@ graphy]]ls O]Ume
) 1 :
dden " hy dentify gy oUS 0N
€ Na n " 1
tW(:sured by 2865 Actiy it . ff@cts Onlng the
Site v Sepg 27 AN n
Pm\,i(ljt:s in the()lutmpl nfot lem@ntd recoy ihz;ma]
1 eS| St ’]U S t
bt\t’&ml O;nf(nmah(lj y ar@ca Na ang bl(l:;)Strat i;e
C : S
tlmlsb :V NN are n 4 hOSt it ,.(,SearameS at th;
w b 1gﬂy u()f ifferJW to date
- ]‘] )
m a"is@d t lt()p]cSJ
M text

3 Palaesogeographic interpretation of
settlement areas

In : .
terpretation of the diverse environments where

sites were positioned is based on recently acquire
bath)_’metric, sediment core and geophysical data.
Detailed lithological logs for the 21 vibracores
}iOIIected at the two sites, and areas between them,
ir?\(i_(;rbeen C_Ompiled. Among the features '1'ec0rd€
StructE Sc“chons are: ]lithology, colour, Sed”jﬂe”ta?:
" res and markings made by organisms !
safn Slediment, -positinns of radiocarb K
ples, organic-rich layers such as peat, 10
fragments and human artefacts. The latter include
potsherds and rock material ([ithoclasts) of Greeks
Romgn and Byzantine to modern origin i
idd]tlonf radiocarbon dates, both conveﬂti(mal aﬂe
MS, were successfully obtained for 58 cot
samples to establish coherent time-Stfatingh[C
baselines.
Aboukir Bay was formed by subsi
ggigontory of the Nile’s Canopic
opment of the younger Rosetta br o
gmmo.“t"fy to the east. Prior to submerge” {tor}’
anopic branch had formed a larg® profo. ro
f’i};ea ~55 km2) in what is now the western S
theOuklr .Bay. The promontory extende W f the
Mediterranean (~14 km to
Sargzeﬂt coast), and much of the e
was transported northward an 0
east of this feature. Coastal eettlemeﬂts were | of
where o ) e ioher
sand possible, on somewhat hlg 5
metrezear the coast, which, at the timeé s that
occur ZbOVElsea level. Marked C-Oa upan a
lar lre during the period of site ch Fre ive 5
gely the result of interaction © pro& nt ned’”
conCUrrel

on-date

dence ©f the
h an

level] v
e
h I'tise and land subsidence, an oast?
re sediment erosion by wWave? a
CUrrentS' tor take
Our est . i this 5€° is€
estimates of sea level 115€ in t static : t
3 us . aent

plus account the role of world-wic€ 1 gedll g
com local effects of land lower"& naly
indicpactlon and isostatic dePreSSlTI-: 18
ate ; o i thif
ranged that relative sea level 1is€ 1 = pout 205
d ged to >1.0 mm/yr, or more than & gpdl
Uring the . yu -l ’180103—‘;1(3‘1 1?5“!
also sh past 2500 years. ArChe=" , .4 at sub”” of
tially ow that the sites totally substc con
th y- the same period of time, 1.€- ne © )
© el h I ! ]ﬁ[g
ffg th century AD.
ile ;]Lts of Changing coasta
imPOrto()dS and neotectonics
_an() 'ant shlﬂ}n in g(_)ugl‘(]]_’)hica
ave }:lc channel mouth. Studies by
chann uggested that major flow M 4 fifth &
B )Tt-] ended prior to about the thire ord ¢hd’ E\,gl
()r\;\/ -;L“ SLEI'\:(.),HI on the other hant ‘L;:h 'y 5(/
Probably Jasted until the renth €€

| Ph

508
pe riodic?

€
Pr ~ ‘[['lL,Pl

Introduction

after that ti i

Continuce ;tzme, Nile water, albeit much diminished,

Nile dor to PEIS.S across this north-west sector of the

o fc margin, as recorded by mapping of relict
of the Canopic channel.

3.1 Subsidence mechanisms

Sett o
1andli,r§f£§’f’ tl?ngm_a“y positioned at, or just
since they “:ereelf O-Eibts were partlculfﬂ.rly vulnerable
water-saturated ~u;-t on a soft, Ph}fSlC'allylLmstaPle,
metres aboye S-be'l; iment substrate lying just a few
fossil (fora mim?j‘ evel. The molluscan and micro-
serve gag Sens'u'.a,' ostracod) fauna in core sections
changes at site {“\ e markers of environmental
Mation o SUbSizcahtleS, anc! provide useful infor-
Which the twg e of ‘sedu"nent supstrates upon
Istinct faur] a,n‘?}el“-lt 51&?5 were or1ginally built.
efine the tincqi \Ta”ahons_ in the dated cores help
Molluscan hul'lg, Bl Subs_tdence. I.’oorlly presel"ved
Microfogsilg ;e;\a af_‘SOUated \*\’lt.h u-on-stam_ed
agoona| sediﬂ‘:‘Ote sudden lowering of brackish
Marine water tsnt settings beneath fully saline
€arlier at Her, IL'ICh damaging events occurred
Fore litholg acleion than at East Canopus. Both
C_’wering Caugs};dand faunal investigations record
SIVe processe by long-term gradual and progres
COupleq Withs (sea 1'evcl rise, land submergence)
Estructiye e’a series of episodic sudden and
Surges, earth vents (such as Nile floods, storm
Integratio quakes and tsunamis).
5€ologicy 2 of the faunal record in cores with
€dding, evic;"d@nce (disturbed and slumped
COres) ang ence of liquefaction phenomena In
Offse strat geophysical survey data (diapirs, faults,
e‘./idemcec f(a) on seismic profiles) provides powerful
ISaPPeara; ?br“Pt subsidence events that led to
“Ngineerip, ce of the two settlements. Moreover
Water‘satug properties of the rapidly dL’POSitEdr
Ated ¢ an;ated Nile sediment that had accumt-
Ndicate ’fhatnfar the mouth of the Canopic branch
- d rneaSur;]te Sutl’strates were prone to fallurf.
¢ and ge ments indicate that gradual eustatic
?CCOLmted Olﬁressmn of land alone would have
b 58 thap ha]fy for submergence of less than 3m,or
WY-~flooy Of_tOtal site lowering depths on the
Brady, f“ which they now lie. The result of
=7 @lowL resulted in a total lowering of sites
offe Cdimentay P"L’.SE‘I*lt mean sea 1e\-’el:
ha et qeddinyy_St!uctures, such as dl_stu
ahcdt high Ni]tl Fl|n the dated core sections
faip, PeThaps p oods were among the 1m
Ure i .‘m?t frequent, triggers of‘ sed ;
ter t:i\rl\b. ?lvubstantiated by examination ©
or e r level data collected for t

al

rbed and
indicate
portanb
diment

hat time

Xample, archaeological artefacts such

(‘Ht rec .
ecent coins recovered at East &

anopus

(o5

are dated before the particularly high flood
documented in 741 (or 742) AD. However, this is not
the case for Heracleion where an Islamic coin (785
AD) was found in a context of other artefacts of the
7th-8th century AD.

Although the importance of high Nile floods is
asised, it is recognised that sudden loading
ment failure by storm surges,
and tsunamis also occurred

periodically. It is probable that some substrate
failure was also caused by weighting (loading)
effects resulting from human activity. For example,
acement of large and heavy walls and temples
a soft sediment substrate probably

accounted for some collapse. It is of note that
comparable mass-failure  phenomena  in
Alexandria’s western harbour were recorded by
s less than a century ago as a result of
construction projects. This
dden substrate subsidence of
ars to be a useful modern
ast anthro-

emph
and triggering of sedi

earthquake tremors

empl
directly on

engineer
triggering by port

activity, leading to st
as much as 3-5 m, appe
analogue with which to interpret some p

pogenic failure events.

4 Questions remain, studies continue

carth scientists provide
ary geoarchaeological
st marine archaeologists refine the
Aboukir Bay. Yet it is recognised
ns are but a beginning. Listed
at warrant additional consid-
loration and analysis,

The findings obtained by
baselines and a prelimin

new
framework to assi
history of sites in
that these contributio
here are some topics th
eration, require further exp
and are the object of on-going research.

¢ once subaerially exposed Canopic

bay-floor surface.
oW measured, when, why, by
fast did this transformation to a
t can submergence and bay-
d to geologically recent

Transformation of th

delta platfori intoa

More precisely than n

how much and how
bay occur? To what exten

i late
floor formation be relate )
tectonic chifts of the Pleistocene coastal limestone

g P i ( ['lCiEI'lt Ce nof )US)
[1.(1 (S kL rk"lr ex OSEC] at AbOle ria a (
d V\(/lli!(:h( ) ly‘, ut IdEI lI'eS I |{i ocene d
an ’ i Se( iment

the bay Prope'’ d shifts of this carbonate
substrate involve stretching, down-
d offset of the basement in a north-east
altematively, has lowering of the Pay-

d by shifts and stlructurall readl];u;t;
ents at much greater depths within the thick (=500

i i ary strata?
Jyin sedimentary stra
sequence of underlying

in
cemented

powing an
direction? Or
floor been cause

m
m)

. the thick

’m'tqurmkvs. o
ats withi
nce

nd readjustmet
e-Fleiqtocene sedimentary seque
piqodic intermediate and

oximity of the bay?

Role of ¢
Have shifts @
underlying pr istoce
been I:esponsible for (—.k]q el
shallow—depth carthquakes M E
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To what extent_were some of these neotectonic
events responsible - for damage to the now
submerged sites during the past three millennja?
Significance of Nile floods,

I‘i‘l what manner and ho
a

7 high Nile floode W frequently did unusy-

cod from earthquake and

oWer Nile dejgy - oot and Submergence of {0
Cause latery) shifts of the

. ds

midlcl)l:lfa recbe;;’bll?s:ﬁeme of settlements in

st g ilenmiu ey Tt (carly
Sites g ® fuvig) channg]y ©) was the Canopic 2
easty d as ~ "Yere other establisheq
Mile ™4 acrogg the ¢ lalmplc channe] m; )
discol‘l::r s0, wi\za Plain during thgre;'ted
Telatiye to thSe lements rfw ul ese yet-to-lbrSt
accum ult eandem C()ap Obably e positi €-
Pro OnS wegt tline ang g ‘Oned

MOntopy of the Damiett ick seq iment

Ney A ranch ang jis

Methgy,
floor gy > Wnd t
d ap Chi
ielt“ Plain, “done Ca & b fine better the by
or amy) N the logyey N

and other satellite
s such as thoge
Canopi¢
aterally
t canals

Topography Mission (SRTM) ar
systems serve to discover new site te
that may have been abandoned when t p
channel shifted periodically and migra ceierl
across the delta plain? Can traces Of’?]nntiﬁe 4 an
(some perhaps pre-Ptolemaic) be 1de

. e
istry
) at oxtent can geochem
delineated? To what extent chti%ity in the st y

applied to detect early human ¢ oollution an
area, including evidence of palaeop
effects of metallurgy? '

od inn Aboukir Bay along the

Applying findines obtaine . sites
pplying finding . ancient Site

exploration and mapping of ol
Nile delta margin.

To what extent are the timing “f‘d P the bay ther
sible for submergence and burial ;Sration 0
able for ongoing and new exp , the
ancient settlements elsewhere alort‘é’r '
Would such findings serve bt‘t"’ harb© atio"
submerged sites in the A"‘xand”‘new in rmd1 as
Tel Tennis and Pelusium? What'c activi i
can be obtained on Pl‘ﬁ"Ptolcm?:d in Alexi‘/ide
the early part of the Latc Pcnf,tt]emente e -
eastern harbour, and even older b;st ear !
found at the Mediba site to the e i

on
resp”,
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o5 W
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Unanswered questions pertal
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Chapter 2

Nile Delta Geography at the Time of
Heracleion and East Canopus

Jean-Daniel Stanley and Andrew G. Warne

... he came to Egypt . . . to what is now called the Canopic Mouth of the Nile and to the Saltpans.

There was, on the shore (it is still there), a shrine of Heracles.’

In Herodotus’ time, a seaman steering his ship
towards the mouth of the Canopic branch, then the
largest of the Nile distributaries, observed a very
different coastal configuration than that seen today.
In the fifth century BC, ships did not sail into what
is presently called Aboukir Bay, but rather headed
towards a large coastal promontory associated with
the former Canopic channel of the Nile.

In this synopsis, we present geographical data
pertaining to the north-west Nile delta margin and
its prevailing river system to understand better
why, where and how the Egyptians, Greeks,
Romans and their descendants positioned the
Coastal sites of Heracleion and East Canopus
between the sixth century BC and the eighth
Century AD. We present evidence that western
Aboukir Bay did not exist at the end of the Dynastic
Or even the Ptolemaic period, but formed a.fter the
beginning of the first millennium AD dur{ng the
Roman and Byzantine periods. Information on
major fluvial and near-shore processes is integrated
with radiocarbon-dated core data to develop a
comprehensive palaeogeographical framework for
the north-west Nile delta during the time of
Heracleion and East Canopus.

1 The Nile delta setting

The Nile delta has formed at the mouth of one Qf the
world’s longest rivers (6690 km) that drains a
~2,880,000 km? basin. The delta plain encompasses
about 22,000 km?2 and is delineated to the north by a
Wave-cut, arcuate coast that is ~225 l.<m lopg
between its western margin near Alexandria and its
€astern boundary in the western Sinai (Figure 2.1).
_The delta radius, from its apex at Cairo to the coast,
18 ~160 km, and the delta plain elevation decreases
from ~1g m at Cairo to <1 m along the coast.

Herodotus, The Histories, 2.11

Numerous active distributary channels radiated
northward from the delta apex at Cairo (Toussoun
1922, 1926, 1934; Ball 1939, 1942; Stanley et al. 1993).
The historic Nile delta plain was composed of
relatively well-drained arable lands in the upper
and middle delta, and extensive, poorly drained
wetlands in the lower delta (Figure 2.1). Laterally
continuous sandy beaches and dune fields, together
with silt-rich promontories at the mouths of major
distributary channels, comprised the northern
coastal sector (Manohar 1981; Smith and Abdel-
Kader 1988; Frihy and Komar 1991; Nafaa and Frihy
1993).

Most river Nile sediments are derived from
the Blue Nile and Atbara river basins whose head-
waters are in the Ethiopian Plateau of east-central
Africa. Summer monsoon rains produce pro-
nounced seasonal flow in the Blue Nile and Atbara
rivers, which in turn causes the annual Nile flood
(Hurst 1931-66; Butzer and Hansen 1968; Said 1981;
Shahin 1985). The more continuously flowing White
Nile, which drains the larger Central African
(Kenyan) Plateau, carries much less sediment to the
lower Nile valley, because a large proportion of its
sediment is deposited in the Sudd swamps and
marshes of southern Sudan (Hurst 1931-66; Shukri
1950; Hassan 1981). The Nile basin north of the Sudd
is hyper-arid, and very little additional water flows
into the river Nile north of the Atbara tributary.

The Nile has generally low discharge in compar-
ison to many shorter rivers with smaller drainage
basins (Coleman 1982). Annual average discharge
exceeded 100 billion m3 in the nineteenth century
(Sestini 1992a,b; Said 1993), of which more than 80%
of Nile discharge occurred from August to October
(Figure 2.2, right inset). Before emplacement of
barrages and dams in the Nile valley and delta,
approximately 93-98% of the sediment load reached
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Chapter 2
ﬁ}e delta plain ang Coast, with mych : _ f promontory in the east (El Askary and Frihy 1986)  gradient, in contrast to those of the west. The sea-
arged into the Med’iterranmuc of thls.material have been subject to unpredictable ﬂuctuatlons; (Figure 2.3A). The Aboukir ridge, formed of consol-  floor on which the East Canopus and Heracleion
00d months of August ang Sean Sea during peak  Njle flow (Popper 1951; Hassan 1981; Said 199_ ) idated upper Pleistocene limestone, or kurkar, sites are located in the western part of the bay is a
1968; E1 Din 19 ; Waterh eptember (Holeman Moreover, annual \'aria,tioﬂ of annual peak _Nlle extends from the modern town of Aboukir north-  triangular to crescentic-shaped, shallow platform
time Camedasedilnentloagry 1979). Floods at that  flood sta ‘e by as little as 1 m could mean the differ- eastward about 5 km into the Mediterranean. On  (for the most part <7 m deep) that extends north-
sand, 45%silt anq 30% | composed of aboyt 259, ence b tgf - ( B - flood stage to0 Jow) an the eastern side of the bay, the triangular mass of ~ ward about 12 km from the southern bay shore
Marine Waves and CC ay to the delta (El Din 1977). wid u )“ een famine (tlooc ] ) _‘ )r:u;tal destrucfior‘ unconsolidated sediments that comprise the Rosetta  (Figure 2.3A) (UNDP/UNESCO 1978). Differential
extensiVely d}splace ri‘lrlrrents.partially remove and (f L;,prtad l()W(l.‘I‘ delta ant‘ L(m(ritnds such as the promontory protrudes seaward towards the north- GPS was used to locate the centre of East Canopus
ItJ e coast overall, hope gs;dunem transported 1o en(;() N ?tzg‘f t(())Tdhl[}(;h)' l{' CUrta;‘:'l P}?ir%f ];1termediate rﬁorth-west. In addition to Aboukir ridge and (N 31° lg %ﬁ% 156;:8; 5’ 350) and Heracleion (N 31°
Tograded ¢ =4 the north-yy, 4 e Ingdom anc : annua osetta promontory, the modern bay region 18" 775, E30°7 ;

and Warme ‘;?;‘?:;ﬂrd Jring  the oloc:rid(gltta i;as P?rlod (about 2250-1950 BC), “nusual-ly lixzvp;tus to corlrlli‘risesfj several cifist'mct environmentg (Figure A mostly submerged portion of Aboukir ridge
silt acereted vy . g the Past seven mj)) an? dlscharge and flood levels were a ma]OI_" order 0 2.4): beach, backshore sandflat and strand plain, extends seaward (north-eastward) at shallow
ates of roughly 1 Ower delt, plain at €nnia, deve[op water-management projects m] hases: coastal dune, brackish to freshwater wetland  depths; the submerged carbonate ridge physically
e 1993a,p, 199—-8 mm per yeas (Stan]aVE’rage avert famine. During carly culth_‘fl P:)n the (lagoon, marsh), kém (low hill), drain and canal, separates the north—west bay from the open
Strata teng o i )- The ickness of HE‘Y and Egyptians modified natural flood basins erich and agricultural land to the south (Figure 2.4) (El-  Egyptian Shelf. The site of the now, Nelson Island,
ast, Wher ;. INcreage 1, thward olocene delta plain to entrap flood water and nutri€ delta Fayoumy et al. 1975; El Fishawi and El Askary 1981;  about 4 km north-east of Aboul-qr, is located along
Ower 'r 0 towards th : U.l rap Hot e o to thE S iy , 1 2. this carbonate ridee system (Figure 2.3A). At the

delta plain m 10 to 5 f € sediment. Despite these modifications ®2 © jtes rihy et al. 1988; Chen et al. 1992; Stanley et al. 1992; ge sy FAENE
. wal Nile g . €neath the plain, major floods were highly destructive o (e Stanley and Hamza 1992; Warne and Stanley 1993).  present town of Abou-klr, the 'rldge rises to about 10
®eNa key elemep s (Figy right i located alone . ~]in;trib|:lta py chann€ The coastal region of the modern bay can be m above sea level; the Fldge extends sc_>uth—
e deVElc:pm N the eyg) 0;1 f:} tinset) hav Casson ];3:‘5 major dis ‘ subdivided into two distinct sectors on the basis of westw?lrd through Alexand’na, and forms the linear
tYP'lcal floog “ ent of 8Yptian ‘O.t.he delta and 2). shoreline configuration and near-shore bathymetry: Egyptian coast to Arab’s Gulf (Butzer 1960;
géat? Were inUn;th)né Ige p I'tiocrllzlhsfaﬁon' In 4 | the Aboukir ridge to El Maadiya sector in the ﬁlexancéer;;;gg) 1990; Stanley and Hamza 1992;

€ delta plaip 4. A0d . O the 2T 5 n delta western bay is irregular, whereas the longer El assouba : ' _

S.waterleiglliim draineg W:: bitable ut ;i:(l)ta; R Eexsuf Hofthwesker . contrast to t!}z Maadiya toyRosettagsector to the east is smooth Beach and shallow marine sediments a.long the
soi inﬁlh’aﬁo eclineq a3 re acouple of - The Aboukir shoreline is concave, in € castern ! A (Figure 2.4). Moreover, bathymetric contours in the ~ western margin of Aboukir Bay contain large
(Butzey 1976) n and |, eredo e"aPOraticmS convex coastline of the central an «tends aaf)el;t eastern bay record an even, gentle near-shore  proportions of sand-to-pebble size carbonate

ile va[je, S%UNdwatey 1. ¢ delta (Figure 2.1). The Aboukir coast €%
¥ and delta, hOWIe?;erl 50 km from the Aboukir carbonate ”L‘{[%erill . 05etta
, S

of the bay to the siliceous sand and s
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22:{9 llgilicedd develgpment f)f growth (listric) faults
feion (ét1sel , rapid subsidence in this coastal
volume) Bal‘l ey ef al. 2001, and Chapter 3 in this
" s'i alsed 01‘1 geomorphic, remote sensing and
Sugges{edczfl E\’}dence, several studies have
dele Ghat ault displacement in the north-west Nile
. szla a 1955; Butzer 1960; E1 Ramly 1968, 1971;
ana]y;iSthf al. 1975; Hassouba 1995). However,
MEditen-;) recorded'earthquake epicentres on the
norl‘h-Wes?e;]I?l margin ‘of Egypt indicates that the
1997). This | e delta is largely aseismic (Stanley
Shorils fing It;;1 in mar%«ed contrast to areas in the
sl Coree g tbe tectonically active Hellenic-Turkish
oy toyptl us belts, to th? north-east in the Levant,
possible he south-east in the Gulf of Suez. It is
fnd eart,hne'vfertheless, that occasional local tremors
in mone dguakes and associated tsunamis initiated
(De  Cos istal sectors Of. the eastern Mediterranean
1994 C"auSO]zi 193‘5; Plra‘zolli 1987; Guidoboni
B ex;msel rapid subsidence in Aboukir Bay.
deStrOyedpe’ an earthquake-triggered tsunami
rapid sub many structures, and probably caused
St | Sldence,. in and around Alexandria’s
TeCtonic-'w;bour in -365 BC (Guidoboni 1994).
listric £ i ucele subsidence would have involved

aulting, liquefaction and sediment slumping.

4 N
do orth-west delta evolution: historical
Cumentation

Ni .
dilsl:h:f sin rainfall and, consequently, river Nile
Holoce§e have fluctuated markedly during the
1975, ) e (Hurst 1931-66; Popper 1951; Bell 1970,
Riehi . U;lem}e-c and Kruc 1976; Wendorf et al. 1976;
1981. ;h Memn 1979: Adamson et al. 1980; Hassan
o Shahin 1985; Petit-Maire 1989; Said 1993
histol.i)é I\aInd Warne 1998). Analysis of available
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Said 1993ann'ual river Nile discharge (Popper 1951;
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ussoun 1922, 1926, 1934) (Figures 2.7, 2.8).
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indicate that sea leve] steadily rose at rates of ~1—

MM per year for the period 600 BC to AD 800
(Fairbanks 1989; Pirazoll; 1992).

Bathymetric surveys indicate that the
promontory was more than 10 km wide along the
delta coast, extended seaward at least 12 km, and
covered an area of ~7() km2 (Figure 2.3A). In terms
of size, shape and surface area, the Promontory of
the former Canopic is comparable to that of the
present Rosetta (Figure 2.3A). High-resolution
seismic profiles collected in 200 show that the
Holocene delta sediment section thickens east of the
Aboukir headlang (Stanley et al., in this volume)

d with recent seism
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system, while progressively more Nile water and
sediment were discharged to the coast by the
Bolbitic-Rosetta system (Figure 2.6E).

Before the end of the first millennium BC, the Nile
distributary system was reduced to two major
channels - the artificially maintained Rosetta and
Damietta branches. The formation of Aboukir Ba
resulted primarily from submergence of the Canopic
promontory and rapid progradation of the Rosetta
promontory. The Rosetta promontory caused partial
refraction of east-directed littoral currents and
formation of a clockwise eddy on the western side of
the promontory (Figure 2.2). Littoral transport of
sediment formed broad beach and dune deposits
along the flanks of the Rosetta promontory. Bottom
currents in the bay displaced both older reworked
(relict Canopic) along with modern Rosetta-derived
sediments on the shelf. Some of these sediments
have accumulated preferentially in areas of weaker
current activity, Primarily towards the centre of

, east of the submerged Canopic
pPromontory, and alsq

at greater depths f t
north on the middje . 3 rther to the

and outer Foypt; g ;
et al. 1994) (Figure 23B) 8YPtian Shelf (Frihy

As populationg increase
utary channels wer
and waste-water
extend to the coast

» Some of which did not
Stanley 1996)

(De Cosson 1935; Shafe; 1952:
- Development of ade ’

The texture and mineralogical composition Olil:
modern near-shore and bay-floor sand canIc Stie
identify the position of the lower stretch' 0 nd
Canopic channel (Figure 2.12) (El Bouseily ; i
Frihy 1984; El Fattah and Frihy 1983; Frlhy;1 has-
1994). Moreover, a trace of the Canopic branc 4
been detected in the delta south of Edkou lagoon ngll
aerial photography (UNDP/UNESCO 1978)19;9)
satellite imagery (Abdel-Kader 1982; IWACO dkoli
A series of point bars and kéms south of E .
lagoon (Figure 2.4), interpreted as remn.ant Pothe
bars related to channel migration, also delineate
flow path history of this distributary. s

The recent detailed bathymetric survey ass kit
ated with ongoing archaeological work in Aboutes
Bay (Goddio 2007, this series) clearly demarca =
the submerged Canopic promontory. This featudre o
bounded to the west by the Aboukir headlan ’kir
the north by the carbonate extension of Ab(?ti o
ridge, and to the east by a well-defined lmf};e
depression and ridge system trending from e
coast at El Maadiya, north-north-westward to os
submerged carbonate ridge extension (F1gurr
212B,2.13A). The depth of the Canopic prorier
is reémarkably uniform, with about 80% of s
surface ranging from 5.5 to 6,5 m. Of note, hOWeveé
are five shallow (<5 m) features (Figure 2.13B): thren
elongate (to ~p km long), located at the eastel’o
Promontory margin, oriented north-south; and ttw'll
rectangular to irregular depressions, in the cen rci :
part of the submerged promontory. Also, sever
small (diameter <500 m) depressions, deeper thaﬂto
M, are recorded, including one adjacent i
Heracleion, The distinct low-relief, linear depre;
sions and ridges along the promontory’s eaStEI;n
boundary form 4 gentle eastward slope from ~7

d
at the Promontory surface to a depth of ~11 m an
€eper in the centryg] bay.
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Canopic ch
once EOWe;r(\;elf' perhaps younger than those that
Evidence of tzie:l shallower promontory.

depression fill 15 recor truncation, reworking and
grab and core s is recorded by radiocarbon-dated
retovered of :Z‘PIES of mid and late Holocene age
Aot (S? near the present surface of the
this volume) A&{“léy et al. 2001, 2004; Chapter 3 in
excavating t‘l s \-flsua.lly observed by the mission
shallow core 1e sites in Aboukir Bay and from
(to 1 m thici;to ~5 m length), there is a thin layer
partially coyer of recent shelly marine sand that
rich sediment Et,hthe much older, dark organic, silt-
tory substrate. at forms the submerged promon-

7 Su
m
mary and conclusions

Current S
exeavatiogasliloor exploration and archaeological
a surface arow that the two sites, each covering
Presently lje ea of nearly a square kilometre,
t0 7 m. Thi at water depths ranging from about 5
tureg duri; indicates submergence of the struc-
Global geq leg E;“C.{ following their occupation.
as been IQSSV; rise since the eighth century BC
herefore sub an 2 m along the Nile delta coast.
dence' er’osiLcl) strate compaction, tectonic subsi-
Must aCCOunt? and perhaps other phenomena
8ence since B o tl_‘e remaining 3-5 m of submer-
m“fltion on tf )_fZann_ne times. More extensive infor-
l(S)volLImE-nS topic is provided in Chapter 3 of
n th .
records, erzasls of analysis and integration of historic
8eologicy) énote sensing imagery and our recent
ata, we summarise findings as follows:

Coast

1“6-‘1a’ci\?e1 :"izﬂgfes' were largely a function of the

€rosion (Fj of river sediment input and coastal

‘f)f the de]tagure 2.10B,C); the form and elevation

Mteraction C?aSt were also modified by dynamic

sediment of sea level rise, Jand subsidence an
reworking by waves and wind.

Aboukir
ast-west grid

aC]ng R ) e
inourtesy%?'lgf;\r: 2.13 (A) Map of the sea-floor in present
. terva| - 20 ). The map is based on north-south ande
st 1o north cm) detail the submerged, low-relie
-west trends on the promontory suf

inear

SO

t Uth-g

fﬁlthe Ab@lalkiommeast to north-north-west channels exten
e r carbonate extension. (B) Map Si

chan
arr:r‘(h ] ac::s; ::at once extended from Fort
Weil-definEd ﬁ. promontory, towards the sites
sur\,ere 9enerated ighs (<5 m) and several small depress
och % of Hera| by bathymetric surveys con
fo Osounder TR eion and Canopus. The bathymetric
Mthe Surye ITECH PA500 (IEASM). The north—south an

Y were determined using real-time differential

Hamra at t

21

mplified from
he

of Heracleion an
ons (>7m),
001, as part
as conducted using a h

f Canopic promon
face. The €as
ding

ducted in April 2
curvey W
d east-west 9"

GPS.

tern boundary of t
from th
(A), depicting
coast (the hi

Heracleion was iti

' positioned near the mouth
the Ca1.10p1c branch on the low-elevatiolrt bzi
sulbaenaily exposed, Canopic promor;to
(Figures 2.9A,B, 2.10B,0). il

T.he shoreline during occupation of the two
sites was located north of the present coast, in
what is now Aboukir Bay. ’

Extensive lagoons and marshes were present
landwgrd of the Nile delta coast and the
Canopic promontory (Figures 2.9A,B, 2.10B,C).

The delta plain environment of the Canopic
promontory was dynamic (Figures 2.7-2.10):
decadal- to centennial-scale climatic cycles‘
together with variations in annual floodsl
caused frequent, sometimes sudden, shifts m
the position of the Canopic channel mouth.

Shifts in channel mouth position caused devel-
opment of localised, laterally migrating sub-

romontories; when the channel mouth
switched and abandoned a sub-promontory,
the latter began to submerge, was reworkeci
into beach sands, or was covered by aeolian

dune deposits.

the Canopic channel, its

mouth and the associated sub-promontory

substantial changes in the depositional
nd Heracleion and East

the position of these
in channel and to the

Periodic shifts of

caused
environments arou

Canopus, including
sites relative to the ma
coast.

Heracleion was originally posi-
tioned on coastal sand bars and/or dunes that
were little more than 1-2 m above sea level
(Figure 2.1); however, coring shows that the
substrate peneath these relatively thin silt and

It is likely that

Heracleion and East Canopus
ngs of 100-1000 m. Contours
_couth, east-west and south-
he promontory is marked by distinct
Maadiya on the coast northward
depressions, probably partially
storically documented site of the Canopic
o apparent on the promontory
including on€ adjacent t0 Heracleion. Maps A and
of the IEASM underwater archaeological
igh-resolution single-beam
g from 100 to 1000 m) used

Bay and location of
lines, with spaci
rface and north

tory su

e town of El
less distinct

d East Canopus- Als

id spacings (rangin
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sand units compris
ed
saturated mud (Fi%ur . 2_1r[;1§)5t1y soft, water-

Emplacement i
; of fixed, massi
o ; assive struct
Orgamxcr-lg ls;tor'le temples, on the metastzgis’
S ic m‘ud forming the sub-promo te’ )
» promoted instability and rapid subsid g
ence,

Afte i
e ; ptiz e;t:tl?lhs}unent of Heracleion and East
Canol Wc;uld " ral and weight-induced subs;
oty ot s a;;e rendered these siteg progr §
e u era}?le to the annual flo g o
ie, especially those floods re;chsi "
n

astage of 1 m
level or more above average high flood

IS

' ; may have alsg j
mntegrity of Heracleion and ?Ez:t afllluenced the
Opus, ly']_ng

just abov

]S s t‘; sea level on an unstable, soft sediment

- 01; no rgcords, however, document the
seismic events on these two sites

Since
Cano}jgg i?ﬁer%en& of Heracleion and East
the confieu € end of the eighth century AD,
has fundfml;zation of the north-west Nile delta
decrease in r;a lly changed, largely because of
branch and m lschafge through the Canopic
east through a;ked Increase in discharge to the
altered prog the Bolbitic-Rosetta branch. The
released thligrhon of Nile flow and sediment
channels, co ugh the_se adjacent distributary
sea levell ris upled with land subsidence and
Canopic Proi; resulted in submergence of the
the Rosetta ontory, seaward development of
promontory and, ultimately, devel-

opment of A ‘
2.13). boukir Bay (Figures 2.3, 2.9, 2.10,

Chapter 3

S
ubmergence of Archaeological Sites in Aboukir Bay,
the Result of Gradual Long-term Processes plus
Catastrophic Events

Jean-Daniel Stanley, Gérard Schnepp and Thomas Jorstad

‘Whe ;
en the Nile comes out upon the country, on
very much like islands in the Aegean Sea.

1 IntrOdUctiOn

Heracleio
8Yptian zetand East Canopus were important
COast of Eg tements located on the Mediterranean
lle delty yg ' The}f lay along Egypt’s north-western
Water arCl{ae L{t thell‘ recent rediscovery by under-
Now subm, erO ogical exploration shows that they are
S al‘chaeoiog-ed at depths of 5-7 m in Aboukir Bay.
OCumenteq glcaﬂ_y (Goddio F, 2007) and geologically
gatewa}’S to in this volume, the two cities were vital
navigationt Egypt, serving as transit ports for
?Osiﬁoned io the Greek trading centre of Naukratis
Tom the rn the delta proper about 55 km inland
queﬂtly bg::sifnt coast. The Egyptian cities subse-
YZantine Cerr:? Ptolemaic, then Roman and finally
. Or short] IE;S' and they disappeared by the time
ven Cem—}; after, the Arab conquest in the mid-
10% SPECulatery HAD_ Scholars have done little more
a gls\'ti‘ially rel hat the settlements may have been
tgree’ hOWeve ated to each other. They generally
di’ 01’. cloge to t;; that the two cities were once located
Strlbutary 1; e mouths of the now defunct Canopic
The: f ranches of the Nile (Bernand 1970)
Own as T%atl(.)nal activity at Heracleion, also
ar?gstanty 200(;“5 to the Egyptians (F Goddio in
the (- OCumentg Goddio 2007; also in [EASM map®
dig C_ahopic b s) and East Canopus thrived when
tr ranch was still the largest of the Nile

i

dejp.,  Marie : g

]géta (Tollsss( flowing in the north-western Nile
8 un 1922; Stanley and Warne 1993a,

ne was

abg, .. and
0 w :
aUt m n(})lf.‘n the Aboukir Bay shorelir
ratirne' rth of the present coast (Stanley an
0] 1

hdi

- ongc;:getf that these two centres
Clg| riod, from the eighth cent

century AD

apt . ;
Pter 2 in this volume). Ongoing explo-
were active

th
ury BC until

ly the cities show above the watery surface,
* Herodotus, The Histories, 2.97

historians and geographers
hese cities disappeared into
oukir Bay have remained,
atisfactory answers. Even
rocesses that caused the

Questions raised by
as to where and when t
the western part of Ab
until recently, without s

less is known about the p
subsidence of these two cities, and quite possibly

other settlements yet to be discovered beneath the
waters of the bay- In this chapter, we present newly
acquired physical evidence indicating that the

demise of both Heracleion and East Canopus was
|t of their construction on soft,

y the rest
water—saturated sediment located along
eriodically shifting river

flooded and p
Canopic deltaic sub-lobes that devel-

oped east of Canopus: Herein, special attention is
paid to the identification of the natural processes
that would have triggered site failure, and to deter-
mine whether these phenomena were gradual
occurring over along period, or the .result of suddep
and powerful events of short duration, or a combi-

nation of the two.

rimaril
unstable,
the annually
channels of

f site submergence

' med with the disap-
Of the various scholar.s conce e B; ,
arance of historic sites 11 western Aboukir bay
PFE-C : es 3.6), the Egyptian Prince Omar
igur 1y = . :
E[‘mii'c,soun most directly focused on 'th_e possible
lg;es of their qubmergence: Toussoun s interpreta-
e s were pased on a compilation of historical and
m;m shical documents, O aerial ﬂlght. reconnais-
ge-e co}f shallow near-shore areas made 1n the early
sance - . o :
{0205 by the Royal Air Force, : a mOTt,Pl[ ocflm
e ‘hard hat’ Jive that he organised in the m{) (Im
tive 1< s, he presented the
“hor vards, he pres
. 1933. Shortly afterwe
5 May 19 )

2 The problem ©

tion
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results of his research at the Société Royale
d"Archéologie (Toussoun 1934). His article included
a map showing the location of various submerged
archaeological sites and the geographical position
of the former Canopic channel relative to the
present Aboukir peninsula (the map is reproduced
as Figure 2.12 in this volume). Also of note in his
discussion were several possible mechanisms that
could have led to site submergence. For this

covered with sand i
_ . water lappin
against them. Thyg the temple’ o
; s fo i
submergence are da . e

ted to a time 5
seventh century AD ¢ fter

. : €port by Sophronio
In late Byzantine time orin the pl;riod i)fSI
conquest in Egypt. )

' Itis our vieyw that To
nans (cited in

arly Arab

ica-
ms esponsible for
n

Sugges i
(}Figss,]t:jelthat the lowering he | :
site subme Ty haYe been Ajor fand :
bz ADrgence M this pego 0TS
g ”y e questigy, tob ok nee
Ollowing: T, whatextentv:

5 and sudden, u
: Catastropy; Brady
cantly nfluenceq the QVolrL?ﬁhlc eve

on

the bay ang h
: ¢ ave caus
during the past 2500 used f,

cause

ave gigp e
and d@\’elo Bhifj-
Oundey;

P
eri
years? R, thig T:i% o

distinguish the evidence of processes active over th‘?
long term from more sudden, intense and destl'U;'—
tive events such as powerful Nile floods, .eafcti.
quakes, tsunamis, storm wave surges and episo lIC
sudden failure of unstable sediment sections (such
as by massive slumping) on the bay-floor in areas on
and proximal to the Canopic delta sub-lobes.

Since available historic documents do not Shf )
light on submergence of the two centres, “r—
ongoing fieldwork by the IEASM team has undf-’le
taken geoarchaeological studies that closely coup .
the physical and archaeological sciences. The causlee
of destruction, subsidence and disappearance Of i
historic settlements in Aboukir Bay take mtf;
account archaeological information, but are t.hl—ll
evaluated here primarily in light of geplog@s;
sedimentological, hydrological, soil engineer! 8
and Palaecenvironmental considerations.

3 Geological setting of the study area

Dgrmg the past severa] millennia, the rlorth-‘f‘festef;1
Nile delta margin has evolved on a geological tgrrall
termed the North Delta Block. This is a tectonicd Z-
lowered sector that lies above and northward of a] ¢
Underlying zone of major normal and growth f HL:ﬂ
Structures, The vertically offset area, separated fro;ta
the Nile delt, terrain to the south (South D,e .
B!Ock) by an east-west oriented structural Hing
ine (Figure 3.1B), reuteq from the subsidence @ ry
thl-Ck depositiona] sequence of consolidated Ter tltaro,
;lmts (in Figyre 3.1C, see the zone underlying Pe1 &
oom wells nog, 4-7). This lowered North B9

i to
Sequence Comprises nearly 5000 m of partla”Y .

o . 0l
:vell consolidated straty ranging from the MesoZ
0 the Quaternar

es
drilled for 1 ... ) 28€ (Figure 3.1C). Deep bo;lehOl
Block hr Olland gas exploration in the NOI_'f -
eposit Ve recovered carbonates, terrig i
De}i)bisgl 189 and anhydrites (Said 1981, 1990, d-
Allah 20%2; SChlumbergef 1984; Hussein and A
e300, 1. _The underlying faulted zoﬂw qat
ess te.:tc tq Miocene units is covered by some 2d
uatemomca[ly offset deposits of Pliocen® ot
~¥ 38e, ranging 1o 5500 m in thick®

he th; ;

Holoceliz (<5 m) surficial sediment Ve“;jor i

Most] °8€ on the Present western bay- qat
Y Tecent Canopic

ot
. 5
ave bee deltaic sub-lobe deposit rally
Smooth " eroded and reworked into a ge?f/arhe
apter 7 : ept surface (Stanley and

o 2 his vol e
in thispreyslcal "UTveys for petroleum eXPIOI.‘E:fileﬁ
(to Secogllgn Nave obtained deep seismic P to ¢
thickneSS ]05 acoustic Penetration, eqlli"'ale];e the
Westery, par early 5000 m) that indica™ . a

. hit
Ormer ect():'f Oukir Bay lies partially “ﬁtapﬂ
. 1ca e -
asin (FigureSC“%l]]yCactwe and faulted pu ‘ttlrﬂl

+ 32A). The major stri

 Archaeologi tes in Aboukir Bay
Submergence of Archacological Sites in A y

trends in the north-west Nile delta and contiguous
offshore region are oriented, for the most part, in a
north-east to south-west direction (Figure 3.1B).
This is in contrast to the area of the north—.centfal
delta, where major faults are oriented primarily
along north-south trends. Quaternary to 'recent
sediment of the upper 500 m of section In th.e
western bay is generally continuous; these layers
have been subject to offset only locally and, for the
Most part, to a minor extent (Figure 3.2B, arr‘o‘»\’)-
Some shallow fault structures (growth, rOf_aUO“al
types) are recorded along the delta margin and
Seaward off the north-west Nile delta. These
affected primarily the upper several hundrgds of
Metres or less of the unconsolidated sediment
Section (Ross and Uchupi 1977). These latter
shallow, syndepositional structural systems are
Probably closely linked with the rapid accumula-

SEE

Level 1 Haddadin Basalt

tion, instability and failure of near-shore se;{uns;f
sequences that once formed the Quaternaryf jl};m
tional units in this region. Such -recc;ent gﬁon i
contemporaneous with rates of rapid epcélaltas ,on
of the type commonly observed on large Ce fas on
the world’s coastal marlgizrgb gzxamples in Co

: Maestro ef al. .
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1993; Stanley and Vva
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Submergence of Archacological Sites in Aboukir Bay

?:t'cilé)l/-lseri (Rc;s?:. and Uchupi 1977; petroleum explo-
floor stusor s and reports) suggest that the bay-
relatively }I;;‘rea 1395 11.1 a zone presently subject to
by recent eq ]trllor bleSldgnce. This is substantiated
indicatin tli quake epicentre data (Kebeasy 1990),
particula% ‘?f Aboukir Bay does not occupy a
3-3A~C) Ti ughly_ gctive tectonic area (Figure
(primarily € seismicity record for the bay proper
Stanley 1997?_‘”_0-6611111(]11akes: Kebeasy 1990;
ulf of Syez is in marked contrast to that of the
especially, of t?\“d Levant region to the east and,
E). I‘rlistor‘e north-east Mediterranean (Figure
fecorded in th lca“}ﬂ earthquake activity has been
Vicinity &5 AT reglon. to th.e west of the bay, in the
OCated in the e}-(e}nd”a (Figure 3.3A-C), that is
ile deltg andcnrflcal transitional zone between the
west (UNDp the carbonate non-delta area to the
/UNESCO 1978; Hassouba 1980).

® Epicentre
Seismic Station

The mean annual rate of vertical land displace-
ment in this region has been calculated for the
period from the early Holocene to the present. Land
subsidence rates are based largely on radiocarbon-
dated sediment core data (Stanley and Warne
1993a,b; Stanley et al. 1996), and these calculations
take into account both world (eustatic) rise of sea
level and regional lowering of land. Only modest
subsidence values for the Holocene are recorded
(Chen et al. 1992; Warne and Stanley 1993), ie.
average annual rates to as little as 0.1 mm/yr along
me sectors of the coast of western Aboukir Bay
(Figure 3.4). This finding is in marked contrast to
the high measurements in the north-east Nile delta
where rates of Holocene subsidence (to ~5.0 mm per

ear) are much higher (Stanley 1988; .Stanley and
Warne 1998). Whether lowering of the sites occgrred
in a gradual manner, or was caused by a series of

SO

® Epicentre
Seismic Station

igUr

(4 ©33¢ g, from .
Smatlocationa:thuake epicentres in the eastern Mediterranean (Ccae:? m’e jum to large e 1996. (D) p'cent:i)sgm
t &a Seismic : . istorical an 11974 45 to June
(h@ C@yhrt Quakes o St§t|ons and epucer?tres of his i ed from Apri 7 ged from warch 19 O Rihter
) Epic MN-Seyvhan 2 Epicentres in the Nile delta réd' o Gulf of Isker erun) %" /¢ epicentre mag
Sc%) SNtreg i elta area of Turkey (arrow pointing t s 96. L

Yor Pang the Aegean Sea recorded from March 1933 t0
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more irregular, sudden and large-scale catastrophic
pulses, or both, will be explored later in this chapter.

4 Recent displacement of surficial strata

The initiation of a field and laborato
programme to detail the configuration and
petrology of the unconsolidated sediment substrate
below the man-made structures was essential in
order to understand how the two cities were
lowered in western Aboukir Bay. Bathymetric, gravi-
metric and side-scan sonar exploration (conducted
mostly in 1996 and 1997 by the IEASM), coupled
with a high-resolution sub-bottom seismic survey
(in April and May 2000) and 5 sedim
fecovery programme (in April and May 2001), were
undertaken to map attributes of the Holocene
deposits in the study area.

Cores Previously collecteq in the ba
(Frihy 1992a b) ang along the bay coast
1996) have shown that the Holoce

section ranges in thickness from
much as 15 m, The

dated to the past

ry research

proper
(Stanley et 4],
ne sediment
~3mto Possibly ag

Subsidence rates in Cm/yr

E Area of overa|| Holocene
eMmergence

N Areas of Submergeg
S%\‘}* sites (Toussou e

€ologicg)
N, 1934) ;

Figure 3.4 Map of Aboukir g,

e
material, to which has been added some carj:g;‘:‘ ct)f
particles transported to the bay from reg10ni ol qed
the Aboukir peninsula (Butzer 1960; El—Wat 1. 1992;
El Sayed 1978; Alexandersson 1990; Chen ¢ {;ﬁe and
Frihy 1992a,b; Stanley and Hamza 1992; Wa by
Stanley 1993). Cores indicate that the upperm tficial
sediment section is a thin (<1 m to absent) su ly of
cover of modern marine sand forme,d largz);nm
quartz and feldspar of medium sanFl size (> E;riable
mean grain diameter) of Nile origin, and \r!nollusc
proportions of shell components such acls silt and
and other biogenic debris. Some fine sand, t repre-
clay are derived from aeolian transport, bu rficial
sent only a minor component of the su
sediment, ‘oation of the

Particularly valuable for this investigation rofiles
sediment cover are seismic sub-bottom ptem in
obtained using a Triton EdgeTech XStar Syslong 15
April and May 2000. The profiles, collected a ts, are
north-south and 22 east-west oriented transecﬂlqese
Spaced from abouyt 100 to 1000 m apart. ofiles
account for a total of about 350 km of pef 3.5)-
Covering an area of nearly 100 km? (Figur tho
Eighteen of the east-west profiles, some to a len%rwo_
~9km and Penetrating to a depth of ~10-15ms
way  trave] time), or ~75-10 m below

e
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presented here (Figures 3.6-3.8). The location of
sediment cores, described in the following section of
this chapter, are shown relative to the seismic lines
and the ruins of the two submerged sites (Figure 3.5).

The east-west oriented transects are especially
useful to define the configuration of the upper
sediment layers (Holocene) in the western bay,
including those that form the substrate directly
underlying the two major submerged centres, The
northernmost three profile lines, two collected
north and one south of Nelson Island, reveal a
highly irregular submerged topography (Figure

3.6). Higher-relief bedrock features are covered

with only a thin sediment veneer, while the
asymmetrically accumulated deposits at their base
record the effects of deposition and scoyr induced
by strong currents (Figure 3.9A). 1t is most likely
that these bedrock outcrops are Pleistocene
limestone of coastal origin (kurkar) of the type that

is also exposed
exandria-Arabg
(Butzer 1960; Hassouba
Hamza 1992; Warne and

rthern lines alsq record on
the bay-floor an acoustically harg, relatively
smooth, surficial sediment layer, interpreted ag 3
thickened sequence of

extensively along the coastal A]
Gulf region to the west
1980, 1995; Stanley and

Stanley 1993). The two no

lines in Figures 3.6-3.8. Wh,
the region, the channe] can be

uously northwarq for >10 km traced almggy contin-

(Figure 3.10, see channg] C3).r0m the Present coast

from east of E]
amra (near g
east of Heracleion.

identifieq in th

profiles from the top of F;

in Figures 3.7 anq 3 7, 00 36, a
taries that were once aggges ; bably distriby.
sub-lobes in the Wester

from the Bl Hampg poor 0t ba

; lon anq
west towards the north-north-C

and East Cﬂ““PUS(Figure?, 10 west, to
The western se ;
profiles show
Pleistocene sty
depths of ~7.5

 J C 2
gMments of the e“tste Tang C2).
that mggy -

30

interface) lie above strong, well-defined reﬂ?gt(i;z
These latter are interpreted here as consolida -
kurkar of Pleistocene age (Figures 3.6-3.8), cor?Pt)he
rable to the limestone exposures at and west 0 nce
Aboukir peninsula. This basal hori_zon 'waz c:'ing
subaerially exposed and eroded, primarily Pe in
the last glacial low sea level stand and early ris In
sea level (until about 10,000-8000 yearsl agO)ited
some locations, this carbonate material is fau d-
and forms a blocky high-and-low (horst-ézrlLiS
graben) configuration (see Figures &2, ?"8)- f the
particular configuration pre-dates deposition O ent
overlying horizontally layered Holocene Sedu;om
cover (Figure 3.9C) that began to accumulate a ost-
7500 years ago and is associated with the p nd
glacial rise in sea leve] (Chen et al. 1992; Stanley @
Warne 1994). - ment
Seismic profiles show that the Holocene sedim ar
cover is about 5-7.5 m thick in the western bay. I’l(rads
the Aboukir peninsula. The cover thickens towaoli—
the east, and the hard basal layer (probably cons th
dated Pleistocene deposits) disappears at dfe-l;:;s.
along the €astern segments of the pro ]the
Proceeding castward of Aboukir peninsula, ne
Pleistocene ang older units underlying the HOlocle W
section have been lowered to more than 10 m be gl
the Water-sediment interface. This has prOb(?/ 0};
occurred by downward depression, folding an (ct.
fault offsetﬁng of strata east of the Peninglea at
Hassouba 1980). The phenomenon has resulte‘;}i"c
least in part, from the rapid accumulation of th! ic
Nile delta deposits released from the Car}opn'
branch uni] the first few centuries of the first mllletta
nium BC, and then more recently from the e n,
branch, The effects of such g loading phel”tomen?he
for €Xample, are observed at the mouth of e
moqern Rosetta branch where the total Holoce?
Sf?dlment thicknesg increases distinctly in a seéwao
direction from 5 o >40 m. The downward-bowing id
recent sediment sections is a function of .raPO
dePOSi’inH, sediment compaction and weighting a
the lgte Holocene sequence on underlying units
the fiver moyth (Figure 3.4). hat
The h1gh-re301ution seismic survey indicates !
more than half of the bay study area is covere re
€ar-horizontg) Stratified muds and sands that ahe
Oriented a4 sheets lying parallel of subparallel t0 t e
Sea-flogy Surface (Figures 37 3.8, 3.9CE). Thi&i'C
gce)]rtmauy Positioneq strata are identified as Caﬂotre,
andabi‘:'b_ci()be d'epOSitS that accumulated a?;t%
Dot lle + the 'Iregular (faulted, folded, er.(,rloof
! 2 Ocel;? i13518611 terrains. Much of the k;a} osion
Jellef («3 m), in part the result of €rof m
i;‘i Sefﬂlment redistribu}t)ion by strong L’Otf;:/l‘%
ents (g ayes et al. 1978; E| Sayed ] 05
Slanet g 0} Inman and Jenkins 1984, Fa
Y OMith and Abdﬁ’]*KadeI‘ 1988,' Sestini 1089}.
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Submergence of Archaeological Sites in Aboukir Bay

cially fi
man}jbulilﬁdslgul;:;mans at a tin_1e when the adjacent
elevation above so :eis were still positioned at an
very well sorted alevel (Figure 3.14): the sand fill is
that is almost id :]U.Elrtz-—nch sand (mode, 0.223 mm)
Modern beac} entical in texture and composition to
dune sand ‘(:ﬂ‘ sand (mode, 0.223 mm) and modern
Sprin ode, 0.203 mm) of the type collected in
g 2000 along the 2 ;
coast. The trench fgll : present adjacent Aboukir
fom the somew} ill sand, on the other hand, differs
covers the prese hat coarse modern marine sand that
atter s Some‘:!:bay'ﬂoor surface: the mode of the
composition inc] at Coa?ser (0.269 mm), and its
shell debrig cludes a higher proportion of marine

ven mo an the artificial trench fill sand.
shapeq treru:]e obvious evidence that the large V-
still aboye s 1 at East Canopus had formed and was
lted is the aeba level while East Canopus was inhab-
french a1 undant plant matter found along the
show the (tres (Figure 3.13C). Diver observations
Mats of frengh walls had been originally lined by
principally } to bf‘aCkiSh water plant material,
Cterminegq Pb1ragmltes (preliminary observation
ese mats w}: Scanning Electron Microscopy)-
Pression s placed on the walls before the
Une sang. T;? s filled with well-sorted beach and
the trench ese plant mats have left undulations
Or?@:rvations S‘;Vans (Figure 3.13A,C). Additional
prlg'nal Subaer,lppmtl_ﬂg the argument for the
Sence i ial position of the trench are the
angf boviq (pi(?;us base of well-preserved, cloven-
bOnethe ones ofa 1IY cow) tracks. (Figure 3.13D,E)
g tHe lapter h;nbamelope. (Figure 3.13F). The
nmeCentury BC. Of s been radiocarbon dated to the
on] d the m the distinct magnetic anomalies
az the €Xcavat ac%netometer map in Figure 3.12
OPus hag 1, ed feature we describe here at East
een studied to date.
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vibracores (Figure 3.15), ranging in length from 1.45
m to 551 m and penetrating only to the upper fo
middle parts of the Holocene sediment sequence.
The continuous sections were collected in 10 cm
diameter aluminium tubes with Rossfelder unit P-3
equipment in April 2001 (Figures 3.16). Seven of the
core localities were at and near Heracleion (cores
3A-5A and 8A-11A), four were sampled at and near
East Canopus (cores 14A-17A), and six were recov-
ered in bay sectors away from the two submerged
sites (cores 1A, 2A, 6A and 7A east of Heracleion,
and cores 12A and 13A between Heracleion and
East Canopus)-

The simplified Jithologic logs of the 17 cores
show the presence of a thin (a few cm to <1.0 m),
modern marine sand layer at most core tops (Figure
3.17). This marine sand comprises a mix of terrige-
nous components of Nile derivation, carbonate
particles (some transported ecastward from the
region west of the Aboukir peninsula) and shell
material (molluscs and other organisms). The
surface marine sand covers diverse lithologies, best
observed in split core sections and in X-r_adipgraphs
(Figure 3.18). These include: dark organic-rich mud

(silt and clay components), appearing uniform and
3.18A), or mud formed of

non-laminated (Figure :
well-laminate ing silt and. clay (Figure
3.18B), or strata composed of fine-grained sand with
interbedded whole and broken mollusc shells
(Figure 3.18C); sand, for the mgst part .moglerately
to well sorted and of fine to medium _gram size; a1i1d,
in 6 of the 17 borings. .ted units that display
soft sediment deformatifon (Figu
are fo

mif;;"l’ilfil:rzfif‘-itg:; of these deformed silt and dai
la includes a ceramic artefact and @ kurkarl roc

yer diment deformation1s

i i
fl-aglﬂef‘t_ (FlgureS . ] sediment flow (Figure 3.18D)

i 1 of
Figure 3.18E, arrow), typical'!
truCtureS( = saturated material

- yrbed sedi
e i thickness, and these
3 m of section in cores
at and near Heracleion,

3B, 5B, 7A and 9 { East Canopus: Moreover,
and 1642 red at or close to the

thﬁt core : dlsplay a 1211'8'91'
Jlected at some
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distanc
fOFmedeogl(;n;fthe two sites (for example core 12A
broad elongate lmud)_ Only core 2A, collected in the
In the pre\’iollsno)"md cast of Heracleion (discussed
mound, were co SLC-hon)f f"_Wd core 6A, east of the
Radiocarh mprised entirely of sand.
AMS mEthodm; dates, determined primarily by
or the ana]y(;igg:: ind using mainly plant matter
Samples (ana] " “LTE recorded for 41 vibracore
Florida), Thf; ?595 by Beta Analytic Inc, Miami,
radiocarbop 1:a‘tes‘llstm‘l here are in uncalibrated
ranging fmm‘ ig" (Figure 3.17). Unusually old dates,
(BP), were o 000 to 688060 years before present
tops at both ained for core samples near the core
O_fings Wherearlchaeological centres, and in two
Missing (core the upper marine sand layer was
s 1A and 12A). In contrast, much

younger dates (to 1980+40 yr BP) were obtained in
the upper parts of some cores collected in the bay
away from the ruins (see, for example, core 13A).
In an effort better to comprehend the reasons for
this very broad range of dates in the upper part of
the Holocene core sections, an additional set of 12
radiocarbon dates was obtained from surface and
near-surface localities at East Canopus. Samples of
peat and organic-rich sediment were collected by
divers beneath archaeological structures at diverse
sites; recovered sediment layers were exposed close
to the bay-floor surface, just below the thin, upper-
most, marine sand cover. [t was anticipated that the
radiocarbon analyses of near-surface samples might
provide the age of the sediment substrate on which
this site was directly built. Of the 12 near-surface
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samples, three were dated at ~2000 yr BP and five
from 2250 to 2360 yr BP, and these eight results
appear ‘reasonable’ in that they fall within an
expected age range for the archaeological site
substrate. However, we must also take note of 4 of
the 12 other surface samples: there was one older
date of 3130 yr BP, and three much older dates,
ranging from 5620 to 6750 yr BP. Thus, in this
analysis, we find that radiocarbon-daﬁng of both
diver-recovered surficia] samples and material from
the upper parts of cores provides similar results, i e,
a mix of dates at the bay-floor that can vary by as
much as 5000 years, Overall, the radiocarbon
analyses indicate the presence of unexpectedly ‘old
age’ sediment sections (mid-to-late Holocene)

sedirpent appears to have been disturbed (tilted,
ﬂ}lldlSEd); and (2) away from the archaeological
sites, where the upper mid-to-late Holocene sectiong
may have been erpded (probably removed by bottom
currents), such as at core localities 1A and 12A.
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waters (Fairbanks 1989). The rate of rise has ieerz
measured in the Mediterranean by various wor l:ss
who provide values that have ranged fr(.)m the
than, to little more than, 1.0 mm per year since nd
mid-Holocene (Pirazzoli 1987, 1992; Milh‘manffzcts
Haq 1996). Also contributing to sea level rlse}e Nile
is the contemporaneous lowering of land at the der-
delta margin, owing to compaction of the Lmtqtic
lying water-saturated deposits in the bay, ]SOSI:Jile
depression of land mass in the north-western )
delta, and regional changes in the geo,ld thrOrea’
time. In the case of the western Aboukir Bay @ the
Mmeasurements indicate that the substrate OVEirrnrn
long term has been lowered at a rate of abQUt' sea
Per year, excluding the effect of eustatic rise 1{;95).
level (Chen et 4], 1992; Warne and Stanley -

Thus, the Ccumulative effects of eustatic Kl 21‘_11’11
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Chapter 3 Submergence of Archaeological Sites in Aboukir Bay
gt is increasing in thickness owing to the rapid  (elevations of +2 to -2 m) to the adjacent sea-floor
addition (“’Eighfing) of overlying deposits. As a surface. This can account for basinward motion and
Pe i h result of such build-up, this stratum can fail a lowering of sediment by several metres or more
L& linps A Diapi ] suddenly by slumping (Figure 3.22A,F) on minimal  (Figures 3.22, 3.23B).
SRS B slopes (<1-2 degrees), and even on a horizontal Changes of sediment physical properties that
surface (Figure 3.23). Sea-floor topographic surveys  lead to sudden failure at a delta mouth (Figures
In front of delta mouths, including those in tectoni- 3.21-3.23) can thus explain how poorly consoli-
,Ca“_y tranquil regions, commonly reveal a  dated deposits could subside rapidly seaward of the
stairstep’ profile (Figure 3.23) that results from  river mouth, and why the ruins in the study area are
rotational slumping, mud flows (Wright and  now observed at depths of -5 to -7 m a.t the two
Coleman 1974; Coleman 1982; Figure 3.22E), and  localities. It is also postulated that differential
growth and normal faults (Maestro et al. 2002; loading by distributary mouth sands near tl}e river
Flgpres 3.22G,H, 3.8, 3.23). Studies in various delta ~ mouths not only caused flowage and triggered
fegions have shown that these phenomena failure of sediment, but.also c.aused tilting (Flg'-ure
\ commonly cause sudden displacement of sediment 3.9) and physmal. disruption of urti‘::lerlylig
Graben Faults masses from both the subaerial and shallow  Holocene strata (Flgure;l 3'18D’Eh)' Inexaacr;i;es
C Gassy Sediments & submerged natural levees near outer delta margins ~ seismic sub-bottom profiles we have
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Chapter 3

show the probable deformation of sediment
sections into diapir domes (compare Figures 3.9D
and 3.21D-F). This assemblage of syndepositional
features does not occur randomly in Aboukir Bay,
but is concentrated near and just seaward of
channel mouths. As in the case of the Mississippi,
diapiric dome features and associated tilted beds of
Canopic sub-lobes appear to have formed rapidl

during outgrowth of channels (Figure 3.21 A,B), and
also by loading and sediment flowage associated
with the seaward build-out of the delta margin (cf.
Morgan et al. 1963). As a consequence, disturbed
and fluidised strata extend to the sea-floor surface
near the former mouths of the Canopic branch

(compare Figures 3.9, 3.11 UPper panel, and 3.18D,E
with Figures 3.21C-F and 3.23B).
Moreover, it is

coastal cities (Ne

W Orleans, Venice, Sha hai

Bangkok and others), there are I o
: n
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c;md §1lt'. Evenlwhen Positioned on Special raf}”r
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rapidly subsideq by N

3 m or more in less th
century (Waltham 2002). Recal] that there i?nnz
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Waves,
In summay
observed and

sites ang their adioini d at and neay
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ts, crown cra

CkS an
ures at ap » and

d near the
'€ denoteq },

; both siteg (Figure

Facing Page: Figure 3
: 28 Summar
. : Hy
sudden (including catastrophic) ‘gfem me th
several natyra| Processes thay led ¢ ° affe 9 wester
sea level, from ~5qq BCto the o

58S and eff
merg of ; b ukj ects of b
Present. Discy . the MUing

* Exposure of strata of mid-Holocene or Olf]f;
age (diapir feature) occurs locally onf —
modern bay-floor surface in the v1c11.11ty 0 "
sites, as noted on side-scan images (Figure 35 :
and on seismic profiles (Figures 3.7, 3-%
3.9B,D,E).

annel
Larger proportions of sand (pl‘fjbable Ch:’;(lw_
mouth deposits) are recorded in cores re
ered at these localities (Figure 3.17).

Contorted sediments with typical ) ﬂmqlseﬁ
structures in cores are recovered Pr}manly?) (7,
and near the two submerged cities (Figures 2
28,317, 3.18D,E).

Radiocarbon dates from the top of cores arﬁi
diver-recovered surficial samples Commroface
record a surprisingly old age for near-suather
sediment (to >5000 years before present) 230
than expected late” Holocene dates of

years before present (Figure 3.17).

e
Some upper sediment samples of HOlocen;f;gi
Comprise fauna that are primarily of braecteL
and freshwater origin, rather than of exp ica
OPen marine biofacies (palaeontolos
analyses in progress).
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abruptly. Strong evidence is provided by human
skeletal remains beneath damaged structures (such
as walls). Moreover, populations almost certainl
would not have left gold, gems, statuary and other
valuables in place (cf. Goddio E, this series) if
gradual sea level change and land lowering alone
had been raising the water leve] on to the site at a
long-term mean rate of about 2.0 mm per year.

The new geological findings presented here
indicate episodes of sudden subsidence that
resulted from prevailing conditions of r
sediment accumulation, de
oversteepening, It
unstable sediment m
that resulted in their

apid
positional loading and
was the periodic fajlyre of
asses at Canopic river moythsg
displacement to depths of 3 m

cracks and/or growth f
rapid to sudden fajlyr, R e i

e (cf. Coleman 198). F;
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Fid

More specifically, it has recently been suggesrg
that high Nile floods in the mid-eighth centur}ifse o
triggered sediment failure that caused the der?w the
East Canopus (Stanley et al. 2001, 2004). An-10 _;’ the
factors used in support of this hyPOtheslls.lh the
recovery at these ruins of gold COinS’. Bk ;'12(:9—730
two most recent date from Arabic times, ; high
and 718-719 (Goddio F, 2007). A Partlcuvllarl}1 hich
Nile flood (at least 1 m higher than norma Roda
floods) in 741 or 742 AD was recorded at the ds of
Nilometer in Cairo (Popper 1951). Other ijloc;'l9 or
this magnitude are only recorded well befOIe7ELZ AD
720 AD) and long after (805 AD) the 741/ (ction
event. It is probable that some major desgtmore
and lowering of East Canopus is relate . than
closely to this documented high flood, rathﬂuake,
to any other undocumented event (earthile}’ el
tsunami, storm surges) 12> centuries ago _(Stalﬂoof-‘lS
al. 2001, 2004). In earlier time, such high Jeion,
would probably also have affected Hefa;strate
causing periodic channel migration, S4
failure and serioys damage to structures. d their

The importance of the high Nile floods an not
effects on the two centres in the bay does]oW’
exclude the role of earthquake tremors (evel?,1 by
magnitude events) and effects of sudden loa'd”sgm
tSunamis and storm surges. These events, 11;1 it
instances, coylq have served as triggers of sed! ¢ to
failure. There g been a concerted effor anc
document important ancient :=:arthcl“akeq-;terl"1
seismicity-related phenomena in the €&

. o ot
Mediterranean (Guidoboni 1994; 5010\’131165 an
2000). Such records indicate that earthqua he
tsunami ev

eNnts were important factors l:sco
destruction of Alexandria (Stanley and Bern! jon to
2006), a Somewhat seismically more active regie has
west of Aboukir Bay; earthquake damagdriﬂ’S
een Proposed for structures built in Ale).(aﬂ long&
eastern harbouyr 45 well as for part of the aty acei"'
the harboy; Coast (Guidoboni 1994). It is Colj'oﬂﬂ
able that ¢ times micro-earthquakes and Occéb.j y
Powerfy] fremors also affected the Abouki! pee”!
study areq but, as yet, no firm correlation has

EStk’c:blhshed between seismicity, earthquaktztul‘a]
Subsidence Moreover, it js unlikely that a < 5

> 0!
nt such as an earthquake ities
se
could have destroyed thes
Would haye gon

nts:
A . i CUUI
€ Unrecorded in historic ac rela ed

ni

Ba

As an examp]

e
it & we note the wave damag

atin€

marni ear,thquake that occurred on the Le:}!? %
uic%olll 746 BC (possibly 743 or 7;8'&" "
quake o ].994; Soloviev et gl 2000), but n}w i
S activity g recorded in Egypt durlf _,?gl e
fchaqy g()l()gical investigations and 5:15 erm”
Gditernglcal SUrveys in sectors of the ‘t«,er'“d-
fom th: €an have 3150 suggested that tht. l;‘ll e of

€ fourth the sixth century BC wa>

Submergence of Archaeological Sites in Aboukir Bay

Wil clustering of destructive eart_hquakes
(Pirazzoli 1986; Stiros 2001). It is possible that
tfremors, and tsunamis associated with the.se events,
played a role in modifying the configuration of the
delta on the north-western margin of Egypt (Stanley
and Bernasconi 2006). k
It would be unreasonable, however, t0, b
the fact that the annual flood of the Nl[‘? Was?i
regular and powerful pulse that coluld h-ave mduc;;s
failure, particularly at the low-lying B e
Where the two settlements were positione i It -
critical to recognise that the Holocene sedlmer;; Z“tl
the bay is diStLll'bed, fluidised, tilted a-nd O't? s
specifically beneath the ruins of the anc;entl:% 11(ree
and the adjacent channels and river m(_jmhs ( -ID-L“
3.9D). This disturbed sediment, so obviously visible
in the seismic sub-bottom and side-scan sonar dati
at and near Heracleion and East CanOpu_S’ s 1tailoe
apparent in the surrounding region away from 11_
sites. For this reason, we believe that these synde
Positiona] features would most commonly haive
“en associated with flood events. We expect, on t 1de
Other hand, that the effects of earthquakffs 8111
tsunamig should be observed not only in 'tr:;
anopic deposits forming the substrate at the m Af
Mouths apng beneath the ruins of the two Emc-lcleer
Citieg (Figures 3.9D, 3.24B) but over a much broaver
rea of Aboyukir Bay (cf. Wheeler 2002). Moreo te;
our “Xamination of the contorted strata indica d
that they more closely resemble fluidised flcvoitS
€Posits rather than strata laid down by tSunanzla
Yiwara o o 2000; Takashimizu and MasdLl to
0.00)- Gradual relative sea level rise that leff cts
shiftg of delta sub-lobes, combined With_ the el eost
Sudden sediment failure in this region, agtltle-
tai“ly caused periodic displacement of ¢
Nts at the Canopic delta margin.
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Chapter 4

Faunal A
na '
o Sl]bstlryses in the Interpretation of the Submergence
ates beneath Heracleion and East Canopus

Maria Pia Bernasconi, Romana Melis,

Nevio Pugliese, Jear

‘I ,lﬂ[}) s
e seen that EQypt projects into the

show
up o 5
p on mountains, and that brine-salt cones

1
Introduction

Inf
Ormatj
10N on
s
ubmergence of the cities in Aboukir

Obtaj ailure of thei :
alr nel
geopl:eq as a reSuli Se?mwnt substrate has been
etriyslcel surveys Tho- recent geological and
the twggenng N i ese provide new insight on
20 O cities subsij ? ms,ms as well as how and when
»2004; Chapt ded in Aboukir Bay (Stanley et al
Min ¢ Purp()sel;,ce : 3 in this volume). '
. e if COl‘relaﬁO;hlS ?’mdy is twofold: (1) to deter-
geogfen now Subr;lsmg cores can be established
Siteg. aphical Jocalj nerged substrates in different
recoég1 nd (2) to intlhes at and near the submerged
-, ed in copes tEFpret the environmental history
Onature of IOWQO--gam additional information on
buj Which the twlcl)ng of the sediment substrates
ASpocie n m\’esﬁgatig‘clent cities were originally
seq - wil] probabl n focusing on these twoO
condit-el changes y provide some clarification ©
2500 1:115 affectinga?hd syn- and post—depositional
Variq ars. To aclwieve,se substrates during the past
Vlbraco auna from e th_ese goals, we examine
two Citires collected a series of radiocarbon-dated
B (Figure 4.1),t nine localities beneath the

. tm
In, asic
clug:.. 1S herej
3 i erein ig
ang 8 bivalyeg is on molluscan assemblages
OStrac miCTOfOSSi{ géstmpods and scaphopods,
5, including foraminiferal and

Pi'i(),.',- aung Th
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approach used is based on the a

Hq 988
01(\' u]n .
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o Ve in the(])\rq]s r?coverEd in the study ared
te g ct-mO”“SCa“ ] editerranean. Thus, an assess”
it oS should Fld microfossil assemblages in
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: < ) ; )
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he . ©and ¢ &N time, |
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ow a fully marine bay.

d in

sea beyond the neighbouring land, and

+-Daniel Stanley and Alessio Bandelli

hat seashells

to the surface.” Herodotus, The Histories, 2.12

2 Methodology

2.1 General

examined in 9 of the 17 vibracores
boukir Bay in 2001 (Jorstad and
5 in this volume). These mid-to-
s were selected on the basis of
i orings and on their

geographic location relative to the two submerged
The gelected cores at and near

cites (Figure 4.1).
T1, ST2, ST3/ 5T7 and ST9, and

Heracleion are
those at and near Fast Canopus are 6T12,5T13,5T14

and 5T17. Core gections range in length from 321to
549 cm, and the nine sampled cores average 430 cm.
The cores Were split into two halves, described, X-
radiographed and sampled at the National Museum
of Natural History (NMNH) at the Smithsonian
Institution (Washingtor DC).

i of all Aboukir
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Stanley, Chapter
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Chapter 4
Faunal Analyses

5 Table 4.1 .
AbOUkH’ Bay ) -1 Textural data for samples examined in nine cores from Heracleion and East Canopus (continued)
il ST7 o . -~ ) :
Nil Depth (CM)— Sand®s it Clays  Mean (M) Median (M) Mode (IM) Skewoness Kurlosis
Ile Delta 1 ek i B ——
&, ) 70-72 98.91 0.99 0.10 277.90 239.60 245.20 3.700 18.000
 ldkulagoon W% 3 103 - 105 25.45 62.62 11.93 9337 1494 22340 3130 1250
4 l;m -1 19.84 11.69 847 133.60 61.33 245.20 0.628 i
Bt 2 5 :3‘ - 225 96.48 251 1.01 266.70 235.70 22340 f.zs,o 13.3([})8
Pus (modern Abou kir) B 6 08200 98.06 1.50 0.44 J620 26100 24520 3250 1}330
2 7 343 - 345 98.89 1.00 0.11 400 26990 24520 2330 5 800
17 8 j”3 - 405 99.06 0.83 0.1 28480 26240 26920 2:;8 e
130%, 012 a3 9 o465 100.00 0.00 0.00 27460 243.90 24:‘-20 ;'370 21,800
].4 *¢.° o0 .7 H3-545 99.46 042 0.12 254.20 226.10 22340 gk
One ST R
East Canopus ¥ el'a%leio P
n o 0.683 -0.577
13- - " o 5 91.00 683
2 - 1[7 92.76 6.57 0.67 694.30 547.70 1018 0 3.050 8.930
3 2729 23.17 66.81 10.02 108.30 17.50 b 52 32.200
5.240 2
. 90 - 92 vy ; =5 7 108.30 105.90 Jie ~
Ab ; 4 RO 84.74 13.88 1.38 152.70 e 26,14 1.680 4070
oukir Bay 5 1on 125 273 84.77 1250 18.81 13.86 i 3850 16400
6 . 5 ‘]‘-)j 69.90 27 85 225 1(18_-1-[] 91.24 1;76(] 4_5_10 27600
7 73 275 92.47 6.64 0.89 158.70 131.80 27. g0 20100
363 - 345 1 ) = 594 185.30 U
8 == 365 50.55 11.90 7.55 128.50 65. 5 0.491 -0.998
383 - 385 90.68 8.’17 1.10 ;72250 {31350 ]M-’ﬂu [ .. ,. _—
Figure 4.1 (T 2 ST 22 . -
) -1 (Top) Lower Nj 02 10 - 7
sites at Heracleig Nile delta margin of Egypt. (g 1 . 0.846 -0.267
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i i i tical order
Table 4.4 Foraminifer species identified in this study, with tax? [|steciii|n alphabe

Adelosina carinata-striata Wiesner, 1923

Adelosina cliarensis (Heron-Allen & Earland, 1930)

Adelosina dubia (d'Orbigny, 1826)
Adelosina longirostra (d’Orbigny, 1826)

Adelosina mediterranensis (Le Calvez]. & Y, 1958)

Adelosina pulchella d’Orbigny, 1846
Affinetrina bermudezi (Acosta, 1940)
Affinetring eburnen (d’Orbigny, 1839)
Affinetring ucrainica (Serova, 1952)
Ammonia becearij (Linneo, 1758)
Ammonia papillosa (d’Orbigny, 1850)
Ammonia parkinsoniana (d'Orbigny, 1839)
Ammonia tepida (Cushman, 1926)
Amphistegina madagascariensis d

Articuling mucronata (d'Orbigny, 1839)

Asterigerinata mamillg (Williamson, 1858)
Astrononion stell;

gerum (d'Orbigny, 1839)
Biloculinella Iabiatq (Sch]umberger, 1891)
Bolivina spp.

Buccellg granulata (Di Na
Bulimina elongata ¢'Oppy;
Cibicidella variabilis (
Cibicides lobatulys (
Cibicides refulgens
Cibicides sp.1

Cibicides tabaensjs Pere

Coscinospirg hemprichi; Ehremberg, 1839
Cycloforing aff, Juleang {d’Orbigny, 1846)
Cycloforina costatq (d’Orbigny, 1826)
Cycloforing Juleang (d'Orbigny, 1846)

Cycloforing schlumbergeri (Wiesner, 1923)
Cycloforing sp.1

Cydofor:’nn tenuicollis (
Cymbaloporestq bradi (
Discorbinejig berthelot
Elphidiym aculeaty
Elphidiym Crispum (L

gny, 1846
d'Orbigny, 1826)
Walker & Jacob, 1798)
Monfort, 1808

lis & Reiss, 1975

Wiesner, 1923)
Cushman, 1928)
i (d'Orbigny, 1g39)

(d'Orbigny, 1846)

innep, 1758)
Elphidiym excavatum (

Elphidiym, Jensen; {Cushman, 1924)
Elphidiym macellym (Fichte] & Mo
Elphidiyy, Punctatyy

1 (Terquem, 1878
Eponides pusillys Parr, 195 !

ichte] & Moll, 1798)
sa (Wiesner, 1923

Eponides Tepandys (f
Fischering Compres
Genus A

Massiliyg Kualt

ieriang (d’()rbi
Massiling secan

i S (d'Orb; ;
Mflmh'nelhz dilataty (d'Orb'g
Miliolinelq clongatq Kruit, 19 S
Miliolinpl, labipgg (d'()rbign \

Mih’uliuv!hr Semicostarq (Wig
Miliolinej, sp.1

Mili inellq

A\ 1839)
Sher, ]923)

webbigng (d"Orp; n
: S0y, 18:
Parying brrrd:ﬂ'(Mil]e & a

tt, 189,

‘Orbigny, 1826

poli Alljata, 1952)

IL, 179g)

Peneroplis pertusus (Forskal, 1775) -
Peneroplis planatus (Fichtel & Mol.!, 17' ]5}3‘5())
Planoglabratella opercularis (d'Orblgn}‘. 1é"6
Planorbulina mediterranensis d’Orbigny, 182
Polymorphyna spp.

Pseudoeponides sp.

PS{?HdOffHDCHﬁH(IF}HL’I’fgﬂm (d'Orbigny, 1826{))71)
Pseudotriloculing philippiensis (Cushman, 192
Pyrgo oblunga (d'Orbigny, 1839) & Tappan, 1953
Quinqueloculina aff. stalkeri Loebich & ,812}'49
Quingueloculinag berthelotiana d’pfblgn}_;g -
Quingueloculina bosciana d’Orbigny, ]Bi ot
Quingueloculina cf. subpolygona Parr, 1945
Quingueloculing lata Terquem, 1876
Quingueloculina milletti (Wiesner, 1812)
Quingueloculina nodulosa Wiesner, 1923 -
Quingueloculing parvula Schlumberger 1 ka, 1974
Quingueloculing peseudobuchiana Luczkogﬂ Sk,
Quinqueloculing seminulum (Linneo, 1758)
Quinqueloculing sp.1

Quingueloculing sp.2

Quingueloculing sp.3

Quingueloculing trigonula Terquem, 1876
Quingueloculing ungeriana Terquem, 18976
Quinqueloculing vulgaris d’Orbigny, 1826
Rectoglanduling sp.

Reussella spinulosq (Reuss, 1850)

Rosalina bradyi (Cushman, 1915)

Rosalina floridang (Cushman, 1922)
Rosaling globularis d’Orbigny, 1826
Schackoinella imperatoria (d'Orbigny, 1846)
Sigmoiling costata Schlumberger, 1893
Sinuloculing consobrina (d’Orbigny, 1846)
Sinuloculing ciclostoma (Reuss, 1850)
Sinuloculing inflata (d'Orbigny, 1846)
Sinuloculing rotonda (d’Orbigny, 1893)
Sr'phmmperm agglutinans 493)
SfPhDHﬂ,Dc’rfa annectens (Schlumberger, 18%
Siphonapertq aspera (d'Orbigny, 1826)
Sr'phmmperm irregularis (d‘Orbigny, 1826)
Siphonapertg torrei (Acosta, 1939)

Siphoning reticolata (Czjzek, 1848)

Sorites orbicijys Ehrenberg, 1839
Spiroloculing affixa Terquem, 1878
Spiroloculing antillarum d'Orbigny, 1839
Spiroloculing canaliculata d'Orbigny, 1846
SPfVOI'OCIlHHR cf. dilatatq d’Orbigny, 1846
SPim]oculina excavata d'Orbigny, 1846 e,
Spit‘olocumm ornata tricarinata Le Calvez |.
Spiropl'ithnm:idizmr sp.

Textulayiq bocki

1858

Héglund, 1947
Lalicker, 1935
@ d'Orbigny, 1839

Texndm'in calva
Tc’x!u{m‘m conic
Textulayig sp.1

Trilucul'irm marioni Schlumberger, 1893

Trilocuting placata Terquem, 1878
Trilucuhna sp.1

Tri.'ncuh';m tricarinatg d'Orbigny, 1826
Trilm‘uhrm trigonyla (Lamarck, 1804)
Uvigeriyg sp.
'I/(’rh’hmmm striatg

d'Orbigny, 1826
ieSnerp

fla auricylaty

(Iiggt‘lﬂ 13”’;)
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Ta i
ble 4.5 Data matrix used for the cluster analysis with foraminife

rs (continued).
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Table 4.6 Ostracod species identified in this study,

Aglaiocypris rara (G.W. Miiller, 1894)
Aurila arborescens (Brady, 1865)

Aurila convexa (Baird, 1850)

Aurila fallax Ruggieri, 1984

Aurila cf. convexa (Baird, 1850)

Bairdia corpulenta G.W. Miiller, 1894
Bairdia longevaginata G.W. Miiller, 1894
Basslerites berchoni (Brady, 1870)

Caudites calceolatus (Costa, 1853)
Cistacythereis rubra (G.W. Miiller, 1894)
Cyprideis torosa (Jones, 1850)

Cytheretta adriatica Ruggieri, 1952
Darwinula stevensoni (Brady & Robertson, 1870)
Heterocythereis voraginosa Athersuch, 1979
[lyocypris sp.1

Kroemmelbeinia cone Mostafavi, 1983
Limnocytheridae

Loxoconcha affinis (Brady, 1866)
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with taxa liste

d in alphabetical order.

Loxoconcha elliptica Brady, 1868

Loxoconcha ovulata Costa, 1853

Loxoconcha rhomboidea (Fischer, 1855)
Microcytherura fulva (Brady & Robertson, 1874)
Pontocythere turbida (G.W. Miiller, 1894)
Potamocypris sp.

Procytherideis complicata (Ruggieri, 1953)
Procytherides subspiralis (Brady, Crosskey & Robertson, 1874)
Semicytherura cf. S. sulcata (G.W. Miiller, 1894)
Tenedocythere prava Baird, 1850

Urocythereis britannica Athersuch, 1977
Urocythereis distinguenda Athersuch, 1979
Urocythereis favosa (Roemer, 1838)

Uracythereis cf. U. britannica Athersuch, 1977
Xestoleberis communis G.W. Miiller, 1894
Xestoleberis gr. dispar G.W. Miiller, 1894
Xestoleberis fuscomaculata G.W. Miiller, 1894
Xestoleberis sp.2

o T e cluster analysis with ostracods
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supported by good carapace preservation, prese1'1ce
of complete carapaces and occurrence of both sexes.
In addition, iron-stained ostracods have been found
in some samples (see Discussion section). When
these oxidised valves occur in a sample to‘gethecg
with well-preserved taxa, they are considere
allochthonous. In contrast, when oxidised- carapaces
occur in samples where all the specimens are
stained, they are considered autochthonous.

The data matrix used to perform the clustler
analysis was compiled taking into account only the
autochthonous specimens (Table 4.7).

3 Observations

3.1 Molluscs

Only 46 (63%) of the 73 samples from the ninefc?lrlfz
Provide identifiable molluscs. The n?olluscan 3 i
in the 46 samples contain 53 bivalve an
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Melanoides tuberculata and Teodoxus niloticus.
Characteristic taxa are shown in Figure 4.5.

It is of note that 11 core samples contain only
poorly preserved molluscan shell debris,
commonly fragmented valves with decalcified
and/or weathered surfaces and a light grey to off-
white colour. These occur at depths of >1.5 m from
core tops. With the exception of those in core ST7,
worn fragments usually occur in dark, organic-
rich mud sections of cores that are, for the most
part, identified as lagoonal environment.
Moreover, 14 samples are devoid of any molluscan
remains, primarily in the mid and lower parts of
organic-rich mud core sections. It appears that
most of these fauna—poor and mollusc-barren
samples, including those without any residue,

occur in sections that are dated as older than 3000
yrs BP.

3.2 Foraminifers

The foraminiferal species obs
istic mainly of brackish and
Among these are some Species
well-defined environmentsg in
and on the basis of this enyir
it is possible to define the fo]]

erved are character-
infralittoral settings.
indicative of specific
Mediterranean areas,
onmental information
owing groups:

Brackish water group (= L of molluscs)
comprises Ammonia tepida either exclusively, or.
alternatively, as the dominant Species in assézm:
blages that tolerate low salinity and are

W marine, lagoon,
Iranean settings.

Brackish Water-infralittora] group (= L-M

molluscs) includes Ammonig tepidn A_ ] o
and A. parkinsoniang dominant Bchc l
lata, Cycloforing costata, E] ’ .
granosum, Quinque
Triloculing trigonula

n la grany-
phidium excavatum, E.

loculing [?] seminulym and
» Subordinate.

Infralittoral group (=
species which are nor
marine settings; some of them

related to bottomsg characterised by Phytoph
phy-

]uus.algae and marine fanerogams ™). T
Species are:  Adelosing Carinatg ‘;trintl .
~iHata, A,

L‘Immm:q ("), A. dubig *), Amﬁeh‘f;m hor ‘
Ammonin beccarij, Amphz'stégirm mad Lfm.”dez'f,
Br‘u_u'f!n Sranulatq (), Cibicidelly {?.SL”_W_()HSFS,
Cibicides lobatulys (", Cl/C-'!Jfori; variabilis (+
schlumbergeri, C}f”fb(?[(}plorpf—m P ;
spp. (%), Glabratellg spp., Hf‘t(’ro;{f@ ‘l'PfrIdilm-t

larum,  Lachlanel]q variolatg (,(.k 8 antij.
gualtieriana (*), M. secans (* 1 ssiling
Ig (f![amf.n’

i ) Miliolir.
M. webbiana (ﬂ ”“)J{;”(I
US1s (*), P

are generg]]

+ Penerop)js pe
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planatus (*), Planorbulina medih’r'm:wrrsi_s *),
Rosalina spp. (*), Sinuloculina spp. (*),anqule-
loculina [?] ungeriana, Schackoinella impfmfm'"m,
Siphonaperta aspera (*), Sorites orbiculus, Spiro-
loculina antillarum (*), Triloculina plicata (*), T
trigonula (*) and Vertebralina striata (*).

* Infralittoral-circalittoral M of

group (=

molluscs) includes species that are Ch‘arac.tel"
istic of a large depth range distnbgtlo'lrjh
although some of these are generally distrib-

Figure 4.5 5o,

) . the
€ molluscan species representative of
Holocene eny;

ronments recorded in the core Samplei
(1) Abra ovata, external view of the left valve, scale b’ j
‘éomm? (2.) A. ovata, internal view of the right valve, ba;‘;
00 mm; (3) Cerastoderma glaucum, external view of t
L'ght valve, bar = 20 mm; (4) Hya,frobia stagnalis, SC?;
Pf); = ?00 mm;_ (5) H. stagnalis, scale bar = 500 m'mn?)
amides Conicus, Protoconch, scale bar = 2 mm; (
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ernal view of the right valve, 5¢/¢

. Vawe.
acteus, internal view of the left | vie

@an
par

mm; (13) Corbicyls fluminalis, intern@
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uted in an upper circalittoral setting (°)'. 1?1‘16
species are: Adelosina longirostra, A. mcr.z'zf.moa-
nensis (°), A. pulchella, Affinetrina alcidi ()f
Articulina mucronata (°), Asterigerinata mamilla
(°),  Astrononion stelligerum, Bolivina 3PP
Bulimia elongata, Cycloforina tenuicollis (°),
Discorbinella bertheloti, Elphidiun macellum, AE-
punctatum, E. ¢ranosum, Planoglabratella opercu-
laris, Simrioclzli;m inflata (°); 5. rotonda,

) . . e vtularia
Spiroloculina canaliculata, S. excavata, TL;\m
calva, T. conica and Triloculina trigonula (°).

FiQUre

. of

Olo¢ 36 Some foraminifer species Tepresentiz:nepms
(Scal "€ environments recorded in the cake de: (2)
ate t?ar =100 pm): (1) Ammonia tepida, 5p1r§| ; ;};na.
i Umbilcal side (3) Ammonia parkinsonate
Bl Side; (a) A parkinsoniana, spira| ;;va}um,
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ide,
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Some representative taxa of the Holoce !
environments recovered in the cores are repr
sented in Figures 4.6 and 4.7.

Cluster analysis serves to identify two major groups
(Figure 4.4B).

e Cluster 1 includes core samples in which the
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Ammonia tepida, which is almost always present
together with A. parkinsoniana, Peneroplis spp.
and Miliolidae (Quinqueloculina spp., Miliolinella
spp., Triloculina spp.). Massilina gualtieriana is
abundant in some samples, especially in cores
ST2 and ST3. On the basis of A. tepida
abundance, it is possible to distinguish two
subclusters (1a and 1b). Subcluster 1a is defined
by a larger proportion of A. tepida tests, together
with lower number of species than subcluster
Ib. This subcluster indicates a brackish water
influence in proximity to a marine setting.

Subcluster 1b, in contrast, records distinct
marine conditions.

Cluster 2 is characterised by the dominance of
Ammonia tepida with A, parkinsoniana, Elphidium
excavatum and  scattered occurrence of
Miliolidae. It is possible to divide this clust
into two subclusters (2a and 2b). In subcluster
2a, three environmenta] possibilities with
lagoonal taxa are recognised: one in which taxa
in most samples indicate 3 clearly brackish
(lagoonal) setting, either with A, tepida exclu-
sively or as a dominant Species; a second, in
some other core samples, is defined by the
occurrence of Elphidiy Species (infralittora]
taxa), thus indicating a marine influence; and a
third, somewhat more marine setting, in which
other marine Species  occur,  sych as

Quinqueloculing SPP. and  Rosaling
Subcluster 2b cor

er

occurs, and it is not

ecological interpret
specifically |

possible to assign a single

ation (one that is either
agoonal or marine),
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ari » while
arine 1 s
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three syb i
. rou
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shown in Fj
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. tter g
gures 4.2 ang 4.3, "oty Pymbols e

3.3 Ostracods

As has been noted in earlier studieg

Stanley 1991 ), some Ostracod ar (
related to their life habit

Ijv compared with foraminiferal

fauna, it is important to combine ), ;
the i_‘nvimmnenta]/benthic

of Péres and Picard (1964)
used here also take intg

Pugliege and
oups can be
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e three by usin
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(Pugliese and Stanley 1991; Montenegro ":}‘i
Pugliese 1996; Montenegro et al. 1998). For -
present study, most species found in core sample
can be placed into one of five groups.

* Freshwater group (= FW of molluscs) CO“?‘St,E’
of the following species: Darwinula sn‘evmr_somj
llyocypris sp.1, Limnocytheridae and Potano
cypris sp.

Lagoonal group (= L of molluscs) is c_on'stituted
by Cyprideis torosa and Loxoconcha elliptica

Lagoonal-infralittoral group (= L-M I ?ef
molluscs) includes species which are able to 11V 1
in both brackish water and marine coas_taa
settings that are freshwater influenced, iQCIL‘de
Aurila arborescens and Basslerites berchoni.

Infralittoral group (= M of molluscs) COITlPI'IS(:;
species that generally live on bottoms Chaf,ane
terised by phytophylous algae and mall‘sk
fanerogams. Species denoted by aSte{‘ln
normally prefer bottoms without "egetatlooi
Most species tolerate nearby inflows of fresh fe!
brackish water. The species indm‘f s
Aglaiocypris rara, Bairdia longevaginata, ledl, ,L ”
calceolatys, Cytheretta adriatica, Heterocy H:(,’Jt;
voraginosa, Loxoconcha affinis, Pontncy‘f’h;l_s
turbida*, Procytherideis complicata, P. subspird =
Semicytherura cf. sulcata, Tenedocythere 'UTW’
Urocythereis britannica*, U. distinguenda”s
favosa*, and U, f. britannica*.

Infralittoral—circalittoral group (= M Oaf
molluscs) includes species characterised byse
large depth range on the shelf, and -the.b-
usually live in the fipst 100 m. Although distr! is
uted over a wide range, most forms in th\lf‘/
&roup are also commonly recorded in Shallﬁqt
marine settings. In this study it is noted tt:zf
SPecies are not associated with deep-Wa

Ostracods, byt rather indicate shallow setting
l-e. those which can be vegetated as mdicat'e:
oY normally phytg species (°). The spec

; g o
Include: Aypilg convexa, A. fallax, Bairdia wi# y
lenta, Cistacythe ' coR=

0X0concha oyy)
_fti!tffi, Xestolepe
dispay ()

reis rubra, K}'omnmw'iw.'nH; i
; S &
ata, L. rhomboidea, Microcyt ’.‘ B
g 2 5 h
Fis communis (°), Xestoleber's &
» Xestoleberis sp.2 (°).
So . rorent
mw'o?f{osnamd Species representative of dl”“orc
C 2 -
are] | O](?Cene environments in the studied ¢
imwn in Figure 48 o
uster g o a0
e Malysis serves 1o identify two M3

gl‘()L]ps (Figui.e 4.4, : . ter) anc
cluster 2 (lﬁarin;);()' cluster | (brackish wa

Faunal Analyses

Cluster 1 is characterised by Cyprideis torosa,
one of the most common brackish water ostra-
cods. This cluster can be subdivided into tliI:?E
subclusters: Subcluster 1a is monospeahn:
Cyprideis torosa is represented by few speci-
mens, and probably indicates a brackish water
setting (wetland, lagoon, etc.). Subcluster liJ
includes abundant to very abundant specl-
mens of C. torosa which are sometimes assocl-
ated with infralittoral (sample ST9-3) or
brackish water—infralittoral (samples ST17-3

Figure 44

(SCa|e

Merior
Cau

CyDrjd

: tive of
di Some ostracod species representa
'fferent o

locene environments in studied core Sarl?le?rj
ar =100 Hm): (1) Aurila arborescens, |eft v rior
: W; (2) Aurila convexa, left valve In ?Xte- 4
'(3) Bafrdia fOfpuIenta, left valve in ex‘terior view,

3 o (5)
lte.s c‘5"'C€'Ofa‘t‘us, left valve in exterior View:

i heretta
adr " torosa, |eft valve in exterior view; (6) Cyt
Fiatic

: : inula steven-
SO, oy ®ft valve in exterior view; (7) Darwinul

n

al I’lgh

ida,
S i:e " exterior view; (11) Pontocythere tu;?;ta left
"l _ ulcata,
o Exterior view; (12) Semicytherura cf. s

3 . I 1 ar
& in “Xterior view; (14) Urocythereis britannc

i . . mu
Qin SXterior view; (15) Xestoleberis cOm

. i uoragf‘
Yalvein exterior view; (8) Heterocyt hererselbeim’a
t valve in exterior view; (9) Kroemm

inis,
: ; \ ncha affi
Valve in exterior view; (10) Loxoco left

ight
. . Var r|gh
Exterjor view; (13) Tenedocythere prd ot
nis, 1@

SXterior view.
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and ST17-4) species. These indicate brackish
‘ -
water or other deltaic-related wetland settings
that are influenced by the sea. In additif(l)n,
sample ST9-5 may record a freshwater influ-
ecncepas indicated by the occurrence of fresii—
i ciated with C. ftorosa.
water specles assO i
tes a well-diversi
ubcluster 1c denn _ —
Sstr’lcod fauna, and its assemblage'is cliarac
i d by C. torosa and the inanne l‘(_)I'lI_‘lS
o }'5 britannica and Aurila cf. convexa.

lrocytherel . : ( e
%"hesé are associated with ses eral infralitt

ircali ies, indic-
and infralittoral—c&rcal1tt0ral spetigss,ea dic:
‘ i ings near .
ating deltaic-related s_ettmos the sea. The
nreofreshwater specimens occurring
(e
sample ST3-3 suggest

influence.

a nearby freshwater

. - s 1.
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Chapter 4

4 Discussion

Most of the two molly
yiost of scan and five mj i
gecoa‘ig;fz:s,}\ obstralf_ods) biofacies of I—Iorlnolccél?lizoasiml
recovere generzﬁ ir Bay core samples are attri%)e
hallon p et ¥ comparable lagoonal a d_
e lTnv1r0nments. The core secti )
. ally restricted water depth vy
ove and/or about sea levelpto sgangei
vera

l. The greatest value of the

4.1 Tempo
poral lagoonal to Mmarine facjes ch
change

Most co

e sampl.
substrates at bgﬂ:?SHceoﬂected
comprise mainly |
and  ostracods (Fi

from ¢ .
racleion and Ehe sediment

lagoonal biofacieg described ;
in

in modern coas
) : tal :
shoreline (cf. Che;n:ff%;ﬂ dep : »as thoge

1993; Stanley et g/, 200 ;
rich core sections s
T}_lese facies, normal]

olive coloured, planty _CompriSing Cek
clays, have alsg been ] —
t.ht‘ Nile delta (Be
Stanley 1993; Bernascon:
]agno'nal litho]ogies ar?cl;l
t.hc.rem are, in turp, su ) -
facies younger than ail;()tlct(:QEded
at and near core tops at th .
I'hese observations o

Y mMarine
‘ san
):rea}:s old, especia?l
il ] Cc aeologicy]
ores
and coreg ST13 aisdsg% :
17

T’? and
at Eagy

5T9 at Heracleion,
Canopus.

4.2 Dating ¢
sstiings g changes from lagoonal to marine

Pa .
thelaceﬁanricé[eogfi;al analysis of some cores highlights
accompanied t!-rln lagoonal to marine settings that
in the late Holo e eventual submergence of the sites
a gradual up-c cene. Many sections of borings Sht_)W
fauna, interlsj e Change from lagoonal to mariné
marine or frepsirSEd at- times with locally strongerl
tative cores are S‘:\ligter influences. Among represeﬂ'
Canopus) that (at Heracleion) and ST13 (at East
1ag00na]_t0_n,l1 T?Cord the long-term sequence 0
substrate benec rline deposits that formed the
composition Oaft the two cities (Figure 4.9). Fauna
from lagOOHalt ST9 'I'GCOrds a progressive tren
core base (dat c? marine settings, starting from the
water infl; : 410.0140 years BP), where a fl‘é?Sh’
lagOOrlal—mar?nce IS. noted, to intermedlate
eIt fop (540i2(8 conditions, and to marine at the
same Palaeoe_ ' years BP). Core ST13 records the
(from 3770+40ntwronmenta1 trends: from 1agooﬂﬂ‘
mediate lagoo Ol about 2120240 years BP), t0 inter
and final] gt na ~Mmarine (up to 1980+40 years BP)
The 4 ?’C O marine settings.
in the twl::) doartee;al.lna] Changes are generally pal—a[!e;
major late Hg| cores. However, it appears that th
lagoonal to ]O ocene biofacies transitions frot®
marine, ocCuagoonal_marine and then tO fully
Heracleion th rred several centuries earli¢!
correlation bz?wat East Canopus. This is bas®
radiocarbon-dat een cores and interpolatli)ﬂ -
Major transitiop ed sections. At Heracleio™ 2
uncal.) years E.pS occurred at ~2300 uncalibrate
~2100 years BP (lagoonal to lagoonal—marine 2 ;
East Canopuys, g; (l.agoona]—marine to marine): Ad
» similar up-core transitions are e i

a .

dated Sam;l(: 1800. years BP. More radioca’ Ols
would Pmbaki and identified archaecologica 1ev'e
of the marked : p-mVide even more precise atﬂ"?
changes . fnvironmental and associated ff}uﬂc |

G
reek and Roman to Byzantine t1

4.3 Problems

. f - ‘
ates in some correlation and ‘old Holocen®

i core sections
ag00n -
al to i h19
Y would ip fmarme sequence recorded bY tllta
Margin sectiong ?}:t be expected in Holocer? i)ﬂ"
at, in ed T
time, were lowere“ _in

Near g
€a leye]
what ; ele evati £
atis now tion to shallow marine deP 10151
8]

a A ;
(bﬁff.consid?red’bﬁgklr Bay. Several problt‘il_ﬂs sh the
b ‘culty i owever. The first pertains © G
etween ori aKIng core-to-core correlations Ve,h
COrrelatig . ngs collected near each other’ SL]L-e
dePth, lith()]canﬂ()t be achieved o only cot
?di()carb(m(;gy and/or fauna (I:Lili“iq 4';’ 43)4
Provide , . ates collected for th i’ ‘(;reb‘ she [,L.

Itica] database to maLI;E :tratigrﬂ it

The
Stud

Faunal Analyses

correlati
carboim?isln ma”}_’ cases, however, the radio-
incoherenﬁv F.(Uﬂcallbrated dates) vary rather
range from as o eore fo core. For example, they
Within the yoUDE a5 5-1()_¢-£O to 6310+60 years BP
and from 191;851(1]00 cm of core tops at Heracleion,
upper 50 cmy 4t to 5990+60 years BP within the
eracleion anczit Eaf't Canopus. Moreover, at both
Sections form - ast Canopus, the substrate core
fanging from ; of mud are surprisingly old,
ST1 to 6570+40 VS50 years BP at the base of core
tecalled thyy | yrs BP at the base of core ST14. It is
both of these old dates were obtained

S

ered at relatively shallow depths
the sediment-water interface.
Moreover, the entire core sections in these two
borings, as well as in cores ST3 and ST12, are of
early to mid-Holocene age (for the most-part >5000
vears BP). Only the thin surficial sandy cover at the
two archaeological localities is of late Holocene to

modern age (Figure 4.9).
Biostratigraphic correl
even between closely space

and interpretation of
at characterise

for samples recov
of <550 cm below

ation between core strata,
d borings within one
area, ‘0old Holocene c-iate’

many core sections,

anomalies th

-\—\__
Heracleion East Canopus
[0]
= £
-~ = m
\E" — © i ol E ©
3 5o S o £ £e 3 2
S £ c £ o= o @
S 53 S s 3 2% 8 =
o @ A
0 STQ - 0 © 1S ©
©
0-r i
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©° .
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=2 o) :

9 fau
E:\’ironq'g Twg ; opus ( t
90, Menty, - Pe-cor . o other fr0 erally si™ discuss
The E'r‘al to tal ¢ angeseiz Clmte from Heracleion (57;19_3 a”s fc:re ces ¢t CanoP
u ari ate Holocene time. While UP” - ding
s band _'Ne chan at HeradE'r‘?s”mg distur d bed

In

. ge appears to have occurred earlier 37 ©
Upper part of ST9 denotes sediment section
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Chapter 4

should take into account available geological data.
Pertinent among these are observed syn- and post-
depositional disruptions of unconsolidated
Holocene strata that now lie beneath the two cities.
Evidence of stratal offset is recorded in geophysical
profiles obtained in western Aboukir Bay (Stanley et
al., Chapter 3 in this volume). High-resolution
seismic profiles, side-scan sonar images and nuclear
resonance magnetometry records all show that
sediment substrates beneath both cities have been
offset, tilted, uplifted and /or lowered (Stanley et al,,
2001, 2004, and Chapter 3 in this volume). For
example, diapirs, crown cracks, growth faults and
normal faults have deformed the bedding that origi-
nally was laid down horizontally at an
Canopic distributary mouths. X-ra
cores also show evidence of s
tional deformation, primarily in the form of
fluidised sediment associated with stratal offset. For
example, three of the cores we examined at
Heracleion (ST3, ST7 and ST9) include sections
30-50 cm thick of such disturbed beds (Figure 4.2).
All such. failed and displaced bedding phenomena
are typical of water-satur
prodelta lithofaci
sedimentologica
large deltas (Morgan 1970, Wright a
1974; Prior and Cole
Maestro et ql. 2002).

d seaward of
diographs of
yn- and post-deposi-

gin of many

nd Coleman
man 1982; Coleman 1988;

4.4 Difficulty

‘ ‘ in detecting evidence of sediment
failure in s

ome lagoonal/ successions

The geophysical surveys of Aboukir B
that the sudden large-scale eve
flooding) occurring in this region in
post-depositional failure of strat
(Stanley et al., Chapter 3 in this
at some core siteg the envirg
through time as recorded by f
in some cases, characterised
ally gradual, upward change
it is difficult to reliably

abrupt. up-core faunal changes induced primaril
by sediment failure and 10wering of strata. This laci

of ob_vinus faunal change is probably dye tq the fact
that fauna in brackish water settings ( o

and marsh) typically tolerate frequent ang oft
important changes of salinit e

turbidity. This means that chang’est;gﬁ'iiti:‘]:ewa?d-
fauna due to chaotic and sudden sedimer{t failauf:a
events may not necessarily be obvioyg. If the
no geophysical records to indicate str
bance and the probability of rapid founderin af
sediment in the Aboukir Bay study areg, thength@
faunal changes due to such events could wel) be
overlooked, i¢. masked and interpreted as the

ay indicate
nts (including
duced syn- and
a beneath the Cities
volume), However,
nmental evolution
aunal assemblages ig,
by Progressive, gener-
es. Thus, in Some cores,
identify corresponding

such as lagoon

re were
atal distyy-
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. - e el’ltal
result of ‘just one more’ form of -Cm]mn,laniable
instability in what are normally highly Ve
ecological settings.

4.5 Poorly preserved and stained fauna as
significant markers p
at affecte.

t cities 1
a oL

Additional insight on the role of events th
substrate environments of the angcn -
provided by core sections that contain no d oorly
in the case of molluscs, include O,nly.,Pard to
preserved shell fragments. Moreover, with I:ﬁqprise
microfossils, the number of samples that C(O].ange,
variable proportions of oxidised (brown d SPeCi’
yellowish brown) foraminiferal and Ostfaco qormé
mens is noteworthy. We believe the "a_rlousﬂ.ovi
to poor states of faunal preservation Ct;wngesf
additional insight on cnvimnmcntﬂ]‘.butes an
including those induced by grain size attri ing @
others due to stratification disturbance durifio
following deposition. grail
In the case of molluscs, for example, with
size of samples with no fauna was Compch d
that of samples comprising wcll-l-"mfscr\,q 3.2 an
Samples devoid of molluscs (n in Flgur:-ised b};
4.3) or ‘residue’ are typically clwaraFfﬁjns of il
small mean grain size and high Propolt"t sam
and clay (Table 4.1). It is also noted tha 1 of
without molluscs were collected from fO-Lclro Ossl'li
core sections older than 5700 years Bl MI,,,,AS. P 115
are absent in deposits older than 6000 yum 5311df
cores ST12 and ST14 (East Canopus), @M [ age 0,
at the base of core ST7 (Heracleion). In jﬂ h0S€ .31
samples with only mollusc fragments: im 51‘3111
Heracleion are sand-rich (fine to medlqu. SUCt
size) and older than about 3000 ,YL:H.;; ime?o
samples at East Canopus are of silt-512€ ;t 3000 f
with almost no sand, and date from abo:)lltlfics ge
over 6000 years BP., The absence of n}ln; may
presence of only poorly preserved ,She'; S
related to in sify conditions of bU”a]’. l.i Th]ﬁof
where reducing conditions once Pre"‘ﬂfﬂtt ,.mld d
not unusual in organic and pla”t'rlch 32),
marsh and inner lagoon deposits N 199 0
Coleman 1969; Loizeau and Stanltyw -315;6
Reduced of anoxic burial condition _11 n{ 60—0
explain the absence of microfossils in 57" al?

ay * 4
. A al et 1
;amples_ Deterioration of shell mﬂterlain {%l“"’ﬂted
ave been induced bv vertical shifts old o6
water leye| ’

. SF )['15 ,15
and the chemical rC‘mtu-ort qh‘ked
thereto. This latter case may perhaps pes i ma! t-d
when sediment sections were subject ta ﬂﬂetee"’
Chang@s iN water content, including stra

cand 4
y o] a ql-‘
by vertical shifts relative to l,gmundv\.ratL e d

](‘\! &) . ‘ts O .
el, and those modified by effects m.o
YOSt N ma . . - 3
Post-depositiong] fluidisation. ¢ east
Also of note ed

are core samples whet

Faunal Analyses

of the three fauna contain one or more of the
following attributes: mollusc shellsl that are
fragmented or absent, and/or microfoss.lls that elre
absent or iron-stained. This is recorded in 21 (5_3 7o)
of 40 samples from the cores at Heracleion, and.m 11
(33%) of 33 samples at East Canopus. Jaere 45 BR
evident correlation of such samples with core depth
and textural attributes: only 29% of tl}e abovi
anomalous preservations occur in 'sedlment (3/
unusual textural attributes at Heracleion, and 356]_;
at East Canopus (Table 4.1). Cores ST1, ST3 and
at Heracleion and core ST13 at East CanOP-l:l-S.
comprise the largest proportion of samples wi
stained microfossils. It is postulated that coie
samples with anomalous fauna are more closeg
related to factors other than texture, such as age 4 t
specific geographical location of the sedimen
section. -
Some oxidised tests may be allochthonous-,‘foI
example those displaced after initi-al dEPOSIt!OG"l:
such as at times of flood in the distributaries or y
wave and coastal current erosiqn and trar;sg[;;%l)t
along the delta coast (cf. studies in Morgan d
However, some staining of microfoss1lls form; o
situshould not be ruled out. Accor.dmg o rfurlnd_
(2000)’ high organic matter present in SOIjnti el
rich sediment can lower redox Potent!a,n and
controlling the concentration of ferrous Iro ; de’
limonitic colour of foraminifers and .OStrE:jC vals
valves. It is envisioned that some' Stalm_ng1 nfc;nts
Oped preferentially in delta margin eulVHCfn 1969;
where oxidation prevailed (Ho and. co elr:ax osed
Morgan 1970; Broussard 1975), as in we Cq};c;pic
natural levees that once bordered the Ie( 1993)
channels (Chen et al. 1992; Warne and Stanley 17
and in high marsh sectors positioned tpe 8
above water level. . )
If staining is due to in situ oxid ater level, it
fally in settings positioned above Wa rve as key
may then follow that stained fauna s€ Further
Mmarkers of post—depositiona} changg' ukir Bay
examination of stained fauna in the A t%esis that
study area are needed to test the hyp ? sediment
such fauna are closely associ‘atEd W(lit;ilted either
Strata that were periodically shifted ar; el
upward or downward relative to sea level

ation, preferen-

5 Conclusions oo
: v

The results of geological and %%’GOPPYSICT:;; in tlljﬂs
tions in Aboukir Bay, P“esented els}_el‘iacleion and
volume, indicate that lowering of e‘ caused by
East Canopus beneath the Wfq‘les, wi:ec, of more
8radual processes coupled with asl:“e involved
Sudden and powerful events. ThELS ltflte Holocene
(1) a relative rise in sea level due to the l¢

. £ 1 at the
i of ]and d
ustatic rise and concurrent lowering
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delta margin by sediment compaction 'and isostatic
loading, and (2) a sequence of more r‘ap1.d-t0—5udden
failures of strata at and near Canopic river channel
mouths (Stanley et al., Chapter 3 in this volume). It
has been suggested that these latter more rapid, and
at times catastrophic, events were lagrgfely clu.cT to
positioning of the cities in close proximity to river
mouth areas subject to high water and ?Edlmeﬂt
discharge, especially at times‘ Qf annual Nile floodcsl
(Popper 1951; Said 1993). Cities were constructe
close to the coastline directly on vulnerable delta-
front deposits that were wa%er saturatgd apd Prone
to conditions of soil instability and per1od1c failure.
It is probable that such sedm?ent failure was rp(ﬁqt
commonly triggered by ﬂpwal events (eslllaeclm.crly
during and shortly after times of unusga y C'lugm
flooding in late summer and fall), as in 1catle y
Stanley and others (2001, 2004, a1.1d in this vo un}(e),
and perhaps also by some gplsodlc earthgua ef-
related tremors andoma)ssoaated tsunamis (cf.

i i 1986; Stiros 2 s -
Plr’?ﬁidxl'elcgord of biofacies change (Flgurg 4.9)
indicates that subsidence occurred earherd.at
Heracleion (between ~2300 and 2100 uncal. ra 1oci
carbon years BP) than at East Canopus .(~21’50 ind
1800 uncal. radiocarbon years BP). It is expec?i
that further refinement of these dates w.wll be m}? .e
possible by discovery of al_”tchaeologlcal markers

erwater sites.

gagle{igrztbti};?ai?ei changes suggest that substrates
b e};th the two settlements were ipdeed }owe.red

" imarily lagoonal to fully marine settings ina
fr?T };r ief period of time. Some disturbed mud-rich
s iti: arg noted at Heracleion, such as in core ST9
?j}fszr part; see Figure 4.9)., ST3 (upper part) a1;c;
ST7 (middle part). Fauna n Holocene sequenc /

untered in these cores record. a series o

- ental changes that could be interpreted as
a— to naturaTwetland variations, and not to
: res%onms:e Palaeontology records lagoonal and
Sllbs'l e emblages, with the marine fauna
e asrsnolluscs) recording reduced tolerance to
al changes. Largely marine mterva.ls_ in
ate relative environmental -Tatabll;ty,
i the marine fauna are not able to sustain large-
since th --onmental variability. Lagoonal fauna of
- lt?nVU ter origin, on the other hand, are distrib-
brackish Y\JlZn or Holocene time intervals below the
uted e es ind capable of tolerating more extm.}-
11I1arm€ -(') ntiorns of environmental factors. If chaohc.
SIve Vmﬁ -n events took place during the__time or-
2 SL'IL'(L of lagoonal sediments, the efitects Qt
d(.-poSlt'lO“ f strata may not be obvious. In fact, this
disruption Obe Partiall;/ masked by the generally
<Lt ma-yture of fauné living in the brackish v\lfater
tole.rant‘ na[—{ ywever, other criteria may indicate
SEHtl'zflb'shi;t% of land relative to sea level. The
verti £

(especially
environment
b01i11gs 11‘1d]C




wJ

Chapter 4

locally present and poorly preserved molluscan
fauna and iron-stained microfossils are tentatively
viewed here as markers of lagoonal sediment that
was subject to displacement relative to sea level.
The present biofacies study highlights some diffi-
culties in correlating Holocene core sections usin
only biofacies, core depth and lithology. This is
made readily apparent by the presence of highly
variable radiocarbon dates (lower to late Holocene
ages) at core tops and difficult stratigraphic correla-
tion between cores owing to marked offset of
Holocene strata. Better insight on the final history of
the cities and aspects of their lowering during the
past two millennia will be gained by means of
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o 1 eStlltS
further integration of faunal analyses with T

from geological and geophysical in_\’ES“gEl‘tlocﬁz'tri-
next step will be to determine statistically t.“.?f rs in
bution of molluscs, ostracods and foramint ederﬁ
various deltaic-related settings at the t‘_‘"o mOSuch
Nile river mouths (Rosetta and Daml_etta)lfauna
data should be compared to the results O.t Our,esterﬂ
analyses in Holocene core sections 1N “of the
Aboukir Bay that once lay at the m.m]t}:-f\’ an
Canopic branch. This will serve to iden 1~ildenc€
evaluate more reliably the influence of subs ed i
and sea level rise on biofacies that occur’
Aboukir Bay over 2000 years ago.

Chapter 5

Vibracores in Aboukir Bay: description and analyses

Thomas E. Jorstad and Jean-Daniel Stanley

‘For the nature of the land of Egypt is this:.as y-clm a;i
and you drop a sounding line, you will bring 1

* ' 3, "'4 l ﬂ 2
This shows that the deposit of earth reaches even as

; —
A coring programme was conducted in April a

May 2001 to collect surface sed.imgnt samplfsr:iigﬂ
integral part of the interdjsapllnal‘y exp argcient
and archaeological effort of the IEASM on (Figure
submerged cities in western Aboukir Bay ,az o
5.1). The major goal of the programme ‘i\'mfor—
augment the previously co]lecFed geolpglc:; o
mation, including bathymetric, grawm‘l3 in 1996
side-scan exploration data (obtained 1ar%i}éM) nd
and 1997 by previous missions of the I rofiles
high-resolution sub-bottom seismic survey E;)vered
(COHECted in Aprll and May 2000) The re o P]e-
cores are a major source of information tc? chibed
ment data from the few pre\’lousl-}}l-, 1839261 b).
sediment borings in Aboukir Bay (Fr-ll %le for ’the
They also complement core logs aval i{-n those
terrestrial margin of the bay, .mdug,i) gStanleY
depicted in earlier works by Attia (19 20;34) and
(2008, 2005a,b), Stanley et al. (1996, 200%)
Unpublished engineering reports.
When used collectively, core
Critical information pertaining to -acleion and
geology and depositional history at HEljerstanding
ast Canopus which can refine our un tent of the
of the regional cultural history. The.m ntological,
€Ore analysis was to investigate SEdlmfd chronos-
betrological, artefactual, fﬁlunal’.ﬂora:ar1 sections
tratigraphic aspects  of sedipners ycieﬂt cities.
fOrming the substrate beneath the two an nhanced
Xamination of the substrate allows nedline and
resolution of the migrating Holocene str}a changing
identification of lithofacies to identify e imes that
ﬂoodPlain, lagoonal and other de.‘ltalc 6
Prevailed in this region through time- aphic
With this information, lateral Straflgléitions can
lations and ]_1alaeogt‘0gfaphical recon]sh:he aifainal
€ derived to interpret more accuratec},/ nopus and
(pl'e-subsidence) setting of East a,ﬂd Warne,
€racleion (Stanley 2003; Stanley 2

data contribute
the Holocene

corre-

proach it and are still within one day's run from land,
p mud, though you are in eleven fathoms’ depth.
far as this." Herodotus, The Histories, 2.5

2 in this volume). Cores are also ngec.ied by
g:cigggts, archaeologists ar}d othler slrie}iljaifts :2
help answer questions relating cu hll;,ri \ Sfaﬁi X

radual land subsidence, sudden substra ed . d
= level rise and climate change. In sum, e_tal e
alys of subsurface sediment layers provides a
g derstanding of the natural history of the
bettlt?r . on which the two Greek settlements were
ZEtFll?%suvlffell as the conditions and events that led to

uilt,

their demise.

1 Core recovery and accession

i nducted in the western
e Operatl-]:i)rrl SB;;ferteo Ccoollect continuous strati-
art of Abo'uns at both Heracleion (cores 3-5 and
SECEIOSt Canopus (cores 13-17). Seventeen
- oncentrated primairily in imd
ical areas, and also in sectors
adja.;enf » i;cé;aeeglxg)g;iimerged localities (cores 1,
wadig The specific site localities were chosen
%5 % 12)'- of previously collected bathymetric and
an e baslIS tiog seismic  profiles (Stanley et
high-.reso N 3.10, 3.11, 3.12, 3.15 in this volume).
2 Flg'ure'stes' fr’om east to west (Figure 5.1), were
The dr{udsiln wlfater depths ranging from 2.1 to 6.6 m
remtieﬁued core logs in Appendix). cted
e bracore drilling method was selec
e ically provides continuous sedlment
because 'ty}z:xce@s of 5 m with a minimal distur-
sequences H:erial :1"118 system used was a Rossf_elder
pance of matu‘; 6perated from a .tender “.”th a
P-3 aPPara {e (see Stanley et al., F1gque 3.16.111 this
hydraullc Clrmcore positicms were idenhflé;d using 'the
TS, Tf’ »ning System (GPS). During dr1ll11_\g
Global' oy 1K~ boat remained stationary at ec?ch site
opere A0 tf}&'*ll anchors secured to the sea-floor. A
by using setl 811{359 the anchors and also ens?u.red that
gick hellp:‘er}l’ remained vertical during drilling.
core De

graphic
8-11) an
core sites were €

the
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The core drilling operations used aluminium
tubing with barrels 6.1 m (20 ft) long and 10 cm (4
inches) in diameter. After drilling, some tubes
containing the sediment were cut aboard ship to
remove the upper empty tubing without sediment:
the sediment-filled core barrels were then sealed
and stored horizontally. The combined total
recovery length of all 17 cores is 68.41 m. Individual
cores ranged in length from ~1 m t0 5.5 m, and these
sections included, for the most part, continuous and
complete core recovery.

The cores were cut to predetermined lengths
(typically 1.2 m) using a table saw equipped with a
3 mm wide diamond blade. Next, the core sections
were cut lengthwise. To minimise any contamina-
tion or alteration of core material in this procedure,
the lengthwise cut of the core tube penetrated only
the aluminium and did not cut into the sediment.
The lengthwise separation of sediment sections was
made using a metal wire that was drawn to split
each section into equal halyes, Each core half was
wrapped in a plastic sleeve and sealed with
electrical tape at each end. These sealed materials
were placed in cold storage unti] described and
sampled. All core segments are stored face- in th
cold storage facility and kept at 6° C g )

2 Core log description

2.1 General methodology
alySiS Of

The cornerstone for interpretation and an i
2

the substrate setting is lithological descrlpnolnqrac_
compilation of petrological features thc’}t m["tho'
terise the sediment core sections. A detm.wdllan
logical log was made, based on the vu.;ua ith
physical inspection of each split core SC.Ctl(m’strati-
the aid of X-radiographs. As in p[-e\'muf; 1996);
graphic work in the Nile delta (Stanley ¢f 4"

P . al imetre—
all core material was carefully analysed CLn:exture;
by-centimetre for sediment lithology | res:

al structd

composition), physical and biologic 1
disturbance of sediment sections 197 In
microfaulting) and colour (Munsell Color atten”
addition to the petrology of sediment layers, ment
tion was paid to any archaeological, rock frageseﬂf'
nodule, botanical and faunal materials }:1-1'00rrl
Descriptions were performed in a clead ligh'
setting with daylight and/or Phomﬂooqr a
conditions near the refrigerated Swrage'(;logica
minimise thawing or chemical and blnaterial
changes of the sediment. Selection of core ! f the

. . eC
for radiocarbon dating was a major asp

(fluidisatio

Core Localities

E 30f4'

E 30/6'
S

East

4000

2000

Figure 5.1 Map showing location

E 30/g’

—

“l,_i?gg === »Lf—]

Heracleion

Vibracores in Aboukir Bay

study, and samples from borings at 15 sites in the
bay were collected for this analysis. Information
contained on the graphic logs also includeg the
geographical location in latitude and longltud_e
(based on GPS readings) and water depth. Graphic
logs, including legend and descriptions of tbe 17
vibracores (numbered 1 to 17), are presented in the
Appendix. At several sites, two or more cores were
collected (3, 5, 8, 13, 16) and their logs are also
depicted (see Appendix). The reader is dir_ected to
discussions and interpretations of vibracore
petrology presented by Stanley et al. (2001, 2004;
and Chapter 3 in this volume).

2.2 Texture and composition

An analytical tool used to assist in the litholog%Cﬂl
descriptions is the Coulter Counter L5200 Particle
Analyzer. Selected samples (79 to date) from il
all Aboukir cores were analysed to calculate thz
Proportions of particle sizes ranging from cla}’T(;
Hm) and silt (4-63 ym) to sand (63-2000 pm). This
Provided a continuous suite of textural dat.a fronc;
the base to the top of the cores. Differential an
cumulative size curves were obtained for each
sample. Also collected for each sample chlrel
Percentages of sand, silt and clay, mean Bk e af
size, and standard deviation (listed in Bernascont €
al., their Table 4.1 in this volume). This anal)’zlz
statistically identifies the major textural HES to
through time in each of the cores, and also serves
determine similarities and differences .bet_wein
cores. These observations, in turn, can aSS{St Iy ¢ j
intErpretation of the depositional setting an

; ud
arChaeological history of the substrate n the study
areq,
ediment

oscopic
y thin

Information on the composition Of-s
is obtained by means of binocular mict
Xamination of bulk samples, and- aISC-' i cope.
Sections viewed with a Pen'(’graphlc i B 565
Identification of diverse rock (lithic) Samples se:trce
t interpret local bedrock and more chsta.I s:ss o
terrains, and sheds light on the transport pr 01‘3 and

edload materials in former river channels

Other depositional conditions.

2.3 X*fay documentation

act
X-ray Photography is an excellent memod‘ o e,:i(z;l]y
éddifional information in sediment that 15 tycﬁimen-
Mvisible to the naked eye, such as 51':btle SES ere
fary ang biogenic structures. X'radmgrapﬂnr the
taken of each core section shortly adt it
E‘]Ut“niniurn tubing was sectioned m: d Pl.rior
Xtensiye experimentation was Condl_lc erxteriﬂl-
to documentation of the Aboukir Cmebgt;*l film-

Umeroys X-ray systems and film types.
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based (Eastman Kodak Company 2000) and digital
formats, were tested in order to provide the finest
detail and resolution in the recovered sediment. In
addition, the use of Computed Tomography (CT) to
scan structural detail in selected sediment sections
was also investigated. Smithsonian Institution
collaboration in the testing phase of the X-ra)f work
involved the NMNH Departments of Paleobiology,
Anthropology, and Vertebrate Zoology, as well as
the Smithsonian’s Center for Materials Research
and Education. .

Based on this experimentat?on, a tota]ly new
application using a health imaging d1agnqst1c flln},
EktaScan EM-1, was created for use on inorganic
material. All X-ray images were CQmpleted using a
Porta Ray model #400 with a 37 1n.ch focal length.
Core samples were exposed at 80 kilovolts (KV) for
7 5 seconds. Both the archive and the sample halves
of the core slices were photograph.ed togethc?r using
35 x 43 cm (14 x 17 inches) sheet film. The f1lné) Wai
automatically processed using a M35A _X- ma.t
Processor. The X-ray system and processing uni
ed in the NMNH’'s Departinerlt of

ov. Examples of sedimentary s ructures
\}?iIslitll)TeOIzlzlii%yX—ray }pahotography are de!::1cted3]?é
ley (2003, 2005b) and Stanley ef al. (Figure >
‘Star}1 i yv01ume). For each core segment, there is a
- t‘“? X-ray record stored in CD-ROM format
dff:g with ayseries of archival volumes with hard-
a

Copy prints.

were locat

2.4 Radiocarbon sampling and analysis

of developing a radiocarl'aon—da‘ting
The purposel was to better distinguish various
bpses Chron&;g)holocene sedimentary units for
key .SUbSL;lI;C mapping and correlation. With such a
. tigraphic framework in place, arclllaeol-
Chronostra Et;hel; correlate artefactual horizons,
OB lines for cultural history and improve
— tl'ﬂf strategy. During the process of
excav'aflo core lithology, all potentiallyl datable
desCl‘l'blng me as small as ~2 mm in sge) was
material (50 the split core sections, placed in vials
collected fromd Sixty-two samples, including
and recorded. a variety of plant material,
charcoal, wlool(lfl, as potential material
as WE” as she s }
age det.ermma:;(::-ﬂe size, weight and material
ding Oneleratgr Mass Spectrometry (AMS)
B adiometric technique was used
creatment and sample prepara-
two methods of dating samples p_rmwdﬂc
tion. The esult, but use different types of d-ﬁ:‘tt‘L-
the San,w a.g?e -ﬁ;ﬂiliaﬁon counter for conventional
tors (liquic -]:‘Lrate to large samples, and accelerator
runs on 22:;:1111€t9!' for very small samples). All the
mass spe€

peat and
were separated

for

Depen
used, eith '
or Conventlona] I

with standard pret




Table 5.1 Radiocar?on dating results and associated information for vibracore and surficial samples in Aboukir Ba

Site SIID

AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 0022UB3883
AB 1A1

AB 1A Il

AB 1A VI

AB 1A VI

AB 3B

AB 3B III

AB 3B III

AB 4A1

AB 4A I

AB 4A I

AB 5A 11

AB 5ATV

AB 5B 11

AB 5B 11

AB TAI

AB 7A 1l

AB 8B 1

AB 9A |

AB 9A IV

AB 10A 11

AB 11A]

AB 11A1

AB 1Al

AB ATl

AB AT

AR 12A]

AB 12A 7]

A 12a1

AB 12A101

Al 12ATY

- 13A 11

AB -

AR 13A 1V

AB 13B |

AR 138 ]

AB 13C |

AB 13C |

AB 4A ||

i 14A 1

AB 14A v

AB 154 |

AB 15A |

AB 15A 111

AB 161 1

ab 17A |

AB 174 |

AB 17A 1]

AB 17A 11

AB 17A I\

Field ID

PF1
PF1
PF3A
PF3A
PF3A

PF4
PF4
PF6B-2
PF6B-2
PF6A
PF6A
PFSB
PF9-2
PF10

PF11
PF11
PF11

PF12
PF12.
PF13.2

PF13B

PF13A

P

Flep

PF 1724

‘)|'|7—2‘2

Lab No.

145896
145897
145898
145899
145900
145901
145902
145903
145904
145905
145906
145907
169951
169964
159415
159416
159417
159418
159419
169952
159420

1594272
159423
159822
159823
169953
169954
1598721
169955
159424
159425
169971
169954
159424
159427
159428
169965
169966

169947
159439
159431
169957
169959
159825
168608
168609
]59824
169959
169968
16996
16994
]69972
169969
15982¢
169967
169961

16997
15943

Sample Code

GODDIO#1
GODDIO#2
GODDIO#3
GODDIO#4
GODDIO#6
GODDIO#7
GODDIO#10
GODDIO#11
GODDIO#12
GODDIO#13
STANLEY SITE T
STANLEY T ZONE
AQ191-93CM
AQ1250-270
AQ1A505-515
AQIA545-549
AQ3B92
AQ3B175
AQ3B223-227
AQ452-65
AQ4A212
AQ4A299-304
AQ5A155-159
AQ5A282-287
AQBAII38cm
AQBAI75¢m
AQ7115-122
AQ7160-17(
AQ8B63-66
AQ921-24
AQIA382-39()
AQ10A136-141
AQN0-7
AQ1122-40
AQI1A156-158
AQ11A195.198
AQ11A292.297
AQ1237.57
AQ12100-129
AQI2A112-114
AQ12202-227
AQ12A308
AQ13A65
AQ13152.157
AQ13323-339
AQ13BI36-39
“AQ'] 38’ 68-727
HAB-13Cf18CIT|”
AQ13A132.34
AQ141 28-137
AQ]4244-264
AQ1445()455
AQ155(.54
AQI 5”2-] 15
AQ 1 527()-2()“
AQI6BI34 5
AQ174).5
AB1797. 11
AQWI?’()_IH6
A(Jl?AzR;kzqq

Depth from TOC (e

TW2

trench sample

zonell5-15
TWI

TwW4d

trench

“core, lower”
TW4

T2000

91-93
250-270
505-515
545-549
L)z

212
299-304
155-159
282-287
138

175
115-122
160-170
63-66
21-24
382-390
136-141
0-7
22-40
156-158
195-198
292-297
37-57
100-120
112-114
202-222
308

65
152-157
323-329
36-39
68-72
18
32-36
128-137
244-264
450-455
50-54
112-115
270-290
345
1151
97-102
157-138
1 70-186

155354

Sample Type

Conventional
AMS

AMS

AMS

AMS

Con \'L‘ﬂtiD]'lﬂ]
AMS

AMS

Con ventiond
AMS
AMS
AMS
Cnn\'cntio
AMS
AMS
AMS

A ]\[5
AMS

A MS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS

A M5 innﬂl

1131

.

21/8/01
21/8/01
22/8/01
23/8/01
23/8/01

27/8/01
27/8/01
28/8/01
28/8/01
12/9/01
12/9/01
13/9/01
29/8/01
30/8/01

30/8/01
30/8/01
30/8/01

31/8/m
31/8/m
31/8/m

13/9/0

4/9/m

2/9/0)

9/

Date Sent

14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
14/7/00
19/8/02
19/8/02
5/9/01
5/9/01
5/9/01
5/9/01
5/9/01
19/8/02
5/9/01
5/9/01
5/9/01
5/9/01
20/9/01
20/9/01
19/8/02
19/8/02
20/9/01
19/8/02
5/9/01
5/9/01
19/8/02
19/8/02
5/9/01
5/9/01
5/9/01
19/8/02
19/8/02
5/9/01
19/8/02
5/9/01
5/9/01
19/8/02
19/8/02
20/9/01
31/7/02
31/7/02
20/9/01
19/8/02
19/8/02
19/8/02
19/8/02
19/8/02
19/8/02
20/9/01
19/8/02
19/8/02
5/9/01
19/8/02
5/9/01

Age (BP)
2270 = 60
2370 £ 40
1980 = 40
3140 = 40
2030 + 40
6500 + 70
2060 = 40
5530 = 50
6760 = 60
2090 = 40
2300 = 50
2390 = 40
5340+40
6150£110
6640 = 60
7050 = 50
6250 = 60
5650 = 40
6590 = 40
333060
5440 = 50
no date
5980 = 60
5550 = 40
5880 = 50
5530 = 50
2630+40
3260+40
6330 = 50
12040
3980 = 40
NA
1140+40
3180+40
5100 + 50
6240 + 40
5990 + 40
5890+60
5840+60
no date
609060
5590 + 40
1980 + 40
232040
3350+40
2240 + 70
2140 = 40
2230 +- 40
2070 + 70
5780+40
590060
6200+40
2420+40
266050
564070
6920 + 60
2440+40
2030+40
no date
5160460
5610 + 40

Measured Radiocarbon

13C/12C

Ratio %

-29.1

-19.7
-25.8
-26.6

-23

-26.8
-0.01
-19.3
-26

-26.4
-21.6
-14.5
-22.1
-18.7
-20.3

-14.9
-19.4
2211
-14.9
-16.1
2.4
2214
09
-17.6
NA
1.4
-19.5
-29.1
-24.6
-19.3
-18.7
-18.9

-19.3
-18.2
-24.8
-24.9
0.8
264
265
-26.3
265
-19.2
-19.1
26

1.7
-18.8
27.2
0.5
0.1

204
195

Conventional Radiocarbon

Age (BP)

Sample Description

2250 + 60
2330 = 40
2010 = 40
3130 = 40
2070 =40
6440 £ 70
2270 =40
5620 =50
6750 = 60
2070 = 40
2330 = 50
2360 = 40
575040

6240+110
6620 = 60
7030 = 50
6310 = 60
5820 = 40
6640 = 40
343060

5520 + 50

6150 = 60
5640 + 40
5940 = 50
5700 £ 50
278040
3710£40
6390 = 50
54040
4100 = 40
6300 = 60
157040
3270+40
5030 = 50
6250 = 40
6080 + 40
599060
5940+60

619060
5700 = 40
1980 = 40
2320+-40
377040
2220 £ 70
2120 + 40
2240 + 40
2050 + 70
588040
6000+£60
657040
288040
3100260
574070
6880 + 60
286040
3340240

5240+70
5700 + 40

wood

plant material
charred seeds
charred material
wood

peat

wood

wood

peat

wood

wood

plant material
shell

organic sediment
plant material
plant material
plant material
plant material
plant material
organic sediment
plant material
plant material
plant material
plant material
plant material
plant material
plant material
shell

plant material
shell

plant material
plant material
shell

organic sediment
plant material
plant material
plant material
orgamic sediment
organic sediment
plant material
organic sediment
plant material
plant material
plant material
shell

plant material
plant material
plant material
plant material
organic sediment
organic sediment
shell

shell

shell

organic sediment
plant material
shell

shell

plant material
organic sediment

plant material
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radiocarbon analyses were performed by Beta
Analytic Inc. in Miami, Florida.

The database compiled for all radiocarbon-d
samples is listed in Table 8.1,
stratigraphic context on
database records sampl
depth, type of dating
material used, and the

ated
and is also shown in
the graphic core logs. The
e ID information, sample
method employed, sample

ating.
Onised
were the
Twelve of
numbers 145894 to 145907, in

Ppendix 2 for calibrated radio-
carbon dates), recovered from the surficial horizon

of the substrate at East Canopus, are included in this
inventory. The results of dating analysis are
discussed by Stanley et g1, (Chapter 3 in this volume)
and Bernasconj et g]. (Chapter 4 in this volume).

Plant matter (n=51)
wood, leaf, seed and
available materia]s

these samples (Lab
Table 5.1; see also A

»including charcoal, carb
peat, and shell (n = 10)
selected for dating,

2.5 Sampling for other analyses

Faunal analyses

Numerous sam
analyses from t
contained one g
specific study. Most (n =
samples from whjch re

Ples were cq

llected for faunal
he core mater

ial. Some of these
&€ molluscan she|g for
79), however, were bylk
Presentative myjcy

biofacies study ( al., Chapter 4 iy tl
volume) ysis serveg to interpret the
B€Ography of the substrate from
early Holocene to the Present, ang provjdesli f
mation on changing Coastline conditj e
positions before, dur;

archaeological sjteg.

. Faunal anal

Nis
changing palaeo

Botanical analyses

In addition to col

lecting floral mg
vibracores for radipcg rbon datin
many botanical Specimens, in]

seeds, wood, charcog| and gr
and are under study for inte
environments. The inijtj

terial from the
g (see graphic logs),
uding peat Material,
asses, were Sampled

preting depnsiti(mal
al analyseg for ide

P, Ntification
of these materials nclude ph()tographic dncumun-
tation  (traditional ang digital fﬂrmatg) and
s . = d
Scanning Electron Microsco .

comparative analysis using f|¢

ral rese
tions, studies have bee

been initiated to the
material using i%“i“’i‘C and DNA me the
assistance of specialists at the NM aNd in othe,
organisations.

arch collec-
identify
thods with

92

Geochemical analyses . was made to lﬂ"erse
S WS miStr,V (CO

:d-Holocene
are

Bulk sampling of selected core S ache
tigate aspects of un\'irmmu-‘nta(fc;om N
13), including pa]acupo‘llutinn N ensilf
to present). For this, ir;otnpll‘L - cluding Jead.
being made of heavy metals,

T 21
i l][‘llt:?
.og for sa
i lyses i
i : isotopic analysts ade
addition, strontium isotof Jlso being T
are dJdie

eﬂ'lents
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Appendix 1

Logs of Vibracores in Aboukir Bay




Appendix 2: AMS dates from Aboukir Bay vibracores
Calibrated Dates from Table 5.1 (pg 90-91)
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