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Among the most impressive features of the harbor an Cacsarea Maritima are the con-
crete structures built in wooden formwork, already so ably investgated under warter,
published, and discussed. These remains have given a new impetus o the search for
parallels elsewhere and 1o the restudy of those already known, The discussion in this
chapter does not seek 1w be exhaustive, bun will focus on the remains, of similar date
and/or technigque w the Cacsarea structures, that have been discovered at Les Lavrons
near Marseille; at Side in Pamphyha: at Anzio and other sites on the coast of Latium;
and ar Marseille jtself,

The harbor of Les Laurons is situated on the Bay of Fos (anciem Fossae Maranace)
east of the mouth of the Rhine. It probably began in the third century BUCE. as a
small port for the export of cut stone from quarries just to the north, and as a port of
call Tor local traflic. Much construction dates from the hirst century C.E., and the port
may have become, with Fos, a supplementary ontport to the riverine port of Arles, It
seems to have continued in use until the end of the seventh cenmury C.E.!

The harbor is protected by two breakwaters, well placed on cither side of the
entrance o provide maximum protection for the harbor basin, which EDI'H]J'I:'.ihLb three
crecks: north, south, and east, The nonh ereck is further protecied by a jeuy and
apparently at least partly lined by dressed stone quavs; these remains were only
superficially studied belore being -‘.ft':-ll‘l'.‘r'}ul in 1968 during the construction of a
power station for Electricite de France = an experience which shows that the threat w
our maritime heritage comes not only from the privine entreprenceur! The expedence
ol archacologists at Caesarca seems 1o have been much more positive in this respect.

V1 shoubd Bike 1w express my special thanks o Ennco Felies, for valualde discussion by eorpespon-
depce; 1o Antmnette Hesward, for shiowing me her records donng my vioan o Maseille 1 June 1950
and 1w Paul Knoblaveh, for twenivadive vears of (nendship, collabornion, and argumem,

Thas avcount 15 Based on 5. Ximemes amd M. doerman, *The Roman Harbsowr of Laurons: Buoaldisgs
and Strwctures,” in A, Raban, e, Avholan of Comstal Changer, BAR Int. Ser. 404 (Owxford, 1988,
F29-5L See abo references there, 10 which now add: Ximenes and Moerman, “LAnse des Laurons:
structures portuaiees,” Caftiers dsecbiologte subaguatigee 7 (1988, 12129 and “Le quai de Iy crigque et du
port romain des Laorons: éude architecturale,” sbid. 8 (19849, 17991, "The definitive sty has now
been presented by Mamine Moerman, Le port mmamr des Lawrows (Mastigieess, doctoral  dissenation
IWUniversite de Provence, 1993 publication in prepanition.
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All that survives now in the north creck at Les Lavrons are the building complexes
on the east shore (villas?), supplicd by an agueduct,

The south creck contams no clear remains ol harbor structures, and s partly Gilled
in. The cast creek is further protected by a jeuy projecting from its northern shore, 14
m. long, 9.50 m. wide namrowing 1w 7 m., and 0.75- 180 m. lagh; i is extended by a
number of wooden piles which seem to have supported o umber landing stage. Inside
this jetty to the east lies o remarkable quay, around which are some 120 cut blocks
whose role is not fully clear.®

The quay was constructed in the carly first century CUE., with a superstructure of
cul stone and a substructure of rubble Gl o prelabneaed umber formwork. The
wooden caisson measures 2290 x 220 m. and s now submerged to o depth of 1-1.5
m. It was elearly built ow of the water. Its loor of wide, fitted planks, presumably
intended o be watertight, was naled to a hornzontal frame of beams (14 x 18 em. in
section on the short sides and 11 x 18 cm. on the long sides), and then wrned upsice
down. Two longtudinal horzontal beams strengthened the Hoor, A woal of 32 vert-
cal rectangular piles (13 x 11 em. in section) were dovetailed into and nailed 10 the
bottom frame of beams; a series of trangles and Roman numerals on the piles and on
the beams close to the dovetmls cleardy relates 10 the assembly of the casson, The wall
planks fied into grooves in the upper side of the lrame beams, The excavators plag-
sibly assume that the structure was completed and sirengthened by an upper frame
similar to the lower one.?

The caisson was then ready 1o be lilied o the wiater with ropes (remuns ol wo
ropes were found wnder the quay structure during excavation), Then, as it was filled
with rubble, and the woodwork became saturated and lost its buovancy, the caisson
slowly submerged under the weight. Groups of eyvlindrical timber piles were fixed ver-
tically around the quay = clearly to hold the joims intact under the increascd pressure
from the fill, and to keep the caisson i position; they were almost certainly drven in
before being attached w the formwork. The problems of actoally geing formwork i
position are well discussed in a recent anticle by Oleson.®

A date in the ecarly first century C.E. appears plausible for the Les Laurons quay,
and this gives particular imerest o comparizon with remains ol formwork found
Cacsarca and other roughly contemporary sites, and with the wext ol Vitruvius written
in the previous century, The timbers of the formwork at Les Laurons are much less
massive than those at Caesarca, and the dimensions of the caisson are longer and nar-
rower (22,90 x 2,20 m. compared with 15 x 1150 m. for the concrete block i area
G oat Caesarea)” there is no double walling at Les Laurons; there are no tie-beams

dimenes and Moerman, “Boman Harbowr,” figs 4, 7 (N ereckl, 505 creek), B9 (L creek),

Volbid, figs 1016,

Y B Clesan and G, Branton, “The Teclology of Ring Herod's Harkwour,™ 10 Carsarea Papers, 49-
67, esp. G0-63; oL [, I, Oleson, “The Technology of Roman Hoarbours,™ [EV 17 (19988), 117537, esp,
14952,

T Area G OOW tp of N breakwaters J. I Oleson, “Herod aned Vitnosis: Preliminary Thoughts on
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(eatemar) within the structure; and there i a loor, Oleson and Brandon assume that the
Cacsarca caissons were prefabricated on shore and Noated imo position, though this is
not one of the methods deseribed by Vitrovius; a similar procedure must be assumed
for Les Lavrons also, though there are dilferences mt Les Lawrons which have o be
explained (existence of a floor; lack of te-beams), On this we must awaic the inal pub-
lication of Les Lawrons by Mme Moerman,

At Les Lawrons we have evidence of use of the latest weehniques, which might sur-
prise one at a site of reliive insignificance. Most of the structures, however, are of tra-
ditional wwpe = the two rubble breakwaters, the inner jeuies, and the (now lost) ashlar
quay = even though they may be ol simalar date. Much ol the evidence has unfonu-
nately been lost; again we must await the final publieation to learn whether more can
be added to the pre liminary reports. 1F we do have 1o assume that comemporary strue-
tures were buile in different technigues, then we must suppose that particular atention
was paid 1w one panticular featre, while other structures were constructed or recons
structed in cheaper waditional methods,

Hoblfelder had already pointed o tha at the same period in Kenchreai tradition-
al rubble breakwaters were thowght suflicien; he had argued thin local engineers
would not have had easy access w the innovations that distinguished Schastos. 1 had
argued in response that it s likely that the innovations were soon widely known, and
that the constructions at Kenchreai must be explained as resulting from a deliberate
choice, perhaps influenced by ceonomic considerations.” 11 the two techniques were
used at Les Lauvrons in structures of similar date, then we clearly do have there an
example of deliberate choiee, It is generally aceepted now tha H{*rml m1|mﬂ:d cng-
neers as well as materials from central laly Tor the work at Caesareas” it seems that a
similar procedure must also have been used at Les Lavrons, on o much smaller scale,

A Side in Pamphylia the NE mole was built of conercte in formwork up to water
level, aned of ashlar above water level.® The (SF) head ol the NE mole bears "tm::.u'im:.-s

Harlwsur Engineenng sl Schastos, the Fladwir of Coesarea Mamima,” in A Raban, ed., Harbour
Mrchovolsgy, BAR Int. Scr, 257 [Oxfond, 1985), I63-73 Oleson, “Technology,” 153-54; Oleon, in
Raban, Sehe, 127-30; o, 260 81, 287 (Raban). For the newly discovered formwork in area K (N end ol
the 5 breakwater), see Chistopher Bramdon's chapter in this volume,

"R L. Hohlfelder, *The Building of the Romon Hatbour at Kenchreas: O0d Technology in a New
" in Raban, ed., Hobour drelacology, B1-Bi; 13, ], Blckman, in 1, Malkin and R, 1. Hohlfelder, eds.,
Medvierranean Cilies: Futoreal Penspociives (= Meditoranean Hivonical Rewwe 50 [1988]5, 7-200, esp. 7-8.
Huohlielder's chapter in this volume shows that our views are now close,

* CFL Holllebder, “Building,” #81; Oleson, “Herod amd Vienndus," 165, 168, 172; Oleson and Branon,
“Technodogy,” -,

B H, Schliger, “Die Texte Vitnws im Lichte der Umersuchungen am Halen von Side,” Borner
Jakebiiher 170 019710, 150-61; 1 Knoblieh, £ Hofmanbagen wod die anichiicomdm Seemauern pon Side,
Lintersuechungen i der Gegend von Analyva 11, Turkish Histoneal Society (Ankara, 1977) The remains
deseribed here are the only ones inclided in this chapter which cannot be conainly ascnbed w0 a daie
chome o that of the Caesarea stroctures; | have inclisded them because of the interest ol the techninues
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i its concrete of the formwork: horzontal planking, with vertical piles on the mner
side. The piles were 30 x 15 em. in section, and stood an imervals of 0.80 m.; Schliger
thought that they were used on the mner side at the head of the mole only, and not
on the long sides, but Knoblauch LII"-.IJ..I‘U 4. The mole heae @ I8 7.3 m, wide and 3 m.
high, with the concrete and formwork just reaching sea level”

This feature was studicd by Schliger and discussed by him in his las E!-I.I'|:||1L lecture
belore Tis untimely deatly; the lecture notes were ey sred for publicatnon by Knob-
lauch, whose contribution to the study of the harbor at Side has been underestimat-
e, His fuller study of the harbor, in a book that has been Targely and unjustilfiably
ignored, mves luller details on this mole and on the rest of the harbor,

The conerete and lormwork construction is used only in the streteh NW ol the main
harbor emtranee; the stretch 1o the SE is built of rubble and mortar with ashlar facing
on both sides, anel the two gaps in it (Rimeen) probably servee s anti-silting deviees,
according 10 Knoblauch, “T'o the NV ol the harbor entrance the concrete and lorms-
work construction is built in stretches of 10-11 m., with slight changes in course {the
total length of the mole is 225 m. and its width 7 m.), One westerly streteh (GG} still
preserves in place the lowest course of ashbar resting on the concrete; another streich
(G5), some 40 m. from the head of the mole, has the upper surface ol the concrete
laiel baee and still well preserved, with the grid of slots cleardy visible: the slots are 30
em. wide and deep and 2 m. apart, and mun across 1o the outer edge of the mole; i
one or two places the conerete is sull preserved above the slot™ The preseice of cross
umbers at the wop ol the formwork serves o conlirm the excavators” lwpothesis ol
second, upper frame ol beams in the formwork of the quay ot Les Laurons,

Knobluch was able 1o correct one point in Schliger's article: the imner vertical piles
were used along the sides ol the mole and not only at s head; he helpfully notes tha
these inner verticals would probably bave remained in place even il the planking was
remov ed and reused, and in that case would have served a wselul secondary purpose
in protecting h]ll]::l-S hulls when moored against the sides of the mole.!! Further, in view
ol the presence of these verticals along the sides of the mole, Knoblauch |:|c*l'vr-: the
second alternatve alrey .1{1} mentioned by Schliiger, but rejected by hime the use of dou-
ble-walled formwork, '

Valuable pew evidence for concrete and formwork consteuction has been row icled h\
Enrico Felici’s study of Roman harbor sites in Latium, notably Antium and Astura, '

werl. Schliger does not propose o clne; Knobleh sugaeses the Gifile sisth cenmry CU1, bt 1 would
prefer the Liter second cenury CLE.

A Sehbiger, “Die Texte Virs,™ 15053 aned Gigs. 3-5; Knobliuch, fhe flafmanfapen, 2031 ol B,
3, 71, T

M Sehibiger, 15354 and fig. 6 (sdsutfick on p, 153 s o mistake for soedwedlic)s Bnollauch, 29-31 and
figy, 7577,

Y Knoblauch, 3 and fig, 70,

Y Sehbiger, 156-G0 and figs. 78 KoobGuch, 31 and ligs. 79 80,

Y AWell puldishied in the fist volume of the new drchoolsgin subacgueer | 1993, 71104 “Ohservazioni sul
porto nemnians di Angio e sulla teenica romana delle commuzion poruali i caloesiness”
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In this chapter [ can only laghhght cerain details of his work; the article deserves close
attention by those interested in the subject,

Antium must have had a port since the Volseian period, but the principal anciem
remains belong o the large-scale work undertaken under Nero (as atested by Sueto-
mus Nere 91 We are thus dealing with work carmed out hall' a century alier Caesarea
tand probably somewhat later than Les Laurons),

The archacological remains had already received auention in the nincteenth centu-
ry C.E. and again in the twentieth century, by Lanciani, Lugli, and Schmiedu!" The
port hias converging moles: the B mole runs 5 and then curves slighdy AY; the W mole
runs 3 lor about 100 m. from the shore and then wms E o run parallel w the coasi
for about 830 m., overlapping the head of the E mole w provide a protected harbor
entrance, opening castward and thus protected Trom the dominamt southwesterly
storms (Libeccio and Ponenie).

Many previous rescarchers, including myself, had thought that the moles of the
Neronian port were built witly o system of separine fifae, linked by arches, o avoid the
harbor infilling with silt brouglt by the liccoral current. But Felici insists that there was
no such use of pilag i any case, he thinks that they would have provided insufliciens
protection on this exposed coast.’ Lughi also thought that there were circular aper-
tures through the moles 1o help with de-silung, but Felian pus forward two arguments
against this: (1) the luoral current was not powerful cnough o ransport silt {and 1
should guess that in that case 1t was also o weak to scour the harbor basin}; (2) in
any case, according to Felio, modern harbor engimeers contest the sdea that such chan-
nels would help with the silaton problem (on which 1 would comment that never-
theless we cannot exclude a prion the possibility that Roman harbor engineers believed
that they wondd help).!®

Most of the remains of the moles are now rubble piles submerged o a depth of 1-8
., bt two sections of the E mole and three sections ol the W mole sull break sur-
Bace ! “These structures were built of afs carmenticium (pozzolana and wilaceous chips)
the horizomal Bwyers of the suecessive “casts™ are clearly disunguishable = in color,
quality, or thickness = and there are also vertical junction lines. The above-water super-
structure was faced i brel, and under water a large number of caviges i the cone-
crete, thoroughly studied by Felici, attest the use of Tormwork,

In the E mole two “blocks™ sull emerge from the water, nising to 1,20 m. above sca
level; there 1s a passage between them, which according o Felici is clearly not origi-

W See eap. G Lugli, “Sagio sulla wpografia dellantica Antium,” Riceta dedl Vatitto Nazionale o drcheo-
fogaa ¢ Stona ool Aete T (194000, 15588 other references in Felich, Lughi and Schimiedi exploited the st
air 1:']“'““ of Amtivrn, taken b J59050,

B Personal communication, Nov, 27, 1994,

It Evidence for ehe-siltinng methods: Blackman, “Ancient Harbsours in the Mediterranean,” A 11
(P2, 109202 referring to dessiliing channels st Mytilene, Egnatia, Centumeellae, and Caesarea Man-
tima).

17 “Hlocehi est 12117 “Blocehi ovest AN = coamting outwand from the shore, Inteoduction: Felics,
“Orservaciom,” 7371 amd figs. 4G5 E mole; 7476 amed g, 710 W omole: 77-81 and s, 12220,
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nal. Both blocks have many traces of the timber formwork, as holes or impressions in
the concrete, Felict's analysis has shown than the moles were built out from shore with
a recurning “module,” with horizontal cross-tumbers abouwt 1| m. above sea level and
extending across only part of the width, and vertical timber piles descending o the
seabed, ainervals of ca, 2.5 m, 18 Submerged o the E ol these two “blocks” are some
large portions of similar nucleus, which leads Felion w suppose that the mole was ong-
mally twice as wide [ca. 12 m.). Il so, then the onginal construction method was (o
build out from shore parallel pairs of conerete blocks ca. 6 m. wide and 2.50 m. deep,
in a sort of advancing checkerboard pattern, with timber formwork necded around two
and three sides alternately (and probably removable for re-use when the conerete was
nearly set).

In the W mole three “blocks™ sill emerge above sea level, nsing w varous heights,
The gaps between them are not original = in facy, from s base o the N edge ol the
outermost of the three “blocks™ the mole 15 built on a solid conerete platdorm (plafes),
wider than the mole isell. This platform has a cear outer edge, and immedinely
beyond it “Block 1™ was built divecily an the sandy seabed.' The imprint of the tim-
ber shuttening of the formwork is clearly visible on the E side of “Block 111" and some
slivers of timber survive on the W side. Felici adduces as p-:uhl]-.*h the imprints found
at Side, Portus, Carthage, and Cosa (the piers on the breakwater), ™

On “Blocks” 1 and 1 remains of the superstructure are also visible. “Block 1" seems
to have the complete sequence of eight “casis” or levels above the plates, and one of
them seems to have been a walkway, sinee it s at the same height as the loors of
structurcs behind the shore platlorm (the grofle), and the level above has traces of brck
facing. Some vertical timbers seem o run up into this level all the way fram the
scabed.,

The shore platform or plater®® can be discussed only bricfly, and it must be stressed
thant reinforeed shorelines and nverbanks must be treated as a disunct category requir-
ing specific construction methods, which are not necessarily identical with those of free-
standing harbor structures. The shoreline st Anzio facing the harbor basin was buile
up with layers of concrete, cast in blocks within formwork, which may have been al
least partly removed as the work progressed. A large number of vertical post-holes are
traccable up to the surviving upper surlace of the platlorm, and others may lie buried
still within the concrete. The seaward edge probably served as a quay; Felicr esumates

A Felich, 76 n. 19, compares the inervals of G 2 m. st “Sidone™ (nead “Side™)

"1 am grateful 1o Felici for funher discussion of this point.  He confirms that there s no evidence
here of any subsidence, and thinks that this i because of the ellective we of vertical tmber piles | dear-

wi, This 18 clearly a factor o1 10 be underestimared.

# Felii, 79 n. 20, and references there. His references 1o the Cosa publication (B, K, Gaeda in A
AL MeCann et al,, The Homan Port and Fiokery of Camn []':'Enrr-mn PORT], 7470, B8 show that be is
thinking only of the breakwater pien: planking impressions on Fier | and the holes for formwork ties in
Fier 2. Formwork was also used around ihe Spring House, bt that is o overy different wpe of struciure
(sew baedow ).

2 Felici, 82-85 and figs. 21-23,
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its oviginal height a2 m. above mean sea level, However, no remains survive of any
mooring [acilities (e, bits) or other feamres indicating a quay face (eg., steps). As
has heen mentoned already, this same platea formed the foundation for the first pan
ol the W mole (which cannat have been arched = at least not ar or below sea level),
Felier firmly chismisses Lugh’s theory than there was a0 darema ot the base of the W
mole,**

As Tor the arca west of the W mole, including the “West Moleto,” clear evidence
wis lound for the insertion of vertical tmbers st micd-height in conerete construction;
anel good clear imprints were found of the bottom edge of the amber shuttenng m a
layer of mortar = that is, w hold the shuuering fast and o relieve pressure on the ver-
tical timbers, ™

The mole at Astura probably dines from the first hall of the first century CE. Tis first
seetion, rumning owt from the shore, provides evidence of a somewhat different con-
struction method: a seres of fulae were built, apparently on a solid plaform or platea;
anel then the space between them was filled in, by seuwing a long horizontal beam lon-
Etudinally between the pefae and hixed imo them, and then laying transverse nmbers,
and also oblique timbers set inw the pifae themselves; the longitudinal beam was sup-
ported by vertical stipites. The oblique umbers (catenae) seem to have held the outer
formwork on the long sides, within which were poured levels of cementwork dilterent
from that of the pilee.!

It is not clear whether there was any interval between the two construction phases
= the construction of the prlee, and the infilling between them = but certainly in the sec-
ond phase the pilae beeame a key struetaral element in a eominuous mole, There are
in faet some indications of an interval in time between the two phases: the W oside of
frifere L1 ool DTL, Bter covered by the concrete il of phase 2, onginally had brick Fac-
ng.

Thus two of the northern Bogemmolen (avched moles) proposed by Lehmann-
Hartleben are in considerable doubn, and the only candidates left in Latiom are those
at Terracina to the SE and Centumeellae to the NW, We may have to regard Bogen-
aalen as an almost purcly Campanian phenomenon, and especially of the Phlegracan
areae Tor example, Puteoli, Misenum, and Nisida. Felici thinks that the purmpose of the
construction method used ar Astura was o save time and money = caissons were com-
plex and costly to construet, It is worth recalling that Lehmann-Hartleben never main-
tained that the purpose ol Bagenmolen was harbor de-silting = it was just the new, e
nomical fashion,*

“ Felici, 83 n, 26,

1 Felic, #5848 amd s, 2430,

AV Felich, 91-92, figs. 36-37 and pl. 1; for the combinaton with oldigue cafemar, Felich (n, 34 comparcs
Cosa, where Pler 2 seems to have lad one diagonal amber within the Tormwork, For Schmiedt’s air
oo and plan see Blackman, “Ancienn Harwours,”™ B9, Big, 6.

K. Lebmann-Hanlehen, 1 antiben Hafomantagen des Mittefmeeres, Alio, Beihelt 1 (Leipeig, 1923; repr.
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There have been many references 10 the correspondence, or not, of the remains of
concrete and formwork construction that have been studied in recent years, with the
methods described by Vivuvius, This has encouraged me w include a third site siud-
ied by Felici, as a rather extreme example of deviation: the port-canal of Cireeii.?®
Felicr desenbes the structures at the head of the N mole {probably Neronian), of which
the principal feawre is the re-use of massive lumps of concrete, some still preserving a
facing in opus retienfatum, Between them was laid a network of timber beams, with some
of the vertical beams inserted into holes dug through the reticulate facing of the con-
crete. The horzontal tmbers will have held side shuttering, and then conerete must
have been poured over the internal timber framework.

This is very rough and ready work, but on reflection one sees that it is much like
many moclern harbor structures in the Mediverrancan, where the remains of anciem
harbor mstallations have been incorporated as foundations; and what is more, i one
assumes that the re-used lumps of concrete were too massive to have been transport-
ed for resuse, then they would have had the advantage of being sentled, solid founda-
tions, Lhe possibility of subsidence of harbor structures into the scabed, and the caus-
s n||'.'[}li.ﬁ. are an important subject which deserves Tuller treatment than s possible
here.*’

In his general discussion of building methods, Felici notes that at Amium we see the
use of the looded wype of caisson, made possible by the use of poezolana, and anesi-
ed by the imprints of the side shuttering set imo fresh mortar; be poins out that at a
site like Antium it would have been more manageable to fix the rectangle of piles (des-
tinae) into the seabed ane then acd the shutering: use of this quick-setting mortar made
possible (according to Felici) a modular construction, using scgments already set as one
or two sides ol the next cisson. Felicl also suggests that the absence ol taces of tim-
ber shuttering at the internal vertical joints indicates that where possible the shuter-
g was removed and re-used; he agrees with Oleson’s argument that the mortar wis
brought to the bottom in wbes, and notes that st Antium, as elsewhere, the imprinis
of the catenae are found at sea level or above. He stresses that water level provided a
demarcation between building methods: the more complex timber armatures were
assembled abore water level #

Feliel also refers o the eaisson ol Les Laurons, which he thinks was not intended 1o

Aclen, 1HE), 163-68; csentially a Campanian phenomenon: 167 purpeose: 168, Blackman, “Anciem
Harboars,” 83-85 and nn. 18, 27 197 and n. 86 (el B7, fig. 5 for the Stabiae wall painting showing an
arched breakwater; 195, fig. 7 for the arched maole at Pueolip, Add now 5, B, Ostrow, “The "Topography
of Puteoli and Baiae on the Eight Glass Flasks," Puioli: Shodi di storse antica 3 (1979), 77140, Felici, per-
sonal communication, Nov, 27, 19%M. The pers at Cosa (in Etruna) do oot belong here, in my view
[thowgh a woaden gangway may have mn across them).

 Felic, 93, fig. 38 and pb, 11,

T See Blackman, “Ancient Harbours,” 196-97,

™ Felii, 95-99,




UsSE OF CONCRETE IN ANCIENT HARBOR CONSTRUCTION 49

be watertight, even though it had a loor. Examples cited of formwork which was
intencded 1w be watertight are rather shore embankments than freestanding harbor-
works: Felici quotes as parallels the shore embankments of Lake Nemi and the river

port of Mintwrmnae, "

A fase il'l.ltlll‘lj.'_ new example of umber and conerete construetion in a shoreline embank-
ment, serving as a quay, has been discovered in the new excavations at Marseille (Place
Jules-Verne site). So far the excavator, Antoinette Hesnard, has published only briel
reports and a lew illustrations, The reports speak ol quays “bult in tmber or in wood
according 1o the weehniques deseribed by Vitruvius for hydraulie works,” | quote one
passage i full: *The humidity of the terrain has preserved the timbers of a casson
and the planks lining :Iw foundation trench of a great quay with very deep founda-
tions, The timber quay is formed of two rows ol piles, between which p].ml-:s are insert-
ed, re-using fragments of ships' timbers, lying on a bed of clay, The interior is filled
with stones, Three buttresses, carelully shored, reinforced the construction against the
pressure of the carth behing,"™
Most of this wext and most of the illustrations refer to the timber quay in from of
the defie store (liest second century C.E.), which reminds one of the Roman quaysides
ol northern Europe, lor example, London, but one illustration depicts *a Roman gquay
of the early lirst century C.E., with a view of the foundations in hydraulic concrete
and the timbering of the construction trench.” We eagerly await a Tull description and
discussion,

What {5 clear is that the techniques used in building solid shore embankments (berges
renfaredes) anel shoreline quays are not necessarily the same as those used in building
freestanding moles and breakwarters,

# Felici, 97, . 45 (p, 985 see also G, F. Giuliani, Ledilizia nellantichitd (Rome, 1990}, 13334 and figs,
A4,

“ See esp. A Hesnord, "Mace Jubes-Nerne,” in Le tonps des dévowveriess Maraaille, de Protis & la setne Joanne
[Moamseille, 1008), 3559, esp, 57, 3 (lop pictueel; more general accounts in Hesnand, “La découvente
du port romain,” Médiimande | (March-Apal 1994, 32-37; A Hesnord amd M. Pasqualing, “Port et
navires rommns de Maroille,” Arebdadogre 200 (Mo 1993), 32-33,



