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ABSTRACT

In Rownan times an aqueduct brought water 1o llon from o source in the mouniainous
Interior of the Troad. This anicle describes the physical remuins of the water system and
propeses i course for the agueduct between 20 and 30 km long: The best known segments
of the squeduct include 3 lurge masonry bridge across the Kemerdere valley and part of an
underground masonry conduit near the village of Tevfikiye,

The agueduct had an initial segment of lermacotn pipelings which later carried water
into o subterranenn channel. The link between the these two systems has not been located,
but the engineers may havie put it at o transitional point in the topogriphy between mountaing
and platean, which is toduy marked by the village of Gokgali. Neither the source of water in
the mountains nor the point at which the aqueduet entened the city has been found, but the
liss in height over the entire length of the water system can be estimated an 400 m

The bridge across the Kemerdere valley is the largest of several bridges on the ague-
diet. It s wlso pmong the lurgest aqueduct bridges in Turkey, with i span of 16 m and «
water channel elevated 27.5 m above the valley. Evidence for sccurate dating i sparse,
although the hridge’s construction muterinle and technique point to the Julio-Claudian or
Hadriunic period. The keystone was decorated with o bust which hius weathened beyond
fecognition. The bust may have depicted Apolln Thymbiaeus, who supposedly had a
hearby sanctuiry thil was tied o the legendary fall of Troy as the setting fur Apollo’s gift of
prophecy o Cussandrn and Achilles” abduction and munder of Troilus.

ZUSAMMENFASSUNG

In rismascher Zen wurde durch einen Aquiidukt Wasser aus dem berpigen Hinterland der
Troas nach Hhion gefihrt. Dieser Anikel beschreibr die physischen Uberreste dieses Was-
sersystems nnd rekonstrsert den Verlauf des Aquiidukrs, der zwischen 20 und 30 km lang
war. Lhe am besten bekannten Teile des Aquidukis bestehen aus einer Aquiidukibriicke
iher das Kemendere Tal upd einem unieriedischen gemavertien Tunnel nabe des Ortes
Teviikiye

Drer Aquidukt bestand 1m Oberlouf aus Terrakonarohren, die spiiter in cmen unterirdi-
schen Tunnel midndeten. Dieser Verbindung der zwel Systeme konnte brslang micht genau
lokalisien werden, aber dic romischen Ingemeure kinnien sie am Ubergang vin den
Hiigeln zum Platean ermchict haben, der heute durch das Dorf Givkeali markiert wird,
Weder der Anfang des Aguidukts, noch sein Eintrint i die Stadi koante bislang bestmmy
werilen, doch betrug die Hobendiffereny tiber die gesamie Lange des Systems etwa 400 m

e Brilcke iiber das Kemerdere Tal ist die gribte unter den bekannien Briicken des
Aquiidukis, Sie ahlt mit einer Spanoweite von 16w und emer Hihe des Wasserkanuls
von 27.5 m Hidhe iber dem Tal «u den gritien bekonnten Aqguaduktbritcken der Tiirkes
Hinweise fiir eine genave Datierung sind nur spiirlich vorbanden. jedoch sprechen dic ge-
nutzten Baumaterialien und die Baitechnik fr jubsch-claudische oder hadranische Ent-
stehung. Der Scheitelstein des Bogens st ril emer Biiste geschmiickr, die weirgehend
rerstivet ist. Diese Darsteliung kdnnte ein Bildms des Apollo Thymbruws sein, der wahr-



REL

WIHLIAM AYLWARD, GERHARD BIEQ, RIOSTEM ASLAN

seheinlich ein Heilighiom in der Nithe besall, das dorch Apotlons Prophesemg an Kas-
saanelri s b dlen Flimterhalt aied die Thing des Troitos duch Actiillens mit dem Full von

Tronn in Verhimbung gebrasht wesden kang

Introduction

Roman thon's anly  known  aqueduct hud i
sowree i the i Mountains, dbout 20 km east ol
the city. Prior 1o the current campaign to Troia,
the only known vestipge of the aquedict was o mo-
sumental bridge over the Kemer (*Arch™) river in
the Kemerdere valley, about 1) km eust of Hion
(Figures 1, 40, Survey and excavaron conducied
since 1994 confirm that Hon was supplicd by
i external witer source in Romun times,! This
evidence consists of terracota pipelines, an un-
derground channel with & masonry cover, and
several smuller brdges that helped o carry the
conduil acToss uneven lerraim [rom source 10 ler-
minus. Discovery amd study of this evidence wais
achieved by surveys along the squeduct's paih in
1994 und 1995, the excavation of part of the un-
derground  coneduit just outside  Thon's  eastern
fortification wall in 1998, a measurement survey
ol the Kemerdere bridge in 1999, and a GPS sur-
vey of the sgueduet’s terrucotts pipelines and
stiiller bridges in 20017 This article is the firsi
detailed secount of Hion's aqueduct, and the first
o conslder s specific course. Because many
parts of the aqueduct remain elusive, o compre-
hensive siudy is not possible. But there s sof.
licient evidence for @ partial recanstruction the
aguedvct’™s course and hydruulic chamateristics,
and For informed discussion of its building mate-
rials and technigue, engineering works, and date.
The authors hope thar contimming resewrch on (he
water supply of Thon will @i some pownt merit o
comprehensive publication of the agueduct and
the verification or correction of estimutes, and
conelusioms dreawn here.

Previous Research

Hion's agueduet and monumental bridge across
the Kemerdere valley have been consistently
overlooked in studies on Roman bridges and

aqueducty which deal with sies omtside Taly.*
Travelers o the Teoad have called atention to the
Kemerdere bridge since the early nineteenth cen-
tury, and in March of 1801 Philip Humt seems to
hive been the first modern traveler i dociment
it! In JB19 the botanist Philip Barker Webb saw
the bridge und placed it on hiz map of the Troad,
and hig colleague Fox-Strangways drew the first
known lustration of the bridge (Figure 23,7 Wil-
linm M. Leake visited the Troad in 1800, and in
1824 he suggested for the first time that the ague-
duet on the bridge may have supplicd Clussicul
Hion® In 1839 Thomas A. B. Sprat and Peter W.
Forchhammer took detailed memsurements of the
bridge und they marked ity location and correct
orientation on the frst measured map of the
Trowd ” Heinrch Sehliemann mentioned the rale
of the bridge in Roman ion's water supply, but
he did not explore the agueduct.”

Prior 1o the current campugns o Trog,
Wilhelm Dirpleld, John M, Cook, and Askidil
Akaren were the anly twentieth-century scholirs
o mention Hon's agqueduct” Dompleld  photo-
graphed the Kemerdere bridge and published a
genernl description of s construction and role in
Hon's water supply (Figure 31" Cook published
photos of the bridge and provided 4 summary of
published observations on the squeduet, along
with his own pbservations on the water supply, "
Akarca published a photo of one of the smaller
bridges, ux well as two elevations of the Kemer-
dere bridge's northwest face: o schematic drawing
shivwing the principal dimensions, and i stone by
sone sketeh.” Summary observations on - the
aguedoct and s connection 1o Tion have been
madde regularly in publicanions of the Trow Pro-
_II'E'CII ]

The course of the aqueduct

The course of the agueduct can be reconstructed
from the positions of mne bridges documented
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Fig. | Proposed course of the agueduct. Mup by Gebhard Bieg. afier Bilgin 1969, pl. 29,

betwezn 1994 and 2001 and the discovery and ex-
cavation ol @ section of underground condait in
the village of Teviikiye in 1998, The comments of
early (ravelers such as Judeich and Cook are also
useful. The most elusive question is the source of
the aguedict, but i probably began somewhere
on the witershed west of Hayrettin Tepe, and 1o
the north of the villages Zerdalli and Cambica
iFigure 11 This pant of the Troud 15 mountainous
bamd below the summit of Kavali Dog o the
sortheast, and between the drainage basing of the
Scamander fiver 10 the south und the Kemer river
80 the northwest, From its source the agqueduct
fellowed i course to the northwest, down o the
desinage busin ol the Kemer river (the Kemerdere
valley), where jt crossed. the narmow river gorge
o a tall masoary bridge. The agueduct then pro-
cecded west along the northem slopes of the Ke-
merdere valley. At the village of Civier it turned
w the northwest and meandered through hill
conmiry shove the northeast bank of the Seaman-

der. There it crossed a tributary of the Scamunder,
the Polisin Dere, and made its way down 1o the
villuge of Gokgali. below Karn Tepe. Gokgali
stands near the head of a narrow  limestone plu-
teau that separites the dreainpge busing of the
Diimrek (the anciem Simois) and  Scamander
This platean slopes down from east 1o west, and
Mon was located on s western tip, elevaed
above the Trojun Plun with o panoramic view ol
the coast from Tonedox 1o the Dardanelles,

Discuission of the course of the aqueduct will
b divided into the Tollowing segmenls: soume;
the sgueduey southeast of the Kemerdere valley:
the Lurge bridge over the Kemer river; the ague-
duct northeast of the Kemerndere valley: weminus
These segments are then followed by discussion
of the agueduers geadient and some historical
conelusions.



400

o pladiai bk

Fig. 2

SOURCE

The locution of the water source for the agueduct
remains nnknown, although maost of the evidence
paints o a source somewhere between Camlica,
Huyrettin Tepe, and Salihler (Figuee 1), Akarcs
put the source w Sugikt, bl pekoowledged pos-
sible additional sources of Tanripinar, Cakar
Bliyet, and Camurca ' Cook reported that vils
lagers provided contlicting mformanon for the
waler source — some pul it ot Huoyrettin Tepe.
others ul Combica or Cakir Blivet, pod still others
al Tannpmar, @ spring (o the south of Salibler.'
Judeich foutd & section of will sear Cambea amd
identified it as parnt of 8 Roman agquedoct,'™ A
source further east closer 10 Havrettin Tepe. 1
sugpested by the ontural springs in thot weo
especiully at the head of the drainage basin of the
Ihes Dere, which opens to the south toward the
middle Scamander. On the bhasis of this area's
reddish soil pnd  the westimony  of  Pausanius
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Hlustratton of the oorthwest face of the brdge by Fox-Stungwiys, Aller Burker Webb 1822, View 1o soaih.

(IO 1234, Cook wdentified the sie of Dam Kale s
ancient Marmessos, and the Hica Dere ax the Aido-
news, which was said 1o have ubbled ap from un
derground m the manner of the spring st the head
iof thie vialley. "

The source probubly lay somewhere o the
mountainous  pladean between Hayretlin Tepe,
Cambea, amdd Tanripiowe, and a1 about 440 masl, A
source further to the east 15 unhkely because the
terrain there descends either into the valley ol the
e Dere o the southemst or loto the Kemerdere
und Dmrel. valleys 1o the nonth and northeasy,
respectively. The mqueduit my have had a simgle
source of water, but (his would aof have been 4
reqamement, and the evidenoe Tor multiple sour-
ces in this aren shows that water could have been
AL somne
point, sources would hove been cormbined into 4
Witler systemn along o common path, but this
wotildd ot have been necessary until the aqueduct
reached the first known bridge nlong its course,

collected Drom o ouwmbBer of  locations
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ACROSS THE KEMERDERE VALLEY i)

Fig- 5 Photograph of the somhwest face of the brdge i Wilhelm Dorplelid's photo archive (Dompleld Photo
Archive, German Archmeological Tnstitite; Athens, No, 1711

ahout four km northwest of Camlici, in a guleh
culled the Sugkn Deresi (Figure 4),'%

Thk COURSE OF THE AQUEDLCT SOUTHEAST
OF THE KEMERDERE VALLEY

Phe first signs of the actual path of the agquedict
exist high on the southeast side of the Kemerdere
valley, Here 1the enginesrs built small Masanry
bridges 1o cury  the agueduct over gulches
thul carry seasonal runoff inte the Kemer mve
Bridges have been discoversd in three of these
gulches — the Sugikn Deresi, the Incirhidere. and
the Yériikyurdu Deresi - and it 15 possible  th
others await identificaiion closer w the water
dwurce (Figure 4), These brdges had single
fibbed arches, with ravering sup-
porting hisunches of flat unworked stones bonded

YOURSOITS

with thick monar jomts. Bridees on the Sugikt
Deresy and the Yonikyuedo Derest only required a
smgle arch o span the namow gulches, but the
bridge peross the lncirlidere, now almest com-
pletely destroved, hud up to four suecessive
arches moorder to span the somewhat wider
mvine. There are no signs of o masonry condun
on ocaround any of these bridges, and I appears
a8 10 ey had been buill to carry pipelines, '

The bridges are all about 1.80 m wide, The
arch of the bridee on the Sucik Deresi has o 3 m
spar, and the top of the kevstone stonds abon
L3530 m ubove the bed of the: guleh (Figures 5. 6),
The onginal length of the bridge wis probably
about 5 m. The voussoirs ire roughly worked, and
the arch springs from putcroppings of bedrock, A
thick niass of calcinm-carbonate is adbered to the
intrados, and this wos apparently caused by leaks
in the pipelme. ™ The original length of the bridge
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Kemerdera valley

Bridge over Sugikn Deresi
Elevation: northeas! face

(i} 1 1

L —

Fig, & Elevation af the small hridge on the Sucikn Dorest, northeast foce. Mustmiton by Riistem Axlin fnd Sinan
Kihg.

on the Incirlidere was about 15 m gnd it was built
in the sume materials and technique as the other
bridges (Figures 7, #) The central part of the
bridge has completely washed uway. The arch on
the northeasi bank. which is now almost com-
pletely huried, has a erude brick liner applied (o
the imtrados, perhaps intended 10 strengthen the
bridge against what was appurently once a for-
midible tributary of the Kemer niver. The brndge
on the Yortikyurdu Derest has neater voussoirs,
atd the keyvstone 18 0.57 m high and 0.27 m wide
it the extrwdos (Figures 9, 10), The bridge is
about 7 my long and 3 m tall, and the spun of the
arch mensures 290 m. Heavy calcium carbonme
deposits are visible on the intrados and on almuost
the entire northwest face of the bridge, prolably
ilso the resull of a leaky pipeline

The only evidence for the actunl water conduit
ure segments of parallel femwotin pipelines.
broken and exposed on the side of the road that
runs along the southesst side of the Kemenlere
valley (Flgures |1, 12). The pipes lie abow
040 m apant, one slightly Jower than the other.

Both pipelines have an interior dismeter of
06008 m and walls between 02 and 0,03 m
thick. Sinter deposits on the imenior are found
mainly on the bottom and sides, and this suggesis
an epen sysiem of graviey Tow in these segments
of the agueduct.”’ Broken sections of the parallel
pipelines have been found in twis locations — neur
the cutting for a modemn gas-time between the
Sugiku Derest and the Incirlidere. and about
1200 m east of the Yirikyurduy Deresi, In both
locutions the pipes were in sim, founded on
bedrock and buried up to 4 meter in Gll. Cuffs
were ariented to the east and flanges o the west,
and the pipelines had a gentle slope down 10 the
wesl.

The pipelines near the Yiriikyurdu  Deresi
were al an elevation up o 20 m above the
Yarikyurdu Deresi and the large bridge across
the Kemerdere valley. If the water in these pipes
was ever camed oeross these brdges, then it
would have had to huve heen brought down 1o the
level of the bridges in rather dramatic measure,
in which cuse a cascade or n cireuitous course of
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Fig. 7

piping may hiave beed employed 1o reduce the
gradient = The double pipeline could mdicae
multiple sources of waier or a smgle source with
discharge 0 excess of o single pipeline’s cupa-
ity What ix clear is that the engineers designed
e system 10 collect water in pipes on the soulh-
east side of the Kemerdere valley and direct it to o
sigle crossing point. Pipes would have allowed
the engineers the greatest flexibility in luving the

Kamerdere valley
Bridge over Incitideos

]
Elevabon: northweasi face .
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Smull bridge on the Incididere, View to southeist. Dl Triig 45973

witter  lines Ui Opeven terrin ' The
substiantial 1oss of heighi between the source and
the Kemerdere valley would have guamnieed
Now und deastically rediuced any need for ¢lea
ning. Rather than mamtaiming a gradient. the chiel
concem of the engineers tor this seoment of (he
Rqueduct was probably contsinimg andfor relie-
ving hvdrostatie pressure.™ 1 is conccivable thiu
header tanks were installed af regular intervals for

WCross

__-—-_"._ —
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Al m carmomate Seposis

Fig. 8 Elevation of the small biidge on the Incirlidene, noniwest flice:. Mustradiog by Rt Aslan amd Sinan

Kaihig
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Fig. ¥ Smull bridge on the Yirikyurdy Deresi. View 10 southeast. Dig Troia 43971

Kemerdera vallay
Bridge over Yorlkyurdu Derasi
Elavation: northwesl face

ek 3 / ] 1 2

Fie 10 Blevauon of the small bodge on the Y omikyorch Deresy, northwest, face. Mustanon by Rustem Aslan and
Sinan Kihe.
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Fig. 11 Termcotta pipelines on the southeast side of the Kemendere valley near the Yoriikyurdy Deresi
12 Trom 45958,

Fig. 12 Detul of the se-hy-side wrracotta pipelines. D Teon 4594604

11
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Fig 13 The lire bridge deriis the Kemenlere valley, View o the southeast. Dia Troin 2800

this purpose. although none have been found.™  water’s namral surface level) Stll. measures
The sinill bridges veress the gulehes and ravines  taken by the engineers 1o redice hydrostanic pris-
world have dlso reduced hydmostatic pressire sure were apparently nol enpugh (o prevent
by elevating the pipefines and reducing the head  lenking where the pipelines crossed the bridges.
(the distapee of 4 closed pipeline below the
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1 Aprmerrinee valivg
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\ - !"l'\rliln rewll [l Edeme rive
LT T wa— \ Eistwtrlic whevalinr roiri sl By

W Travetins
| b
Fig, 14 Schemtie clevation of the bridie shiswing principal dirmepsions and materials. After Akarca |97, fig. 12
Hlisstrtbion Iy Wllkam Ay lwand

12
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THE BRIDGE ACROSS THE
KEMERDERE VALLEY

The most impressive section ol the agueduct
crosses the tull iwo-tier bridge that spans the
Kemerdere valley just below the villige of Kemer
Koy (“arch-town™), about |1 km east of lion
(Figures |, 13-17). In size. the Kemerdere bridge
ranks among the lirger agueduct bridges of the
Roman world (Figure 14).7 The abuiments are
LAl me thick, and the bridge widens 10 ahout
1.60 m at both ends. ™ The maximum span of the
principal arch s about 16 m™ A twenty-meter
segment of the bridge on the northwest bank has
collapsed 1o the northeast. The wial preserved
length of the bridge is about 87 m. From the buse
of the abutments to the preserved top of the water
chamel the bndge measures about 16m, and the
top of the structure lies ubout 27.50 m above the
siverhed. The length of the Kemerdere bridge is
imremarkable compared to agueduct bridges in
the Roman world, such as those at Nimes and
Cherchel. Algena." The structure of the Kemer-
dere bndige is far shortet than the height of the
Pont de 1'Oued Bellily ut Cherchel snd the ague-
duet bridge at Turrugons (each 26 m) not o
mention the Pont de 1'Ouved llelovine at Cherchel
(35.38 m) and the Pont du Gard (over 40 m)." In
termis of the elevation at which the water chunnel
vrosses the valley, however. the Kemerdere
bridge s noteworthy, und seems to runk only be-
hind the agqueduct bridge at Pondel near Aosta
tover 6l m). the Pomt du Gard 48,77 mi. the
Pont de I"Oued Telouine at Cherchel (35.38 m). ™
The bridge also nmks high in the category of
miximum span of the principal arch, The 16 m
span of the arch on the Kemerdere bridge is smaller
than the spans of the arches in the two lower tiers
of the Pont du Gard (2452 m and 19.2 m) and the
span of the Treajunic bridee at Antioch on-ihe-
Orontes (22m), but wider than the spun of the
Ponte San Pietro on the Aqua Marcia at Rome
{155 m). ¥

The design and construction of the bridge
shows careful attention to engineering und eco-
nomy of materials.™ It was built precisely where
a narmow basaltic lava formution appedrs pro-
minently in the landscape, orented across the
Kemerdere valley from northeast to southwest. ™

WIHLIAM AYLWARD, GEBHARD BIEG, RUSTEM ASLAN

The engineers chose this site for good reasons.
The basaluc lova formation’s  density and
resistance 0 nver erosion hod made this the
narowest point in the Kemerdere valley, and out-
croppings: of the lformaton were conveniently
located on opposite bunks of the river, The
engineers pluced the abutments for the bridge.
measuring 1.40 m thick, inside notches cut into
these oulcroppings, well out of reach of food
waters.”” The busaltic formation also seems 10
have provided building muterial for the small-
stone facing in the superstructure of the bridge. ™
All of these factors sugeest that the construction
site was chosen by engineers who were familiar
with the complexity of building aqueduct hridges
in remete Jocitions,

The abwitments are mude of dry-lad ashlars of o
dense. shelly travertine. and they both rise past
the impost and into the lower purt of the spandrel
(Figures 15, 16).™ The masonry is not isodomic,
and courses show  considerable  variation in
height, with the occasional instance of 1all blocks
used alongside swcked short blocks. Despite
this variation, the engineers brought the abui-
ments up o uniform height at the level of the im-
post course. Lurger bliks — some aver (.50 m
high amd 1,50 m long - were used for the lower
courses. where there is cecastonal cross-bonding
through the thickness of the abuiments, Edges
o some of the larger blocks were beveled for
casier laying, and some of the comer blocks have
drafled margins. There are some signs of put-
log holes. projecting bosses, and cuthings for
scaffolding on the abutments, but not enough to
reconstruct the falsework and centering thit must
have been used for construction anid maintenance.

The northeast abutment is abowt 2 m wider
than the abutment on the soubhwest bank. To de-
termine the width for each abutment the engineers
may have used the point st which the impost
course in each abunment intersected the nver bank
tFigure 14), The southwest side of the gorge is
steeper, and this made Tor an abutment only abou
fHm wide, wheréns the northeast abutment, on o
somewhit gentler slope, Is about 8 m wide. The
engineers. appear o have designed a nurrower
abutment for the bank with the steeper slope,
where resistance 10 the weight of the brndpe
would have been tametrically opposed 1o the

13
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Fig 15 Detoll of the boithwest abutiment, northeds)
Toce

thrusi of the arch. Conversely. the wider abutment
on the gentler slope may have been designed 1o
compensate for the weaker resistance ol the slope
10 the thrust of the arch

The wost of quamying aml transporing the -
verting anto the remote Kemenbare valley miy
have been prohibitive, and the engimeers appear to
have economized on non-local matenads where
the desion ollowed. For inll masoncy suclures
Raomuan often designed  aboiments
ikeker than the superstruciure in order to nenease
lateral stability, but on the Kemerders bndge the
abutments are the some thickness s the WLPET
structure (40 m1 ™ In addition 10 its use i the
ahutments. the dense ravertiine s only used in the
voussnirs of the bridee's principal arch, as well os in
a few voussodrs of the relieving arches and the
projecting string course between the  bridge’s
uppeer and lower tier (Figure 14),

l.'!l1:,'ll11.'.l.' s

410

Fig. 16 Dl of the sontheas) uwbutment senithwiest
fuce, wind bend in the bridze View to southesst, Tha
Trois 32480

The single masonry arch that spans the river is
the same thickness as the abutments. This s a troe
wrch with n single nbool raverine VOussomrs. and
it has the appearance of o full 180" arc. There are
twenty five voussairs of varying width on each
sicde of the kevstane, and they were joined without
mortar. Most are wedge-shaped, and some have
drafted margins, Neither the intrados nor the ex-
trarcdos was rimmed to an even himsh, The masons
paid greater attention t the profile of the extrados
on the lower haunches of the el exeept on the
noriheast face of the southenst abutiment, where
they keved the extrados into the masonry of the
abutment. " The reliel bust on the keystone is dis-
cussed below

With few excephons the engineers  used
mortared rubblework behimd the abutments and o
the superstructure Mkl of the rubble focing s
compesed of flat unworked stones lud o farly

14
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Fig 1T The sonthwiest fage of the bridge. View o the porth. Dia Trot 45982

regulie courses, und it was probably quanied
from the biasaltic lava formation near the bridge
The core 15 composed of thick beds of lime mortar
with i hesvy uggregate of unwaorked rubble, like
it wsed Vor' the [ncing o lew sections ol e
cotty pipe. and g small smount of e There is
moderite correspondence between the courses of
aggregute . the core and the courses ot the
fucme.*

In the lower tier of the bridee, the engineers
laid the mortared rubblework in sections sround
relieving arches, three behind the southeast abuot-
ment, wnd at least three behind the northwest
abutment (Figures 14, 7). Larpe relieving arches
spring Trond the edge of the traverting abutiments,
and these wre cach Manked by smaller relieving
arches om topy of the abutments and higher up the
slopes ol the valley, The crowns of all these re-
lieving arches more or less correspond in heighi
Ly the crow of the principal prch acnoss the piver
The relieving drches are mude from voussoirs ar-
ranged in overlapping ribs, each abowt Tour blocks

deep, and they are built throwgh the full thickness
of the bndge. The voussows of the relieving
wrches were mide of the same materiol as e
mortared nibblewark facing, with ot unworked
stomes arranged s Badial patter between morta
joinits. A small poomber of voussoirs in these ar
ches, especially on the northwest end of the
bridge. were mude of wedge-shaped travertm
blocks, perhaps from miterial left-over from the
construction of the abutments.

The douhle tier design of the bridge allowed
the engineers (o attiin the desmed herght o
the water chunniel und fortily the bridge Ggninsi
buckling and tilting brought on by catthguokes
and high winds, both konown in the Troad ™ A
projecting  string  course of Hmestone  hlocks
separates the lower and upper lier, The upper tier
1= the same thickness as the lower ong, and it wos
made ol the =une mortored robblework. A sis-
meter section of it is preserved on the northwest
bank, now isolisted from the rest of the brdae by
the collapse. Seven small arches are preserved in
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this ther If these had been spaced evenly across
the brudge in the orginal design, then ur leas:
cight cun be restored. Five of these are now open
arches, onginally buill witl travertine voussoirs
in double or triple-ribbed arches, Now most of the
voussoirs have fallen away, leaving only the
tmpression. of the estrados in e eoudning
miarmared rubblewaork. These open anches would
have Tightened the lowd ol the upper tier on the
nrch below, and they would have also ullevinted
witid pressure ngainst the bridige, The wehies in
the upper tet that were placed ubove the largest
of the relieving arches o the lower ier are ¢losed,
annd B iTTieul o determing i hese were filled
during conmstruction as centring or ot a later poimt
s repadrs.

The engineers also buil an obtuse bend o thie
bridge on s southenst sule, through the tuall
Beight af both thers and the open waler channel
(Figure 18] The bridpe beging to cross the valley
ia northwesterly direction, mnd then, about 25 in
into the villey, mt the very southenst end of the
sottheast abutment, the brdge toms between 107
und 207 10 the west ™ The bend would have hud
Denefits [or the stubality of the bridge and e Aow
of wilder aoross the elevated conduwi The e
gineers mny have used the bend o keep the bridge
founded on top of the hard basaltic formution in
thee bedroek, or o add -t the longitudinal stability
of the ca. 85 m-lomg bridge by inhibiting laterad
oseillntion from wind pressures aganst the 1all
and pareow masonry structure T A hend was not
included or thie opposite end ol the bridge, where
o twenty-meler section of cominuous mortired
tubblework has collapsed.

There s no evidence Tor the transition of the
aceduct between the open channel on the bridge
anel the water conduits on etther side. The seg-
ment of the sjueduct between the source and the
Kemerdere hridge hud e stoepest avernge slope
on the entire water system Cabout 29 ), and the en-
gineers may have designed the bend in the bridge
o retard the velocity of wader as it entered the
open wiler chiannel. The chanmel walls were buih
of wortared rubblework o thickness of abow
(1A0-0.45 m. and they are preserved 1o a heghe of
about 0.60-0.65 m. ™ The surviving filly-meter
segment pf the open witer chuonel narmows: (om
0.67 m o 058 m, and it it had continued w0 par-

Fig 18 The open water channel on the deck of the
bridge Wiew 1o south. Dig Trods 42463

Fig 19 Temraeoln prpes on the souibenst bark ot e

Kemendere valley, abour 2 m w0 the southwest of fhe

bridge. at the devel of the stang course beiween the
tppet andd lower thers. Eha Troda 45986
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row af this rate, it would have heen only 0.52 m
wide by the time it reached the end of the hridee
I achidition (o the estinated O8% slope across the
bridge (see below), the bend and the narrowing
would have worked in concert Ly enconrge wni-
lormuity of Mow between water conduits on elther
thie bend would have inhibited
velocity at the beginning of the bridge and the
narrowing would have moreased velocity ar the
end of .M

Mhe channel was uncovered. 1t did not appeuss
to have o deposit of calcium carbomate, but (1 was

enid of the hridge

witle enonigh to accommodite side-by-side term-
cotta pipelines, Two sechions of termacotta pipeline
were discovered on the southeast bank ol the
nver, immediately below the southwest fuce of the
bridge, not ta siti, and apparently where they hud
tuiiblied out of the channel (Figure |9), One of the
pipes preserves o unidorm simter deposit around
the intenor, and this s constienl with calcium cur-
bonute deposit on the smull bridges as evidence

WIHLIAM AYLWARD. GEBHARD BIEC, RIISTEM ASLAN

W Deust of the decorated kevstone. Dia Trow $5983

lor grester hydvostatic pressure In the pipes where
thiey erossed bridges on the water system

THE DECORATED KEYSIONE

The southwest Lice of the keystone wits decorated
with a carved bust m rehel (Figure 200, An ac
curare wdentification of the bust is andermingd by
s poor stie ol preservition, bl clues van be
gleaned from ewrly eyewitness secounts of the
hridge, the locutiog of the bridge, and the cono
graphy of compamble keystones. Even i the
ibsence of 4 precise wentificaton, n briel svn

thesis of the evidence brings the significance of

the bridge into sharper focus

We know of only four published conments on
the bust, Barker Webh, the first 1o mention i, sug-
gested thar it wis i portrait of a Roman eniperoar”
Diirplield also called o Roman emperir, adding
tht it was perhaps o member of (he Julian family
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who led the water supply mto lhion.*! Cook also
called it Julio-Claudian, and Akarca concurred

The top half of the head has now eroded away,
but it uppears 10 have been about twice life-size.
A close look e Démpleld's photo of the bridge
shows that in his day the shape of the head was
still recognizable, but most i not all dewil had
worn away, Barker Webb saw the bridee almost o
century before Darpfeld and was able o say thal
the tigure appeared 1o have o larel crown ™' The
wily other visible features of the bust dre & clean-
shaven lace and the clear delineation of the chin
and neck, ™

tromically, the identification of the bust as o
portrait of o Roman emperor cun be ruled oul on
the basis of Barker Webb's own testimony o the
larel erown. On Roman public monuments liurel
crowns appear in rilual contexy, such as riumph
of supplicatio,™ o in group portraits in a contexi
of dynastic commemoration.” but they rarely
appeat us flixed omamentation on individual im-
perinl portraits,”” Furthermore, a commemorative
portrait of # Romun emperor on the Kemerdere
bridge would have been out of place among
references 1o emperors on aqueducts and bridges,
for which inscripuons were the Tavored me-
dinm.* Finally, rather than commemuorite bene-
factors, decorated keystones normally displayed
themes related w the function or physical sefting
af the monument they adomed. For example,
Medusa protomes were used as apotropaics on
the keystones of the Mausoleum of the JTulii ot
Gilunum, and on the keystone (overlupping the
architrave) of the arch of Augustus al Rimini ™
Pendant  images of Hermes and  Hercules,
stundard for an athletic context, adomed the
keystomes: of prehes e the cavea of the stadium
at Aphrodisias. and at Tymbriada in Pisidia, o
beanded personification of the Euryimedon river
was carveld on the keysione of a foot bridge neir
the god’s sunctuary.™

Rather than a Roman emperor, the above points
of wconography, context, and function point 10 a
persomfication or deity tor the bust on the Kemer-
dere bridge. The Kemer river was known to the
Higns s the Thymbrius, and the example of the
epiphimy of the Euryvmedon on the pridge at
Tymbriady suggests that the Kemerdere bridge
might huve been adomed with a personification of

413

Fig. 21 The water chunnel tn Teviikive. Neg Truia
9Rr)-2

the Thymbrios river® Unfortunately, this iden-
tification for the Kemerdere bust is undermined
by the absence of a long wavy beard, which was
part of the stundard iconogrmphy for anthrope-
morphic representations of niver gods in Greek
and Roman art™ Moreover, Barker Webb's
desenption of the Kemerdere bust as lreled is
at odids with the standurd headgear of river gods:
lots, reeds, wheat, fruit, homs andéor ears of a
bull, diadem. " Had Thymbrivs been the intended
representation, the sculptor certinly would have
ndded a beard us the most clewrly perceptible
wanographic marker for o river god, The position
af the bust, suspended high above the Kemerdere
valley, would have augmented the need for
elarity,

It 15 concervable that the bust depicted Apollo.
The laurel crown and clean-shaven fuce are con-
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sistent with the god's leonography in Greek and
Roman art™ ind the aguedoct beidge wis located in
the damain of Apolln Thymbraeus, whose epithet
was denved from the ancient woponyms Thymbra
und Thymbrius™ A portrait of Apollo Thym-
horgeus on the Kemerdere bridge woulld have made
senve 1o Tlians. because of the god's special im-
portinee in Trojun legend ® Thymbraean Apollo
helped o build the walls of Trow, and he was a
pateon of Trogen youh. Helenus and Cassandea
received the gift of prophecy ut Apolle’s sanc-
tuary, amd Troilus wias pmbushed ad mundesed
by Achilles while training his horses there. A bust
af Apalle Thymbrasus on the agueduct bridge
would have also been an appropriate apotropaic
for the protection ol Tion's water supply.*’

Tue COURSE OF THE AQUEDUCT
NORTHWEST OF THE KEMERDERE VALLEY

This seginent of the squeduct 8 nol us well
Enown, but fve additional masonry bridges have
been found between the villages of Civier and
Gioikial. These show that the aqueduct crossed
the smull valley of the Polisin Dere and comonred
wround Aktepe belore moving towand the village
Gidkguli. which s ot the head of 4 nagrow lime-
stone plitean that separates the drainage biasing of
the Sumors (Dmrek ) and Scamander (Figures |,
4).™ The bodges here are simalar m size, ma-
rertals, and construction o those deseribed above.
wd they also appewr o Dave corried @rraciita
pipelines, Thiy Is supporied by the discovery of
fragments of terracotta pipes with sinter deposits
an the northwest slope of the Kemerndere valley,
which suggest thur, once across the bridge. water
wiis iwso carned in pipes.™

The ayueduct then followed the slope ol the
platean down o the west, through the village of
Teviikiye and into Hion, At some pomt the agque-
doct was converted from g system of fermeotia
pipelings into an underground channel with a
masonry cover, pat of which wiis discovered
during construction for & schoolhouse in the vil-
lage of Teviikiye m 1998 (Figures 21, 22)." The
esact location of the converston is unknown, but
the engineers may have decided to put it some-
where near Gikgali, where the transition From
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hills to plateau may have called for new type ol

eomdui, ™

This section of the condait hid been baili abou
one meter below the ancient surlave: and o wickle
ol cool water continued ta seep Trom the sediment
that filled the specus 1o o height of 130 m ™ The
conduit measured 1,92 m from the imtrados of the
valted eover to the channel foor The engineers
dug a wrench approximately 1 m wide. and then
into the fMoor of this wench, they dig anothier
trench abour 1.5 m deep. The wiler wis carmied in
the lower trench, which, st least wt this point on
the aqueduct, did mot lave masoney walls and was
only coated with thin and  patchy - bydrulic
mortar pink and brown in color and on average
OO0 o thuele, The tnortar is o betler slote of pre-
servition on the south wall, where b was applied
is high as the wop of the channel. It s possible tha
the conting of hydraulic mortar detenomted be-
cuuse of the mther igh water velocity presumed
for this segment of the aqueduct. which lad an
average gradient of 12w per km.™ There is no
significant pecumplation of sinter. The lower
chunmel was |45 m  high, G60m wide jost
below the vaulied cover, and 0.45-0,50 m wide al
the base.™ The vaulied cover rested on the shell
above the lower chapnel, and o had roughly
shaped youssolrs secured oo radinl patiern by o
generous application of Hime mortar with o cogrse
sind and  pebhle aggregate, The absence of
miusonry walls for the channel 15 unusual, The
engineers would lave cut costs by Only pariolly
litdng oo earthen trenclh with hydraulic mortar,
but i conduit of this type would have been prone
to leaking, and friction along the uneven and un-
fimished floor and wills wouk) have reduced over-
ult etliciency. ™

The tower trench hud been cul though several
layers of nutogal [ and o 1998 groumd water
wits visibly percoluting out of 4 thick saturated
layer of sandy sediment, especially  where
buoyuncy was inhibited by a dense laver of brown
impermeable clay above (Figure 22)0 1f the an-
crent builders noticed this apparently karstic phe-
sunenon during aqueduct construction, they do
ol seem 1o have tried (o tap (he ground water or
divert it into the comfui,™
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TeErRMINLIS

At some point the aqueduct would have entered
the city walls, Mion was fortified with o limestone
tormification wall in the third guarter of the third
century B.C__ but the enstern streich of this wall 14
imest completely destroyed, and there is no sign
of i castellum in this area™ Dorpleld's recon-
struction of the fortifications includes o round
sirueture Nive meters i dizmeter wt the eastern
city wall.™ [l is located on 4 rise in the topo-
graphy, about 10 m higher than the city’s agora
andd 15 m higher than much of the Lower Cliy on
the platesu to the south of the akropolis. Ths
location would bove been idesl Tor o terminal
castellam. ™" Dérpleld’s recomstruction also shows
a wall runmmg from the round structure into the
ity toward the akropolis and i the general direction
of the Lower City bath discovered in 19324 Iy ix
conceivable that this was o substructio or some
ither component of Hion's water distribution
systerm,
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GRADIENT

While the course of the agueduct proposed here
is somewhat speculative and Jimited by the
agueduet’s often poor state of preservation. the
evideace al hand does allow for an estimate of
theoretical and average gradients, hoth overall
and by segment (Figure 23)% A source on the
mountaimous platean pear Hayrettin Tepe would
have been roughly 9 1w 10 km southeast of the
lurge bridge acedss the Kemerdere valley, The
direct distunce from the swme brdge w ion s
about 11 km™ The total direct distunce from
source 10 emmunus was therefore or least 20—
21 km. The nime knows bridees that carmicd the
agueduct are all more or less aligned between the
ares of the presumed source near Hayrein Tepe
and Hon, and no major-detours are perceptible
the course of the agueduct. The orentation of the
bridges, however, shows that the actudl course of
the agueduct followed a mesndering path across
termiin with sinuous contours. The actoal tength
of the aqueduct must have been substantially lon-
ger given the twists and tirms reguired W maintain
an adequate gradient across the uneven lermain, ™
A sitfe estimate for the total length of the agueduct
is probably 25- 30 km.*

On the mountain pluteau o the southeast ol the
Kemerdere valley, Hayrettin Tepe, Cambica, and
Tanopmar have an elevation of 452, 404, and
4635 masl, respectively, uml an avernge elevation
of 440 masl™ From this elevation the conduit
would have had 1ol Joss in height of 4000 1 be-
fore it reached hon's ciry wall (40 masl), On the
basis of 20 km for the minimum direct distance
between source and terminus. one can caleulate i
theoretical pradient of 20 m per km (2.0%) for ihe
agueduct, An actual conduit length of 25 km
woutld have had an average slope of 16 m per km
1.6%), and a conduit M) km i length would have
had an average slope of 13.3 m per km (1L.33%).5 A
loss in hedght Between 133 and 16 m w the ki
would have exceeded the usunl gradient for
Roman agueducts, but it would have been com-
parable 1o the overall slope of the Aqua lulia and
the aqueduct ot Segovia, ™

The real aradient would not have been uni-
lorm, and 1he terrain suggests that rather substan-
tial chunges m slope probably occurred over the
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entire length of the conduit. The descent from the
area ot the presumed source near Hayrettin Tepe
to the bridee across the Kemerdere valley would
have bod the steepest geadient.™ The loss ol
height o this interval probably amounted 10 @
least 300 m over o divect distance of about 10 ki,
and this works out fo just over 30 m per km, or a
hy pothetical pradien) of about 3%. A real distance
of 15 km would have made for an avernge slope
of 2% between the source and the bridge.

The slope on the bridge across the Kemerdere
villey was gentler. The Hoor of the bridge's uppet
tier s only preserved to a length of 50 m. A
040 m drop m elevation along the direction of
water flow was recorded by Ristem Aslan in
1995, and this means 4 loss in height of 8 m per
ki, or 4 .08% shope. This is steeper than the gra-
dient on most aqueduct bridges. but only slightly
steeper than the gradient on the Ponte S. Gregurio on
the Anio Vetus at Rome.™

The section of the ayueduct between the
kemerdere bndge and Gokcali had the gentlest
gradient. The direct distance between the brdge
and Gikgali s about 6 km, but ithis was ex-
ceptionally  hilly terrain, and  the  aqueduct’s
detours to cross the Polisin Dere and memnder
around Aktepe suggest that the real lengih of this
segment wus probubly about 10 km. The bridge is
anly about 25 m higher than Gikgaly, o the real
praddient for this segment of the agueduct works
atit to @ foss of height of about 2.5 m per km. or a
25% average slope.

The final leg of the agqueduct from Gikeali 1o
iom mepsures 5 ko oas the erow fies, and i this
case the conduit would have had little reason 10
diverge from u course more or less doe west along
the narrow spur of lund that separsted the Sca-
mander from the Simois, The eastern Fortification
witll of Hiem was about 60 m lower than Gokeali,
and this means that this segment of the agueduct
had & loss i helght of about 12 m per km, or a
L.2% nverage slope

The brdge leross the Kemerdere valley ap-
pears to have pumctuated the trunsiion from the
steep drop out of the mountains o the more
moderate descent wward Ton: A conduit with
two very different profiles was comman for aque-
ducts that cirried water down from mountains and
then across plains™ The aguedoct’s estmuted
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average slope across the proposed 10-15 km of
conduil between the source and the bridge across
the Kemerdere valley is between 2% and 3%,
Once the aqueduct landed on the northwest side
of the Kemerdere valley its grdiemt appears (o
have fluttened o an avernge slope of about _56%
t=a loss of height of S.6m per kmi over the
estimuted 13 km ot real conduit distunce hetween
the bridee and [Hon,

In this model, the shallowest possible gradient
forany section of the conduit s steep in relation
o known gradients of Roman aqueducts. The
engineers of such a precipitons condull woull
have wlimost certumly included settling basins,
drop shiifts, or cascades W dampen velocity, and
tnks o relieve static pressure. especially along
the piped section of the agueduct between thie
source and the Kemerdere bridge, but evidence
for any of these deviees has et o tum op,”
Severul stones and antificial stone formations in
the vicinity of the bridges muy have been used
as contral pomnts for laying o the  grudient
iFigure 4),

Estimation of the daily output of the agueduct
is not feasible."" The ayueduct was composed of
lemucolti. pipelines and gravity-flow channels at
virous locations along its course. and 1he. 1ean:
sition hetween these is not completely under-
stood. In sddition, accurate Gewes for o wetted
ared und wetled perimeter of the conduin are dif-
ficult to estimate on the basis of a extremely shon
seetion of conduit with imegular construction and
patchy hydraulic morar. Finally, ow along the
agueduct must have been subjected to o fair
amount of variion due o seasonal change and
presumed methods of design (or retarding velo-
city el counterimg hydrostatic pressure ncross
the unusually steep average gradient,

Historical Conclusions

Mion's artenal water supply was a4 supplement 10
loval springs, ground witer wells, and ruinwiater
cisterns. which appear to have been important for
the city in both the Greek and Roman periods.
Ar some point the local warer supply wus aug-
menied with an aqueduct, The construction amd
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design of the Kemerdere bridge suggest thut this
hippened i the early bmperinl perfod, and
evidence from the city of Hion amd comparahle
agueduets allow for a provisional date as early as
the Julio-Claudian era for the introduction of the
water supply 1o [Hon.**

The combination of mortared rubble and dey-
laie! sshlar masoney in the Kemerdere bridge (s
vimsistent with Roman architectural practice in
the East in the Julie-Claudian period.™ The Ke-
merdere bridge s also similur in appearance und
materials to other agueduct bridges of Julio-Clay-
dian date. such as the Augustan-period bridge of
C. Sextilivs Pollio at Ephesus (4-14 A.D.), which
his piers in ashlar masonry supporting mortared
rubble. as well as the Caligulan bridge ul Antioch
on-the-Orantes and the Augustan bridge at Tarra-
goma, Spain, both of which had an open water
channel ™ Conversely, the bridge is remarkably
different from the Stroggylo bridge on the Hadria-
me aqueduct at Corinth, which had piers ol opns
caempenifcium with ashlar facing including spolia.
and alternating bands of brick and rubble Gacing
in the upper level

Clues for dating the agueduct can also be
gleaned from the earliest buildings at Wion which
wontld not have made sense for the city without an
arterinl water supply. These include o bath in the
lower city and @ hath and nymphacum in the
agori. The lower ity bath 1s of no help as it was
only parvally excavated tn 1932 and the results
anly mentioned by C.W. Blegen.™ Construction
deposits from the nymphucum belong to the An-
twmine period. From the agors baths, apus rericn-
latum Facing, texudae mammatae from the heating
system. and mosaic puvements combining tes-
serie und pebbles wll point to a date neur the end
of the first cemury B.C. or beginning of the
first century A D, and the facing and tiles are
particularly  suggestive of late-Republican  and
curly-lmperial  building methods of  Roman
Taly. """ In general it i not unreasonable W0 a8
sociate the construction of o hath with the
estahlishment of an artenial water supply. Baths
Have a functional relationship with aqueducis i
Koman architecture and urban planning. and ihe
construction or renovation of an agueducl in 4
Roman city was, in most cases, limked 1o 1he con-
struction or renovation of u pubihe bath,'"
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Aqueducts mt Ephesus and Antioch on-the-
Oromtes show that cities in the Romun Eust were
embellished with sgqueduscts as early as the Julio-
Claudiun period. Urban renewal at Hion at this
time i3 consistent with the city’s special connee-
tion 10 the Julio-Claudian family on the basis of
the Acneas legemd "™ Angustug visited in 20 B.C,
apd Julio-Claudians can now be linked o con-
struction on the akropolis, and in the lorge theates
| Theater A), the lower ciy. and the west sanciuary
at lign, '™

Despite the evidence for a Julio-Cluudian date,
there is nothing about the agueduct or its bridges
thit would preclude construction at i later period.
Moreover. many large cifies in the East managed
without agueducts until the time of Trajan anid
Hadrian, who both enriched cities with external
witer supplies."™ OF special interest is Alexandna
Troas, where citizens had neither agueduct nor
proper baths until the benefuction of Herpdes
Atticus 135 ADM A date for Thon's aquedict
pricy to this is consistent with the relative im-
portance ol each city, both regionally and in the
eyes of Rome.'™

Bridpes were sometimes added 1o agqueducts in
ortler to shorten the route, but there Is no reason 1o
believe that the Kemerdere bridge did not belong
to the original period of agueduct construction.
There is no sign of an abandonad loop around the
valley, and the moderae slope ol the hridge
midleates thar the engineers planned for it In the
onginal design, as did the engineers of the Eifel

agueduct at Kol " The smaller bnidges can he

undersiood as contemporary with the lurge bridge
oy the basis ol similurities in materials and tech-
nique, The brick liner used 1o repair the bridge on
the Incirtidere, in combination with the absence
of brick anywhere ¢lse on the agueduct, provides
additional evidence for the ongmal construchon
ol the agueduct prior w the established use of
brick in Asia Minor in the early purt of the second
century AL

Questions ol cost, patronage, and use are un-
resolved. '™ The price of Hlion's agqueduct may lie
between figures given for agueducts at Nicome-
dm and Adexandra Troas in the first hali of the
second ventury A.D. — under | million drechme
for the former. which invalved two separste aod
unfinished projects, and 7 nillion for the Ler "
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There is no clear indication of the  patron.
Possibilities include a private benefuctor, us ul
Ephesus and  Alexandrls Troas, the  fmperial
family, as ar Antioch on-the-Oronges, Corinth anid
Nicomedia. or an anstitution of Hion  itsell,
especially the Sanctuary of Athena los. which
was an established bank and money-lender.!"
Principles ol agueduct constroction were highly
specialized, and (b limited nsumber ol engincers
with the appropriaie training seem to have come
from the West.!'* Evidence tor architedturl tra-
ditions of Roman Iuly in the city's agora baths
wllow for the possibility that an engineer traited
in the West was involved in the design and con-
struction of Then's aqueduct and its hridges.

The agueduct’s peniod of use is difficult to
pauge. There are only shght accumulistions of
sinter along the free-Nowing sections of masonry
conduit on the Kemerdere bridge and at the Tev-
fikive schoolhouse. Thicker deposits cun be ob-
servied on the smaller masonry hridges and on the
imsides of termacotta pipes. but none of this points
1w & clear panem or duration of use. The sbsence
of significant sinter deposits would appear w sug-
gest o short life for the primury use period of the
agueduoct, although this could also indicate low
levels of caleium curbomite i the ancienmt waler
supply " The conduir discovered near Hion in
1998 apparently continued w carry waler until
sediment choked off the supply. und this suggesis
u gradual demise of the aqueduct due o lack of
malntenance rather than an abmpt or disastrous
end.

NoTES

b The authos thank Prof D Manfred  Korfoann,
[rector of e Trna Project, wil Prof. Dr Brian
Rise, Hewl of Chreek and Homan Excavativns ol
Trob, for permission W reseurch ond publish this
imterial The duibrs e o grate Ml o i obser
vatlons O Professors Carole Newlamis, Emst Fer
micka, Dr Chrspan Wolkersdorfer, Hull Becks.
MoAL and Sinan Kalig MAL and the mssistance of
[ D Compition Tucker woid Johin Wallrixdi MUA.
Al dinpesitives prosiiked by Gelsband Bieg, 11 ol
eflerv i he stalied,
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© Work in ench senson mvolved vanons combinations

il the wothors, Sinan Kibw participated m the 1994
anel 1995 surveys. DY Mikhail Treister and Reylion
Kitrpe participuted in the excavation of the under-
gronined conehull in 1998,

By Wikpnder 2000; Hodge 1992; Gulliszzoe 1994,
Garrolii 1963: O'Cottnor (19073 20 who cliims o
have et out 1 “make reference toall bridges for
which information has been fonngd.”

In Walpale's memones (18 1R, 108 107 “We found
an wretent agieduct, crmsing the river. m o eon-
shilerable hetiht abive s bed. Though much inured
by time. i 1 still so striking an object 45 to glve the
naprie o Uhie "apaechiet ivier” 1o the streaim it s
Drenreath it The preincipal weh by about (hirty-five fieet
in dinmeter. and B yet entire . The rocky bed in
which the viver here mins. its bold ubrupt hanks thus
wniled by lofiy arched agueducy and orowned witls
wood, form a striking seene, whneh | regrened my
want of power o sketch ™ CF Allen 1999, 46, 277
note 70 Cook 1973, |18 note 2, Naplor 18400, 203
Rarker Webh (1793 1854) gives a brief deseription
ol the hefilge in his tpographical study of the Troad,
which appeared in lalian (1821}, German (1X22),
anel Frenels U183 but never the English o which It
wits composed: of. Cook 1973 116; Leal 1923, ix
Harker Wehb's map of the Troad s the first 10 show
this location of the brdge. bat ar the wromg onen-
tion — sonithwest to northeast mstead of sonthoass 1o
northwest, The illustrition by Fos-Strangways did
not appear i il editions

Leake (1524, 2893 “the aquedict probably con-
veved witer from Mouat Tido i New Hinm:™ He may
hive only Known of the bridge from descriptions of
1 by Hunt and Hurker Webh,

Alien 1M, T2-T3, 75, 2490 none 13 Cook 1977, 32,
48-51 Wilhelm Ddepleld's emended copy of this
map is i the holdings of the University of Cinon:
nuti's Burmam Clissics Librry, Other versions of
thi= mup appess e Maclaren 1563 (map by Graves
und Sprutl doged 18400 and Forchlunmmer 1854
tmap by T Sprait and PW, Forchhommer dined
1830} Onher early mups with the bridge: Hinvich
Kiepert 1877, Walter Leaf 1923,

Schliermnn 1REA; 225; 1881, 77, 110, 610: 1875, 239
See il Blegen ef al. 1950, pl. 43, and the unpub:
lished photsgraphs . the Bligen campaigns in
the Tinia archive at the University of Citicinmati:
vol, H papes 2532,

Dirpfeld 1902, 241 =242 anid Beilage 22 fior o closer
wiew of the bridge,

Cook 1973, T15-116. 282,

Akorcn P9TH; 4245, fips T2 3540, Akarca’s ele-
vatiom of the furge brdge (fig. 120 omins the tefier
bt ot (e keystome amad inadicates tow fow vorssos
L thve prrinecipal areh The collimpsed nomthwest end
af the beidge sullered farther desimaction hetween

4i9

the pme of Thrpdeld and Akurca, and hos sinee
eroded even more: compare Frzures: L and (4,

F oz, Kayan 2000, 143-144; Rose 1999, 615 Aslan
F99S, LIl

Alcary 1978, 3354,

Cook 1973, 282 Schlermamn (1851 610) believeal
(hath e e cannbe Trornn b “uppee part” of the Ketney
River

Cited by Curok | 1975 282 ), who supiparted this iden-
vifcanon, bur did nor see the waill himselr.

Cook 1973, 2481-282

Kayan CHNKD, 1435 without eiting specilic evidence,
supgess o confluence of smaller water lines Sloser
por the Bvge bridge deross ihe Kemendere valley, For
aquediicts with multiple sources, see. e.g. Hodge
2006, 2128 [992 1Y, 168, 267, Kessener 2000,
[(hK.

Brdges on the Hudname sqoeduct st Corinih
carried » formal specus nd measure betweon 2.9
anid 4 m owide: Lolos 1997, 285289 and Fig. 4.
Hodlge 1992 30 There are no stalctites, as on he
arueduet bridge ut Porge Hodge 20006, 59 fig v
Hoslge 1992, 232-233,

Hodge 1992, |78,

For wultiple pipelines In sgueducts, see Heodge
1992. 42, | 15,

Hoxdge 1992, 113-115.

Nitrovius De Architecnios 86,9 See Hodge's dis:
cussieom of pipes and pressore: 1992, 45, 147, 151,
| 56, 232-234

Vitruvius £ Amhirectiorn $.6.7, There are sigms of a
prssihle hesder wmk high on the souheast side of
the Sugikt Deresh, but further investigation is re
guired. ln 2000 ihe entire nivthwest bunk above (he
bridee had been mzed by mechanived plowing,
Aqueduct  bridges should be distinguished  from
coniimuous ancades, viaducrs. siphons and pressure
towers, and all of these from road bndges, becose
ol slgnificunt differences in functinm and design re
quirements: Loloy 285 and note 29; Wilson 1996, 8
Hodge 1992, 129131, 424 pote 9 Matthews 1970,
12-14

This i el s Do the Ponl du Gard, whers
the Tower piers ure 45 m wide, but it is compuruble
1y the thickness of the agueduct hrdge ol Turragona,
which 15 1 86 m wide above the bunressed piers:
' Connor 1993, 154, 156,

Bused on messurements by Akanos 1978, fig. |12
Humi gives a span of 35 11 (Walpole 1818, 106-107),
bug the 85 fi-musurement by Sprattand Forchihim-
ier is more dccurite: Forchhammer 1892, 30, 1584,
19 ef. Ciooke 1973, 115-116

I 7999 we measured o height of 2642 m Trom e
vorp o the waner chunned above the keystome duwan o
the bedrock on the north bonk. buy abour pwo meters
sonttheant of thin poind e overbed s alosy 1 m
ieeper. 1t i therefore reasomabile to caloalate just -
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der 27,50 m for the preserved height of the hridge
abivve Hhe river bed, ind this bs comsistent with with
Spreatt and Forchhammner's 1839 measuement of
G2 Iy (roughly 275 ) Yiber dom Bont des Flusses™
(Forehbammer 1842, 39; 1884, 1%

Pont i Girdd: 278 me Pont de 'Cued Bellah: 288 o
Hlodge 19920 132 G 82, 141 fig: 97, 144,424 pone 9
Hodge 1992, 129, 134 hig 85,137 g 91, 04 hes
U7, 144, 1B O Connor 1993, 154, 156

Pondel: Crormg 206, 113 fig: 5 A bridge on the As-
pendus apediet was origimally 200m. bghe Resse-
mhor SO0, JOREFie 008, D,

Hosge 1007 |31 Ashhy 1935, 116, O'Commn
L1993, 150, 154) gives 24,4 m o e widest span ol
the Pont dis Gard, aned 16 m Tor the arigin span of
the Ponte Sun Phetro, Advording o D0 Casslos
COR 10 1amy, Ahe stime prers g Trgan's. brdge
serons e Dunube stood 170 1 apart, but these were
spanned with wooden arches; of, O'Connor, |95,
142-145, See O'Connor 1993, 161 or w wocontin
med hesght of 60 m for a brdge at “Antioch” Fne
cluding other caegories of Romun bridges, e
Severan rout bridge s Kabta bn Cuppadocta s the
predtest musimim span of any Roman bridge
Turkey (3420 mb o this fs second ondy 1o
apan ol fhe Pont St Murin in oorthern [y
(18,64 ), Ko Gullirzo 19694, cai. 8240 (7 Con
o 1WO3 127129, Pont St Munin: Gallineeo 1994,
cut. 427 O'Connor 1993, 59-90, The rumed tomd
bndgee over the Caicus River m Pergamon had three
central spans of abiour 19 meeech; Galluen |94,
car, B,

For Roman. bridge engineering. see, g, Hinlge
Mg, TO=T7: P2, 129-147, O Comnor 1993,
1631 5y,

Raayan 20000, 143 and fig. 4 Rapp — Gifford 1982,
g |

The Keower river romubns o substantiol trilwiary of
e Scamander, éspecially ih winter and spring:
Kayan 000 143 Cook 1973, 1150 Sebliemann
1R81. T8, Thit nothors notesd ood debos an leass twin
mabove the rverbed i the immediie. vienmity of
the brdge.

The matenal s wleotical, although no gaarry
sites have been ldentified. This was common Tor
bridiges, especinlly in remote arens. Hiadge 19492,
129130,

The iatorial may have been browght from aoud
Him. cf. Birkle ~ Saur 1994, 149,

Hidge 1992, 143144,

Cook 1973, pL 10,

C1 Ward Perkins 1981, 373, and fig. 173

Somie of these are visihle wn the collupsed section
of the bridee on the nonbwest bank. bomded with
b erar €00 <0,02 m thick, mod of the fiollowing
pvermpe st U003 im W fimtrades ) 013
(.06 1m W ieatrdos ), DS8-0.68 m M. Travertine lelt

bl
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b
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¥
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over Do, the consbruction of the sbugmenis alsa
appears W Bave been pul o use ol e base of o
relleving urchoon the porbeast Bace ol the bridge.
Hoxkgo 1992, 131, T42- 145, Earbquakes: Rapp
Chiford 1982, 40-58: Coole 1073, 394, Winds: The
Meliemi, or Eresune, off the Dardonelles m the
swmmer months are partcalarty. fieree (The Blasch
Sy Pilot 1964, 758,71, 15990, 29),

The lutter seems unlikely, given he need fim fe-
wibtanee o wiind pressure

The sideways thirust at the beml was ool greal. il
buttressing was ot peguited; other examples are
ety 45° or greater; Kessener 2000, 110, Hodge
1902 LIR A2 fue 55 Matihews 1970, 10

T Hiowdgar 12, 13 T abwive tote 34

The channel s now flled with obour 0.3 m of
sediment. There wre nn sigos of o covered speoms
The agueduer bridge: we Tarragona had an open
channel 1700w wode amd | modeepe Hindge 1992,
[ 37 Fig: 900 O Conmor 1993, 156,

Flodgze 1992, 11R-119 219230, 20421 nites 53,
S4, 55, Simter would have also slowed velociy,
biet e signbficant deposit of caleium darbonae e
rumtaticn wus ooted alogg the chunnel.

Burker Webb 1821 49 “Qluattoo miglis oll"ncirca
superiormiente i easo @ attrdvendito da un bell ngui
dotto. 1 cul areo i meeo molto poo lorgo degli ale
vhe uingono, sala atraverso (0 flume ad unn
grindhe nheen sopra i seo leto, @ salln parte nond-
uvest i esso veggons @ oes i bosto i alio
rilievo che sembre corommto 3 allom, i1 quale sporge
in fuort seolpitt sulls pietia che formu e ehiave
thetl ureo e whe probabilmente rppresentova qualehe
tmperitore toman, ™ See above note .

Diypteld 1902242

Cook 973, 116, pl 10-11, Akarca TUTE, W Cook
iriiplies Wit Dirpleld, wor Barker Webb, wis (e
et fos commmennd o Lhie Bt

Barker Webb 1821, 4% = oun busto i alto eilieyvo
che sembry coromuo di alloro " Barker Webh
1522 04 “Lorbeer™ ) Barker Webb 1544, 48 «“oone
ronmne e fowrer™' ) See above ot 5, Barker Wehh's
pristessin 0 botiny might have assisted hin lden-
tiftestion of (he cromwn, Leal (1923, ix) praised his
wirk i the Troad T s “seientific seeunny and
Faaithilul ghescription,”

This s consisient with Cook’s sipement that the
neck remained i shirp fovus: Cook 1975, 116,
Ryherg 19485, 47, esp. note 46,

Fop. Rose 1990, cun. B0, pl. 191 Metoon ar Olvm:
pan ). ear 108, pl. 207 (Sehasteron o Aphmodisios )
13, Rlemer 1942, 40304, figs. 308, 368 (retrands
s the Yutican Libeary i Bol (984, Tut 15, 149, 2223
i MNymphimeim of Herodes Atticies af Olyinpla)

Only a tew individual pormaits survive with permi-
menl bairel wresilis, B, Bumscheld 2000, cal. 74,
A, 81 Fintschen — Zanker 1983, 55 (Nt 52 Replik
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251 Beillnge 3Be-d (Hachran ), $9-61 (Nn 33 pl, 61-62
i Antinoes): I~ Rosepboom 1966, 71 ne. 35 (Ha-
drian''), 76 no, 44 (Antonme emperor?); Bodde
1965, 105 (Trgan?; ¢f. 1. Kleiner |992, 209, 212;
Irsaiy — Rosenbaur | 966, 208 no. 186), The Bl
Lrvmz wiorn by the Augisties in the Capitoline Mi-
souni iy not be luurel: Eck - Futschen - Nuumann
1986, 50511 Finschen — Zunket 1983, U 10 e |2
i, Bh Sometimes lourel may hove been wliled o
peTenils ws temporary dicoration: D0 Kleiner 1992,
43

Aacher VRS, 1= 168 E.g.. Rome: the Porm Tibur-

tirt Foor vepuirs to the Agqui Tepule, Marcia, and Julip
by Augustus 1504 B.C.y, and ropairs 1o the Marcia by
Fivoes 479 A, ) aml Caracally (2127213 A.DV (0L
124412400, the Ports Pricticsting (Maggiore) for
construerion of the Adgia Cliudia and Ario Novus
by Cluuchius (532 ALY, amd repairs by Vispasion (7]
A wnd Thus (81 AL (CTL 6, 1256-8); the Anio
Movus (Frontinus e Aguuedictibun 2.03), Oyside
Rome: Aezant (Leviek 1988, 6 no. 10 Aspendus
[ Kessener 2000, 105, 11000 Athens (CIL 3.549);
Méricla (Planner 1990 90 and pl. Thy; Pondel near
Acmta (Dwing 2000, 113 fig. 5. 1141137 Sarmize-

getusa (Hoarwright 2000, 32) Segovin [ Wilson

1996, 141 Swily. the Aquae Comeliac | Wilson
1990, 100-101), For rosd bridges, see Trajan’s
bridge over the Tagus River near Alcdntars m Spain
(CIL 2759, 760, 761, Galliageo 1994, car. 754), bu
¢ F, Klednor |99, 182192 Buses of Hadrian and
Subini were wsed incotbinaion with un Inseoprion
o i praviary ol My and perhups ol Patarg foo!
Bomwright 2000, 125,

Cilomwmy Salvian L0849, 50, R Blake 1947, 204, A
bost of o soldier on the Fréqus agueduer (ot on 1he
keyatome ) conld indwcate nulitary  involvement in
constrmction: cf. Wilson 19696, 19 nore 103
Apheocisias: Weleh 1998, 351, fig. 7. Tymbmnda
Callimean 1994, e, 8420 Kavi — Mitchell 1985, 48,
fig. 12, pl, 3o Other exumples, muny unidentificd
Turkey: Tyche on the su-called Temple of Hulrian at
Epbiesus: doar bn the Odedon in the Upper Agora at
Pervamon; ity pate of Tlox (Worster 1976, 32
fig, 6 bull’s head protomesd ) on o bridge o Agzan
(Gallimezo 199, coto 8370 Naly: Suepinum ( Zanker
20y, 32 amdd fig: 80, and Blake (1947, 199, 30]-
2020 204, 7208, 2000 for ey gutes oy Falern
Nuowi, Fano, Poestum, Pol, Pompeil, Susa, Voltera,
e Pombe dell” Abadin at Vil amd the bull's head
predoeme of the keystone of the Porta Tiburting, Por-
tugnl: gare al Pax lufia (Alarcao 1990, plo 1), For
reliefs of Hereules used (0 deconide sineducts, see
Sulowey [994, B394, For Roma wid the Genits
Populi Romuani oo consoles lnking archivoll aid
archutrave o Romuan cominemorative arches, see
I Kloiner 1985, 83, [0 Kiemer 1992, 446.
Thymbrius river; Seabe 13,135 of. Cook (973,

421

VIT=18; Leal 1923, 179-180: Schllemann 1881, 77
M Smith TRST, 1194 Hobhouse 1813, 753,
Famaliar examples are the Nile and Tiber from the
temple of 1sixaf Rome andd the canopos of Hadro's
Villa. @ well os persomifications of the Dumbe on
vl of Trajan and Murcus Asrelies, (thers are
ke iy 1o list e o general, Klements 1993,
2¥-205: Crals 1978, 335370, Isler 1970), 93| | 3;
St 1981, 8, 14 node 96; Tovobee (934, 30-33;
Wiss 1988, 139148, Volllormmers |90, TR7-T00),
There are some exceptions: E.g. Dierichs 1995,
T 3 (Moeander?y: Fedak 1999, 51 (river in Patiino-
mia 7l Cobeman 1985, 121 g 3 0Voliurnus?); Pallig
L4980, 535 and fig. | (Orontesy; KavieMachell 19835,
J49-31, pls. 4, 3 (Burymedon); Gais 1978, 357, 360,
fips 5 (Gelasy; Bsler 1970, mo, 273, pl 20 { Achelousy;
of E Kleiner 1985, 83, plo 17.0-2

Wlermmenta 1993, 56, 148, 215-216; Gals |978, 355
PPk Siimemy 1951, 14 note 99, Eg., Yim Gerkun -
Krischen 1928, 124, fig 121 (Macander with wheat,
fruit, und bunches of gmpes ); Speior 1972, wo, 440
Townhee 1934, 3033 (Nile with lotug, reeds, wheat,
mifor Mowers): . Speier 1972, o, 23006, Cales —
WNush 1959, 9 Le Gall 1953 vol. 2. 5,25, pl |, 8
(Tiber with murine  vegetatwn),  Kava-Michell
TOES, 49 (Enrymedon wity bl horm and dindem).
Literary references: E.g, Homer Mrad 21237 (Scu-
rtitutider s Virgll Aemeddd %34 (Tiber), 10405 (Mim-
wiuh ), Lienrgtes 437 1=372 (Eddinusy; Ovid Merg:
murphises RRE-BRY, 03, 90100 (Atheln)
Pausanias 10335 (Kephisus at Lilsen in Phociay,
Birge 1994, 13; Flashar 992, 142, (84105, NM;
Polline 1986, 174, g, 182 Simon 1980 pl, 5.2;
S 1UR4,

Homer el 10430 Steabo 15:0.35: Myvinors' |99,
3012 Parke 1985, 175

Craniz. 15493, 221, SU7-613, 648 with sources; Parke
1965, 178, 253 note 16, with sources. ' Koceos
15498 267 Salowey 1994, U3; Petersson |092, 48
51,64, TI-TX

Apalhin s connected i bodies ol watzt i myth (e.g.,
Paphnes and ant (e, Apollo with Hercules and a
persemificativon of the Port of Ostla on the Arch off
Trujun ot Bepeventumy, of, Hesiod Theogony 347
ald Caldwell 1987, 490 A spring wis clisely
comeetied W the srucolar finetion of cults ol Apollo
at Chiryse, Clieos, Didynsa, and Suwra (Lyela): Parke
J9RS. 3326, 177, 197 2010-13. 219223 Fonten-
rose |HBS, T9-80, 83-84. The woponym Tannpnar,
ome of the water sources proposed by Cook (1973,
I, 282}, mcuns “god s spring.”

Strabe (1L called this o “great neck™ of land
that sepantied the plain of the Simoks from tho of
thie Seapander; ¢l Cook 1973, 112

Ciisk (1973 LI5<116, 2520 mentions o terracaolen
pipeline on the slopes bielow the village of Kemer
Kiy: of. Akarci 1978, 35,
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Rose 19949, 61, and fig: 23; compare Kek 15997, 61,
and fip | for cross sections of Roman sqoeduct
chammels; Girewe 19498

A bt section of iemacors pipe found 1o the east of
Ciplak could tshate o tamsinon choser e o
Pusuwoviow |999 355356, '

Lucul iuthorities allowed 48 hours, for investigition,
and It was only possible (o dicument @ one-tieter
length of the conduil. although il clearly continued
10 the cust. A continuation 10 the west was not found.
o dimgoosue maenal. was recoversd: from the
chunnel. The buse of the chunnel was mewsared by
ot observed, as 1 was obscured by muddy witer.
OF, Linlis 1997, 295,

Thiv 15 laller and nammower than other masmey con-
duitts, sich is the Pant du Gard and the squeduct al
Hrevenne (Hodpe 1992 97, figs 48, 49¢),

Liglos 1997, 2G5, Hodge 1992, 219-224-

Karat' Crotich 1993, 63-X2. exp. 64, 75, amd, e,
207 for compariscn with Akrayas.

City walls: Rose 1997¢. 93-96.

Brisrpleld 192, Tal, 2. A foruficaon wower can’t be
ruded out, bt there ane pir other wowers known vn the
forification cicuit

For castedfo, see Vitruvios Dy Architectuns 8.6 De
Kleijn 2001, 32-38; Jamsen 2000, 111-125; Taylir
20N, 2630, 3537, 205}, Hodge 1992, 174, 280,
Evans 1994, 6%,

See below note 99, Remaing of the will, now buried,
rup parullel o e sourth side of the Teviikiye villugo

CEmetTy.

Hodige 1992, 128-129. fig. 80,

For agueduc gradiems, see Hodge 2000b, 49-57;
1902, 178184, 216-219, 34748 441 poie 13
Lewrs 2000, 347-348; Wilson 14996, 8-9: Matthews
1970, 9-11; Ashhy 1935, 3734

Kayan's (2000, 143 estimmate of about ten km fiar
ks dbistance iy too shor,

Cf Hodge (992, 117, 1 7TR-180.

The cleven conduits that supplied Rome were un
opvemuge 45 km long, ond Pergamon’™s  aguediices
wigre 42 and 5 km long: Garbrecht 2(K01: Hoxdpe
1992, 347-348: Wilson 1996, 5-6 note 10,
Elevauons from Cook 1973, 273 1 Area Map C),
These figures are based on computanions of toml
hewght Joss dimded by fotal distance: ¢f. Hodge
1992, 218

Huodge (992, 218, 347, Avernge overull pradiens
were between |5 m and 3 m per km Aquas Julla
164 m per kme Segovial 124 m per km

In 2001, GPS duta with 4+ 10 m muargin of exror
indicated an elevition of 125 masl for poirts tiket
ot {op of the bridpe, and this is consistent wilh the
position of the bridge below the village of Kemier
Kivy, which has a known elevation of 150 mas],
Hodge (1992, 145-146) culls the 760 m per km
slope of the Fome S, Gregono “orthodo.”

Nimy
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Hodge 1992, 214

Chumson 20000, 47-72; Hodge (W2 (pi—I61. 178,
7, 28320

In general De Kleijn 200, 47600, Taylor 2004), 51
3y Laloss 1997, 293208 Hodie 1992, 224227,
345-3585 Murthews 1970, |4-15

Wells anid chsterps: Tekkik ef al. 20010 Aylwund
1904, 166 169, 172: Rose 1998 102; Haves 1995,
TB5-196: Jablonka 1995, 49, 57; Dompfeld 1902,
241, Springs: Rose 20000, 0 1-65; 1998, 35-61,

For problems i daiing sgueducts. especially locsl
determimunis on materials and design, fee. e.g.. Wil
wom 1996, 12-19; Binke 1947, 215, 331,

The absence of brick b5 also signiicme Hodee
1902, 130, 424 pote 13; O'Connor 1993, BU_N);
Wand-Peckins 1981, 273-275; Wilber 1938, 5354
mnd pette 00 Akares (1978, 34-35) waw the coine
hination of muderiuls us evidence Tor two phoses of
constrnction. the fiest of entirely ushlur mosomry and
the second with & large repuir of mornureil rubble
und the sddivon of the bend on the sombeas
side. Problems with this scenano inclisde. the com-
plete absence of collapsed or re-osed traverting
ashtars from a presumed original design, s well
us the unbikely collapse of almewt the entire super-
stnscture without the youssoin or keystone. A com-
Brination of ashbi sssonry and maortared pubble in
bostructure i onel an indicator of separte phises
of constriction. e.p., Yegil 2000, [40-143; Lolos
1997, 287 note 32

Ephesus: Ward-Perkins: 1981, fig. 175; Hebendey
1923, 263105 Wilherg 1923, 256-262; Tor the
water sywiemn, see Onioff - Cronch 2001, 852850,
Antioch: Wilber 1938, 33 and fig. 3 Toragona:
abpve note 48, Also compare Augustan nod hridges
W Nami and Acsts (Pomr 51 Murtin), which s
keved masonry on the extrados: Gallinzay 1994, cir.
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