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ARTIFICIAL PORTSAND WATER ENGINEERING AT TROY:
A GEOARCHAEOLOGICAL WORKING HYPOTHESIS

EberhardZANGGER - SerdalMUTLU *

ABSTRACT

Discoveries of hydraulic installations Egypt, Syria, PalestineGreeceandHit-
tite Asia Minorand have shown that already during the Late Bronze Age a great deal
of knowledgeexisted with respect toptimizing hydrological environments. During
the 2% millennium BC, engineers devised systems to drain lakes and wetlands,
channelize and divert streams, build reseryaira dig artificial port basins on a
massive scale. They also invented systemeépbasinssedimentfree byflushing
themwith fresh waterIn this paper the authors look at the example of the Port of
Nestor at Pylogo proposea generic hydraulic system for an artificial seaport with
cleanwater flushing. This approach is then applied to timeaias ofartificial inter-
ferences with the landscagéll visible in the floodplain below Troy. In this way,
we developa working hypothesias tohow a humasmade hydraulic system at Troy
could have functionedWe argue thafTroy may well have possessead artificial
freshwaterfilled port basin that was connected to fkegeanSea via a dry slipway.
By being pulled ovef50 metersof land and the sliding down anothe®@ meters
eastbound vessels would have avoided akiimeterlong detour all the way
around the island of Gokceada ahdis easedhe hazardous entry into the Dard
nelles. From this artificial Podf Troy basin shipscould slipdirectlyinto a counter
current running along the south coast of the Dardanelles, significaatigingtheir
journeystowards the Black Sea

Keywords: Troy, Pylos, artificial ports, hydraulic engineering, Late Bronze
Age, navigation, Dardanelles.
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Hydraulic Installations

Water management was firsticcessfullypracticedin Mesopotamia and Egypt.
A relief from Upper Egypt datig to the middle of the"millennium BC depicts a
pharaochopening an irrigation channel. Constructing and maintainampls was a
major endeavor in ancient Egypt, whersyatem of dikes extendextrossthe Nile
delta. Such installations made it possible to control the annual flodkls difile and
turn what used to ba threatinto a blessing for the econonfgtrict laws regulated
people’s obligation to contribute to the maintenance of the system. Sothe o
embankmentghus remiaed functionalfor over 1,000 years and arepartly still
visible today.

By the 14" centuryBC, the wealth and power of the pharaaind engineering
skills, had evolved to such an extéhat Amenhotep lltould order the construction
of a port basinl.5 klometerslong and lkilometerwide, in western Thebes he
perimeterand spoil heaps are still clearly visilagpresertday Birket Habu

A great deal has recently befaund outabout hydraulic engineering in Mge
naean Greecfig. 1) The Germarhydro-engineer Jost Knauss spent many gear
investigating the remains of humamade constructicat welkknown sites. One of
the most impressive feats wasiting Lake Kopais in BoeotiaKnauss investiga
ed thelLate Bronze Age drainage of Lake Kopaisd concluded that an artificial
canal was built to drain 700 milliocubic meterof water every year. This system
functioned for a few hundred years during the Mycenaean péti@lssalso stal-
ied a dam below Mycenathat was built to create a wateseevoir, but which was
previously assumed tmave merely beeabridge.

Experts in ancient hydraulic engineeringve recognizedemnants of hydraulic
systemsat rumerous other Mycenaean sit@airing studies in the Argive Plain in
the 1988, the senior authaioo arrived at the conclusion that Lake Lerna wasiartif
cially drained and that this engineering feat might well have been reflected in the
legend of Heracles fighting the Lernaean hydta this casgthe everregenerating
head of thehydra wouldreflectthe streams feeding the lake. Whenever one was cut
off, a new one would spring up elsewhere.

Another major achievementin fact the oldest hydraulic installatiam the Ei-
ropean continent that still functier is the stream diversion near the Late Bronze

1 E.g. Knauss 1996, 15764; Knauss 200% It should be emphasized that recognizing these
remains requires the trained eye of an experienced feydyimeer.

2 strabo,Geograply 9.2.40: “They sayhat the place now occupied by Lake Kopais was
formerly dry ground, and that it was tilled in all kinds of ways when it was ciojehe
Orchomenians, who lived near it. And this fact, accordingly, is adduced as ancevide

their wealth.”

8 Zangger 191, :15.
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Age citadel of Tiryn& The lower town of Tiryns repeatedly suffered flash floods.
As a consequence, the peotitere built a dam and redirectedhe entire stream
through a 1.%ilometerlong canal(Fig. 2). At about 100 raterslong, 10 neters
high, and 40 reterswide, the dam is a structure of considerable .sizBst Knauss
found out that the dimensisnf the dam exactlynet the requirementr managing
maximum runoft

It is now certain, that an “enormousduwhow”® of water management was also

available inHittite Asia Minor. The Hittite dam and reservoir at G6lpinar in Alaca
county (Corum provincg was excavated by Aykut Cinaroglu between 2002 and
2007/ It was built during the reign of Hattusili Ill, about 100 by 110 nin sizeand
could contain 25 000 #rof water. The reservoir was designed in such a way that
sedimentfree clean water would exit fromaicrossa shallow graveplasteredspill-
way. — In the urban areaf HattuSatwo largescale pods existed and have been
excavated since the 19803 he silted East Ponds could store 36,080the South
Pond 20,000 th Other known dam# Hittite Asia Minorinclude Karakuytin the
vicinity of Kayseri Rnarbasi and Koylutoluin Konya Kadinhan. Hitttite laws and
official circulars in cuneiform provide clues to the importancepmftecting dams
from littering andthe need tacleanartificial canals at least once a year. Farmers
who damaged irrigation canals were punishedhe highly sophisticated hydulic
installationsof Urartu alsoindicate that the knowledge of water managenmeust
have had a long tradition iAnatolia.

The Port of Nestor

In April 1991 the senior author of this paper, Eberhard Zangger, gavaueelect
at the Troy Project in Tubgenat the invitation of the former excavator of Troy,
Manfred Korfmann Zanggerpresentedthe findingson the stream diversion at
Tiryns. Two months a&ter, hevisited Korfmann at Troy, examined the sileg
basin andhe artificial trench at Kesikand togethemith the excavatotooked at
spoil heaps in the Karamanderes floodpkfiew hundred meters e of the mad-
ern village of KalafatA few daysafter this visit Zangger was on the Peloponnese in
Greecefor a pilot reconnaissance of the Pylos RagloArchaeological Project
(PRAP) a project conducted by the University of Cincinnati urttier direction of
Jack L. Davis. At Pylgstoo, artificial interferencs in the landscapexistthat are
quite comparable with those 8iryns, and even more swith thoseat Troy. As co

4 Zangger 19931994 189-212.

® Knauss 1996158

5 Klinger 2007, 93Hiiser 2007.

" Ciaroglu 2004; 2005; 2006.

8 Wittenberg 2013, 695chachner 2013.
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director and chief physical scientist of PRAP, Zangger was able ¢stigate the
hydraulic system below the Palace of Nestogr a number of years

The royal residences of Pylos and Troy have much in comnitbnr@spect to
their environmental setting. Both sites are locatedeast cods facing potential
markets across the sgathe west Both palacedie approximatelys kilometersin-
land from the coastjiving thema strategic and pleasariew of a wide regiorand
distance fronthe noise, pollution and danger of the coastalroundingsBoth are
right next to perennial streams and a fertile coastal plain. Andliddscapes a6
tain deepartificial trenches and thushow clear signs of human interference.

At Pylos geoarchaeologists John C. Kraft and GeorgepRap begun invest
gating the area during th@970S. They discovered that the Selas stream passing
west of the Blaceof Nestorsuddenly entexda bed that idl not seem to be entirely
natural(Fig. 3. This Holocene change in riverbeds might well be due to anthrop
genic interference, as Kraft and his coworkers suggested: ‘tAe dione the river
was diverted into its present flow pattern to the west. The authors consdes-
sibility that man caused a digton of the river by cutting a gap north of Romanou.”

The topographic contour pattern of the coastal plain north of Osmaamgaenl
has the shape of an alluvial fan, suggesting that a massive amoudineérstewas
deposited there in recent times. Betw&manou and Koryfasio, where the coastal
plain reaches elevations of 422D metersabove sea level (masl), Kraft and his
coworkers found up to 24 etersof early to middle Holocene floodplain deposits.
The existence of such massive deposits can only be explained if there was a riv
feedingthefan and floodplain with sediment. Today, however, the only largarstre
in the area, the Selas River, exit®ithe bnian Seacompletely skippinghe alluv-
al plain north of Osmanagdagoon. The floodplain has even become inactwel is
now an erosional rather than a depositional environment.

Evidently, during the first half of the Holocene, when large quantifiesed-
ment were deposited, the stream must have used a differemtethane that ran
south to exit into the Bay of Navarin&ig. 3. No later than 800 BC, whens©
managa lagoon formed, the Selas River must have chatsgditection and s
sumed its present course; otherwise the lagoon would have filledgrago

Kraft and his colleaguesuggested that theiversionof the Selas Rivewas
brought abouby Mycenaean engineers, whose goal may have been the removal of
all major flood problems in the coastal plain to make the plain mdrtab&e and
improveits agricultual potential.

During ourinvestigation of the stream diversiove found that because of the
relatively steep gradient of 5%, no mahan 2535% of the floodplain would have

9 Kraft et al. 1986, 187-210.
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been undemater, even during major floods. Hence, there was no real threat of
flooding to anyone who might have lived theplain. On the contrary, inundations
during the winter would have enhanced the agricultural value of the lanartifin

cial diversion of the river to prevent floods was therefore unnecessary.

A topographic crossection of the northern section of the floodplain between
the Palace of Nestor and Osmanaggdon shows the old stream path during the
early Holocene, when the river was feeding the floodRia. 4). It also shows that
the present stream actually passver a ridge consisting of conglomerateghe
hardest stone in the entire aréhe stream wamdeed forcedo go right through the
top of theconglomerate knoll. Such a river path can only be artifidibkcanalis in
fact still well visible today It is about 10 ratersdeep and has almost perpendicular
walls. People thereforalid interfere with the landscape, and they clearly did so to
adapt the landscape to their needs.

The canal exited into eectangulamplain, 330 by 230 etersin size and abdu
500 mretersinland from the loniarcoast, whichdid not seem to be completely nat
ral either The woking hypothesis during PRAP walsat this plainrepresented a
siltedtup artificial basin, which most likely was built to function as a huimaade
port. Inthat casethe stream diversion must be somehow related to the basin.

During the 1990sthe elements of the hydraulic system were still well diseern
ble in the landscape. Today, the Costa Navatiatel Resort occupies this argand
the formerly rectangular plain southeast of fhemer Kokevis estate building,
whose ruins are stilh place is largely covered byhe driving rangeof the hotel's
golf course.

Back in 1994 Zanggermadedrill holes into the plain to determine the subsu
face stratigraphyThe stratigraphy revealeday deposits with marine angrackish
microfossilsat the bottom of the Holocene sequence, covered by coarse gravel and
floodplain alluvium.This means thahe basinvas indeedrtificially made because
thereis no reason for such a pool to fomaturallyin the middle of the landscape.

Continuing the inquiry at this stage required éxpertise of a hydraulic eilg
neer For this reasodost Knaussvas askedo join the project. Not long after he set
foot in the study area, Knauss discovered yet another basin upstream fromsthe fi
one. This second basia, now siltedup lake of 180,00Gquare metersvas more
irregular in shape. It veaconnected with the proposed pbyt an artificial canal
adjacent to the Kokevis estdteg. 5.

As it turns out, it would have been pointless to excavate a ctypenport by
itself, because the long shore current woéde silted up the entrance to it very
quickly. The engineers who constructed the port had to tifimkaysto prevent the
sediment from entering the basin. To keep the basin sedireenthey constructed
a cleanwater flushingmechanism. The clean water had, of coutsebe derived
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from a riverthatwould, however,alsocarry asedimentoad Directing a ner into
an artificial basin means that the basin wilickly fill up with sand and graveT hat

is why anothebasinwas needed further upstream. This upstream resevagsibuilt
by simply blocking the river with a dam. The stream lost its enellggnventering
the reservoirand thus dropped its sediment load, so that water dakieesurface
was clean and sedimefnee. This clean water was then diverted through thea-artif
cial canalinto the actual port basiffrig. 5. In this way, the port basin wasntinu-
ously providedwith fresh water The fresh waterexited towards the seaand its
pressurg@revented mane water and sedimefrom entering the port.

This solution shows how sophisticated hydraulic engineering weagdthe
Late Bronze AgeRadio@rbon accelerator dates from auger cores paveedthat
the port was functional during the peak of the Mycenaean era, between 460ut 1
BC and 1200 B&. It is thusthe earliest known artificial port in prehistoric Europe.
Its discovery proves that theydraulic expertise required for complex domestic
meliorations was also applied to maritime installations.

A Generic Artificial Sea Port

The knowledgeagained atthe Fort of Nestorcan be used to develop a generic
model for an artificial port toeconstructhe experience that was evidently available
during the Late Bronze Age. It is likely that very few engineers posbtéiseexpe
tise and those experts may even have been foreigners who were called imfer a |
ited timeto oversedhe constructionmuch like internationally renowned architects
today All that was required, in addition to the engineering kimw, was theau-
thority to command a few hundred slaves and the supplies to feed them.

In addition to this, a suitable environmental setting aias imperative. What
was needed was a river and an alluvial plain running more or less paralledct
tion of the coasand divided from it by a low ridgé& his is exactly the environme
tal setting at Pylos and Troy. At PyJdke Selas River runs fronorth to southand
at Troy the KaamandereRiver from south to north. Apart from that, the settings
are virtually identical. Engineexgould then havedetermined a suitable location for
an artificial basin between the floodplain and the coast. It dmeilcklatively near to
the coast, buin any case needed to have a narrow entrance. It could atsothe
edge ofthe floodplain as long it had distinct banks. In addition to the batia,
river that used to feed the floodplain needed to be danmmectecatea reservoir.
Those were the major constructipthe only other thingseededo make the sy
tem work wereone canabetween theeservoir and theort basin ancone between
the latter andhe coast. The first canal carried clean water from the upgstiayers
of the reservoir into the port basin and made sure it was filled frath wateyr

10 zangger et al. 199522
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which wouldhelp removeworms and algaé&rom the wooden ships. It would also
produce pressure inside the port dhds a permanent rwoff preventing seawater

and sedimenfrom enteing the artificial basin. The second canal, connectimg

port basinand the coast, had to be as narrow as possible to prevent seawater from
entering the system, but obviously wide enough tovalhe passage of shipEhe
cleanwater flushing mechanisiiready applied during the Late Bronze Agere-

sents a standard solution that wasnreented and widelysedin medieval Europe.

ThePlain of Troy

Troy ranks as the most important stratified archeological site in ¢kl viNo
other city’s fate has arousexb much general excitement and scholarly interest in
Old World history as that of ancient Troy. The earliest surviving wridiecounts in
the Wegern world, Homer’s poems, revolve around the demise of this legendar
city 3,200 years ago. At first, the popularity of the oral traditions describmgmnd
of the Heroic age may have helped bolster the success of Homer’s poesgpbut
the situationwas reversed. The popularity of tHead and theOdysseygenerated
interest in the location and fate of the lost citythe 19" century, the discovery by
Philip Barker WebbCharles Maclaren, Frank Calvert and Heinrich Schliemann of
an extensive strdied settlement on the mound calléfisarlik, 25 kilometers
southwest ofCanakkalen North-West Turkey, brought an end to the quest for lost
Troy'’. This is the site generally identified with the city described by Henuerat
least parts of it. Many ancient Greek sources blamed the quarrel overappay,
ertly the biggest military egagement in the Aegean sphere uhit time, forbring-
ing aboutthe end of theHeroic Age'® — the watershed marking the boundaser b
tween the Bronze and Iron Ages. Gremid Roman generals made pilgrimages to
the ruins of Troy, built temples to honor its memory, and sought to traicdamily
lineages back to Trojan ancestry.medievaltimes, the war over Troy stood at the
center of many popular novels, despite the fact that knowledge of the Homiesic ep
was temporarily lost.

Since largescale excavations beganHisarlik in 1871, the site has beenbsu
jected to an unusual degree of archaeological scrutiny, involvingdaearchpro-
jects encompassigf individual years of excavation.

The major questions surrounding the ancient city are as unresolved as they wer
shortly after Calvert and Schliemann first set their spades to it. Censgovior
instancestill surrounds the actual size of ancient Troy. The formesigent of the
German Archaeological Institute and excavator of Hattusa, Kurt Bitteledrthat
“the sacalled sixth city of Troy is in reality a fortified chieftain’s estate withany

1 E.g. Allen 1999.
12E.g. Plato;The Laws3.678; Thucydides, 1.15trabo 1.3.2
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lower town surrounding it. The excavator Manfred Korfmann alscaccterized
Troy as a piratdortress”. Later on, however, he considered Ttoybe“a former
largeresidential and trading city of oriental stytéand indeed “one of the largest
Aegean cities of its day*®

Scholarlydebatealso surrounds the ports ofdyrand the potential campsite of
the Greeks during the Trojan WarUnderstanding the current discussion revolving
around tlese issues requireshaief look at the research history of Troy. Thirty years
after he conclusion of Dorpfeld’s twgear excavation campaign, the architeet r
turned in October 1924 to conduct a reconnaissanBesik Bay, apparently aiming
to revive German archaeological research in the Troad after World War |. D6rpfel
was accompanied by the archaeologist Martin Schedehen@avarian geologist
and fundprovider Oscar Mey. All three men published the results of their igeest
tion in individual report®, complementing the work produced by Alfred BriicKfer
and Walter Ledf. Reexamining these reports shows that many ofajeroaches
taken by the excavation campaign under the direction of Manfred Korfiaua@nn
reminiscent ofideas developedO to 80 years earlier. These includg@proaching
Hisarlik via an investigation oBesik Bay, first conducting excavations oBesik
Tepe,establishing the site of the port of Troy during the initial stage of thesiav
gation, and arguing that the port was locatedBissik Bay. Even the existence of a
Late Bronze Age graveyard Besik Bay, announced as a surprise discovery during
the 1980swas, in fact, nothing new, as it walseadyknown earlier this centufy.
Other valuable ideas already introduced by Alfred Briickner regard thificsigce
of the marshes on the western side of the Trojan plain and of the ttfi@ahicuts
through theYenikdy ridge connecting #se marshes with the Aegean ZeBriick-
ner suspected that the distinefligapedKesik plain (Kesik duzliigu,Lisgar marsh)
used to be the port basin of tlekassical city of SigeionThis idea was revived by
Zangger, who argued that tKesik plainmay well hide the long soughfter port of
Bronze Age Troy, including thénaval statioh of the Greeks during the Trojan
War?®. The excavatofKorfmann) rejected this theory, alluding ttstrong arg-

13 Bittel 1976, 138.

14 Korfmann 1986, 13: ,| might not be far wrong should | describe Troy as a pirate $tirtres
Korfmann2003, 8.

15 Korfmann 199630.

18 Korfmann 1995179

e E.g. Kraft etal. 1982, 1341; Luce 1984, 3443, Luce 1995; RappKraft 1994 69-90;
Zangger2003 317/324.

18 Dorpfeld1925, 115-121; Mey 1926 Schedel93Q 358-368.

19 Briickner1912 616-633 Briicknerl1925 230-248.

20| eaf 1912; Leafl923

21 Briickner 1925247

22 Br{ickner 1925246

Z7angger 1992211
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ments” from ancien philologists without specifying thos&. And yet the ancient
philologist John VictolLuce was sufficiently impressed to present the Kasitbor
site as his idea

Artificial Interferenceswith the Landscape at Troy

Obvioudy, the most promising approach to reconsingchuman interference
with the hydrological environment at Troyhy cooperatingvith hydro-engineers,
preferably with a background in prehistoric technology. If modermeegs attempt
to meet the goals of the past using the techniques availathe ipast, it may be
possible to determine, at least approximately, the design of thetinftase su-
rounding prehistoric and early historic cities. Common gaalkjeved usingom-
mon techniques, are bound &atl to common solutions. Such a collaboration with
hydro-engineers was unfortunately never attempted during the many yearsaef ex
vations at the royal citadel.

The landscape arouridisarlik abounéd in lineaments, abandoned channels,
river quaysanartificial cana) bridges, numerousand heaps and mamade ditches
according to the topographic map produced by Thomas Spratt andWAkteim
Forchhammer in 189%. Unfortunately, hese elements are today, after a century of
tractordriven deep ploughing arnthe largescale regulatiorfor the Karamenderes
River, hardly recognizable. Nevertheless, these are strong indications thatlicydrau
installations of some kind used to be in plate.recognize theselements anded
termine how they may have functioneddter at some point in the pashe has to
see the landscapghroughthe eyes of an engineer who wanted to optimizevér
3,000 years ago, because newar any pointsince thendid this aregplay such a
pivotal role that a complex hydraulic system Vbbave been needeBut a ted-
nical reconstructiomequires many years of experience émelskill to interpret and
extrapolatethe remainssince the Late Bronze Age surface igually nowhere
intacttoday In general, kvated knolls have been erodedten several meterseb
low their Bronze Age levelsThousands of years gfoughing havegreatly accele
ated this process. Material that camesko was transported to lower elevations, thus
burying the Late Bronze Age levdlsthe floodplainunder sevetaneters ofgravel
andmud. What is more, between the" &nd early 19 centuies AD, what used to
be considerable architecturaimainsabove groundverequarriedto obtain building
stonesIn 1819 Cambridge geologig®hilip Barker Webb' visited Hisarlik andsaw
the last vestigesf the Bronze Age city being carried awty build a fort at the

24 Korfmann 1992299,

% Luce 1995211

% See also Kraft et al. 1982, 283 fl1.
27 BarkerWebb 182259,
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DardanellesHe remarkedhat in the future travelers will not be able to see even the
scanty remains of the famous city that he met thanks to a mer¢gul fa

The most recenexcavation projeded by Manfred Korfmannvas intellectual-
ly speakingprimarily driven bythe ancient philologistén the team. Thetendedto
look for parallels between the landscape and its description in Homaks ow-
ever, the approach to reconstingtthe Trojan landscape on the basis of Ittael *®
entailsmany risks Even if Homer existed as @f- or 7"-century BC individual, it
would have been impossible for him to comprehend a hydraulic systéch had
collapsed500 years beforeHomer never mentioned the Port léstor the river
diversion at Tiryns or the melioration of Lake Kopais.

Several writers from classical times until th@" century AD also indicatéhat
people interfered with the landscape at Fropliny (1% cent. AD) spoke of the
navigable Scamandé&t.For instance, the river passing through the plain bore two
names in antiquif}: Gods called it Xanthos (“yellow river”); but later, the people of
Troy are said to have artificially diverted the streamictvlis why it was ever ther
after calledSkamma andro®quivalent to “mammade trench®.

Below follows a brief discussion of theajor potentialelementsf a hydraulic
systemnthat are still visiblén the Trojan floodplaitioday.

Yenikdycanal: Between theYenikdy plain andBesik Bay, the coastal ridge
drops to about 10 etersabove sea level. This low threshold is dissected by a,canal
4 meterswide andseveralmetersdeep® running northeast/southweskhis canal
was clearly not a navigable waterway, because it is too narrow and lies tofmihig
that purpose. There is no doubt titalvas designed to direct water from the &ar
menderes plain tBesik Bay. If its whole purpose was drainage, however, a channel
to the Karamendere®iver itself thatis draining into the Dardanellegould have
sufficed.The real purpose of this constructitthereforeremains enigmatie and so
does its dateThe last use of the canal was to drivé9-century water mill in the
Besik plain. That such a massivenstruction was originally conceived and unde
taken for this purpose is, however, economically irrational and ratti&ely. Peter
Wilhelm Forchhammesaw the canal when it was functionjregnd concluded that it
must be of great antiquityde hoped thahobody would assume that such a major
constuction was undertaken to drivéhe wheel of a humble watenill” 3. To him,
it seemed far more likely that an existing, sittgzicanal was cleaned and restored to

2 Mannspergel 995 343-356; Korfmann— Mannsperger 2012

29E g. Mauduit 1840132 Forchhammer 185@0; Schliemann 188®8.

30 pliny, Natural History5.3Q ,amnis navigabilis

3 Homerllias 20.74

%2 EustathiosCommentarii ad Home0.74

33 Lenz 1798, 21: ,Man [muRte] dem Kanal, der Mitte zu, bis zu 30 FuR Tiefe tjeben.
34 Forchhammer 185@0.
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be used for the mill. A Swedish engineer wharmined the canal around 1798 r
markal that ‘everybody with even the faintest notion of engineering, would arrive at
the conclusion that this construction is anciéhtThe engineer himself dated it to
the time of the Trojan War.

Yenikdyplain: East ofBesik Bay inside the Trojan plaithe Yenikdycanal
meets therenikdy plain. Drill core investigationsevealed that this marstsed to be
a marine embayment until the Early Bronze ABering the subsequent progead
tion of the coasthe areaemained under ater, suppliedby the Pinarbasi streathat
risesat the south end of the plain of Tr8y

Kesikcut The cutat Kesik(Kesik itself meaning “cutor “cleft” in Turkish),
400 neterslong, 50 neterswide and 30 ratersdeep,is a most impressiveonstric-
tion, andas suctbest discerned from the alt.is anartificial trenchinto the coastal
ridge and somehowconnectsthe Kesik plainwith the beach at the Aegean Sea.
Considering iteexceptionabkize, memight be tempted to interprée straightcut as
a dlted-up entrance to a port basin inside the plain. However, abitshavere-
vealed thaits bottom layas much as 13 metersabove sea levedt a distance of
about 150 m from the seso that it wa®vidently neither navigableor a drainage
canal Again, its function remains entirely enigmatic.

Kesik plain The Kesikcut enters the Kesik plaim the floodplain of the Ka-
menderes. This basin is about 806tenswide and partly srrounded by unnaturally
steepscarps (e. g. on the north side of flikaya ridge),*” indicating that they
have been eroded by water at some point in the pdake still forms on th&esik
plain during some wintersvhen itprotrudes somewhat into the Kesilit Thelatter
was thereforeclearly related to thisilted-up basin.

PaleostreambedsA number of travelers and scholars who visited the area du
ing the nineteenth centudescribed paleostredmds and artificial canalsithin the
Trojan floodplairi®. The Korfmann excavation team recognized these as inmfisati
of navigable watercourses in the floodplaamd regarded it as a possibility that a
river port existed immediately below the citatleThis had been suggested befSre
but isneverthelesslifficult to reconcile withotherreconstruction®y Korfmann in
which the sea was thought to have advanced all the way to the cithdeinap
produced by Thomas Spraand Peter Wilhelm Forchhammar 1839 (German

%1 enz1798,22.

36 Kayan 1995220

37 Kayan 2009, 108id. 3.

38 Forchhammer 185@0; Schliemann 1881

%%Kayan 1996, Kayan 2006, 32€ee alsqDer Spiegel 1997 (16): ,Neben der Wasserader
hatten die Trojaner eine grof3e Plattform in den Fels gepickelt, die an eie@Mwiert.
Diese Formation, sagt Jablonka, ,kénnte als kiinstlicher FluBhafen gedient'habe

40 Zzangger 1992146
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version 1850) shows a numbersaindheaps next to some paleostreambeds. These
could be spoil heapsdm canal excavationsut have also been interpreted as
dunes.However, their sediment is complstainsorted, ranging from silt over fine
and coarse sand to fine gravel. This excludes transportation byowivater

Trenchesaround the citadelFinally, there are at least two artificial ditches
about4 meterswide and 23 metersdeep,which weredetected on the plateau south
of the Troy citadel during a magnetometer survey by tB&rmangeophysicist
Helmut Becket’. The inner ditch lies about 40feterssouth of the Troy VI fortif
cation wall at an elevation of approximately @&sf. Obviously,because of their
elevation andharrow width—they are considerably narrower than Bronze Age ships
—these trenches are unrelated to the hydraulic system widglhave existed in the
plain.

Previous Investigations

The collaboration on the Holocene depositional history of the Troy pkin b
tweensedimentologists John C. Kraft, Professor at the Universifyetdware, ad
llhan Kayanbegaralreadyin 1975*. When Manfred Korfmann received permission
to revive excavations a&isarlik, he delegated the geoarchaeological investigations
to the team thatadalready beenvorking onthe Holocene landscape evolutidor
overtenyears This had two consequencésrstly, based on preliminary observ
tions it wasassumed frorthe outset that Troy’s pomiay have been aBesik Bay™.
Secondly for a whole40 yearsthe geoarchaeological investigation of the Trojan
plain had in effect been monopolized; second opinionvas possible.

llhan Kayan eventually became professor at Izmir Univeraitgas suchcon-
tinued his studies of the Holocene sedimentological history ofathevial plain
belowHisarlik throughout his professional careBetween 1977 and 200& made
318 power drill holesinitially up to 75 metersin depth after 1988 using a Unimog
up to 20.5 mfo determine the depositional histtyHis core descriptionshower-
er,were purely sedimentologicalnddid notfollow international standards for color

“1 Becker— Janserl994 105-114.

42 Jablonka et al. 19952.

43 Kraft et al. 1980a, 77682;Kayan 2006, 32XKraft 2014, 703

4 Kraft et al. 1982, 40,0ne must seriously consider the possibility that the Greek flegt wa
beached in the embayment at Ba$s. Kayan1991, 91; “It is obvious that the Besik bay could
have been used as a harb&®rfmann 1991, 19; RappKraft 1994, 76.

45 Kayan 2006, 322323; Kayan 2014, 703.
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and gain sizé®. The core logs have never been published; neither werefaing
many ceramic fragments found in the cofes.

According to the resultsf the coring however there is no doubt that the fldo
plain used tde a marine embayment during the earblddene. As for the coastline
progradation after the maximum transgressttme, Troy project’s coastlineecan-
structiors changedconsiderablyover time (Fig. 6)*®. Using the eustatic sea level
curve established by Dieter Kellethtkayan assun@éa mid-Holocene sea level
initially slightly abovepresentand later apresent’. As a consequence, sea level
would havedropped by abou2 metersbetween 3000 BC and 1000 BC. Theised
mentologist states that this Bronze Age fall in sea level “acceleraatkttaic po-
gradation’” and that“most of the plain changed into land during this peribd”
However, in his coastline reconstructighe rapid drop had the same effect as the
subsequentise in sea level. Both caused a moderate seaward movement of the
shore, due to the large amount of sediment deposited into thé’plEimat there-
gression did not occudastercould point to artificial interference with the hydraulic
system. Anthropogenic control of the river sedimentation could havedloawn
the sedinentation on the floodplain and thus the regression of the coastlintheAno
potential hint at the collapse of such anhaopogenic system could be theharp
change in the nature of sedimenis’the floodplain observed by Kayzin

In the summer of 199ffifteen years into the drilling investigations at Troy,
Kayan alsodirectedhis interestto the marshes and cuts on the western side of the
plain. The Yenikdycana) according to Kayan, was cut through the bedrock to
“bring fresh waterto theBesik plain”>*. Korfmannarguedthat the canal definitely
dates to theal8" century AD®. At this time, however, scholars already debate
date of the canal’sonstructior.

The Kesikcut has been interpreted by members of the Troy project as an unfi
ished castruction, an irrigation channel, a drainage channel and aoplagture.
Kayan started making bore holaside the canal and found &225 neter thick
layer of colluvium at the bottom of the trench. The highest point of the cul&a

46 Kayan 2006, 324.

47t is quite possible to findharacteristipotteryin cores that arenly a few centimeters
wide. See for example Zangger 1993, 83.

“8 Jablonka 2014, 218ig. 10

9 Kelletat 1975Kayan 2001, 310.

%0 Kayan 2001, 310id. 321;Kayan 2014, 709id. 8.
1 Kayan 1995, 217.

52 Kayan 1995, fig. 8.

53Kayan 1995, 231.

54Kayan 1995, 221.

5 Korfmann 1993, 28.

L enz 1798, 22.
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metersabove sea level, while the surface of the coastal ridge rises to an elefatio
30 metersin this areaSo although the cut was impressive in si#e bottom never
came close to sea levé{ayan believes that the cut was completely unrelated to
maritime installations, something the British ancient historian John M. Qaok
cluded some years ago: “It seems to us clear that the work was nevéetedmp
Kayan hypothesizeshatthe cut formed in a depression originally caused byca te
tonic fault®® He argues thathts natural passage wéater so frequently used by
people commuting between the shore and the plain that the original vadiggnael
and widened? But tectonic movements are unlikely to have had a significant effect
in the area, since bore holesthe Kesik plain have revealed coastal sand units from
around 2000 BC at a depth equivalent to present sea level. Kaiyds out that the
lack of artefacts in trial trenches dug across the cut seems to indicatenthatriot
used as a hydraulic cdnsction. He overlooks the fact that extensive commuter
traffic would have produced a denasifact scatter. Practical experience gathered
during numeroudntensivesurveysin Greeceshowthat the number of surface finds
increases in the vicinity of ancient roads and traBlesides, during a visit to the
field in April 2014, the senior auttr found a sizable prehistoricsite in freshly
ploughed fieldon the top of the Yenikdy ridge about 600 m south of the Kesik cut

According to Kayarfone can easily imagine that the Kesik plain could have
been an excellent harbor which was connected to the Aegean Sea by the &esik ‘c
nal™ . The radiocarbon dates (from marine shells) seem to indicate that the marsh
silted upbefore1300 BC*, but thisconclusion cannot actually be reconciled with
Kayan’s drill holes? In the stratigraphic crossection through the plain, Kaya
does not distinguish betweéswamg and “fine sandyflood plain delta sed
ments 3. Swamp sediments, however, might well havegiodted in an ancient
freshwater port basi Finally, it is rather confusing that th&esik plainappears as a
marine embaymerin the most recent reconstructions of Troy’Aif it had silted up
over 1,000 years before. Kayan ends his studyhwliteconclusion that there is “no
evidencethat the natural embayments along the western edge of “Troiavigag”
arranged and useab principal harbour$® On many occasions he refers to the lack
of “definite,” “clear,” or “most valuable or trustworthy&viderce. In the pursuit of
reconstructing Bronze Age landscapés, chances of finding obvious or irrevocable

>’ Cook 1973, 167.

%8 Kayan2009, 1242014, 723.

¥ Kayan 2014, 724.

80 Kayan 2014, 723- contraKayan2003, 400“Yenikdy and Kesik bays could not have been
used as harboudkiring the Later Bronze Age, especially during Troid VI.

61 Kayan 2001, 313; Kayan 2009, 105.

%2 gee also Luce 2003, 22.

53 Kayan 2003, 396fig. 6.

8 Korfmann2001,19; see also Jablonka 2014, 236.

% Kayan 2003, 401.
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evidenceat the surfacere minué. In previous years Illhan Kayan, Manfred Kkor
mann, George Rapp and John C. Kraft have unequivocally favored thinaddhae

port of Troy was located iBesik Bay — although there wageverany “definite

evidencé to support tfs notion.

As for thehumanmadetrenches around the citadel Hisarlik, these clearly did
not belong toany hydraulic installations in the floodplairKorfmann himself
launched the guessing games regarding the function of these ditcheaouncing
to the global media that the anomaly found in 3 @®icates a fortification wall
made up of mudbrick that wasdit in a conflagratiof® A year later it turned out
that the anomaly was caused by an artificially dug trernobt even a trace of a wall
was found Although Siebler, a former member of the project, declares that the inner
ditch was already filled in by ¢htime of the Trojan WAF, the excavators regard it
as an obstacl® approaching chariots, still visible during t88 century BC® The
second ditch lies even farther outside the citadel and appears to be idertfiea
first one, but, at least initially, it was interpreted in a differentiéasfl One might
argue that the material at the bottom of the trenches yieldsdiitiieir former st
roundings and thus their function. Pollen and seeds of a large variety ioff@aots
had gathered at the bottom of the trenches. A complete skeleton of a bulkwas al
found there”® One mightthereforethink that the trenches were surrounded by a
palace garden of which certain parts were also frequented by bulls. A very peacefu
scenario; no traces of weaponsaigbts or human bones were found. And fpetl5
yearsthe excavation project concentrated primarily on tracing the void left Isg the
trenches.

Hypothetical Reconstruction of the Port of Troy

Considering the complex hydraulic installations in Mycenaeeseceand Hi-
tite Anatolig it is highly unlikely that the plain of Troy was a wasteland controlled
by the floods of the Karamenderes RieMore probably, the people at Troy stab
lized their landscape to the extent that it could be optimally explfutezknturies.

The recent subsurface studies along Yemikdy ridge now permit a refined
theoretical reconstruction of the paleohydrology of the Trojan plaime that might

% The New York TimeEebruary 23,1993 Dr. Korfmann, leader of the new explorations,
said a geomagnetic survey probing to depths of more than 20 feet detectsiyokeaf a
thick clay wall more than 1,300 feet beyond the previously known innet-€iBecker—
Jansen 1994.

7 Siebler 1994116.

% Mannsperger 1995, 350.

9 Reconstruction in Korfmann 2001, 19.

"0 Ernst Pernicka, pers. com.

" As stated by Kayan 199232
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be used as a working hypothesis for future investigatieigs 7). The generimod-

el for a freshwater port presented above yields valuable hints regarding ¢hierfun
of the elements visible in the Trojan landscape. In this caseYeahidy marsh
would have been equivalent to the lake and sediment trap at Rylibs the Kesik
plain equalsthe Port of Nestor a largely artificial basin that is filled with sediment
free fresh watederived from the reservoir upstream. The freshwater currentneonti
ued to rurfrom the port basitoward the sea and exited near Kumtepe. Thus galtw
ter —and the sediment carried by-itwasprevented from entering the port system.
In this way the port would function even without the two artificialala atyenikdy
and Kesik.

The two canals, however, add new dimensions to the system. Evidently, the
maximum runoff was so largthat it may have flooded the port installations and the
surrounding houses during the spring. TYenikdy canal was thefere dug to
channelize the lide share of the Karamenderes +wiffi straight intoBesik bay. The
engineers designed the canal to be quite narrow and extraordinarily deep teincreas
the speed of the water flow and thus make it drag as much sedismgrutssible
towardsBesik Bay. This idea had already beeradvanced by the geologist Oscar
Mey during his investigation of the sediments inBesik plain’2 He found out that
virtually all the sediments there are derived from the Karamenderes.

The freshwater basin at Kesik clearly was ‘thaval statioh mentioned in the
lliad — what else would one have called sucleanstruction?The Kesik cut could
have functioned as a dry slipway for ships. Before the canal at Coristhds)ships
were dragged along a track over a distancg kifb meters® —the cut at Troy is only
0.5 klometerslong. We know that the ships at @y would have had to wait for
favorable sailing conditions if they wanted to continue their voyage agwstr
through the Dardanelles. The dry slipway to the port would have dfeermimber
of advantages. The most important is related to the current amwditi the Dara-
nelles. Ships sailing towards the mouth of the Dardanelles faceramelt strong
current that is equally fastl acrosshe straitsEntry is only possible if ships oo-
ing from the south sail clockwise all the way around the island&t&daand then
enter the Dardanellgsavelling sharp along tlirenorthern shorg(Fig. 8). In 1984,
British historian Tim Severin rowed and sailed from northerae@e through the
Dardanelles using 16.5meterreplica of a Bronze Age galldhat wasbased on a
detailed scale model of tH&\rgo” and powered by twenty oarsmen. Severin was
forced to make the 50ilemeter detour around Gokceada to be able to enter the
DardanellesHence, the main purpose of the port basin at Kesik was todgravi
convenent and riskfree entrance into the Dardanell&hips dragged a few hundred
meters across land aitto the basin at Kesiwere able to first enter the freshwater

2 Mey 1926, 1920.
\Werner 1997, 109.
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current flooding the basin that totdiem to the Dardanellewherea countercurrent
picks upon the southern side approximately in the middle of the coastal plain at
Troy. This countecurrentthen tookthemupstream like an escalator.

Once again, this function of the Kesik cut has been recognized befsr¢he
German engineer and major Mallsuggested in his repash the locality of the
lliad, published in 1798:

“On low but steeply sloping coasts, it was almost impossible to beach ships
without damaging them. Thus, installations were required whicbleshahe
former and prevented the latter. For these purposes, channels werdhdyg
wereactually cuts into the coastwhich gradually dipped towards the sea, and
through which ships could easily be pulled without risk of becoming dahiage

Homer also hints at such a slipway when he says, that the ships of Odysdeus
Agamemnon had been stationed on the shore of the grey sea a long wakiefrom
fighting, while those that had landed before them had Beeiled up into the
plair’.

Accordingly, $ips could enter or leave the Kedilasin by two ways. They
could either sail into it from the north, or they could be pulled thrahghiry Kesik
cut. In times of war, the Kesik cut may have been used as an additidnzgreni-
ting Trojan warships to circumvent naval attackers besiegiegnorth coast. In
peaceful timestrading vesselgravelling from and to the west were raised ang-lo
ered through the cut. Such a special service warranted extra high chargbpe-
mitted a complete separation of #xchangéetween the Aegeddeaand the Black
Sea Trade goods coming from and going to Aegean destinations were progessed i
the Kesik basin, while those from and to Black Seiasitvere handled on the coast
nearKumtepe. Keeping the suppliers separate from each other allowed thesTrojan
to dictate prices for goods in transit. In this way, the rulers oy Would have id-
ally benefited from the favorable location of their city.

TheBuried City of Troy

The question of the size of Troy will never be resolved as long as excavat
exclusively concentrate on the limestone knoll that housed the royal citHukel
marshes and wetlands in the floodplain should be inastigarchaeologically as
well, since they produced several meters of artifiatt layers in drill core®. Fig-

" Lenz 1798, 139.

> Homer, llias 14.32.

"% Kayan1996, 248: ,From an archaeological point ofwj¢he arealong the foot of the
northern slope of Troia is an important one... In the light of these findings we comsitlgr t
would be very useful to make an archaeological excavation about 7 m deepls®&Kayan
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ure 9 shows— for the first time— a schematic crossection running westast
through the knoll oHisarlik and extendingbeyondinto the floodplainMuch of the
Troy VI and VII citadel has been removed by levellingClassical tims and a-
chaeological investigatits thus ittle Late Branze Age materialemains to be found
on Hisarlik itself. In the floodplain, however, Kayatiscoveredn his boreholesa
few meters of artifact rich layers, about five meters below the presdates’. He
interpreted the artifacts to have been erodedn from the citadéf. However,
some archasogical materiaf® was found to the north of the former streamffed.
The anthropgenic material could not jump across the streamence, it must have
beendeposied in-situ in the floodplain where “some levels contain a great deal of
archaeoloizal material®. It appears thathe lost city of Troy (Fig. 10may be
hiddenin the floodplainto the present day, as has been indicated all alongiby
ous sources ranging from antiquity to thd' t@ntury??

The Holocene depositional history in the floodplain shows h@natieabelow
the Hisarlik knoll used to be a arine embayment during the Neolithic (F83.Ma-
rine sediment). It was theilléd in by river graveland covered almost entirely with
braided streamemanating fromMt. Idain the south Around 1500 BC the depes
tional system changed dramaticalpgssiblybecause the people at Troy hadaan
lized the stream, thus making the plain itself habitalite. just the citadels of Troy
VIh and Troy Vllafell victim to destruction but alsthe cityitself being locatedn
the floodplain. Since the water management system had been abantenst),'s
ruins were buried under mud within a year's tilienumber of sorces in antiquity
say that Bronze Age remains of Troy disappeared under water and mue dandsar
today covered by field& More alluvium mixed with debris from the citadel buried
these remains even further. As a consequence, archaeologists lookingefas-th
mains of the city of Troy magnly need to make a-b metertrenchnearKayan'’s
bore hole 143 andtheyare likely to make a breakthrough discovsuypassinghat
of Heinrich Schliemann.

2003,391; fig. 4: Archaeological material consisting mostly of sherds and fire nswaire
found4-6 m below the present surface.

" Kayan 2002, 998

8 Kayan 2014, 712 and 720.

® Kayan 2002, 100gand Fg. 7 Drilling Number 128): “Pieces tficks, stones and mortar
indicate the remains of a construction”.

8 Kayan 2014, 701.

81 Kayan 2002, 1003.

82 Diodorus Siculus 4.75.3%Ibert von Stade 1249 roilus 6.5.841854 Lenz 1798, 305;
William Gell 1804, 120121

83 Strabo 1.3.17; Dio Chrysostom 11.76; Quintus of Smyrna 146626Homeiliad 12.16
33: “Poseidon and Apollo decided to destroy the wall by turning against it the unitexs wat
of all the rivers that run down from the range of Ida to the sea” (Rieu)
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The idea that the actual Late Bronze Age city was locateceifighdplain le-
low Hisarlik is reinforced through a number ofmedieval description of TroyMost
notable among those is the gmevided by the Sicilian judge Guido de Columnis in
his Latin work Historiae destructionis Troiadating to 128%. According tothis
account, the citgontained subterranean navigable canals anstrieets coul@éven
be intentionally flushed with river water to clean them from debusfacal:

“For its [Troy’s] foundations were established in the depths of the eagte

with deep excavation and ample width. ... Its avenues extended in a long and
straight line, in the midst of which the brisk and invigorating air efrdpoured

forth sweet and varied breezes... Through the middle of this city ran a river
called Xanthus, which, by dividing the city into two equal parts, in itsiling
course offered many conveniences to the inhabitants of that city. ... kioaddi

this river, flowing through hidden channels on account of the requisite attunda
supply of water, purified the city byr@arranged floods, by means of skillfully
made canals and underground sluices, and by these baths the accumulated imp
rities were cleaned away.” (5.1-149; Meek)

Outlook

We believe thatthe engineering skills available during the Late Bronze Age
have thus far beerconsiderably underestimated@herefore, already in 1999 the
senior author proposembnducing a helicopter geophysics studythe plain of Troy
to determine the subsurface stratigraphy without even touchingréhmd®. This
techniqueoffersthe advantage of covering the entire area of the coastal plain at Troy
in a merel0 days of fieldwork. In returmesearchersbtain highresolutionsubsu-
face informatiorincludingthe layers between 5 and 10 m below the present surface
that are most kiely to containLate Bronze Age architectural remains. The helicopter
of the German Federal Institute of Geosciences and Natural Resources (BGR) in
Hannover would have beeavailable for this investigation. The statkthe-art sys-
tem on board comprisesbard dragged by the helicopter holding eledhansmitters
and receivers working at five different wavelengths. The electromagbetim
produced by these transmitters creates a signal in the ground whosereitettten
measured by the receivers. Cartgr modeling allows the combination of the- s
guences of layers produced by the different transmitters. By usiagdifferent
wavelengths and penetration depths, the systieeady gives very high resolution
even forthe upper layersThis method would éthe ideal way t@btain a first in-
pression ofthe geological stratigraphy as well as the subsurface shape of the basin

84 Griffin 1936; Meek1974.
8 Zangger et al. 1997b-92.
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and canals at Troy. These datauld then be shown in maps, cressctions and
2.5D and 3Dsubsurface models.

With the help of the Turkish embassy in Boan official application to conduct
suchhelicopter geophysics at Troy was submitted toMiistry of Culturein An-
karaalready in 1999The ministry, however,neitheracknowledgd receipt of the
application nor graed permissionAs it turned out, the German Troy project dire
tor Manfred Korfmannwasnot anxious toutilize this technique tgain more info-
mation about the floodplaj#f nor was his successor Ernst Pernickae offer to
conduct this project is still on the tablEhe authorsare hopeful that théeaders
responsibldor thenew Turkish project arepento it.

“Destroyed for others, Troy remains, for me alone,

where the victor lives to plough with captive oxen:

there are fields now, where Troy once was, and the earth,
beneath the scythe, crops densely, rich with Phrygian blood:
half-buried bones of heroes are struck by the curving plough,
and grass conceals the ruined hotses.

Ovid, Heroides1.53(Kline)

8 Korfmann 2003, 114l n and around Troia there are really far more urgettes to be
addressed. In short: | want no part of this
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Fig. 6  Topography of the Karamenderes River floodplain at Troy today
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Fig.10 Artist’s reconstruction of the hydraulic system and ports at Troy during the Late BronZ® Aeistoph HauRRner)

919

NN [epJas +ebbuez preylaql



