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Summary 

The site of Magor Pill is one of a number of tidal 
outfalls on the coast of the Gwent Levels, an 
alluviated coastal plain on the northern shore of the 
Severn Estuary, south-west Britain, where a large 
drain, canalised and embanked during medieval 
reclamation of the Levels, enters the estuary. This 
has been identified as the former site of the medieval 
port or landing-place of Abergwaitha, lost to the sea 
in the 14th century due to coastal erosion. Previous 
fieldwork had identified the presence of ancient river 
channel deposits, exposed in the intertidal zone, 
containing pottery and other artefacts reflecting 
trade and transport during the medieval period. 

In 1994, the partially exposed remains of a boat 
were observed during a period when mobile sedi
ments, which often obscure arch aeological features 
on the foreshore, had been stripped away by storms. 
Analysis of a sample taken for tree-ring dating 
suggested the boat had been constructed in the 13th 
century. Boat finds of this date, even reused frag
ments, are exceedingly rare in this area so a project 
was initiated to excavate, and if possible recover the 
vessel for detailed study and eventual conservation 
and display. This proved a difficult task as the site 
was only exposed for a maximum of two hours each 
side oflow tide. 

The boat, dated by dendrochronology to AD1240, 
was shell-built, ie the keel, posts, and outer planking 
were erected and fastened together before the inser
tion offraming timbers. The remains of the outer hull 
consisted of an incomplete keel and an eroded stem 
post to which the lowest outer planks (garboards) had 
been fastened with iron nails. The rest of the outer 
hull consisted of overlapping planks of radially split 
oak, fastened together with iron nails turned over 
four-sided roves (washers), with wool caulking placed 
in the seams between the planks to ensure a 
watertight join. Five floor timbers (elements of the 
frames which ran across the bottom of the boat) were 
still substantially intact, attached to the hull by 
willow treenails (wooden pegs) secured with oak 
wedges. Three side timbers (which continued the 
frames up the sides of the boat) survived on the 
better-preserved port side, again attached both to the 
floors and the hull with treenails. It would appear 
that the timber for these hull elements were derived 
from relatively few, straight-grained oak trees, with 
some of the frames having been hewn from curving 
branches. These trees were felled in the autumn of 
AD1239 or the early spring of the following year. The 
inside of the hull had originally been lined with 
radially split beech planks attached to the upper 
surfaces of the frames with iron nails . These planks 
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were derived from very mature beech trees, probably 
felled during the summer of AD1240. 

During the life of the boat, it had been repaired 
where a crack along the sixth port strake was 
patched with two lengths of oak lath. This had 
required removal of the interior beech planking along 
part of the port side, which was then replaced with a 
variety of scrap oak timber. Localised wear and 
possible minor repairs provided additional evidence 
for the vessel's use. 

The overall dimensions of the incomplete remains, 
which had been subjected to selective salvage and 
subsequent erosion, were 7m by 3.4m. 

The remnants of a cargo of iron ore (of which 170kg 
were recovered) lay on a wattle hurdle inside the 
boat. Analysis indicates that the ore was probably 
derived from outcrops of Carboniferous limestone to 
the west, in Glamorgan, and of high quality, ideally 
suited for smelting for the production of iron. 
Plant-macrofossil evidence suggests it may also have 
carried arable cereals. 

Analysis of the boat timbers and the construction 
of successive models, combined with assessment of 
contemporary documents and iconography, suggest 
that the boat was a double-ended vessel built in the 
Northern European tradition, adapted to meet the 
demands of working in the Bristol Channel with its 
high tidal range where it would have needed to ground 
on intertidal landing places to discharge and load 
cargo. The models have provided an estimate of overall 
lengthof13.2-14.3m, a beam of3.7m and depth from 
top of sheer strake to bottom of keel of 1.23m. Its 
estimated cargo-carrying capacity is 3.75 metric 
tonnes. 

Synthesis of sedimentary, environmental, and 
historical data suggest that the vessel foundered 
close to the mouth of a tidal tributary which entered 
the Severn through an area of localised salt-marsh. 
The location is known to have been an established 
landing place during the medieval period and may 
have been a regular 'port of call'. It may be that the 
boat was seeking shelter during bad weather, but 
was driven onto the edge of the channel. Contribu
tory factors in the vessel's loss could have been 
failure of previous repairs, splitting ofthe keel where 
a side branch in the timber created a weak point, and 
shifting of its dense cargo of iron ore. 

One outcome of the boat's discovery has been to 
emphasise the importance of creek ports both in the 
Severn Estuary and beyond during the medieval 
period, at a time when coastal trade was dependent 
on smaller vessels than the cogs which were to 
develop along with the establishment of deep-water 
ports and harbour s. 



Sommaire 

Le site de Magor Pill est l'une de plusieurs embou
chures a man~e du littoral des Gwent Levels, une 
plaine cotiere alluviale sur la rive nord de l'estuaire 
de la riviere Severn, au Sud-ouest de la Grande-Bre
tagne, ou un grand fosse de drainage, canalise et 
pourvu de digues au moyen-age, lors de l'assainisse
ment des Levels, debouche dans l'estuaire. Ce site a 
ete identifie comme I' ancien site du port medieval ou 
debarcadere de Abergwaitha, perdu a la mer au 
14eme siecle a cause de !'erosion du littoral. Des 
enquetes anterieures sur le terrain avaient identifie 
la presence de gisements dans un ancien canal de la 
riviere, exposes dans la zone intertidale, contenant 
des ceramiques et autres objets fa'ronnes qui re
fletaient le commerce et le transport pendant la 
periode medievale. 

En 1994, on observa les vestiges partiellement 
exposes d'un bateau a une periode durant laquelle 
des sediments mobiles, qui masquent souvent les 
caracteristiques archeologiques sur l'estran, avaient 
ete enleves par des tempetes. L'analyse d'un echan
tillon preleve pour une datation par les cercles des 
arbres donna a penser que le bateau avait ete 
construit au 13eme siecle. Il est extremement rare de 
decouvrir des bateaux de cette date dans cette region, 
meme sous la forme de fragments reutilises et on 
lan'ra done un projet visant a fouiller et, si possible, 
a recuperer le vaisseau afin d'en faire une etude 
detaillee et, finalement, le preserver et !'exposer. 
Cela se revela tache difficile car le site n'etait expose, 
au maximum, que deux heures avant et deux heures 
apres maree basse. 

Le bateau, date par dendrochronologie a l'an 1240, 
etait construit en coque, c'est-a-dire que la quille, les 
montants et les bordages exterieurs avaient ete 
mantes et cloues avant !'insertion des membrures. 
Les vestiges de l'exterieur de la coque exterieure 
etaient composes d'une quille partielle et d'une 
etrave erodee sur laquelle les bordages exterieurs les 
plus has (gabords) avaient ete cloues au moyen de 
clous en fer. Le reste de l'exterieur de la coque etait 
compose de planches en chene fendues radialement 
et se chevauchant, clouees ensemble au moyen de 
clous en fer rabattus sur des rondelles a quatre pans, 
les joints entre les planches etant calfates de laine 
pour assurer leur etancheite. Cinq varangues 
(elements des membrures qui traversaient le fond du 
bateau) etaient encore en grande partie intactes et 
fixees sur la coque au moyen de gournables (chevilles 
de bois) en saule retenus au moyen de cales en chene. 
Trois membres lateraux (qui prolongeaient les mem
brures sur les cotes du bateau) restaient a babord, le 
cote mieux preserve, fixes une fois de plus sur les 
varangues et la coque au moyen de gournables. Il 
semble que les membrures destinees a ces elements 
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de la coque provenaient d'un relativement petit 
nombre de chenes a grain rectiligne mais que 
certaines membrures avaient ete taillees a partir de 
branches courbes. Ces arbres avaient ete coupes en 
automne 1239 ou au debut du printemps de l'annee 
suivante. A l'origine, l'interieur de la coque avait ete 
revetu de planches en hetre fendues radialement et 
clouees sur les faces superieures des membrures au 
moyen de clous en fer. Ces planches provenaient de 
hetres arrives a maturite et probablement coupes 
durant l'ete de 1240. 

Le bateau avait ete repare durant sa vie utile, au 
moyen de deux morceaux de latte en chene sur une 
felure, le long de la sixieme virure ba.bord. Pour ce 
faire, il avait fallu enlever les vaigres en hetre le long 
d'une partie du cote de babord, qui furent ensuite 
remplaces par divers membres en chene de rebut. 
Des usures localisees et des petites reparations 
eventuelles procuraient des indices additionnels 
d'utilisation du vaisseau. 

Les dimensions globales des vestiges partiels, qui 
avaient fait l'objet d'une recuperation selective et 
avaient ete soumis a I' erosion par la suite, etaient de 
7m par 3,4m. 

Les vestiges d'un cargo de minerai de fer (dont on 
recupera 170kg) se trouvaient sur une claie a 
l'interieur du bateau. L'analyse indique que le 
minerai provenait probablement d'affleurements de 
calcaire carbonilere a l'Ouest, au Glamorgan, et qu'il 
etait de haute qualite, convenant idealement a la 
fonte pour la production de fer. Des indices vegetaux 
macro-fossiles laissent supposer que le bateau avait 
peut-etre egalement transport€ des cereales arables. 

L'analyse des membres du bateau et la construc
tion de modeles successifs, allies a une evaluation de 
documents contemporains et a l'iconographie, lais
sent supposer que le bateau avait ete construit de la 
maniere traditionnelle en Europe septentrionale, 
avec deux 'avants' ou 'extremites' [double-ended] et 
etait adapte aux exigences de son utilisation dans le 
Canal de Bristol, oil il existe une grande variation du 
niveau des marees et ou il aurait fallu lui faire 
toucher le fond a des lieux de debarquement dans la 
zone intertidale afin de decharger et charger la 
cargaison. Les modeles ont fourni une estimation 
d'une longueur totale de 13,2 a 14,3m, d'une largeur 
de 3, 7m et d'une profondeur de 1,23m, du ha ut du 
vibord au has de la quille. On estime sa capacite pour 
la cargaison a 3,75 tonnes metriques. 

La synthese des donnees liees aux sediments et a 
l'environnement et des donnees historiques donne a 
pens er que le vaisseau s'etait echoue pres de I' embou
chure d'un courant tributaire soumis a !'influence des 
marees qui se jetait dans la Severn a travers une zone 
de marais salants localises. On sait que cet emplace-



ment etait un debarcadere etabli durant la periode 
medievale et qu'il etait peut-etre une 'escale' 
reguliere. n se peut que le bateau avait essaye de 
s'abriter du mauvais temps mais avait ete pousse 
vers le bord du canal. La defaillance de reparations 
anterieures, la fissure de la quille la oil une branche 
laterale de la membrure creait un point faible et le 
deplacement de sa dense cargaison de minerai de fer 
avaient peut-etre contribue a cela. 

Zusammenfassung 

Das GeHinde bei Magor Pill ist eines unter vielen 
Tideausfliissen an der Kiiste der Gwent Levels, eine 
verschlammte Kiistenebene am ni:irdlichen Ufer der 
Severn Estuary (Severnmiindung) im Siidwesten 
GroBbritanniens, wo ein groBer AbfluB - bei der 
Reklamation der Levels im Mittelalter kanalisiert 
und mit Ufern versehen - in die Miindung flieBt. 
Diese Stelle wurde auch als friiherer Hafen oder 
Landungsplatz von Abergwaitha, der im 14. Ja
hrhundert durch Kiistenerosion der See abgegeben 
wurde, identifiziert. Bei friiheren Arbeiten wurden 
die altertiimlichen Kanalflufiablagerungen, die an 
den Zwischentidezonen freigelegt waren, identifiz
iert. Die Ablagerungen enthielten Ti:ipferwaren und 
andere Artefakten, die den Handel und den Trans
port des mittelaterlichen Lebens widerspiegelten. 

Als 1994 ein Sturm die mobilen Sedimente, die so 
oft archaologische Funde im Kiistenvorland in 
Zweifel setzten, weggeweht hatte, bemerkte man 
teilweise, freigelegte Uberreste eines Bootes. Die 
Analyse eines Exemplars durch Dendrochonologie 
lieB darauf schlieBen, daB das Boot im 13 Jahrhun
dert gebaut wurde. Da Funde dieser Art, sogar 
wiedergebrauchter Fragmente in dieser Gegend 
aiiBerst selten sind, wurde ein Ausgrabungsprojekt 
eingeleitet urn das Schiff, wenn mi:iglich, zu bergen, 
urn ausfuhrliche Studien zu machen, die eventuell 
zur Konservierung und zur Schaustellung fiihren 
konnten. Das war eine schwierige Aufgabe, da das 
Gelande nur maximal zwei Stunden nachjeder Ebbe 
und Flut freigelegt wuide. 

Das Boot, das durch Dendrochronologie his zum 
Jahr 1240 AD datiert wurde, war eine Schalenkon
struktion, d. h. die Kielpfosten und die auBeren 
Planken wurden zuerst errichtet und befestigt bevor 
man das rahmende Holz einsetzte. Die Uberreste des 
auBeren Schiffski:irpers bestanden aus einem un
vollkommenen Kiel und einem erodierten Stielpfos
ten an dem die untersten Planken (garboards) mit 
Eisennagel befestigt waren. Der Rest des aufieren 
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Un resultat de la decouverte du bateau a ete de 
souligner !'importance des ports de crique, a la fois 
dans l'estuaire de la Severn et au-dela, pendant la 
periode medievale, a une epoque ou le commerce 
cotier dependait de plus petits vaisseaux que les 
'cogs' qui allaient se developper avec l'etablissement 
de ports d'eau profonde. 

Schiffski:irpers bestand aus iiberlappenden Planken, 
die aus radial gespalteten Eichenholz und mit 
Eisennagel befestigt waren und iiber vierstrangiges 
Vorgarn (Abdichtungsringe) gestiilpt waren und mit 
einer Wollabdichtung in den Nahten zwischen den 
Planken versehen waren, urn eine wasserdichte 
Verbindungsstelle zu garantieren. Fiinf Boden
planken (Teil der Einrahmung, die iiber den Boden 
des Schiffes entlang lief) blieben iiberwiegend im 
intakten Zustand. Sie waren mit a us W eiden fabriz
ierten Holznageln (Holzpfeile) und Eichenkeilen 
befestigt. Dreiseitige Planken (die an der Ein
rahmung his an den Seiten des Bootes entlang liefen) 
sind von der besser erhaltenen Backbordseite iibrig
geblieben. Diese Planken waren wiederum auf 
beiden Seiten, am Schiffski:irper und an den Bi:iden, 
mit Holznageln befestigt. Allem Anschein nach 
stammen die Planken fur diese Schiffski:irperkompo
nenten von relativ geradfasrigen Eichen. Eine An
zahl von Einrahmungen waren a us gebogenen Asten 
gefallt. Diese Baume wurden im Herbst des J ahres 
1239 AD oder friih im Friihling des darauffolgenden 
Jahres gefallt. Die innere Seite des Schiffski:irpers 
war urspriinglich mit radial gespalteten Buchenholz 
an die oberen Flachen der Einrahmung mit eisernen 
Nageln befestigt. Diese Planken stammen von sehr 
alten Buchen, die wahrscheinlich im Sommer 1240 
AD gefallt wurden. 

Als das Boot noch beniitzt wurde, fielen Repara
turen an: Ein RiB entlang des sechsten Backbord
plattenganges wurde mit zwei langen Latten 
ausgebessert. Dazu mufite man die inneren Buchen
planken entlang einer Stelle der Backbordseite 
entfernen. Diese ersetzte man mit Fragmenten 
verschiedener Eichenholzarten. Stellenweise Ab
nutzung und vielleicht auch geringfugige Repara
turen lieferten weiteren Beweis daB dieses Schiff im 
Einsatz war. 

Die AuBendimensionen der unvollstandigen Uber
reste, an welchen Selektivrettungsarbeiten gemacht 



wurden und folgenden Erosionen ausgestzt waren, 
maBen 7m mal 3.4m. 

Reste einer Schiffsladung aus Eisenerz (170kg 
davon wurden geborgen) lagen auf einem ge
flochtenen Reisigbiindel im Inneren des Bootes. Eine 
Analyse weist darauf hin, daB das Erz wahrschein
lich bei einer Zutagetretung von kohlebildenden 
Kalkstein westlich in Glamorgan stammt. Dieses 
Erz ist a us bester Qualitat und ist zum Einschmelzen 
von Eisen ideal geeignet. Beweismaterial - aus 
Pflanzen-Macrofossil bestehend - laBt annehmen, 
daB das Schiff vielleicht auch Ackergetreide getragen 
haben ki:innte. 

Eine Analyse des Schiffsholzes und die Rekon
struktionen hintereinander folgender Modellen, die 
Einschatzung zeitgeni:issischer Dokumente und Ik
onographien lassen annehmen, daB das Boot, ein im 
herki:immlichen nordeuropiiischen Stil gebautes 
Spitzbattboot war. Es war den Anforderungen des 
Schiffsverkehrs im Bristol Channel (Bristolkanal) 
mit seiner Palette von hohen Wellengiingen 
angepaBt, urn an hohen Zwischentide - Lan
dungsplatzen landen und seine Fracht ab - und 
aufladen zu konnen. Die Modelle lieferten eine 
Einschatzung tiber die Gesamtliinge des Bootes 
(13,2-14,3m), die Liinge eines Balkens (3,7m) und 

Crynodeb 

Mae safle caer danddaearol Magwyr yn un o nifer o 
arllwysfeydd llanw hyd arfordir Morfa Gwent, sef 
gwastatir llifwaddod arfordirol ar lannau gogleddol 
aber afon Hafren, yn ne-orllewin Prydain, lle mae 
draen mawr, a gafodd ei gamlasu rhwng argloddiau 
yn ystod y Canol Oesoedd pan adferwyd tiroedd y 
Morfa, yn mynd i mewn i'r aber . Cafodd hwn ei 
ddynodi fel cyn-safle porthladd neu fan glanio 
canoloesol Abergwaitha, a gollwyd i'r m or yn ystod y 
14eg ganrif oblegid erydiad yr arfordir. Yr oedd 
gwaith maes blaenorol wedi dynodi presenoldeb 
dyddodion hynafol yn sianel gwely'r afon, a oedd i'w 
gweld yn y gylchfa rynglanwol, ac a oedd yn cynnwys 
crochenwaith ac arteffactau eraill a adlewyrchai'r 
masnachu a'r cludiant a ddigwyddai yn ystod y 
cyfnod canoloesol. 

Yn 1994, sylwyd ar olion cwch a oedd i'w gweld yn 
rhannol ar adeg pan oedd gwaddodion symudol, a 
fyddant yn ami yn cuddio nodweddion archeolegol ar 
flaen traeth, wedi cael eu cludo ymaith gan stor
mydd. Yr oedd dadansoddiad o sampl a gymerwyd ar 
gyfer dyddiad cylchoedd coeden yn awgrymu mai yn 
y 13eg ganrif yr adeiladwyd y cwch. Mae dargan-
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tiber die Hi:ihe von der Spitze des Scherganges bis zur 
untersten Stelle des Kiels (1.23m). Man schatzt die 
Ladungskapazitat auf3.75 metrische Tonnen. 

Synthesen tiber Ablagerungen und Umwelt, und 
historische Daten lassen darauf schlieBen, daB das 
Schiff nahe der Miindung eines Tidenebenflu13es, 
welcher in die Severn tiber stellenweisen 
Salzstimpfen flie13t, untergegangen ist. Es ist 
bekannt, daB es an dieser Stelle im Mittelalter einen 
Landungsplatz gab und die Schiffe dort gewi:ihnlich 
regelmaBig landeten. Das Boot suchte vielleicht 
Unterkunft in schlechten Wetterbedingungen, 
wurde jedoch his an den Rand des Bristol Channels 
getrieben. Dazu beitragende Faktoren, die zum 
Untergang des Schiffes gefuhrt haben ki:innten, sind 
vielleicht die Unterlassung von Reparaturen, ein 
gespalteter Kiel, dort wo ein Teil des Holzes eine 
schwache Stelle verursachte und das Befcirdern von 
schweren Ladungen aus Eisenerz. 

Ein Resultat der Entdeckung des Bootes ist die 
nachdrtickliche Bedeutung, die Hafen an kleineren 
Buchten an der Severnmiindung, und dartiber 
hinaus, im Mittelalter innehatten. Zu dieser Zeit war 
der Ktistenhandel von kleineren Schiffen als die cogs 
abhangig, die sich erst spater mit der Einfuhrung 
von Tiefwasser- Hiifen entwickelten. 

fyddiadau cwch o'r dyddiad hwn, hyd yn oed dernyn
nau ailddefnydd, yn brin eithriadol yn y maes hwn 
felly dechreuwyd project i gloddio ac, os byddai m odd, 
i adfer y llong er mwyn gwneud astudiaeth fanwl ac, 
yn y pen draw, at ddibenion cadwraeth ac arddangos. 
Profwyd mai tasg anodd oedd hon gan mai dwyawr 
fan bellaf y byddai'r safle yn y golwg bob ochr i 
ddistyll y llanw. 

Yr oedd y cwch, a ddyddiwyd ar sail dyddio 
dendrocronolegol yn 61 i 1240 O.C., o adeiledd 
pleidiau, h.y. codwyd y eel, y pyst, a'r estyll allanol 
a'u rhoi'n sownd yn ei gilydd cyn rhoi preniau'r ffrfun 
i mewn. Cynhwysai olion corff y llong y eel anghy
flawn, a stanc treuliedig blaen Hong gyda'r estyll 
allanol isaf (estyllod y eel) wedi eu rhoi'n sownd 
ynddo gyda hoelion haearn. Yr oedd gweddill y eel 
allanol yn cynnwys estyll gorgyffyrddol o dderw a 
holltwyd yn rheiddiol, a'u dal ynghyd a hoelion 
haearn wedi eu troi dros rwyau petryal (wasieri), 
gyda chalcio gwlan a osodid yn yr agennau rhwng yr 
estyll i sicrhau bod yr asiad yn ddwrglos. Yr oedd 
pump o breniau'r llawr (elfennau o'r fframiau a redai 
ar draws gwaelod y cwch) yn dal yn eithaf cyfan, ac 



wedi eu rhoi'n sownd yn y eel a hoelion o goed helyg 
(pegiau pren) a'u gosod yn solet a gwadnau 0 goed 
derw. Yr oedd trio dulathau (a estynai'r fframiau yn 
eu blaen, i fyny ochrau'r cwch) wedi goroesi ar yr 
aswy, sefyr ochr a oedd wedi cadw yn y cyflwr gorau 
ac, unwaith eto, yr oeddent wedi eu rhoi'n sownd yn 
y lloriau ac yn y eel gyda hoelion pren. Ymddengys 
hod y pren ar gyfer yr elfennau hyn o'r eel wedi dod 
o nifer gymharol fechan o goed derw sythraen, gyda 
rhai o'r fframiau wedi eu cymynu o'r brigau crymion. 
Torrwyd y coed hyn i lawr yn ystod tymor yr hydref 
1239 O.C., neu yn gynnar yn y gwanwyn y flwyddyn 
wedyn. Yn wreiddiol, yr oedd y tu mewn i'r eel wedi 
cael ei banelu ag estyll ffawydd wedi eu hollti'n 
rheiddiol a'u rhoi'n sownd yn arwynebau uchaf y 
fframiau gyda hoelion haeam. Daethai'r estyll hyn o 
goed ffawydd aeddfed iawn, a dorrwyd i lawr mae'n 
debyg yn ystod haf 1240 O.C. 

Yn ystod oes y cwch, yr oedd wedi cael ei drwsio 
trwy gyweirio hollt hyd chweched astell yr aswy a 
dau ddam o ddellt derw. Yr oedd hyn wedi golygu 
tynnu'r panelu mewnol ffawydd i ffwrdd oddi ar ran 
o ochr aswy'r cwch, a'i ailosod wedyn ag amrywiaeth 
o goediach derw. Rhoddai'r ol traul mewn mannau, a 
man atgyweiriadau 0 bosibl, dystiolaeth bellach o'r 
defnyddio a fu ar y cwch. 

Mesuriadau cyflawn y gweddillion anghyflawn, a 
oedd wedi dioddef achubiad dethol ac erydiad wedi 
hynny, oedd 7m wrth 3.4m. 

Gorweddai gweddillion cargo o fwyn haeam (yr 
adferwyd 170kg ohono) ar bleiden oddi mewn i'r 
cwch. Dynoda'r gwaith dadansoddi mai dod a wnaeth 
y mwyn, yn ol pob tebyg, o gerrig brig calchfaen 
Carbonifferaidd i'r gorllewin, ym Morgannwg, a'i fod 
o ansawdd rhagorol, yn ddelfrydol addas i'w fwyn-
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doddi ar gyfer cynhyrchu haeam. Awgryma tystio
laeth macroffosilau-planhigion ei fod efallai yn cario 
grawn ar hefyd. 

Awgryma dadansoddiad o breniau'r cwch a 
gwneuthuriad modelau olynol, ynghyd ag asesiad o 
ddogfennau ac eiconogra.ffi cyfoesol, mai bad deuben 
oedd y cwch a adeiladwyd yn ol traddodiad Gogledd 
Ewrop, a'i addasu i gwrdd a gofynion gweithio ym 
Mor Hafren, gyda'i amrediad llanw uchel, He byddai 
gofyn iddo daro'r gwaelod mewn mannau glanio 
rhynglanwol er mwyn dadlwytho a llwytho cargo. 
Mae'r modelau wedi rhoi amcangyfrif o'r hyd cyfan 
rhwng 13.2-14.3m, lled o 3.7m, a dyfnder o ben estyll 
gogwydd i waelod eel o 1.23m. Amcangyfrifir mai 
3.75 tunnell fetrig yw maint eithafy llwyth a gludai. 

Awgryma cyfuniad o ddata gwaddodol, amgylched
dol, a hanesyddol i'r cwch suddo yn agos at geg isafon 
lanwol a lifai i'r Hafren trwy ran o forfa heli leol. 
Gwyddys i'r lleoliad fod yn fan glanio sefydledig yn 
ystod y cyfnod canoloesol ac efallai iddo fod yn 
borthladd galw rheolaidd. 0 bosibl mai chwilio am 
gysgod yr oedd y cwch mewn tywydd garw, ond iddo 
gael ei yrru at y lan hyd ymyl y sianel. Gallai 
ffactorau cyfrannol i golli'r bad gynnwys methiant 
atgyweiriadau blaenorol, hollti'r cellle yr oedd tulath 
yn y preniau yn creu man gwan, a syfliadau yn ei 
drwch cargo o fwyn haeam. 

Un canlyniad i ddarganfyddiad y cwch fu pwyslei
sio pwysigrwydd y porthladdoedd afon ym Morwyd 
Hafren a thu hwnt yn ystod y cyfnod canoloesol, ar 
adeg pan oedd masnach yr arfordir yn dibynnu ar 
gychod llai eu maint na'r cogiau a oedd i ddatblygu 
ochr yn ochr a sefydlu porthladdoedd neu harbwr a 
dyfroedd dyfnion. 





Introduction 

This report presents the results from the discovery, 
evaluation, excavation, recovery, and subsequent 
analysis of the remains of a 13th-century boat found 
in the intertidal zone on the northern shore of the 
Severn Estuary (Fig 1). The aim of this report is to 
describe the context and nature of this discovery by 
presenting the primary archaeological and environ
mental data. Note has been taken of principles for 
the recording and presentation of ancient boat 
structures propounded by Ole Crumlin-Pederson 
(1977), whose guidance and encouragement are 
gratefully acknowledged. There is a tacit acceptance 
that, in publishing the principal results of fieldwork 
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and subsequent analysis expeditiously, many mat
ters relating to the vessel remain to be considered. 
At the time of writing, the find has neither been 
conserved nor placed on display. Clearly, there is 
scope for considerable additional research, particularly 
into the original form and performance of the vessel 
concerned. It is hoped that dissemination of the results 
to date will encourage debate and further study. 

The report necessarily contains a great deal of 
nautical terminology which may be unfamiliar to the 
reader. In the hope of making the text more readily 
understood, a glossary of nautical terms appears 
towards the end of the volume. 
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Figure 1 Location of Magor Pill in relation to mainland Britain (inset) and the Severn 
Estuary. The extent of alluvium is shaded, and the major Levels labelled 
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Structure of the report 

This introductory section describes the immediate 
topographic and geomorphological setting, briefly 
summarising our present understanding of the asso
ciated historic landscape, and then reviews previous 
investigations in the vicinity ofMagor Pill, one of the 
numerous minor tidal tributaries entering the 
Severn Estuary along its northern shore which has 
been identified as the medieval landing place of 
Abergwaitha. The circumstances of the boat's discov
ery and subsequent evaluation, excavation, recovery, 
and analysis are then outlined. 

The excavation evidence is then presented. The 
primary aim here is to describe the stratigraphic 
setting of the boat find, the procedures and ap
proaches employed during its excavation, and how 
the remains appeared in the ground. The results of 
additional fieldwork carried out later to clarify the 
boat's relationship to the historic landscape are also 
summarised. Procedures employed in the recovery of 
the boat are described in some detail for two main 
reasons. Firstly, reports on boat excavations rarely 
provide sufficient information on this aspect of 
excavation to allow the techniques employed to be 
replicated elsewhere. Secondly, the method em
ployed does not appear to have any exact precedents 
and was the result of considerable thought and 
discussion involving expert marine engineering ad
vice applied to extreme estuarine conditions: 
hopefully other excavators will find the approach 
useful. 

The subsequent section presents the results of 
selective environmental analyses intended to charac
terise the contemporary landscape, vegetation, and 
channel environment. Both here, and elsewhere in 
the report, specialist studies are published in a 
manner which allows the reader to readily identify 
the author(s) and objectives of each particular study, 
the methods employed, the results, and the special
ists' conclusions. Whilst this approach inevitably 
results in some variation in style and, at times, a 
slightly disjointed text, this is generally preferred to 
the alternative of integrating studies into a seamless 
narrative, so that the reader can critically assess 
individual contributions. Some readers inay find it 
more palatable to read the summary and concluding 
section before examining specialist contributions. 

The finds section discusses a small number of 
artefacts recovered from deposits associated with the 
boat. Few can be linked to the boat itself as they are 
derived either from layers within a formerly-active 
water channel or from mobile sediment on the 
present-day foreshore. Nonetheless, they comple
ment previous collections of finds from the area, and 
reflect periods of economic activity in the vicinity of 
the site. 

Detailed description of the boat find commences 
with a summary of the techniques employed during 
post-excavation recording, followed by illustration 
and description ofthe individual timbers, grouped by 
element type. Each timber group is preceded by an 

overview which describes them as a whole with some 
comment on how they compare with other, broadly 
contemporary boat finds. The evidence for fasten
ings, repairs, and salvage in antiquity follows. The 
contents of the boat, comprising a wattle hurdle 
overlain by a cargo of iron ore are then considered. 
The ore has been subjected to a substantial program 
of analyses with the primary aims of identifying its 
source and intended use. This is then placed in the 
broader context of the evidence for predominantly 
medieval exploitation of the Bristol Channel orefield. 
Two reports, on tree-ring analysis of the oak and 
beech timbers employed in the boat's construction 
follow. Whilst these admirably meet the usual prime 
archaeological objective of dendrochronology, by dat
ingconstructionofthevessel toAD1239/40, they also 
illuminate our understanding of the nature of the 
woodland resources exploited, provide additional 
evidence for reuse of timbers during repairs, and 
describe, for the first time in Britain, the absolute 
dating of a beech ring chronology. 

The discussion considers the broader historical/ar
chaeological context and importance of the boat, the 
most intact find of its type yet discovered off the 
Welsh coast. A concluding section highlights some of 
the main outcomes ofthe project and the implications 
for future research. 

Location, topographic and 
geomorphological setting 

The Caldicot Level forms a substantial proportion of 
the low-lying coastal plain fringing the northern 
shore ofthe Severn Estuary, now commonly referred 
to as the Gwent Levels. The evidence for the 
development of this historic landscape has been the 
subject of recent, extensive publication (Rippon 
1996). Present evidence suggests that the system of 
settlement, drainage, and sea defence which survives 
on the Caldicot Level is predominantly the result of 
reclamation during the medieval and post-medieval 
periods following a period of relative neglect during 
the early medieval period (Fig 2). Much of the 
impetus for this reclamation came from English 
conquest and the establishment of monastic granges 
by the Cistercian order based at Tintern during the 
11th and 12th centuries. Below the present land 
surface, alluvium and peat horizons which built up 
since the last Ice Age reflect a background of relative 
sea level rise, with periods of relative stability. The 
position of the coastline would appear to have 
fluctuated throughout prehistory, but the pattern 
during historic periods has generally been one of 
coastal retreat with cartographic, documentary, and 
limited archaeological evidence pointing to set back 
of historic sea defences from the medieval period 
onwards. 

Whilst historic utilisation of the major tributaries 
of the Severn, such as the Usk and the Wye, for water 
transport is indisputable, the degree to which the 
minor tributaries which drained the Level were 
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Figure 2 The Caldicot Level and its hinterland in the vicinity of Magor Pill. The present-day sea wall is 
marked by a dashed line. Numbers on tick marks refer to eastings and northings of the British National Grid 
kilometre squares. The origin at the bottom left is at ST380 820. Derived from Ordnance Survey 1:50,000 
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navigable through prehistoric and later periods 
remains a matter of debate. Bronze Age boat finds 
from the site at Caldicot (Nayling & Caseldine 1997), 
over a kilometre inland from the present coastline in 
the N edern valley at the eastem end of the Caldicot 
Level, imply access for vessels capable of operating 
in both the estuary and its tributaries in the middle 
to late Bronze Age. The recent recovery of a Romano
Celtic vessel several kilometres from the present 
shore, at Bar land's Farm (Nay ling 1994) implies 
access via tidally influenced channels into the heart 
of the Level during the Roman period. By the 

medieval period, the evidence for widespread protec
tion of the Level through a combination of sea 
defences and intemal drainage is well documented, 
and access to the interior of the Levels by boat may 
have been hindered by these, encouraging the devel
opment of landing places or harbours at the coast. 

Magor Pill is one of a number of intertidal channels 
(pills) on the foreshore of the Caldicot Level where a 
natural, minor tributary drains into the estuary. 
Water running off the uplands to the north is carried 
across the coastal plain in a raised channel known as 
Mill Reen, entering the pill through a tidal door, or 
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Figure 3 Magor Pill in its surroundings. The extent ofpalaeochannel deposits (defined by Allen & Rippon) is 
shaded, and the locations of the find spot of the medieval wreck, and dendrochronologically dated fishing 
structures are shown 

'gout', in the sea wall. The pill and reen together form 
an integral part of the system of drainage and 
embankment established during the medieval period 
which, whilst enabling full agricultural exploitation 
of the Level, a lso restricted navigable access to the 
interior. 

Previous investigations at Magor Pill 

Finds dating to the Iron Age to the north-east of the 
pill (Whittle 1989) a nd Roman material recovered 
during the construction of the sewage treatment 
works (Boon 1967) point to the presence of a natural 
palaeochannel pre-dating the formalised landscape 
of drainage, associated with th e medieval reclama
tion. 

Unstratified fmds from the foreshore at Magor Pill 
have been noted for decades. Nash-Williams (1951) 
recovered pottery and other artefacts dating from the 
Roman to medieval periods, and Courtney (1986) 
described medieval pottery scattered on the fore
shore. Until recent ly, however , the context of this 
material has been unclear. Whilst the m edieval 

pottery has been taken as evidence for the presence 
of t he documented medieval harbour or landing place 
of Abergwaitha (Courtney 1986, Wood 1914), the 
nature of the stratigraph y from which artefacts were 
derived had not been investigated. 

Recent fieldwork by Alien & Rippon (1995a, 1995b) 
described the 'geoarchaeology' of the area, in part by 
mapping exposures of the palaeochannel sediments 
on the foreshore, interpreted as evidence for a 
constrained channel cutting through former salt
marsh and land now lost to the sea through erosion 
and concomitant coastal retreat (Fig 3). A palaeo
channel to the east of the present line of Magor Pill 
may be prehistoric in date. More substantial deposits 
to the west of the pill, filling former channels cutting 
through the prehistoric clays and peats, were subdi
vided into an early and a late phase on stratigraphic 
grounds. Radiocarbon determinations between the 
late Roman and earlier medieval period came from 
stratified roundwood associated with the early 
phase. The late phase, a sinuous channel, contained 
material datin g from the Roman to early modern 
periods , although earlier material may well be 
r esidual. Further out from t he shore, these two 



phases of palaeochannel deposits could not be differ
entiated, but were observed cutting prehistoric 
estuarine clays up to 500m seaward of the present 
salt-marsh. Numerous wooden structures, often fish 
baskets, were observed stratified in the sediments. 
This pointed to other economic activities in addition 
to the presence of a landing place for the import and 
export of ceramic and other goods. 

Subsequent grain-size analysis of sediment sam
ples from this complex ofpalaeochannels encouraged 
Alien and Rippon (forthcoming) to conclude that the 
salt-marsh edge during the medieval period could 
have stood not less than 350m seaward of the present 
sea bank. 

Project background 

In late August 1994, the intertidal zone was visited 
by Nigel Nayling, Stephen Rippon (then at the 
University of Reading), Rick Turner (Cadw: Welsh 
Historic Monuments), Derek Upton, and Helmut 
Schlichtherle and Bodo Dieckmann from Landes
denkmalamt Bad en-Wurttemburg. Magor Pill was 
chosen by Rick Turner to demonstrate the variety of 
archaeological features preserved and exposed on the 
Gwent foreshore to the visiting German archaeolo
gists. Conditions proved excellent for field observa
tions, with almost all the mobile sand and mud 
having been swept from the eroding palaeochannel 
and estuarine clays, leaving the structural evidence 
clearly visible. During the visit, Derek Upton, a 
seasoned observer of archaeological sites on the 
foreshore, noted a substantial timber standing 
slightly proud of the mudflat. On closer inspection, it 
appeared to form a stem or stern post from a boat to 
which the planking was still attached. 

Nigel Nayling subsequently revisited the site with 
Sean McGrail (formerly of Southampton University) 
and Mark Redknap (NMGW). A dendrochronology 
sample taken from a partially exposed plank was 
successfully dated, giving a terminus post quem of 
AD 117 4 (Nay ling 1994). As neither bark nor sapwood 
survived on the sample, no felling date for the parent 
tree used in the boat's construction could be deter
mined. Given the limited life span of oak trees 
however, the tree ring date suggested the vessel had 
been constructed in the late 12th or 13th century AD 
(see below for more refined dating of the boat 
following further sampling and analysis). 

In November 1994, the Glamorgan-Gwent Archae
ological Trust (GGAT), with funds provided by Cadw: 
Welsh Historic Monuments, briefly surveyed the site 
using a total station EDM and covered the exposed 
remains with geotextile matting and steel mesh to 
prevent or reduce further erosion during the winter. 
By this stage, continuing erosion of the overlying 
sediment had partially exposed several floor timbers, 
pointing to the presence of substantial and well-pre
served boat remains. 

During the winter of 1994/5, GGAT discussed the 
future of the vessel with Cadw and potential receiv-
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ing museums. The National Museums and Galleries 
of Wales indicated its interest in acquiring the vessel 
to conserve and display it, and Cadw agreed to 
provide funds within the rescue budget allocated to 
the Trust for a phased programme of investigation. 
In April1995, field evaluation comprised the excava
tion of three trenches, two of which ran across the 
vessel. Clinkered planks, joggled floor timbers, and 
fragmentary ceiling planks were clearly present, but 
some of the timbers were apparently disturbed, so 
that interpretation of the remains exposed within the 
narrow trenches proved somewhat problematic. The 
evidence suggested that between 6m and 9m of the 
vessel survived more or less intact, covered by gravel 
and palaeochannel silts. Following a review of the 
evidence, excavation recommenced in July requiring 
the stratigraphic excavation of overlying palaeo
channel sediments and gravel, the in situ recording 
of the vessel by photogrammetry, and the removal of 
a cargo of iron ore. The site was not widely publicised 
at this stage although some broadcast-quality video 
footage was recorded by Jerry Cross, an HTV Wales 
cameraman and amateur nautical archaeologist. 

Whilst the excavations were in progress, wide
ranging consultation with maritime archaeologists 
sought to identify a suitable method of recovering the 
remains. An approach for assistance was made to 
Laing-GTM, the consortium constructing the Second 
Severn Bridge, which elicited a positive response, 
and discussions led to a detailed design for a lifting 
cradle to be placed underneath the vessel, to allow it 
to be recovered as a single object. 

During the last week in August, a collaborative 
team comprising Laing-GTM staff, support ships, 
and plant, Diane Dollery from the National Muse
ums and Galleries ofWales, and GGAT staffworked 
every available tide leading to the successful recov
ery of the boat and its transport to storage in 
dedicated facilities in Cardiff. The lifting operation 
was publicised through press releases which gener
ated considerable media interest. News crews from 
regional and national British Broadcasting Corpora
tion, Independent Television News, and HTV Wales 
and a variety of newspaper journalists and photog
raphers attended the operation, and extensive news 
footage appeared on national and regional television 
and radio news. Newspaper copy appeared in most 
'quality' and tabloid papers. To date, two television 
programmes on the recovery and subsequent analy
sis of the boat have appeared on HTV Wales as part 
of the 'Endeavour' series, and a further two are 
planned. 

During the autumn and winter, the vessel was 
recorded in the controlled conditions of a custom
built holding tank, prior to controlled dismantling 
into its constituent timbers. The individual timbers 
were then recorded through photography, scale 
drawing, and 1:1 tracing. At this stage a post-exca
vation assessment was completed to identify the 
level of analysis and resources required to allow for 
the completion ofthe report on the boat find which is 
presented here. 



The excavation evidence 

Context 

Details ofthe stratigraphy in the immediate vicinity 
of the vessel were recorded during evaluation in the 
spring of 1995 and subsequent full excavation in the 
summer. Evidence from the excavation of test pits to 
the east of the vessel and survey and dating of 
intertidal fish trap structures, carried out in 1996, 
place this stratigraphic evidence in the broader 
context of channel development and coastal change 
previously elucidated by Alien & Rippon (1995b). 

Given significant change in both coastline location 
and relative sea level in the estuary since the medieval 
period, absolute and relative levels of archaeological 
features are of research interest and frequent refer
ence is made to the the height of deposits and 
features relative to Ordnance Datum (OD). For those 
of a more maritime persuasion, Chart Datum at 
Newport is at -5.81m OD (Bashforth 1997, 20). 

Logistics 

Carrying out controlled excavation in any intertidal 
zone presents difficulties. When the site is located 
approximately half a kilometre from the shore, in an 
estuary with the second highest tidal range in the 
world, these difficulties are compounded. All equip
ment required on site had to be carried or dragged on 
sledges from the sea-wall to site and back, across 
salt-marsh, mud, shallow channels, and gravel, for 
each work period of four hours when the site was 
exposed by the tide. Work times, calculated from tide 
tables, had to be altered in the face of prevailing 
weather conditions which could both hold back and 
accelerate the tides. With the incoming tide travel
ling at a speed of approximately 11 knots across the 
foreshore, it was imperative to ensure that the site 
was protected and all staff safely off the mud flats, 
well before the tide reached the excavations. These 
constraints encouraged an approach which mini
mised the time needed to clear the excavations of sea 
water at the beginning of each work period and to 
cover the site at the end, and the equipment required. 
A mobile phone and reliable time-pieces were essen
tial health and safety equipment. A custom-built 
plastic sledge proved invaluable for transporting the 
bulk of equipment. 

During the field evaluation, three trenches were 
excavated to clarify the extent and nature of the 
remains. These were confmed within bunds of sand
bags (kindly donated by the Environment Agency), 
filled with sand from the foreshore. These barriers 
allowed the trenches, which lay partly within an 
active channel at any state of the tide, to be pumped 
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out at the beginning of each shift. These were either 
baled out by hand, or emptied using 1 inch (25mm) 
electric bilge pumps driven by car batteries. Once full 
excavation commenced, these areas were opened up 
to encompass all the surviving timbers. An area of 
approximately 10m by 5m was enclosed in a single 
sandbag bund. This necessitated the removal of an 
increasingly large volume of water from the excava
tions, for which a petrol-driven 2 inch (50mm) pump 
was employed. Given the difficulties of excavation, 
and the desire not to destabilise the vessel any more 
than was necessary to permit recording of its interior, 
the stratigraphy was only removed in its immediate 
vicinity. Subsequently, additional trenches to the 
east of the boat were excavated to clarify the nature 
of the palaeochannel sequence (Fig 4). 

Each tide deposited a mixture of mobile sediment, 
lumps of peat, rubbish, and wildlife into the excava
tions. Cleaned areas, particularly exposed timbers, 
were protected by covering them with geotextile 
matting through which only the finest silts and clays 
could pass. Accurate mapping of the site was greatly 
assisted by Mike Collier of Laing-GTM who located 
existing grid pegs relative to the National Grid by 
using their own GPS beacon, set up to assist in the 
construction of the Second Severn Crossing. This also 
gave precise altitudes for the tops of the pegs which 
could then be used as temporary bench marks for site 
levelling relative to Ordnance Datum. 

Given the difficulties in generating an accurate 
record of the exposed remains of the vessel in 
intertidal conditions, it was decided to employ photo
grammetry. This approach had previously been used 
to survey the Romano-Celtic vessel at Barland's 
Farm near Magor (Nayling et al 1994). This tech
nique had two main advantages: the photogrammet
ric plates produced acted as an archive which could 
be interrogated in the future should additional 
information be required, and recording in the field 
would be significantly faster than could be achieved 
by more traditional means. It is to the credit of Mike 
McKay of Atkins AMC, that the survey was com
pleted within one, four-hour tidal window, including 
cleaning in advance of photography and subsequent 
bedding down of the site. 

Outline description of the vessel in situ 

Before describing the stratigraphic sequence, an 
outline description of the vessel is given here, as 
many of the contexts are described in terms of their 
relationship to the boat remains. 

The vessel as found comprised the incomplete 
forward section of a clinker-built vessel, some 7m in 
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Figure 4 Areas of evaluation, excavation, and subsequent test pitting in relation to the vessel. 
Published sections are indicated in continuous line 

length and up to 3.4m wide, which appeared to have 
undergone selective salvage and subsequent collapse 
and erosion (Figs 5 and 6). Unless otherwise stated, 
all the timbers were oak (Quercus Spp.). She ap
peared to rest in the bed of a palaeochannel, with the 
base of the keel at c -2.1m OD and the stem post 
surviving to a height of -1.2m OD, with the erosive 
interface of the palaeochannel defined by a spread of 
fine grade iron ore washed out from the wreck. 

The vessel was oriented approximately east-west 
along its long axis. The centre-line of the vessel was 
defined by an incomplete keel and stem post, joined 
by a scarf, visible where the upper, convex surface of 
the keel was carried forward onto the stem post. The 
aft end of the in complete k eel was broken and heavily 
damaged. Garboard strakes on both sides of the keel 
and stem post were apparently secured within a 
rebate with iron nails. Hull planking survived from 
six starboard and nine port strakes. Strakes 1-6 on 
both sides of the vessel were braced by frame t imbers, 
five of which survived more or less in situ. Evidence 
for the former presence of a further six frame groups 
survived as circular holes in the hull planks taken to 
indicate the original position of treenails. The more 
extensive survival of outer hull planking, and asso
ciated side timbers and ceiling planks on the port 
side, including port side strakes 6-9, occurred in part 
as a result of the partial collapse of this section of 
hull. 

Ceiling planking, primarily beech but also some 
reused oak timbers, had survived in a restricted area 

from frame group 3 towards the stem on only the port 
side. This reflected the location of a hurdle (015) and 
an overlying cargo of iron ore (007) which had 
protected the planks here from either salvage or 
erosion by natural processes. Detailed description of 
the vessel and its contents in situ follows considera
tion of the sedimentary evidence . 

Stratigraphic sequence in the vicinity of the 
vessel 

The stratigraphic sequence excavated during expo
sure of the vessel consisted predominantly of gravels 
and, subsequently, less stony palaeochannel infills. 
This sequence is presented diagrammatically as an 
annotated stratigraphic matrix in Fig 7, along with 
the most informative section, drawn during evalu
ation of the site (Fig 8). 

Sediments which appeared to pre-date the deposi
tion of the vessel were observed during both the 
evaluation and the subsequent excavations. These 
were only excavated where the semi-solid river
bed/bank h ad intruded into the vessel along the line 
of collapse of the upper port side along the line of the 
sixth port strake, (008) and (019), and in the vicinity 
of the surviving aft end of the keel (009). These 
deposits, characterised by a matrix of homogenous, 
grey, silty clay containing lumps of peat, are inter
preted as palaeochannel fills contained by a channel 
complex cutting through the surrounding clays ofthe 
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Figure 5 Simplified plan of the Magor Pill boat in situ. A wattle hurdle and the 
remains of a cargo of iron ore were visible overlying the surviving ceiling planks 
(shaded). The port-side plank P9, which became detached and was removed prior to 
survey, is shown in outline. See the text for an explanation of function codes 

prehistoric Wentlooge Formation. The presence of 
peat indicated contemporary erosion of the prehis
toric peat horizons by this palaeochannel complex. 

The form of the riverbed immediately prior to the 
deposition of the vessel is unclear: the contemporary 
interface was not extensively exposed, and localised 
scouring, particularly in the vicinity ofthe surviving 

aft end of the keel, had subsequently altered the 
riverbed topography. The east-facing section of the 
middle evaluation trench showed an apparent inter
face gradually sloping upwards from below -1.95m 
OD in the vicinity of the keel to -1.6m OD to the 
north. All subsequent contexts appeared to be con
temporary with or post-date deposition of the vessel. 
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Figure 6 Photograph of the boat looking towards the stern. Scale interval 0.5m 

A hurdle panel (015), measuring approximately 
0.9m by 1.4m directly overlay much of the ceiling 
planking in the port side of the boat, and was in turn 
overlain by an irregular, concreted pile of iron ore 
(007) which also overlay the adjacent ceiling plank, 
w049. This material is considered in greater detail in 
the description of the vessel in situ and in the section 
on the boat's contents. Much of the interior of the 
vessel, particularly aft (east) of its cargo, and the 
limited area exposed of the contemporary riverbed 
were covered by a thin lens of granular ore (018) . To 
the east of frame group 5, this unit developed into a 
series of interleaved layers of grey silty clay and 
granular ore (020) which continued beneath the east 

end of the port side planking. A similar sequence of 
deposits was excavated in the former void between 
the ceiling and hull planking following its recovery 
(see section on dismantling). Between frame groups 
2 and 4, a hard concretion of ore and gravel had 
formed in the bottom of the hull obscuring the keel 
and garboard strakes. 

A fragment of human male humerus (P J Wilkin
son pers comm), recovered from this unit, could be 
contemporary but may well be residual, possibly 
Roman. 

Whilst much of this granular deposit probably 
reflects water transport of finer fractions of the 
ore cargo immediately after the boat's demise, 
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subsequent leaching of granules of ore through later 
coarse gravel deposits down to this horizon may also 
have occurred. 

The majority of the vessel, aft of the most forward 
surviving floor timber at frame group 2, was covered 
by a complex of gravels which sloped from the south, 
c -1.35 to -1.40m OD (at the port edge of the vessel), 
down to the north (Fig 9). At its lowest point, in the 
north-eastern corner of the excavations, the surface 
of the gravel, possibly eroded by later fluvial activity, 
survived to aheightofc -1.65m OD. The basal gravel 
(016), comprising pebbles, gravel, and blocks of iron 
ore, merged to the north with (017), consisting of 
gravel and commonly occurring small fragments of 
ore in a matrix of bluish-grey (5B 5/1) slightly silty 
clay. This deposit overlay the surviving elements of 
the starboard side hull planking towards the stern, 
and ran below the starboard half of displaced floor 
timber 6 which appeared to rest upon it. To the east, 
it had been truncated by later fluvial action, see 
(003). 

Overlying (017), and interdigitating with the upper 
part of the gravel complex to the south and west 
(006/013), a layer ofbluish-grey (5B 5/1) slightly silty 
clay (014) contained only occasional gravel, grit, and 
small fragments of ore along with common, small 
lumps of peat. Again, this had been cut by later 
fluvial erosion at its eastern extent. 

This unit of gravels and interdigitated silty clays 
contained six fragments of wood including a frag
ment of dislodged ceiling plank (w005) and a 

NNE 

-1m 
OD 
7\ 
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Figure 8 Section across the boat drawn during the evaluation, indicating its relationship to a succession of 
palaeochannel deposits and the location of monolith samples 
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Figure 9 Plan of the complex of gravels and interdigitated silty clays and detached wood fragments directly 
overlying the boat 

fragment of radially split oak (w006), possibly an 
eroded and displaced piece of port side hull. A small 
wall sherd from a glazed jug, a highly abraded jug 
wall sherd, and an abraded fragment of brick/tile 
were recovered from (006) (see Redknap, p 42, nos 
8-10). 

The unit is interpreted as coarse sediment washed 
into and over the boat soon after it had become 
wrecked. The gravels imply a high energy environ
ment unlikely to be encountered any great distance 
from the channel's confluence with the estuary. The 
boat would appear to be located at or near the mouth 
of the channel where the sea could have deposited 
coarse gravels during a period of storminess. 

The gravels were overlain by relatively stone-free, 
pale blue clay (005/012), approximately 0.15-0.2m 
thick with a top height of c -1.4m OD. This deposit 
contained redeposited clasts of clay from the 
Wentlooge Formation (John Alien pers comm) and, 
towards its base, increasingly frequent coarse sub
angular gravel which peeled away readily from the 
surface of the underlying gravel. The subsequent 
sedimentation of pale blue-grey clay (004/011) con
tained more common gravel and survived up to a 
height of - 1.35m OD. This unit covered all but the 
uppermost surviving elements of the vessel west of 
frame group 6. To the east, this unit had been 

truncated by subsequent fluvial erosion. A 1m long, 
radially split, beech plank (w002), recovered from 
005, is interpreted as a displaced ceiling plank, a 
view supported by tree-ring analysis (see Tyers, p 
123). This unit is more characteristic of the type of 
sediments normally encountered within channels 
which are filling with readily transported alluvium 
of relatively fine particle size, although lenses of 
gravel again suggest some estuarine influence. 

The gravels and later silt/clay palaeochannel de
posits described above had been, to varying extents, 
eroded by an irregular erosive interface (003) inter
preted as the south-western edge of a palaeochannel 
running approximately north-west (upstream) to 
south-east (downstream) (Fig 10). The top edge of 
this interface, which survived to a height of up to 
-1.33m OD, ran south from the partially exposed, 
displaced floor timber 6, over the centreline of the 
vessel, before sweeping around towards the east. The 
irregular slope of this interface bottomed out at - 1.62 
to -1.67m OD. A slight gully in the south-west had 
been eroded down to -1.67m OD. The palaeochannel 
bed showed no sign of an opposite edge in the 
north-east. The channel was filled with a relat ively 
stone-free, grey silty clay (5Y5/1-7 .5YR 3/0) which 
contained frequent laminae rich in organic material, 
especially compressed leaves (002). To the east, it 
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Figure 10 Plan of the later palaeochannel feature, located to the north and west of the boat. This feature 
extended beyond the excavations to the north and west 

became increasingly stained by oil and contained 
occasional peat clasts, usually O.l-0.2m in 
length/width (a single clast was c 0.5m long). To
wards the base of the sediment there was an increase 
in gravel content, although occasional gravel lenses 
were present throughout. The basal gravel may have 
been the result of the reworking of the underlying 
deposits. 

Context number 001 was assigned to the mobile 
sediment lying on the surface of the stratified 
palaeochannel deposits. This material, generally 
0.05 to O.lOm deep with a base level of -1.4m OD, 
comprised semi-mobile gravel, sand, peat clasts, and 
some silty clay which blanketed the foreshore in the 
vicinity of site. The deposit contained a high concen
tration of modem oil towards the east where the 
gravel was progressively thicker and more com
pacted. This uppermost deposit probably included 
gravel associated with an active channel which never 
drained completely at low tide during the excava
tions. Finds included several sherds of medieval 
pottery (see Redknap, p 41) and animal bone (see 
Locock, p 44). 

Palaeochannel deposits east of the vessel 

A year after the recovery of the vessel, limited 
excavations were carried out to the east in an attempt 

to characterise the nature of the palaeochannel at the 
time of the boat's demise. Four 1m2 pits were 
excavated unstratigraphically on a line perpendicu
lar to the long axis of the boat (see Fig 4), and their 
west facing sections were drawn, photographed, and 
context descriptions recorded (Fig 11). 

The surface level was lower than in the immediate 
vicinity of the boat, at -1.3 to -1.45m OD. Ancient 
palaeochannel deposits had been more deeply 
scoured away, with the base of mobile sediment lying 
between -1.6 and -1.7m OD. This reflected the 
location of the active channel draining from north to 
south. No highly organic deposits, reminiscent of 
(002), were observed, suggesting that this palaeo
channel phase had been completely eroded away. The 
sequence between -1.7 and -2.2m OD was charac
terised by silt or silty clay palaeochannel fills, with 
occasional lenses of sub-angular gravel, and occa
sional clasts of Wentlooge Formation clay, sloping 
down from south to north. Examination of adjacent 
vertical sections suggested many of these deposits 
sloped down from SSW toNNE, and that the channel 
may have been turning somewhat towards the south. 
This unit is interpreted as sedimentation resulting 
from channel migration to the NNE and possibly 
some associated heightening of contemporary river 
bed level. It is not possible to correlate the sequence 
of deposits contiguous with the boat timbers with 
specific contexts but the sloping lenses of gravel in 
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the northernmost section could relate to the coarse 
sediments which covered much of the boat. 

A basal unit of reddish sand overlying sub-angular 
gravel, below -2.2m OD, which became progressively 
thicker to the north where it was not bottomed, was 
tentatively interpreted as the coarse bed load of this 
channel complex. 

Whilst this limited excavation could not determine 
the width of the contemporary palaeochannel, the 
direction of slope of the sediments suggests that the 
boat had grounded on the SSW edge, near the right 
bank, of a palaeochannel running from ENE to WSW. 
This offers a partial explanation for the differential 
survival of structural elements of the boat. The bow 
and port side may have become partially embedded 
in the soft river bed/ bank near its southern edge, 
leaving the stern and starboard side more exposed 
nearer to the centre of the channel which promoted 
the break up and loss ofthe latter elements. 

Survey and dating of fish traps to the east of 
MagorPill 

Post-excavation assessment identified the need to 
clarify, if possible, the contemporary 13th-century 
landscape. Whilst analysis of the environmental 
remains provided information on the vegetation (see 
below), the location of the coastline at this time, 
although suspected to be substantially further out to 
sea than at present on the basis of cartographic and 
documentary evidence, remained somewhat unclear. 

Magor Pill has been linked to the former harbour 
or landing place of Abergwaitha, recorded as having 
been lost to the sea in the 14th century (see Redknap 
p 150). The significant setting back of the sea wall 
during the 13th or 14th century would be in keeping 
with landscape development seen elsewhere in the 
Gwent Levels. 

It was felt that this evidence could be comple
mented through rapid survey and dating of a small 
sample of the numerous remains of fish traps located 
to the east and north of the palaeochannel complex. 
On the foreshore between Magor and Collister Pill to 
the east, formerly thick layers of sand and gravel 
have been actively eroding in recent years, exposing 
one of the most prolific concentrations of stake 
structures along the Severn coast. Some of these are 
hundreds of metres from the present salt-marsh 
edge, potentially datable by dendrochronology and, 
being fishing structures, could provide independent 
dating evidence for land loss through coastal erosion. 

Two structures were selected for examination 
during a two-week programme of fieldwork. Both 
were located far from the present shore, on a par with 
the find-spot of the medieval vessel (see Fig 3), and 
contained split oak stakes with moderate to good 
dating potential. Following rapid survey, tree-ring 
samples were taken from eleven stakes. Approxi
mately 650m to the east-north-east of the boat site, 
some 450m from the present Mean High Water line, 
two linear concentrations of posts reminiscent of putt 

weirs provided dates of AD1176++ and AD1179++ 
implying construction probably in the 13th century. 
This trap type, comprising a line of composite wooden 
baskets, continued in use until the first half of this 
century and were usually located close to the salt
marsh edge (Jenkins 1974). A further 350m to the 
east-north-east, some 350m from the present Mean 
High Water line, a north-east facing structure com
prising a V-shaped concentration of posts, 
interpreted as a fishing structure, appears to have 
been constructed in or soon after AD1120 with 
repairs taking place in AD1149. 

Whilst the relationship of the second dated struc
ture to the contemporary coastline is unclear, the 
dating of the putt line provides additional data to 
support the view that the coastline at Magor Pill 
during the late 12th/early 13th centuries was located 
some 400-500m out from the present Mean High 
Water line. Interim publication of these structures 
(Nay ling 1997) provides more detail than the notes 
given here. 

The vessel in situ 

Any description of the vessel is coloured by the 
constraints placed on observations and records gen
erated during its partial exposure in situ, in difficult 
intertidal circumstances. The in situ hull was not 
completely exposed as the overlying ceiling planks 
and hurdle were not removed until after the vessel's 
recovery and transport to storage. In addition, 
concreted ore residue, washed into the bottom of the 
boat, tended to obscure the inboard faces of the hull 
planks, particularly at their junction with frame 
timbers. This description necessarily profits from 
subsequent investigation after recovery, which has 
allowed more confident identification of the function 
of timbers which were only partially visible during 
recording in situ, and only assigned wood numbers 
and associated record sheets if, as in the case of the 
only surviving plank from the ninth port strake, they 
became displaced during excavation and had to be 
removed. Throughout the description, shorthand 
codes are used to identify boat timbers . Hull planks 
are coded Sn or Pn indicating whether it was part of 
the starboard or port side with n being the number 
of the strake (with 1 as the garboard strake adjacent 
to the keel, and subsequent strakes numbered 
consecutively). Where more than one plank survives 
along a particular strake, planks are numbered 1.1, 
1.2 etc to indicate their location starting from the 
most forward surviving t imber in that strake. The 
letter C is used to designate ceiling planks. Detailed 
consideration of the remains in situ comprises de
scription of the structural elements with reference to 
the frame groups as defined by the frames or 
evidence for their former presence, and the photo
grammetric survey (Figs 12 and 13). 

Between the most forward surviving end of the 
stem post and evidence for framing at F1 (c 1.1m), 
the stem post was scarfed to the keel. The join was 
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Figure 12 Photogrammetric survey of the Magor Pill boat: plan. The 
positions of sections shown in Figure 13 are labelled. Some details such as 
grain detail on individual timbers, and iron concretions relating to the 
spread of the cargo of iron ore have been omitted for clarity 

visible where the shoulder of the scarf on the stem 
post butted against the upper surface ofthe keel. The 
upper surface of the stem post/keel line dropped from 
- 1.2m OD at the west end to -1.39m at the visible 
part of the scarf, then to - 1.45m OD at the presumed 
centreline for F1, defmed by treenail holes in both 
the second strakes. Iron concretions at intervals of 
approximately 0.2m along the upper edges of the 
garboard planks indicated the presence of roves and 
clenched nails driven from outboard through the 
second strakes. The upper edges of the second 
strakes were eroded and incomplete (Fig 14). 

The extent of survival ofthe hull changed substan-

tially between the presumed position of F1 and that 
ofF2, where the upper keel surface lay at-1.53m OD 
and the floor timber remained in position. At F2, 
strakes 81-85 and P1-P6 survived, reflecting trun
cation of P3-P6 and 83-86. It would appear that 
planks in strakes P6 to P3 had been cut through just 
aft of the former location of the frame at Fl. The cut 
line continued across halfthe width ofP2 suggesting 
that planking had been cut away by chopping across 
the line of the hull planks towards the centreline 
indicating some attempt at salvage after the vessel 
had come to rest. 8trake P5.1 had been further 
truncated by the collection of a dendrochronological 
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Figure 13 Photogrammetric survey of the Magor Pill boat: sections. See Figure 12 for the position of the 
sections. The vertical scales are related to Ordnance Datum (Newlyn) 

-1.00m 

-1.00m 

sample in 1994. On the starboard side similar 
evidence existed for salvage with strakes 85 to 83 cut 
through along the line of the forward face of the frame 
timber at F2. 

The floor timber at F2 ran from P5 to 85 with 

wedged treenails attaching it to the hull planks 
partially visible on the upper face. Also visible were 
nails suggesting the former presence of ceiling 
planking. The underside of the timber had been 
joggled to match the stepped profile of P2- P5 and 



17 

Figure 14 The forward surviving end of the vessel. View towards the stern. Scale interval 0.5m 

81-85 but no limber holes had been cut to allow free 
drainage of bilge water. It would appear that they 
were not necessary as the floor timber did not fit 
closely to the upper face of the keel or Pl. 

Between F2 and F3 (centre to centre distance 
0.49m), the hull surface was partially obscured by 
concreted ore washed into the bottom of the boat from 
the cargo in situ. This proved particularly thick and 
robust in the vicinity of the keel and the garboard 
strakes. On the port side, survival of plank P6.1 was 
more complete, with its full width surviving at F3, 
where it remained attached to the highly eroded 
forward surviving end of P7 .1. On the starboard side, 
two iron concretions indicated the presence of nails 
clenched over roves to secure the scarf between 
planks 85.1 and 85.2. The lower part of 86 survived 
here attached to 85.2. 

At F3, the port side of the hull lay slightly lower 
than the starboard with the uppermost point of 85 c 
100mm above that of P5, indicating a slight list to 
port. The floor timber was joggled to fit the planking 
profile and attached by treenails. As with the floor 
timber at F2, there were no limber holes evident and 
the underside of the floor between the garboard 
strakes did not make close contact with the upper 
face of the keel. On the underside face of this floor 
timber, the waney edge (original bark edge) of the 
parent tree was evident as a curving surface (see Fig 
80). There was no evidence on the upper face of the 

floor timber for fastenings for side timbers, but nails 
indicated the former presence of ceiling planks. 
Immediately aft of F3, the angle of the planking of 
the sixth and seventh port strakes was steeper (25 
degrees from vertical) than that encountered further 
to the stem, implying less post-depositional collapse. 

Ceiling planking had survived in a restricted area 
from F3 towards the stem, only on the port side. This 
reflected the location of the hurdle, the overlying 
cargo which had protected the planks here from 
either salvage or erosion by natural processes. 
Forward of the hurdle, poorly-preserved ceiling 
planks were partially exposed where they had been 
nailed to the upper face ofF3. Astem of the hurdle, 
compressed and heavily cracked ceiling planking 
remained on the port side as far back as the 
presumed position of frame group 9 (Fig 15). From 
the centre-line to the approximate position of strake 
P4, the ceiling planking comprised four to five lines 
of longitudinally-oriented, slightly overlapping 
beech planks, nailed to the floors. These timbers had 
slumped astem of F6, to directly overlie the hull 
planks. Further to port, the exposed ceiling com
prised more substantial oak planks. The largest of 
these, w030, ran back to the supposed former location 
of F9 and at its forward end was over lain by a beech 
plank (w033) and an oak plank (w029), largely 
obscured by the hurdle. 

Ceiling planking in the vicinity of the side timbers 
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Figure 15 Ceiling planks aft of the hurdle. Scale interval 0.5m 

at frame groups F5 to F7 had undergone considerable 
displacement due to the collapse of the hull on the 
port side. Two oak planks (w049 and w043 below), 
one apparently reused, lay one on top of the other, 
outboard of plank w030, near the base of the side 
timbers. Outboard of these, two oak planks (w160 
and w027) overlay the side timbers on the approxi
mate line of P7. 

The hurdle comprised a woven panel of approxi
mately 50 roundwood stems (these longitudinal 
elements in hurdles are usually defined as rods) 
woven around four thicker transverse stems (known 
as sails) (Fig 15). Although reasonably well pre
served, its edges were eroded and many stems had 
been corn pressed by the overlying ore cargo. The sails 
exhibited clear cut marks at their eastem ends, 
simple wedge or chisel points consistent with felling 
cuts rather than subsequent sharpening. The weave 
pattern of the rods around the sails suggested that 
groups of 2-6 rods had been woven in the same 
direction. Given the eroded nature of the north and 
south ends of the panel, nothing definitive can be said 
about the presence or absence of rods twisted and 
woven back into the hurdle. The maximum dimen
sions were 1.4m long by l.Om wide. The hurdle lay 
with the rods aligned parallel to the floor timbers at 
F4 and F5, directly overlying the ceiling planking 
from the centre line of the vessel port to the 
approximate position of P6. A small concentration of 

bird bone was located within the matrix of the panel, 
along with a rounded pebble. 

Although granules and small lumps of iron ore 
were found washed out throughout the vessel, par
ticularly in association with the basal complex of 
gravels (006/016), the majority of the ore was 
recovered from a distinct and concreted low mound 
overlying the hurdle (Fig 16). The main concentra
tion, measuring 1.4m long, east-west, by 0.8m wide, 
was centred over the hurdle. It did however extend 
aft of the hurdle for c 0.65m, protecting the ceiling 
planks there from erosion or salvage. A smaller 
concentration to the south, measuring 0.55m by 
0.12m, was concreted to ceiling plank 049. The 
separation of these two concentrations probably 
resulted from slumping of the upper port side. The 
location of the bulk of the ore on the port side, 
approximately centred over P3, could reflect its 
original placement at the time of loading, or a shift 
in the cargo during, or at the unfortunate end, ofthe 
boat's last voyage. The material varied from large 
blocks through smaller lumps and granules to fine 
powder. The total ore collected was divided into solid 
ore in pieces up to c 0.2m3 (49kg) and granular/pow
der material (122kg). 

Between F3 and F4, much of the hull on the port 
side was obscured by the presence of the ceiling 
planking and the hurdle, and washed-out ore from 
the cargo. A gap was evident in P6.1, reflecting an 
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Figure 16 The cargo of iron ore. View towards the bow (west). Scale interval 0.5m 

ancient split in this plank, and further aft along the 
same strake. The partial survival of a treenail hole 
in the uppermost surviving strake here (P7.1) indi
cated the former presence of a side timber on the port 
side at F4. The keel and the garboard strake, on the 
starboard side, were partially obscured by concreted 
gravel and ore granules. Strakes S2-S5 were clearly 
visible, fastened together and complete. The lower 
portion of S6 survived, still fastened to S5. 

Only the starboard h alf of floor F4 was visible. It 
remained in close contact with the hull planking 
fastened by treenails to strakes 82-5, with two 
treenails at S5. The starboard end was incomplete 
with a broken-out auger hole which had presumably 
held a treenail attaching it to S6. Joggling of the 
underside was visible on both the forward and aft 
faces as well as a triangular limber hole at the join 
between the garboard strake and the keel. 

Between F4 and F5, only one eroded plank (P7.1) 
was visible on the port side, while on the starboard 
side, the keel, garboard strake and S2 were covered 
by the hurdle. Strakes S2-5 were visible and fas
tened to one another. The eroded S6 was also visible, 
terminating approximately half way between floors 
F4 andF5. 

Floor F5, visible on the starboard side, was not in 
close contact with the hull planking, with gravel and 
cargo outwash lying between its underside and the 
inboard face of the hull. On the port side, a somewhat 
displaced and fragmented side timber (w060) was 

visible between ceiling planks and P7.1, exhibiting a 
partially surviving treenail hole indicative of the 
former presence of a fastening to P7 .1. 

From F5 towards the stern of the vessel, the 
timbers became increasingly disturbed; the planking 
had split or sprung apart, the keel was damaged and 
incomplete, and framing timbers were absent aft of 
F7. Substantially more hull planking survived on the 
port side in a collapsed state with strakes P6-P8 
running back to the former location of F11. In 
contrast, the floor of the hull on the port side was 
almost completely covered in ceiling planks although 
the eroded ends ofP3-P5 extended as far as the end 
of the reused oak ceiling plank w030. 

Between F5 and F6, the starboard side was almost 
completely covered by either washed out and con
creted ore, or gravel (016) left as a plinth to support 
the displaced floor t imber, F6. On the port side, 
outboard of ceiling plank w027, lay the slumped and 
eroded edges of strakes P8 and P9 (w045 and w048). 

The upper end of the side timber at F6 was the 
highest surviving point on the vessel, exposed prior 
to excavation. It was heavily eroded above its 
conjunction with P8 and retained its rectangular 
profile for only a few centimetres above where it 
remained covered by sediment and overlying ceiling 
plank w027. 

Timber F6 was the aftmost observable floor timber, 
displaced up and well forward (c 0.45m) of its original 
position relative to the hull, so that its starboard end 
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was located only 50mm astern of the aft face ofF5. A 
sharp change of angle was evident between the 
joggling of the underside for S4 and S5. An unusual 
feature of this frame was the presence, in addition to 
auger holes occupied by treenails aligned with 
starboard planking, of two auger holes near to the 
centreline. To avoid destabilising this timber, a 
plinth of the underlying sediment was left unexca
vated. Hence the keel and starboard hull were only 
partially exposed in the immediate area. 

Mt ofthe displaced floor F6, on the starboard side, 
the visible hull comprised the lower part of S5, 
fastened to the near-complete stern scarf of S4, the 
broken and incomplete end of S2 and the lap of 
garboard plank Sl.3 nailed into the rebate of the 
keel. The keel extended for 1.3m beyond the aft face 
of this floor although the last 0.5m was heavily 
damaged, being split, twisted, and torn with neither 
the upper face nor the rebates present. This damaged 
section was exposed down to a level of -2.10m OD. 
On the port side, ceiling planks largely covered the 
bottom of the hull. The incomplete stern scarf of P2 
was partially exposed up to 0.5m aft of frame F6 with 
an inboard level of - 1.96m OD. Strakes P3-5 re
mained fastened together and survived approxi
mately parallel with the eroded end of ceiling plank 
w030, withinboardlevelsof-1.78to-1.88mOD. The 
stern end of P3, exposed for 0.7m beyond the 
surviving ceiling, had an incomplete auger hole at its 
broken end correlating to the former position of 
frame group 8 and an auger hole relating to frame 
group 7. The damaged stern scarf of P4.2 extended 
beyond the line of F8, marked by an auger hole. No 
scarf was evident on the broken end ofP5.2, partially 
exposed inboard of ceiling plank w030 which also 
obscured the inner half of P6.2. Incomplete auger 
holes on the ends of P5.2 and P6.2 related to the 
former position of framing timber(s) on the line ofF9. 

Further to port, P6 (upper half), its repair patch 
(upper half, TP6.2) and adjacent strakes P7-9 were 
clearly exposed aft of the side timber SF7P, which 
remained fastened to this collapsed section of port 
side hull (see Fig 8). This area, whilst retaining some 
of the original slope and curvature of the hull, was 
increasingly horizontal towards the stern with the 
slope across the beam of the boat dropping from 
approximately 50 degrees from vertical at F7 to 75 
degrees from vertical at the eastern ends ofP6- 9. The 
longitudinally split repair patch was visible for 1.6m 
astern of the aft face of side timber SF7, exposed for 
30-50mm inboard of and below P6.2 before running 
under P6.3. Only 70- 100mm of the width of P6.2 
remained fastened to this section ofhull with auger 
holes at F7-F9. P6.3, which survived to its full width 
and length of 0.91m, was scarfed to P6.2 and 
exhibited an auger hole at Fll. Strake P7 comprised 
the continuation ofP7.2, with auger holes at F8 and 
F9, visible for 1.40m aft ofSF7P to its scarf with P7.3. 
The latter timber had an incomplete l~ngth of 1.30m, 
with auger holes at F10 and F11. P8 was exposed for 
2.20m with auger holes at F8-Fll and a near-com
plete scarf at its aft end. The eroded strake P9 had 

survived for a length of 2.09m when first excavated, 
but tides displaced that part of it located aft of side 
timber 7, and this was lifted prior to the photogram
metric survey. This section exhibited an auger hole 
at F8 and a partially surviving scarf at its eroded aft 
end. 

Immediately to the south of the vessel, an uncon
nected timber (w089) which ran from just beyond 
side timber SF7 was partially exposed during the 
excavation. This is now interpreted as an eroded and 
disassociated fragment of the tenth and possibly final 
strake on the port side (P10?). 

Recovery 
by Diane Dollery and Nigel Nay ling 

From the outset of the project, the possibility that the 
boat remains would be of sufficient importance to 
merit their retrieval for more detailed recording, 
subsequent conservation and display was consid
ered. During the spring of 1995, the National 
Museums and Galleries of Wales CNMGW) indicated 
its interest in acquiring the vessel. Advice was 
sought on the practicalities of recovery both before 
and during the full excavation. Two main approaches 
presented themselves: dismantling on site, or recov
ery ofthe hull intact. The zero visibility and fast tidal 
races in the estuary precluded the use of divers and 
underwater recovery. The dismantling method 
would normally be employed where controlled exca
vation conditions could be maintained. Construction 
of a coffer-dam was ruled out by the tidal range of 
approximately 10 metres. Working within the con
straints placed on the excavations, the dismantling 
process would have been limited to 4-hour tidal 
windows and each timber would have needed pack
aging before transport across the mudflats and 
salt-marsh to the nearest road. This part of the 
Severn Estuary is a Site of Special Scientific Interest 
and the Countryside Council for Wales expressed 
concern about potential damage to the salt-marsh. 
The length of time and substantial resources re
quired and the vulnerability of the vessel during 
dismantling, especially given the increasing threat of 
storms as the year wore on, encouraged considera
tion of the alternative approach. 

It was clear from the outset that the engineering 
expertise and equipment necessary for recovery of 
the vessel intact was not available within the project 
team. The NMGW, having confirmed its intention to 
acquire the remains, undertook to establish a 'con
servation studio' with all the facilities needed to 
house the boat. An approach for assistance made to 
Laing-GTM, the consortium constructing the nearby 
Second Severn Crossing, produced a positive and 
unconditional response and discussions commenced 
immediately, aimed at producing a detailed design 
for a lifting cradle, to be constructed underneath the 
vessel to allow it to be recovered as an intact 
structure. 



Designing the lifting apparatus 

Despite the experience and expertise of the engi
neers, the design of the lifting apparatus was not 
straightforward. They were unfamiliar with dealing 
with both a material and a structure that, whilst 
appearing sound, possessed no inherent physical 
strength. Having established the need for a rigid 
cradle undemeath the vessel, the engineers were 
faced with the option of constructing either a rigid 
box structure around the wreck (similar to that used 
at Hasholme- see Millet & McGrail1987) or using a 
detachable frame to raise the cradle. Unless a rigid 
link was provided between frame and cradle, the 
frame had to be separate; it could not be allowed to 
rest on top of the boat when it was not in use. Given 
the greater expense of constructing a box structure, 
a separate lifting frame was designed which, when 
required, would be attached to the cradle using 
load-bearing (ratchet) straps. This solution satisfied 
engineering and conservation requirements, being 
able to safely hold the load without physically 
interfering with the wreck (Fig 17). It was also 
sufficiently flexible to allow for inevitable modifica
tion on site. The outboard face of the vessel had never 
been exposed; the profiles supplied to the engineers 
were conjectural based on extrapolation from the 
photogrammetric plot of the inboard face. 

Constructing the cradle 

During the last week in August, a collaborative team 
comprising Laing-GTM staff and support ships and 
plant, the Senior Conservator from the Department 
of Archaeology and Numismatics at NMGW, and 
GGAT staff worked heroically over a period of seven 
successive tidal windows, day and night, to construct 
the cradle around the vessel. Maximum dimensions 
of 6m by 4m for the cradle were dictated by the 
bed-size of the lorry chosen for road transport and the 
size of the access doors at the conservation studio. 
Reduction of the length of vessel to be lifted was 
achieved by removing the last 1.2m of the uppermost 
surviving strakes on the port side by hand. 

Initially, two trenches, running from bow to stem, 
2m wide and 1m deep were excavated down either 
side of the wreck using a Hymac excavator. This, 
along with all other equipment, was stored on a barge 
anchored adjacent to the site throughout the opera
tion, minimising any damage to the salt-marsh. The 
team now had access to the underside of the vessel 
and could begin construction in earnest (Fig 18). To 
minimise the risk of damage to either the boat or 
personnel, it was essential to follow a prescribed 
sequence of events. Five tunnels running from port 
to starboard, approximately 0.4m wide, were exca
vated by hand. Attempts were made to remove the 
compacted clay and gravel sediments underlying the 
wreck using pressure hoses and compressed air tools. 
The slurry created by the hoses obscured the boat 
from view; as the wood was softer than the surround-
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ing sediments, there was a danger of causing serious 
damage to the boat. The compressed air tools merely 
smeared the sediments over each other and the boat. 
A combination of clay-spades and hand-shovels 
proved most effective. Two tunnels were excavated 
at a time; adjacent tunnels were never worked on 
concurrently. Work started with the shortest tunnels 
and ended with the most difficult, running under the 
area of ceiling planking which had only been par
tially excavated and, as it retained a large amount of 
sediment, was particularly susceptible to collapse 
when undermined. 

Six-metre long beams were levelled into the 
trenches along each side of the wreck. They formed 
two long sides of an irregular polygon (see Fig 17) 
which ran towards each other at the stem post. As 
each tunnel was completed, a pair of cross b~ams cut 
to the appropriate length, but no longer than 4m, 
were inserted under the boat and attached to the 
longitudinal members using scaffold clips. The 
beams used are popularly known as 'AI forms', 
employed in the construction industry for building 
moulds for the casting of reinforced concrete slabs. 
Despite the higher cost, aluminium beams were used 
in preference to steel beams as (a) they were 
substantially lighter; and (b) they would not corrode 
if left in position under the boat in a tank of water, 
for what at that stage was thought to be a period of 
six months. 

This basic aluminium skeleton was filled out by the 
insertion of custom-made plywood boxes into the void 
between the beams and the underside of the vessel. 
The aluminium beams, H-shaped in cross-section, 
had timber fitted into one side of the 'H'; this enabled 
the plywood boxes to be fixed into position with nails 
and secured with wooden batons and wedges. 

It was impossible to make the boxes a perfect fit, 
yet it was critical to achieve this to prevent move
ment of the wreck within the cradle; the poor 
mechanical strength of the wreck made it particu
larly susceptible to disintegration from point loading. 
To this end, the outboard face of the boat was 
wrapped in aluminium foil and expanding polyure
thane foam introduced to bridge the gap. This 
potentially generated new problems, polyurethane 
foam being a particularly buoyant material; the 
amount of foam used in each case was reduced to a 
minimum by incorporating heavy materials such as 
sandbags. 

Lifting 

A critical point was reached once the cradle was 
complete. The partially filled tunnels made the 
vessel increasingly vulnerable to damage by the 
incoming tide, and weather conditions were worsen
ing. It was essential to remove the sediment 
remaining between the tunnels before any attempt 
was made at lifting, otherwise the drag effect caused 
by suction where the clay/wood interface was undis
turbed could have caused partial or total 
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Figure 18 The lifting cradle under construction 

Figure 19 The boat with the cradle completed and the lifting frame in position 



24 

Figure 20 The lift in progress 

disintegration. Using the Hymac arm, the lifting 
frame of steel RSJs was positioned over the lifting 
cradle (Fig 19). After tensioning the ratchet straps, 
the remaining sediment was dug out, still predomi
nantly by hand, in one tidal window over the night of 
26/27 August. This massive effort allowed the vessel 
to be lifted safely onto a second waiting barge with 
only minutes to spare before the incoming tide 
reached the site (Fig 20). The wreck was then carried 
to Laing-GTM's landing facilities at the Severn 
Beach bridge head on the English side of the estuary. 
From here, the wreck was transferred by crane to dry 
land where the cradle was modified by bolting three 
cross-beams to the underside of the longitudinal 
members. Without this additional support, the cradle 
would have sagged over the edges of the narrower 
lorry bed onto which it was loaded for road transport 
to Cardiff. Off-loading at the conservation studio was 
carried out using the lorry's HIAB crane arm. The 
cradle was deposited over a custom-made polythene 
liner which was then supported on a scaffold frame 
to provide a water storage tank 8m long by 6m wide 
by 1m deep. 

Without the unstinting and innovative efforts of 
the people working during these few days (and 
nights!) and the skill and judgement ofLaing-GTM's 

engineers, the lifting of this vessel would have been 
impossible. Laing-GTM were given the Wedgewood 
Award for best business sponsorship of an archae
ological project in the British Archaeological Awards 
in 1996 in recognition of their contribution to the 
lifting of the boat. 

Dismantling 

Dismantling the boat formed a separate phase of the 
project. The vessel was recorded in its lifted state, 
after which it was dismantled into its component 
timbers. This involved additional recording and 
sampling of the hurdle and underlying ceiling 
planks; excavation and sampling of sediment lying 
below the ceiling and over the hull planks; and 
recording and dismantling the frames and planking. 
The main objectives were to record structural 
details not visible in the field, and to ensure that 
fragments which had become detached during the 
recovery process were returned to their parent 
timbers. 

The two longitudinal aluminium beams which 
formed the base for the lifting cradle had been 
positioned in the field so that they were level relative 
to each other, but lay longitudinally at an angle of 
8.5° from the horizontal, rising towards the bow, 
below, but approximately in parallel with the keel. 
Hence, by placing the cradle on a level floor in the 
conservation studio, the vessel lay sloping down from 
stem to bow relative to its disposition in situ. Given 
this dislocation, and limited slumping of the timbers, 
newly exposed features were recorded by traditional 
methods of section and plan drawing, rather than by 
additional photogrammetry. Running sections were 
maintained along the line of the frames, so that the 
relative positions of ceiling planks, frames, and hull 
planks could be recorded as dismantling progressed. 

The hurdle, which had undergone some slumping, 
especially near the port-side garboard strake, was 
cleaned, photographed, and drawn before being 
dismantled. A transect of samples from the rods (the 
thinner, longitudinal stems) was taken for species 
and ring count analysis, and the sails (the slightly 
thicker stems around which the rods had been 
woven) were bagged separately. 

The ceiling planks had suffered some displacement 
during recovery. Aft of frame 6, parts of planks 
overlying the second and third port strakes had 
become detached and slumping had occurred princi
pally between frames 3 and 4 over the garboard port 
strake. Planks w027, w049 and w160 had been 
removed following displacement by the tide during 
construction of the cradle. Running sections were 
established and the planks drawn in section and 
plan. The beech planks were very compressed where 
they overlay frame timbers to which they were 
nailed. Slumping of the port side in antiquity, along 
the line of the sixth strake, had led to considerable 
disturbance with fragments of P6.2 (w026) and its 
repair patch TP6.1 ( w023) having been forced up past 
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Table 1 Context description, correlation and processed samples for 
sediment in voids between ceiling and hull planking 

Context F3-F4 F4-F5 F5-F6 MtofF6 
description Context Samples Context Samples Context Samples Context Samples 

Compacted silty clay 039 045 (PM) 

Silty clay 040 033 028 023 024 (P) 
025 (D) 
032 (PM) 

Organic lens 034 029 038 (PM) 024 026 (P) 
027 (D) 
034 (PM) 

Silty clay 035 
Fine grade ore 036 030 025 
Laminated silty clay 041 037 043 (PM) 031 026 030 (P) 

031(D) 
035 (PM) 

Fine grade ore 042 038 032 027 

Samples codes: P- pollen, PM- plant macrofossils, D- diatoms 

Figure 21 The boat during dismantling after the removal of the hurdle, ceiling planks and underlying 
sediment. Scale interval 0.5m 
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Figure 22 The boat during dismantling after the removal of the frame timbers. Scale interval 0.5m 

the frames and into displaced oak ceiling (eg w029). 
Following recording in situ, individual timbers were 
lifted and placed in custom-built Correx (corrugated 
plastic sheet) and wood crates and transferred to a 
holding tank. Both during recording and lifting, it 
became clear that the planks had been partially 
overlapped and secured to the upper face of the 
frames with nails. The exact construction sequence 
was partially obscured by displacement, but it 
appeared that planks were laid starting from aft near 
the centreline, and construction progressed towards 
the bow and out from the centreline towards the 
gunwales. 

Removal of the ceiling planks exposed sediment 
which had washed into the voids between the ceiling 
and hull planks between F3 and F4, F4 and F5, F5 
and F6 and below ceiling planks w030 and w034 aft 

of F6. An overall context number for this sediment, 
021, was subdivided (see Table 1) within each void, 
and tube samples taken for pollen, and bulk samples 
for plant macrofossil analysis. 

The stratigraphic sequence can be summarised as 
a basal spread of fine grade ore (10- 20mm thick), 
laminated silty clay (20-60mm thick), a lens of fine 
ore only present aft ofF4 which thickened from 2mm 
to 15mm towards the stern, a soft silty clay lens only 
present between F4 and F5 (20mm thick), a highly 
organic silty clay aft ofF4 (2-3mm thick) and finally 
silty clay (15- 35mm thick). These sediments are 
interpreted as alluvium and washed-out ore from the 
cargo, equivalent to context 018 encountered in the 
field at the interface with the contemporary river 
bed. In many places on the hull which had not been 
protected by ceiling planks, especially over the keel 



forward of F3, ore and gravel had formed a hard 
concretion which had to be broken up and removed 
with some force to uncover the hull structure. 

Once this sediment had been removed, the port 
halves of frames 3-6 and fragments of port side 
timbers, not visible during photogrammetry, were 
recorded in situ and the running sections updated 
(Fig 21). Removal of the frames was relatively 
straightforward: the treenails attaching them to the 
planking had mostly snapped. Using cushioned 
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slings attached to an alloy scaffold pole to provide 
central support they were lifted away by hand and 
placed in custom built crates and transferred to 
holding tanks. 

Following limited cleaning, the fully exposed hull 
planks were recorded in situ and the running 
sections updated (Fig 22). The planks were separated 
from one another using a wallpaper scraper to break 
apart the nails joining the planks, and were then 
lifted by hand onto custom-built crates. 



The environmental evidence 

A variety of monolith, bulk soil sample and tube 
samples were taken during the excavation and 
subsequent dismantling of the boat. Post-excavation 
assessment led to the selection of a sub-set of these 
for analysis to meet objectives stated within the 
research design; in particular assessment of the 
nature of the contemporary landscape through 
characterisation of the channel environment and 
its adjacent land surface. In addition, some sam
ples were analysed to check for the presence of 
diatoms in the caulking which might reflect the 
nature of the waters within which the boat operated, 
and plant material both in the caulking and intersti
ces between timbers which might reflect former 
cargoes. 

The palaeobotanical evidence 
by Astrid Caseldine and Kate Barrow 

Palaeochannel deposits present particular difficul
ties for environmental interpretation but, neverthe
less, samples were taken both for pollen and plant 
macrofossil analyses from contexts associated with 
the boat with three main aims in view. The first 
was to gain information about the environmental 
context of the boat, the second was to see if there 
was any evidence for what might have been carried 
on the boat in the way of plant material, either 
deliberately as a cargo or accidentally, and the third 
to determine whether plant material had been used 
as caulking. 

Sampling 

Pollen 

Two monolith samples were taken through the 
palaeochannel deposits infilling the boat (see Fig 8). 
The stratigraphies of these two monolith samples are 
given in Tables 2 and 3. Selected levels were 
sub-sampled in the laboratory from the main con
texts. In addition three spot samples were taken 
during the recording and dismantling of the boat 
after it had been lifted (see Table 1). 

Plant macrofossils 

Samples were taken of the main contexts during 
excavation and post-excavation work on the boat. 
The provenance of the samples examined from 
between the ceiling and hull planks of the vessel is 
given in Table 1: a further plant macrofossil sample 
(Sample 054) was taken from the starboard limber 
hole of floor timber F6 (w054). Environmental bulk 
samples, taken in the field comprised Sample 33 from 
context 008 which probably equates with context 009 
and pre-dates deposition of the boat; Sample 13 from 
context 22, sediment above the ceiling planks associ
ated with hurdle 015; Sample 8 from context 014, 
part ofthe complex of deposits directly overlying the 
boat; and Sample 1 from context 002, a deposit rich 
in organic laminae notably containing compressed 
leaves which occupied a later palaeochannel. Two 

Table 2 Strategraphic description for Monolith 1 (sample 002) 

Context 

002 

007/014 

007/014 

009 
009 

Context 

005 

006/016 

Height (metres OD) Column depth Sediment description 

-1.34 to -1.59 

-1.59 to -1.63/-1.655 

-1.63/-1.655 to -1.711-1.76 
- 1.71/-1.76 to -1.74/-1.785 
-1.74/-1.785 to -1.85 

0-25cm 

25-29/31.5cm 

29/31.5-37/42cm 
37/42-40/44.5cm 
40/44.5-51cm 

Silty clay with organic inclusions including 
dicotyledonous leaf :fragments, moss and 
monocotyledonous remains 
Clay increasingly silty with bands of organic 
material including dicotyledonous leaf 
fragments, moss and monocotyledonous remains 
Clay less silty but stony 
Peaty band with Phragmites and wood 
Blue grey clay with occasional stone 

Table 3 Stratigraphic descriptions for Monolith 2 (sample 005) 

Height (metres OD) Column depth Sediment description 

-1.42 to -1.54/-1.565 0-12/14.5cm 

- 1.54/- 1.565 to - 1.62 12114.5- 20cm 
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Blue grey clay with flecks of dark brown 
humified organic material 
Very stony 
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Table 4 Details of caulking samples 

Sample number Context Description 

14 
21 

w042 
w046 

Sample taken from P6.2, lifted during excavation 
Feathered end P7.2 

22 
56 

w044/w046 
w056 

Caulking from between P7 .2 and P8 -lifted before main lift 
Port rebate stem post 

58 w055 Port side rebate keel 
60 w055 Port side rebate keel 
70 w055 Starboard side rebate keel 
80 w066 
84 w063 

Aft feather end of S2.1at scarf with S2.2 
Lap ofS5.2 

87 w076 Forward scarfofP5.2 

plant macrofossil samples, taken from the interstices 
between boat timbers were examined for evidence of 
former cargoes: Sample 51 from between floor timber 
F6 (w054) and P3, and Sample 77 from the scarf 
between the keel and stem post. A total of ten caulking 
samples were taken from various locations (Table 4). 

Methods 

Pollen 

Samples of 1ml were prepared following standard 
procedures (Moore et al1991), including disaggrega
tion in 10% NaOH, micro-sieving, boiling in HF, and 
Erdtman's acetolysis. Stockmarr tablets containing 
Lycopodium spores were added to enable pollen 
concentrations to be calculated. The pollen was 
mounted in silicone oil and counted using a Leitz 
Laborlux microscope. Generally a magnification of 
x400 was used with x630 or x1000 where required. 
Pollen was sparse and although initially the aim was 
to count at least 300 total land pollens it was decided 
that counting would stop after 1000 Lycopodium 
spores. The results are presented in Figs 23-25. 

Plant macrofossils 

Sample size was largely determined by availability 
of material. Initially 250ml of sediment were proc
essed except where there was insufficient material in 
which case further samples of 100ml were examined. 
Additional material was processed in two cases. 
Hydrogen peroxide was added to the samples to aid 
deflocculation of the clays prior to sieving through a 
nest of sieves with 2mm, lmm, 500jlm and 250jlm 
meshes. Sample 1 was treated differently as the aim 
was to see whether any of the leaves could be 
identified. The sample was therefore split open and 
larger leaf fragments removed as completely as 
possible. Ten samples were processed primarily to 
recover the caulking material but the residue was 
also scanned for seeds and other plant remains. 
These samples were washed over a 250j.J.m sieve and 

no chemicals were added. Sorting and identification 
was carried out using a M5 Wild stereo microscope. 
Identification was by comparison with modem refer
ence material and standard reference texts ( eg Shoch 
et al 1988, Godet 1988) The results are presented in 
Tables 5-6. 

Results and discussion 

The interpretation of the pollen and plant macro
fossil evidence from alluvial sediments presents 
particular difficulties because of transport and re
working as well as, frequently, low concentrations of 
biota and poor preservation. The extent to which 
these problems are encountered depends on the 
nature of the local depositional environment (cf 
Nayling & Caseldine 1997). At Magor Pill it was 
evident that blocks of peat had been eroded, trans
ported and redeposited in the palaeochannel fills 
(Alien & Rippon 1995a, Naylingp 7). As well as large 
blocks of peat, much finer traces of peat/organic 
sediment were present in the silts and clays. Another 
particular interpretative problem, when considering 
the environmental evidence from coastal deposits, is 
that a number of species that inland may be regarded 
as indicative of arable activity, pastoralism or dis
turbed ground habitats may, altematively, indicate 
salt-marsh communities. 

In general there is little variation in the results 
from the different pollen and plant macrofossil 
samples and effectively there is only one pollen zone 
represented. During the period covered by the analy
ses the landscape shows no evidence for major 
changes. However the evidence will be considered 
chronologically and attention drawn to variations in 
the evidence where they occur. Reference will be 
made to evidence for the erosion and redeposition of 
peat from elsewhere, although to what extent this 
has distorted the results cannot be fully ascertained. 

The earliest pollen evidence is from the lowest two 
levels from monolith 1 (sample 002, context 009) and 
pre-dates deposition of the boat. High Chenopo
diaceae pollen values suggest the presence of salt
marsh. This is supported by the limited plant 
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Table 5 Plant macrofossil remains from the Magor Pill boat 

Sample 33 8 13 32 34 35 38 43 45 54 
Context 8 14 22 23 24 26 29 37 39 w54 
Sample size (ml) 250 1000 250 250 250 250 500 250 250 100 

Ranunculus repens type 1 
Creeping buttercup 
Ranunculus sceleratus L. 1 1 

Celery-leaved buttercup 
Ranunculus flammula type 1 1 

Lesser spearwort 
Ranunculus Subgen. Batrachium- 1 1 1 
(DC.) A. Gray 
Crowfoots 
Papaver argemone L. 1 
Prickly poppy 
Urtica dioica L. 1 1 

Common nettle 
Myrica gale L. 2 1 2 12 

Bog-myrtle 
Myrica gale L. 1 

nut wing 
Betula spp. 3 1 11 1 9 1 
Birches 
Alnus glutinosa (L.) Gaertner 3 

Alder 
Chenopodium rubrum L. 1 2 1 2 

Red goosefoot 
Atriplex spp. 1 5 1 2 1 3 1 1 
Oraches 
Salicornia spp. 1 3 2 

Glassworts 
Suaeda maritima (L.) Dumort 1 1 1 
Annual sea-blite 
Chenopodiaceae 10 4 1 
Stellaria media (L.) Villars 1 1 
Common stitchwort 
Cerastium sp. 1 1 1 
Mouse-ears 
Sagina type 1 1 
Pearlworts 
Spergularia sp. 6 

Sea-spurreys 
Lychnis flos-cuculi L. 1 5 4 

Ragged robin 
Silene latifolia Poiret 1 
White campion 
Caryophyllaceae 1 
Pinks 
Polygonum lapathifolia (L.) Gray- 1 
Pale persicaria 
Rumex sp. 2 3 1 1 1 
Docks 
Rumex sp. 1 
perianth frag. 
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Table 5 Plant macrofossil remains from the Magor Pill boat (cont.) 

Sample 33 8 13 32 34 35 38 43 45 54 
Context 8 14 22 23 24 26 29 37 39 w54 
Sample size (ml) 250 1000 250 250 250 250 500 250 250 100 
Viola sp. 1 
Violets 
Rorippa nasturtium-aquaticum 1 1 
(1.) Hayek Water-cress 
cf. Brassica sp. 1 
Cabbages 
Calluna vulgaris (1.) Hull 1 2 
Heather 
Calluna vulgaris (1.) Hull 1 6 
Flowers 
Calluna vulgaris (1.) Hull 2 1 
charred flowers 
Calluna vulgaris (1.) Hull 2 5 2 11 
Shoots 
Calluna vulgaris (1.) Hull 2 

charred shoots 
Calluna vulgaris (1.) Hull 4 36 2 
charred leaves 
Erica tetralix L. 1 5 
Cross-leaved heath 
Erica tetralix L. 2 1 9 17 1 
Leaves 
Erica tetralix L. 3 7 1 
charred leaves 
Anagallis minima/Samolus 6 2 

Valerandi 
Chaffweed/brookweed 
Rubus fruticosus L. 2 2 1 
Bramble 
Rubus sp. 1 
Potentilla anserina L. 1 
Silverweed 
Lythrum sp. 2 

Purple-loosestrife 
Hydrocotyle vulgaris L. 1 5 
Marsh pennywort 
Apium nodiflorum (1.) Lag. 1 
Fool's water-cress 
Torilis sp. 1 
Hedge-parsleys 
Daucus carota L. 1 
Wild carrot 
Menyanthes trifoliata L. 1 
Bog bean 
Galeopsis sp. 1 
Hemp-nettles 
Lycopus europaeus L. 1 2 1 
Gypsywort 
Mentha sp. 1 1 
Mints 
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Table 5 Plant macrofossil remains from the Magor Pill boat (cont.) 

Sample 33 8 13 32 34 35 38 43 45 54 
Context 8 14 22 23 24 26 29 37 39 w54 
Sample size (ml) 250 1000 250 250 250 250 500 250 250 100 
Plantago major L. 1 

Greater plantain 
Veronica beccabunga L. 2 

Brooklime 
Sambucus nigra L. 1 

Elder 
Sonchus asper (L.) Hill 1 

Prickly sow-thistle 
Taraxacum sp. 1 

Dandelions 
Aster tripolium L. 2 

Sea aster 
Bellis perennis L. 1 
Daisy 
Chrysanthemum segetum L. 1 1 
Corn marigold 
Eupatorium cannabinum L. 1 2 

Hemp agrimony 
Triglochin maritima L. 1 1 

Sea arrowgrass 
Potamogeton spp. 1 1 1 

Pond weeds 
Ruppia maritima L. 1 1 

Beaked tasselweed 
Zannichellia palustris L. 1 

Horned pondweed 
Lemna cf. gibba L. 1 

Fat duckweed 
Juncus spp. 4 30 1 78 9 7 

Rushes 
Juncus spp. 39 1 
capsule 
Eriophorum vaginatum L. 1 6 4 12 36 2 
Hare's-tail cottongrass - sclerenchymatous 
spindles 
Eleocharis palustris/E. uniglumis - 1 
Common spike-rush/Slender spike-rush 
Bolboschoenus maritimus (L.) 2 1 

Palla Sea club-rush 
Schoenoplectus tabernae- 1 1 1 2 
montani (C. Gmelin) Grey club-rush 
Isolepis setacea (L.) R. Br. 1 
Bristle club-rush 
Cladium mariscus (L.) Pohl 1 1 1 
Great fen-sedge 
Carex spp. biconvex 1 1 1 
Sedges 
Carex spp. trigonous 2 
Poaceae 2mm 2 1 
Large grasses 
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Table 5 Plant macrofossil remains from the Magor Pill boat (cont.) 

Sample 33 8 

Context 8 14 

Sample size (ml) 250 1000 

Poaceae 2mm 4 

Small grasses 
Poaceae 1 

floret base 
rachis 
Typha sp. 1 

Bulrushes 
Thorns 
Bud scales 7 

Dicot. leaf frags. + 
Wood frags. 

Charcoal + 
~onocot. remains + 
Charred monocot. remains + 
Pteridium aquilinum (L.) Kuhn 1 

leaffrags 

~oss + + 
Charred moss 
Chara sp. 3 

Caulking 

+=present 

macrofossil evidence from sample 33. Chenopo
diaceae taxa are well represented and Aster tripolium 
(sea aster) is also present. Freshwater pollen taxa may 
reflect communities further upstream rather than in 
the immediate vicinity. Although the landscape was 
largely open, there is some indication of woodland, 
predominantly oak on the drier ground and alder in 
wetter habitats with other arboreal species, notably 
beech, occurring in smaller amounts. A number of 
taxa indicate grassland communities although many 
may equally reflect salt-marsh. Cerealia type pollen 
suggests arable activity although some grains could 
be derived from wild grasses. The occurrence of 
Calluna and other ericaceous species is most likely 
from redeposition of eroded raised bog rather than 
contemporary communities. An increase in Poaceae 
pollen (40cm) coincides with an organic band and is 
possibly attributable to the local growth of Phrag
mites or redeposition of peat containing reed re
mains. The pollen assemblage from the level above 
(36cm) is essentially the same as earlier. The upper 
pollen levels relate to a later palaeochannel and are 
discussed below. 

Pollen spectra from samples taken from within the 
boat (samples 24, 26, and 30) broadly reflect condi
tions contemporary with the loss of the boat. The 
environment is essentially the same as in earlier 
deposits although there is some variation between 
the samples, perhaps more attributable to the pres-

13 32 34 35 38 43 45 54 
22 23 24 26 29 37 39 w54 

250 250 250 250 500 250 250 100 
8 9 1 16 3 1 

1 
1 4 

2 1 
2 3 

+ + + + + + 
+ + + + + + + 
+ + + + + 
+ + + + + + + ? 

1 

+ + + + + + + + 
+ 

1 8 1 

+ 

ence of redeposited material rather than differences 
in the contemporary environment. Sample 24 from 
context 023 was described as 'least organic' and 
produced the highest count of Chenopodiaceae pol
len. High Betula values in sample 30 (context 026) 
contrast with the results from samples 24 and 26 
(context 024) and perhaps most likely reflect re
worked material rather than a period of increased 
development of birch woodland. Higher Corylus 
avellana type pollen values occur in samples 26 and 
30 compared with sample 24. Plant macrofossil 
samples from these contexts and others indicate that 
at least some of the pollen was probably derived from 
Myrica gale (bog myrtle). Plant macrofossils are 
generally sparse in these contexts and other contexts 
associated with the boat but are marginally more 
frequent in the more organic samples. Sample 23 
produced no seeds. A number of plant macrofossil 
taxa, such as Triglochin maritima (sea arrowgrass), 
Suaeda maritima (annual sea-blite) and Atriplex 
spp. (oraches), support the pollen evidence for salt
marsh, and Daucus carota (wild carrot) typically 
grows near the sea. Similarly, the presence of seeds 
of aquatic taxa such as Potamogeton (pondweed) and 
Typha (bulrush) is in agreement with the pollen 
evidence for a freshwater element. Fen species such 
as Hydrocotyle vulgaris (pennyworts) and Menyan
thes trifoliata (bog bean) occur in both records. 
Woodland evidence is slight with low amounts of 
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Table 6 Plant macrofossil remains from the plant macrofossil and caulking samples from the Magor Pill boat 

Sample 51 77 14 21 

Sample size (ml) 100 100 

Betula spp. 2 

Birch 
Chenopodium album L. 1 

Fat hen 
Atriplex sp. 1 

Oraches 
Salicornia sp. 3 

Sea-spurreys 
Stellaria media (L.) Villars 1 

Common stitchworts 
Rumexsp. 1 

Dock 
Calluna vulgaris (L.) Hull 
Heather - charred leaf 
Erica tetralix L. 1 
Cross-leaved heath - leaf 
frags. 
Aphanes arvensis L. 
Parsley piert 
Ulex sp. 
Gorse - spine 
Torilis cf. nodosa (L.) Gaertner 
Knotted hedge-parsley 
Leontodon sp. 1 

Hawkbits 
Asteraceae 1 

Triglochin maritima L. 
Sea arrowgrass 
Juncus sp. 6 1 

Rushes 
cf. Scirpus tabernaemonatani 1 
(C. Gemlin) Palla 
Grey club-rush 
Hordeum sp. 
Barley- rachis frags. 
Poaceae >2mm 1 
Large grasses 
Poaceae <2mm 3 
Small grasses 
Calyces 1 
Dicot. leaf frags. + + 

Moss + + + + 

Caulking + + + 

+=present 

Betula (birch) seeds occurring in a few samples and 
Alnus (alder) only in one, but confirms the pollen 
record for the presence of these species in the area. 
Calluna pollen and seeds may represent contempo
rary heather or, given the stratigraphic evidence, 
re-worked raised bog. From the evidence available 

22 56 58 60 70 80 84 87 
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4 4 
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+ + + + + + + + 

there does not appear to have been locally the type of 
disturbed ground habitat found further inland 
around the Bronze Age palaeochannel site at Caldi
cot (Nayling & Caseldine 1997). 

The limber hole sample (sample 54) provided no 
evidence for any plant material which might have 
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been carried on the boat, contrasting with the record 
from the Roman boat at Barland's Farm (Caseldine 
& Johnson unpublished). The two samples described 
as plant macrofossil samples and taken specifically 
because the excavators felt they might produce 
evidence of cargoes, contained small amounts of 
plant material and one contained animal fibre but 
again there was no evidence for any plant material 
which might have been carried either intentionally 
or accidentally. 

The caulking samples were examined primarily to 
determine the nature of the caulking which appeared 
to be animal fibre. Six samples were forwarded for 
further analysis (see Ryder p 55). The presence of 
other remains was noted in the samples and two of 
them contained chaff which appeared to be Hordeum 
rachis. This might represent material carried on the 
boat at some stage or material from local arable 
activity washed downstream which became trapped 
amongst the caulking. The absence of any cereal 
remains in the other samples perhaps favours the 
first explanation; documentary and pollen evidence 
clearly indicates arable agriculture in the area at this 
time. The presence of Aphanes arvensis (parsley 
piert) and Torilis cf nodosa (knotted hedge-parsley), 
both weeds associated with cultivation, could also 
either reflect cereal carried on the boat or 'local' 
arable activity and material washed in. Other re
mains, such as a seed of Triglochin maritima and a 
charred Calluna leaf, are clearly washed in. Occa
sional moss fragments occurred in a number of the 
caulking samples but also in most of the macrofossil 
samples, suggesting that moss had not been specifi
cally used as caulking. 

The remaining samples post-date the boat. Plant 
macrofossil sample 8 was from context 014, a layer 
of clay overlying gravel and iron ore. Salt-marsh taxa 
are quite well represented and predominate but 
Papaver argemone (prickly poppy), a weed of arable 
fields and waste ground, and Sambucus nigra (elder), 
another species frequently found on waste or rough 
ground, are also present. 

Pollen from monolith 2 (sample 005) is from 
contexts post-dating the gravel. The pollen assem
blages are little different to the previous samples. A 
largely open environment with evidence for salt
marsh, grassland, cereal cultivation, and limited 
woodland is indicated. 

The remaining pollen samples are from the later 
palaeochannel sampled in monolith 1 (sample 002). 
Basically, conditions appear to be much the same as 
earlier although, compared with the lower levels 
which largely reflect a pre-boat environment, alder 
values ar e marginally higher and Chenopodiaceae 
values marginally lower, but not significantly so. The 
examination ofleaves from sample 001 from the later 
palaeochannel indicates the presence of beech , oak, 
and possibly bog myrtle. Beech is present in all three 
diagrams, and further evidence that beech made up 
a significant part of the woodland in medieval 
south-east Wales comes from the identification of 
beech from medieval Monmouth (Caseldine and 

Hannon unpublished). Relict beech woods still sur
vive in south-east Wales today (Hyde & Harrison 
1977). Beech, along with oak and alder, was fre
quently used to make charcoal and such local 
woodland resources may be significant as the boat 
was carrying iron ore. 

The generally low concentrations of plant remains 
in the samples would be in keeping with quite an 
active stream channel and is in agreement with the 
suggestion that the boat lay at or near the mouth of 
the contemporary river (Nayling 1996a, 93; this 
volume, p 11). 

Conclusions 

Conditions changed little during the period covered. 
Salt-marsh was present locally and the channel was 
subject to a tidal influence. Undoubtedly some 
reworking and re-deposition of material occurred. 
Although limited, the pollen and plant macrofossil 
evidence is in agreement with the documentary 
evidence for the medieval landscape (Rippon 1996, 
96). Mixed agricultural land-use is suggested with 
seasonal grazing of cattle on the Gwent Levels, as 
well as on the coastal salt-mar shes, and a significant 
level of cereal cultivation. Areas offen-carr woodland 
also persisted while on drier ground some oak and 
beech woodland occurred, perhaps significant in that 
the boat was carrying iron ore and that these two 
taxa, as well as alder, are commonly used for 
charcoal. Finally, cereal chaff from the caulking 
samples might represent material carried on the boat 
or be derived from local arable activity. 

Diatom analysis of sediments and 
caulking material 
by Nigel Cameron and Simon Dobinson 

Introduction 

The purpose of undertaking diatom analysis of the 
sediment and caulking material associated with the 
Magor Pill boat was to determine the aquatic 
conditions in which the boat was 'laid up'; and, 
perhaps, the predominant type of waters in which the 
boat was used. These questions are concemed prin
cipally with the salinity of the water. As diatom 
species assemblages are highly sensitive to this and 
other aspects of water quality, their analysis is of 
value. However, there are linked taphonomic prob
lems related both to the boat remains and to the 
associated diatom assemblages. It is important to 
ascertain whether the boat lay directly on sediments 
which represent the surface sediment, and therefore 
water quality, contemporary with the boat's deposi
tion. A further question is whether diatom assem
blages associated with caulking material best 
represent the conditions in which the boat was used. 
They may altem atively represent instantaneous 



Diatom Halobian Groups: Caulking Samples 
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Figure 26 Relative diatom abundance for caulking 
samples grouped by salinity preference: see text for 
an explanation of the x-axis scale 

diatom contamination at the time of deposition or 
indeed post-depositional contamination from sur
rounding sediments. The caulking material supplied 
for analysis appeared to be free from visible sediment 
contamination, but where diatom concentrations in 
surrounding sediments are high and those in the 
caulking material low, allochthonous valves might 
contaminate the fibres significantly. 

Despite these caveats the application of diatom 
analysis to selected sediment samples and to caulking 
material was judged to be a useful component of the 
environmental analyses associated with the Magor 
Pill boat. In combination with archaeological, sedimen
tological and other bio-archaeological techniques, 
diatom analysis can assist in reconstructing the 
conditions in which the boat was used and deposited. 

Methods 

Preparation of diatom slides followed standard pro
cedures (Battarbee 1986). Cleaned solutions from 
each sub-sample were evaporated on three cover
slips at different concentrations and were mounted 
in Naphrax. Slides were examined using a Leitz, or 
Zeiss research microscope with phase contrast illu
mination at a magnification of x1000 or x1200. 
Where necessary, diatom identifications were con
firmed using the collection of diatom floras and 
publications of the Environmental Change Research 
Centre, University College London. 

Diatom species' salinity preferences were classified 
using the halobian groups of Hustedt (1953; 1957, 
199) summarised below: 

Diatom Halobian Groups: Spot Samples 
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Figure 27 Percentage diatom diagram for spot 
samples taken between the ceiling and hull planks 
grouped by salinity preference 

1. Polyhalobian: > 30 g 1-1 

2. Mesohalobian: 0.2-30 g 1-1 

39 

3. Oligohalobian - Halophilous: optimum in 
slightly brackish water 

4. Oligohalobian - Indifferent: optimum in fresh
water but tolerant of slightly brackish water 

5. Halophobous: exclusively freshwater 
6. Unknown: taxa of unknown salinity preference. 

The principal source of data on species ecology used 
was the survey of Denys (1992). The program TILIA 
2.00 (Grimm 1991) was used for data manipulation 
and diagrams were plotted using TILIAGRAPH 1.25 
(Grimm 1991). The results of diatom counts are 
presented for the caulking material in Figure 26 and 
for the sediment samples in Figure 27. 

For the caulking material, as a result of very low 
diatom concentrations, semi-quantitative counts only 
were possible. For these samples, species observed as 
single valves were assigned an arbitrary value of one; 
species which were relatively common, with counts 
of two to five valves, were given a value of five; and 
species which were relatively abundant, with valve 
counts of greater than five, were given a value of nine. 

For the samples from sediment contexts, diatom 
counts were possible. However, diatom concentra
tions were low and therefore much counting effort 
was required to r each sums of over 100 valves. 
The percentages for Samples 025, 027, and 031 
are based on diatom sums of 166, 104, and 117 
valves respectively. The coherent nature of the 
diatom assemblages suggests that these sums are 
adequate to represent the composition of the assem
blages. 
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Results and discussion 

Caulking 

Qualitative analysis of diatoms associated with the 
caulking material (Samples 64 and 66) is unequivo
cal; marine taxa are dominant in both samples, with 
the mesohalobous species Nitzschia nauicularis also 
common in Sample 64. Exclusively freshwater taxa 
are completely absent in both samples . The taxon of 
lowest salinity optimum was a single valve of 
Navicula cincta, a halophilous species, which has a 
wide salinity tolerance and is commonly found in 
brackish water environments. The dominant marine 
diatom component is comparable with the sediment 
assemblages found in tidal mudflat environments in 
the Severn Estuary and in sub-fossil material from 
the Estuary: for example cf diatom analyses of 
material from the Caldicot site (Cameron 1997), 
Barland's Farm, and the Second Severn Crossing 
(Cameron 1993). Planktonic or semi-planktonic spe
cies are most common. Being an easily transported 
life form, these coastal diatoms can mask 
autochthonous non-planktonic species. However, in 
these cases the diatom assemblage is coherent in 
representing a marine to brackish-marine level of 
salinity with no freshwater taxa present. 

Sediment samples 

Diatom analysis of the sediment samples indicates, 
for two samples, similar salinities to those assem
blages from the caulking. Samples 025 and 031 are 
both dominated by polyhalobous taxa, comprising 

over 80% ofthe valves in each case. Again planktonic 
and semi-planktonic species, such as Paralia sulcata 
and Cymatosira belgica are the main components of 
the marine flora. In Samples 025 and 031 mesoha
lobes, also typical of the estuary, constitute approxi
mately 10% of the assemblages respectively, whilst 
halophiles and oligohalobous (indifferent) species are 
rare or, in the case of Sample 025, absent. 

Sample 027 contains a slightly different diatom 
assemblage to the other sediment samples. Again 
polyhalobes are dominant and the group is composed 
of similar open-water, coastal taxa to those in the 
other sediment samples. Like the other samples 
there is also a significant mesohalobous component. 
However, Sample 027 also contains a significant 
component ofhalophilous and oligohalobous (indif
ferent) diatoms which represent environments 
which are freshwater or on the freshwater side of 
brackish. The significance of this difference in 
diatom species composition needs to be compared 
with evidence from stratigraphic and other sediment 
analyses. 

Both sediment and caulking samples, therefore, 
contain diatom assemblages comparable in species 
and halobian composition to those found in sedi
ments from late Holocene contexts at other tidal sites 
on the Gwent Levels and adjacent Severn Estuary 
mudflats. Freshwater taxa, however, are rare, except 
in sediment sample 027, and conversely there are no 
diatom components associated with more 'oceanic' 
conditions. Subject to the taphonomic caveats men
tioned in the introduction to this report, the diatom 
assemblages examined here are compatible with use 
and 'abandonment' of the boat in estuarine to coastal 
environments. 



The finds 

A small number of artefacts were recovered from the 
deposits in and around the boat. Some are clearly 
residual, the result of fluvial reworking of earlier 
deposits leading to the re-deposition of material in 
later channel fills. With the exception of a small 
cluster ofbird bone found in the matrix of the hurdle, 
none can be definitively linked with the boat. Indeed, 
finds from context 001 are interpreted as part of the 
general scatter of unstratified and transported finds 
associated with mobile surface sediment in the 
vicinity of the palaeochannels exposed on the fore
shore at Magor Pill which have been the subject of 
collection over the last half-century. 

Roman pottery 
by Peter Webster 

The Roman pottery is obviously unconnected to the 
boat. It does, however, give information about earlier 
land-use in the area of the boat and should thus be 
set alongside the information assembled by Fulford, 
Alien, and others regarding later Roman drainage of 
the Gwent Levels (eg Alien & Fulford 1986). With 
this in mind all Roman pottery is listed below and 
two more diagnostic pieces illustrated (Fig 28). 

Context 001 

Three sherds of South Wales Grey Ware, all from 
jars. One is in light grey fabric with a mid-grey 
surface and has a possible burnished line, presum
ably part of lattice decoration, running at about 45 
degrees to the horizontal across the external surface; 
this angle of decoration could well be 3rd century, but 
is not necessarily so. A second is in mid-grey with a 
light grey exterior surface. The third is illustrated: 
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Figure 28 Residual Roman pottery. Scale 1:4 
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1. Jar in light to mid-grey fabric with a darker 
exterior. Much ofthe exterior surface and the top 
of the rim internally has been burnished to give 
a slightly metallic sheen in places. Although the 
rim is not particularly flared, the vessel on which 
it served was clearly not very bulbous. This 
suggests a mid- to late Roman date. Similarities 
with a vessel from Usk (Manning 1993, fig 110, 
31.1) may be used to tentatively suggest a 
3rd-century date. 

Context 005 

The context yielded a single jar sherd in South Wales 
Grey Ware. The fabric is mid-grey with a brownish 
core. The exterior is smooth, the interior shows fmger 
rilling but also the slightly metallic sheen observed 
on no 1 above. 

Context 009 

2. Jar in Black-burnished ware (BBl). The form is 
similar to Gillam 1976, no 11 (late 3rd to early 
4th century) although the angle of the lattice 
might suggest that this piece belongs at the 
earlier end of the date range. An unusual feature 
is a zig-zag wavy line on the rim. This is generally 
regarded as a 1st- and 2nd-century feature (cf 
Gillam 1976, nos 1-3) and has not been noted 
from vessels of such a late date as this. Despite 
the anomalous decoration a late 3rd-century date 
seems most likely for this piece. 

It is obviously unwise to draw more than general 
conclusions from such a small collection. It may be 
noted, however, that all the pieces would suit a 
3rd-century context and that a date in the second half 
of that century seems the more likely. 

Medieval pottery 
by Mark Redknap 

A number of potsherds were recovered from the 
vicinity of the wreck during the course of the 
excavation and subsequent recovery operation. A 
selection have been illustrated here (Fig 29). The 
pottery is now in the collections of the National 
Museums and Galleries of Wales (NMW ace no 
97.25H). 

1. Context 001. Hand-made but blade-trimmed 
cooking-pot rim with plain, everted rim in 
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Figure 29 Medieval pottery: sherds 1, 3, 4, 5, 7. Scale 1:4 

Minety-type fabric. Heavy sooting on exterior 
surface (some on rim top); thin 'splashed' olive 
green glaze (5Y 5/4) on rim top (uneven cover
age). Spaced diagonal combing (5+ teeth) occurs 
on the body exterior between neck and waist, and 
two stabbed holes are visible in the top surface of 
the rim. The fabric has grey inner surface (2.5YR 
N51) and light grey core (7.5YR N7/). The inclu
sions in the fine clay matrix are abundant 
ill-sorted fine to medium (occasionally 1.5mm) 
angular to rounded limestone, with sparse angu
lar quartz, and occasional sub-rounded 
ferruginous (brown-stained) inclusions (up to 
1.5mm across). 

Vessels in this fabric, with abundant limestone 
inclusions, were probably made in the Minety 
area in the late 12th and 13th centuries. Cook
ing-pots produced at these kilns are identical in 
form and fabric to the Magor Pill cooking-pot 
(Musty 1973; Redknap 1990, fig 6.16, 177-179 
from phase 3, second half of the 13th century). 
Similar cooking-pots formed a high proportion 
of the assemblage recovered from Selsley Com
mon near Stroud, a site considered by Gracie to 
be a probable temporary marching camp used 
by Edward I's troops prior to the battle of 
Evesham (AD1265), set up to guard the Severn 
crossings below Gloucester (Gracie 1949, 25; 
Dunning 1949, fig 2, no 1). If this is true, Selsley 
provides a terminus ante quem of 1265 for the 
Magor Pill form, which appears to be typologi
cally slightly earlier than the Selsley examples 
(Alan Vince, pers comm.). Similar forms were 
found at Stratton St Margaret within an occupa
tion layer in close association with a silver penny 
of Henry Ill dated 1248-50 (Dunning 1949, 41 
and 43). 

2. Context 005. Wall sherd from cooking-pot in 
Minety-type fabric. External sooting; no glaze. 
Probably from shoulder or waist area of vessel no 
1 (identical fabric, colour, and wall thickness). 

3. Context 001. Wheel-thrown jug wall sherd 
(upper body), with yellowish-red core (5YR 5/6) 
and reddish-yellow interior surface (7 .5YR 676); 
patchy dark yellowish-brown external glaze 
(lOYR 4/6 with some darker patches). The fabric 
comprises a fine oxidised matrix containing 
occasional mica, fine black specks, sub-rounded 
to sub-angular ferruginous inclusions, and occa
sional white quartz (lmm). The potter has used 
a finger to create a series of diagonal indents 
around the waist of the body. Some small 
splashed-on glaze on the interior. Malvernian 
fabric with feldspar (in texture and section). The 
unusual decoration has been recorded on 
Worcester and Stamford wares, but hitherto not 
on Malvern wares (Alan Vince, pers comm.) 

4. Context 001. Lower handle attachment from a 
wheel-thrown glazed jug, with reddish-yellow 
margins and surfaces (7.5YR 6/6) and olive 
external glaze (5Y 4/4 with darker olive patches; 
good uniform overall coverage). Oxidised fabric 
with moderate well-sorted white quartz (most < 
0.3mm, some up to 0.5mm), occasional 'sandy' 
rounded inclusions (1-1.5mm) and occasional 
fine black specks. Single finger indenting either 
side of a vertical central slash down the strap 
handle. Hard orange fabric: 'Glamorgan Glazed 
ware'. Cf Caerleon fabric L (Evans 1982, 17). 

5. Context 001. Wheel-thrown cooking-pot rim, 
with pinkish-grey to reddish-yellow surfaces 
(slight reduction; 7.5YR 6/2 to 7.5YR 6/6); light 
grey to grey core (7.5YR N6/). The hard fabric 
contains abundant ill-sorted fine angular to 



sub-angular white and (less frequently) clear 
quartz (occasionally to 1mm) and moderate 
ill-sorted ferruginous inclusions (some rounded 
up to 1mm). Muscovite? A repeating pattern of 
diagonal slashing on rim top and around neck. 
The rim form and decoration resembles that on 
late 13th-century wasters found at Penhow 
(Wrathmell1981, 6), and the sherd is identical to 
one found on the Magor Pill foreshore in 1986 
(NMW Ace No 1986.57H/1-2: Courtney 1986,23 
attributed to 'Old Red Sandstones of Gwent'). A 
local source in Monmouthshire appears likely. 

6. Context 001. Thick wall sherd from large hand 
made storage jar. Light grey fabric (7.5YR N7(), 
slight external trimming. Source: north Wilt
shire? 

7. Unstratified; found approximately 150m east of 
the wreck. Plain base of Saintonge ware jug, in 
very fine white fabric (2.5Y 8/2), dating to c 1300. 
No glaze. 

8. Context 006. Small wall sherd from glazed jug 
(probably from centre of base). 

9 . Context 006. Highly abraded (water-worn) Jug 
wall sherd. Light brown surfaces, grey core (no 
glaze). 

10. Context 006. Highly abraded (water-worn) 
brick/tile fabric. 

Discussion 

None of the pottery found at Magor Pill can be 
stratigraphically demonstrated to have definitely 
formed part of the vessel contents prior to the 
wrecking. The majority of the sherds are from the 
semi-mobile layer of gravel, silt, and clay covering 
the whole site (context 001), and by virtue of their 
dates are probably later intrusions associated with 
human activity in the area. The only exception may 
be the cooking-pot in Minety-type fabric (nos 1-2): 
the rim sherd is larger than most sherds recovered 
from the area (almost 50% of the rim circumference 
survives), and more than one sherd from the vessel 
survives (but see below). Such cooking-pots were 
specialised products, notable for their large capacity 
and useful for boiling water. The smaller wall sherd 
was found in a silty-clay layer (005) which contained 
some intrusive material such as sherds of Roman 
greyware (as did 001). Chronologically the pot is 
contemporary with the boat. If not part of the ship's 
inventory or associated with salvage operations 
following her sinking, then it seems likely that the 
cooking-pot was lost in the vicinity of the wreck 
through one of a number of possible processes: 
discarded from other vessels or during foreshore 
work, redistributed from contexts within the medie
val port as a consequence of erosion or even washed 
in by tidal currents and storm waves to settle in slack 
water. The small, water worn sherds were from a 
layer of gravel and iron ore (context 006) directly 
overlying the vessel. 

Study of the inventories of late medieval ships of 
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the 14th and 15th centuries found in the Netherlands 
has shown that the usual number of objects found on 
board such vessels ranged from twenty-five to a 
hundred, increasing on ships of similar size in the 
post-medieval period (Vlierman 1993, 70). That of 
the wreck known as N 5 in Oostelijk Flevoland, dated 
to the first half of the 14th century, included a 
handmade Kugeltopf (cooking-pot) and small red 
earthenware tripod pitcher for cooking, and for 
drinking a small jug and two drinking jugs from 
Langerwehe/Siegburg (Vlierman 1985). These larger 
ships were cogs with the capacity to cook on board, 
and it is likely that many smaller open boats of the 
Magor Pill type will not have required ceramics to 
the same degree, except where included within 
personal baggage, as containers for merchandise, or 
cargo. Nevertheless, the occurrence of cooking-pots 
on vessels in the early fourteenth .century as equip
ment rather than cargo is of interest. Crews may 
have supplemented their diet by fishing, and hooks 
and fishing line are listed in some inventories. The 
presence of cauldrons and hanging chains on ships of 
the Viking Age indicates that while such keels were 
not equipped for cooking on board, equipment was 
stowed for cooking ashore. Edward l's galleys of 1295 
carried equipment for cooking, eating, and drinking: 
for example, on the Dunwich galley were stowed 4 
cauldrons, 4 pots, 10 barrels (for water?), 24 cups, 100 
plates, and 10 dishes, for a crew of about 100 men, 
while the Newcastle galley carried a mill (quem
stone) and 6 iron griddles (Friel 1995, 117). Even a 
moderately-sized boat such as Magor Pill would 
require an adequate water supply for its crew (about 
two litres per person per day), and a water barrel 
would have formed part of the original cargo. 

It is remarkable that cooking-pot no 5 is probably 
part of the same vessel recovered by Derek Upton 
from Magor Pill in 1986 (NMW ace no 86.57H/1) at 
ST438840. Another cooking-pot from the same Mu
seum collection, also in two sections, was heavily 
sooted and approximately 1/3 of its circumference 
survived (Courtney 1986, 24 no 3). Clearly large 
fragments of cooking-pot appear to be distributed in 
this general area. 

Most of the fabrics are commonly found in towns of 
south-east Wales in the 13th century, such as 
Chepstow (Vince 1991, 93-140), and reflect chrono
logically the economic/trading profile of Abergwaithel 
(Abergwaitha), first recorded in 1245 and 'wholly 
deserted' by 1327 (though the name still occurs in 
the 15th century). North Wiltshire tripod pitchers 
have a well-plotted early 13th-century distribution 
from Gloucester/Hereford to the Gower and south
east Ireland (Vince 1985, 56). Hereford wares are 
first found in mid-13th-century contexts, and in
creased in frequency in the 14th century (Vince 1985, 
43). 

This area of foreshore (a stretch of over 500m) has 
over the years produced large quantities of medieval 
pottery, some of which is now in the collections of 
Newport Museum (including a fme green glazed jug 
in Bristol Ham green fabric with diamond rouletting 
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and slashing down the handle found in the vicinity 
ofthe boat). Fieldwork by Alien and Rippon in 1994 
also located 33 fragments of medieval pottery, 
alongside Iron Age, Romano-British and early 
post-medieval wares. The medieval pottery was 
subdivided as follows: 'Penhow Castle ware' cooking
pot (2); 'Glamorgan ware' cooking-pot (2); 'Bristol 
wares' (11); Ham Green ware cooking-pot (2); 'Mal
vern Chase ware' cooking-pot (2); 'Micaceous cook
ing-pot fabrics' (13); 'Limestone-tempered ware' (1); 
and 'Micaceous ware' jug (1) (Alien & Rippon 1995a, 
33-35). The redistribution of pottery, both Roman 
and medieval, is extensive, and all the sherds 
catalogued above can be interpreted as part of the 
process of erosion and redeposition which post-dates 
the event of the wreck. Nevertheless the medieval 
pottery provides a valuable index for the level and 
intensity of activity at this point along the north side 
of the Bristol Channel in the second half of the 13th 
century. 

Animal bone 
by Martin Locock 

Introduction 

A group of ten bones was retrieved from the silts 
overlying the boat, and a small group (four bones) 
was found sealed within the hurdle (015), presum
ably contemporary with the boat's use. The bone is 
in a moderate condition; there was no evidence of 
butchery. 

Catalogue 

Context Description 
001 Rib, large mammal, adult 

Mandible (part), cow 
Unidentified element, large mammal 

004 Skull, horse, adult 
005 Tooth, cow, adult 

Tooth, cow, adult 
Rib, medium mammal 

006 Unidentified element, medium mammal 
014 Tooth, horse, adult 
015 Femur, fowl 

Ulna, fowl 
Unidentified elements (2), bird 

027 Rib, large mammal, juvenile 

Discussion 

The group of bird bones from the hurdle may 
represent either food waste or deposition of a part
carcass; the absence of butchery marks and the 
presence of elements usually removed at the kitchen 
stage implies the latter. The fowl bones are slightly 
larger than bantam size, and may be immature 
(Cohen & Serjeantson 1986). 

The remaining material, which is essentially un
stratified, is an assemblage oflow-meat-value bones 
from common domesticates, and could be considered 
to derive from primary waste dumping. 



The boat Richard Brunning, Nigel Nay ling and Adam Yates 

Methods of post-excavation and 
research 

Given the recovery of the vessel substantially intact, 
and its subsequent dismantling in controlled condi
tions, recording of individual timbers and their 
relationships formed a continuum with less clearly 
defined division into project phases than might 
usually be found in archaeological investigations. A 
pragmatic approach was taken to achieve a stand
ardised record for each timber comprising drawing 
and photography in situ where possible, timber 
record sheets, scale drawings, and 1:1 tracings, and 
detailed and overall studio photographs. 

Individual timbers, or fragments of them, which 
had become detached from the vessel, either in 
antiquity or during the process of excavation, were 
assigned unique timber numbers in the field. These 
numbers were differentiated from context and sam
ple numbers by the prefix 'w'. Preliminary observa
tions were recorded on timber record sheets (see 
below), and relevant timber numbers marked on site 
drawings and photograph indexes. Timbers recov
ered during the excavations were labelled, wrapped, 
and transferred to temporary storage in water tanks. 
Once a plot became available from the photogram
metric survey, this was annotated with timber 
numbers as these were assigned. 

During the process of recovery, the aft ends of the 
upper port strakes, removed prior to construction of 
the lifting cradle, were numbered and marked on the 
same plot. Excavation of tunnels under the hull led 
to the recovery of disassociated fragments, particu
larly where the upper, port side had become detached 
from the rest of the hull. With no opportunity to 
assess these fragments in the field, these were 
labelled with information on their original location, 
and then wrapped and transported to a temporary 
holding tank on the support vessel. More visible 
elements which became dislodged by the tide were 
treated similarly but also marked on the photogram
metric plot. 

As the vessel was dismantled, generally in reverse 
order of construction, timber numbers were assigned 
to ceiling planks, framing timbers, hull planks, stem 
post, and keel. These numbers were noted on photo
graph record sheets, scale drawings and, retrospec
tively, in the excavation records. As the function and 
relative position of timbers became clear, these were 
assigned function codes as described in the introduc
tory section on 'the in situ vessel' (p 14). Detached 
fragments were progressively re-united with their 
parent timbers, and previously assigned numbers 
and timber record sheets combined under function 
codes. 
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Cleaning and recording 

During evaluation and excavation, maintaining a 
balance between uncovering the vessel sufficiently to 
allow in situ recording and avoiding erosion of 
surface detail through excessive cleaning and expo
sure to the effects of the tides proved difficult. The 
situation was aggravated by the presence of con
creted iron ore, particularly along the centre line of 
the boat, which obscured some structural detail but 
was left in place until after recovery, and the 
abrasive nature of ore out-wash and compacted 
gravel which directly overlay many of the timbers. 
Whenever possible, bare hands and water were used 
in initial exposure and subsequent cleaning of the 
wreck. A combination of geotextile and sandbags was 
used to protect the vessel during high tides, a 
covering which remained in place during the process 
of recovery up until the time oflifting. 

Once the timbers had been separated, they were 
cleaned using copious quantities of clean, running 
water and brushes and fingertips to remove remain
ing mud and concreted ore. Only very loose or 
detached fastenings were removed and their loca
tions labelled on the timber. The aim was to allow 
detailed examination and recording of technological 
details such as intentional marks and toolmarks 
without removing more ephemeral evidence such as 
caulking residues and 'shadows' left by formerly 
abutting timbers. During scale drawing, loose 
treenails were removed and assigned wood numbers 
which were recorded on the drawings. The correct 
processing of the corroded remains of nails and roves 
was the subject of considerable discussion between 
project team members. In the end, an approach was 
taken which aimed to maximise information re
trieval whilst keeping damage to the timbers down 
to an acceptable level. Metal fastenings which were 
either loose or could be removed with limited force, 
were detached, and assigned unique find numbers 
which were marked on drawings. This allowed 
information to be recorded on the dimensions, shape 
and orientation of roves and nail heads and shanks. 

During the final phase of cleaning, additional 
fastenings were removed and recorded as previously. 
Any remaining metal fastenings and their corrosion 
products were removed, sometimes by chemical 
means (see Dollery p 154), following the majority of 
recording. 

Individual timbers were recorded using timber 
record sheets, scale drawings (usually 1:5), full-scale 
tracings and photography. Double-sided timber re
cord sheets, designed specifically for the project, 
contained written descriptions and annotated 
sketches along with cross-references to samples and 
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Figure 30 Nomenclature of the main timbers 

Keel 

other records. Information on the parent wood 
(species, ring counts, and grain) was accompanied by 
a sketch giving the timber's estimated location 
within the parent tree, and its method and type of 
conversion. Woodworking notes on tool usage, inten
tional marks (eg setting-out marks), and joints 
included metrical data on tool facets and jam curves 
(ie stop marks). Details offastenings, including their 
own find or wood numbers, were noted in a table. A 
final field contained any information on wear or 
modification. 

Pencil scale drawings, on drafting film generally at 
a scale of 1:5, recorded similar information in 
graphical form with additional annotations. The 
inboard and outboard faces, longitudinal profiles and 
cross-sections of planks were all drawn. The upper 
faces and undersides of framing timbers were drawn 
in plan view along with the elevation of either the aft 
or forward face. All four faces of the keel and stem 
post were recorded. The nature of the parent wood 
was indicated by drawing grain pattern, including 
knots, the position of any sapwood and/or bark, and 
ring/ray patterns where visible which were accompa
nied by annotations on estimated ring counts, direc
tion of growth etc. Woodworking evidence such as 
bevels, joggles, scarfs, setting-out marks, and tool
marks were again often accompanied by notes. 
Fastenings were labelled with their relevant num
bers, and the position and number of samples (eg 
dendrochronology, caulking, conservation) indicated. 

Full-scale direct tracings of the timbers onto 
acetate, carried out by staff from the NMGW, 
complemented the scale drawings. These were usu-

Garboard strake 

ally drawn with a copy of the relevant scale drawing 
available for cross-reference. The tracings proved 
particularly useful both as a tool to assist full-scale 
model building (see Redknap p 129), and as a 
cross-check on the accuracy and completeness of the 
scale drawings. 

Description 

Description of the boat is divided into sections on the 
hull structure, fastenings, tool usage, the evidence 
for salvage, contents, and oak and beech dendrochro
nology. 

Hull structure 

In this section, short overviews of timbers grouped 
by function are followed by detailed description and 
illustration of individual timbers within that group. 
These overviews explain the attributes specific to 
that group, used in the descriptions, and the layout 
ofthe illustrations, and briefly assesses the material 
both in terms of the exhibited attribute states and in 
relation to selected, broadly contemporary parallels. 
The terminology employed is often necessarily spe
cialised. A glossary of terms is provided at the end of 
the volume and the general nomenclature used for 
various timbers shown in Fig 30. 

Descriptions of individual timbers ordered within 
structural groups by function code follow stand
ardised formats. In general, the approach to presen-
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Figure 31 Conventions used in standardised timber drawings 

tation of the timbers has been much influenced by 
McGrail's publication of the Dublin medieval ship 
and boat timbers which encouraged characterisation 
of timbers in terms of relevant attributes (mutually 
exclusive, general descriptive terms) in order to 
facilitate comparative research (McGrail 1993, 10). 
The function code of each timber is used as the key 
reference, as in previous sections. The associated 
wood number is given, for reference to archives, 
followed by any illustration reference and overall 
dimensions. Relevant attribute states, explained in 
the preceding overview, are then listed. A brief 
description is followed by a section on wood science 
describing the nature of the parent material, in terms 
of species, average ring width (abbreviated to 'arw'), 
ring count, and grain, and the timber's apparent 
orientation within the parent log. The overall form of 
the timber, woodworking evidence, and details of 
fastenings then follow. The description is concluded 
with miscellaneous observations which can not be 
readily categorised. 

Illustrations of individual timbers are published at 
a consistent scale of 1:15. Whilst the layout of 
illustrations varies between structural groups, the 
conventions used throughout are standardised (Fig 
31). The intention has been to graphically present 
both technological and dendrological information 
together. Whilst this has encouraged partially dia
grammatic rather than realistic illustration, the 
location, orientation, and scale of all technological 
details are correct. 

Keel and stem post 

Whilst neither the stem post nor the keel survived 
completely, both exhibited features which enable 
comparison with boat finds and reused timbers 

recovered from waterfront excavations, and allow 
characterisation in terms of attribute states. 

Raw materials 

The keel was boxed square from an approximately 
75-year-old oak tree with a bole over 4.56m in length 
and 0 .30m diameter in the midship area (Fig 32). The 
pith was slightly off centre in the surviving part 
resulting in more sapwood being present on the 
inboard and outboard corners of the starboard side 
than on the port side. The presence of sapwood on all 
four corners of the timber shows that the smallest 
possible tree was used to make the keel or alterna
tively that the size of the keel was restricted by the 
size of the trees available. The top of the tree was at 
the forward end of the keel and here the tapering of 
the trunk meant that some sapwood was present at 
the scarf with the stem post. This orientation was 
probably because the trunk of the parent tree was 
very slightly curved, but as the other part of the keel 
does not survive this is impossible to prove. Many 
knots from side branches occur along the length of 
the keeL The trace of one large side branch was 
evident at the broken stern end. The grain of the 
wood runs out of the timber around this branch 
creating a weakness which was one of the reasons 
why the keel fractured at this precise point. A slight 
bulge and subsequent narrowing of the keel on the 
outboard face at 1.85m from the bow end was also 
caused by the presence of a large branch. 

The stem post is incomplete at 0.80m in length. Its 
triangular shape was carved from a half-split oak 
trunk which had a diameter greater than 280mm and 
moderate growth rate (average ring width c 2mm). 
No sapwood was present on this timber so the girth 
of the parent tree cannot be estimated. A few small 
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knots are visible on the timber but no evidence of 
large branches. 

Dimensions and form 

Over its surviving length of just over 4.5m, the upper 
surface of the keel tapers from 230mm at its broken, 
aft end to 135mm at the scarf with the stem post, 
whilst its depth also lessens towards the bow, though 
less acutely. There is no indication of the aft end 
beginning to taper towards the stern, as might be 
expected if more than half of the original keel length 
survived. Both the inboard and outboard faces are 
convex in profile. Rebates, running the full length of 
both sides of the keel, accommodated the first 
(garboard) strakes. The ratios of the keel's dimen
sions (Fig 33a) can be used to categorise its overall 
form. The product of moulded and sided dimensions 
(M.S, see the glossary for an explanation of these 
terms), an indication of its relative mass at 460, is 
high in comparison with the same attribute for the 
five published Dublin keels and comparative data 
(McGrail 1993, tables 5, 6). Its vertical, rather than 
horizontal orientation discourages comparison with 
the plank keels of the Graveney and Blackfriars 
vessels (Fenwick 1978, 201; Marsden 1996). Indeed, 
the ratio of the overall moulded and sided dimensions 
(M/8), and the same ratio below the garboard strakes 
(M2/S2), at c 1.0 and 0.8 respectively, define the keel 
as of'thin-beam' type (McGrail1987, 113). The depth 
of keel below the garboard strakes, along with a 
moderately sharp deadrise to the garboards (see 
below), would have helped with the anti-leeway 
properties of the vessel. Whilst the keel appears 
unusually sturdy for the vessel's estimated length, it 
is possible that this represents local adaptation, 
perhaps to the difficult conditions of the Severn. 

The stem post is somewhat more difficult to 
characterise, given its very partial survival. Possibly 
it was the lowest section in a composite post. Beyond 
its scarf and rebate (see below), preservation was 
poor: it has a deep (M/S > 1), near triangular profile, 
and an estimated radius of curvature of c 1.5m. Its 
upper face was probably flat rather than hollowed, 
although damage, possibly by marine borers, has 
obscured this surface. 

Scarf between keel and stem post 

The keel and stem post were joined with a stop
splayed on edge, face-nailed scarf with a gradient of 
44%. The scarf is 155mm vertically and 270mm 
lon,gitudinally. The 'stop' is on the inboard and is 
29mm deep. The join was secured by two nails driven 
blind through the port face of the stem into the keel, 
one nail driven blind through the starboard face of 
the keel into the stem, and two nails driven down 
through the upper face of the keel (Fig 33b). As with 
the overlaps between hull planks, the join was 
caulked with wool (see Ryder p 55). 

Figure 32 Location of keel within its parent tree 

The vertical nature of the scarf may have been 
determined by the greater vertical as opposed to 
horizontal dimensions of the keel. On early clinker 
boats such as Sutton Hoo and Graveney the keel
stem scarf is usually horizontal but vertical scarfs 
are typical of Viking boats (McGrail & Denford 1982, 
33-4). The orientation of the scarf and the presence 
of rebates are features also exhibited by the compos
ite stem post recovered from the Poole waterfront 
(Hutchinson 1994, 32, fig 24), although the latter 
does not appear to have a stop of any kind, and moss 
rather than wool was used as caulking. The way the 
upper surface of the keel above the scarfhas been cut 
down to take the shoulder of the stem encourages 
re-interpretation ofthe similar feature on one of the 
Dublin keels (DST56, McGrail1993, 107) as part of 
the scarf to a post rather than a rebate to take a knee 
or deadwood timber. 

Rebates 

Both the keel and the stem post had finely finished 
rebates at the top of their port and starboard sides to 
receive the garboard strakes. The vertical height of 
the land was 60mm. The rebates were sunk 20mm 
into the keel but this tapered down so that it was only 
6mm at the beginning of the stem post, with the 
deadrise angle increasing from 45-55° along the 
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Nails driven blind and horizontally t---- - - - - - -
Vertical splayed scarf 

through the stem post into the keel 

b) 

______ ---t Nail driven blind and horizontally 
through the keel into the stem post 

Figure 33 Diagram of a) the dimensions measured to define attributes on the keel, and b) the scarf between 
the keel and stem post 

main length of the keel to 55-65° on the stem. The 
deadrise angles of the rebates fall within McGrail's 
'moderately sharp' category becoming 'sharp' on the 
stem post. The rebate for the garboards ends 0.48m 
along the stem post in a neat uptum angled slightly 
to forward. A single nail on the port and two on the 
starboard near the surviving inboard edge of the 
stem post were probably part of the fastening for 
planks of the second strakes but the incomplete state 
of the timber limits the evidence conceming how the 
other strakes were secured to the stem. The develop
ment of rebates on keels to accommodate garboards 
seems to have occurred around the 11th century. 
Neither the three lOth-century keels from Dublin nor 
the 9th-century Gokstad and Osberg ships have 

rebates. The later lOth-century keel from Dublin has 
a part rebate whilst the 11th-century Skuldelev 
vessels comprise three with rebates and two without. 
Rebates are present on the only other keel from 
Dublin which is 12th or 13th century in date 
(McGrail1993, 33). 

Fastenings 

The garboard strakes were fastened within the 
rebates on the keel and stem with square shank nails 
(c 10mm2

) driven blind from outboard. Nail spacings 
are relatively regular except where additional nails 
secured the scarfs between adjoining planks. There 
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Figure 34 The oak plug in situ in the augered hole 
at the forward end of the keel. View ofthe starboard 
side. Scale interval O.lm 

is no evidence for the fastening of frame or other 
timbers. 

Plugged hole 

Astern of the scarf, a sub-rectangular hole, wider on 
the port than starboard side, had been augered and 
cut through the keel, and was occupied by an oak 
plug, w091 (Figs 34 and 35). This plug appears to 
have been made by taking a radially converted piece 
of oak and chopping across the grain at both ends 
before snapping the waste wood away. It is unclear 
whether this cross-cutting took place before or after 
the plug was in place. The position of the hole and 
wear on its forward edges suggests it was used to 
assist in hauling out. 

Catalogue 

• Function Code: Keel. Wood number: 055 
Fig36 
L 4560mm, W(max) 240mm, T(max) 215mm 
Moulded dimension (MJ 214mm, sided dimen
sion (SJ 215mm 
Dimensions below garboard strakes: moulded 
(M:} 126mm, sided (S:} 158mm 
Deadrise angle (port) 45° 
Deadrise angle (starboard) 55° 
M2 I S2 = 0.80. 

Forward end has scarf with stem post w056. Aft 
end broken and torn, the damage starting aft of F7. 
Both sides almost totally intact. Toolmarks evident 
on upper face and along port side, especially in 
association with side branches. Score marks showing 
position of faying surface of floor timbers at F5- 7. 
Shallow groove on upper face between F4 and F5. 
Slight step in starboard rebate may be indicative of 
construction techniques. 

Figure 35 The oak plug in situ in the augered hole 
at the forward end of the keel. View of the port side. 
Scale interval O.lm 

Wood science. Fashioned from whole oak log. 
Moderate growth rate (arw = 2.09mm) with 49 
heartwood and 24 sapwood rings. Sapwood occurs 
along both upper port and starboard edges, mostly to 
starboard. Grain is roughly parallel to timber and 
fairly straight apart from several side branches. At 
dendrochronology sample site, the centre of log is 
approximately central vertically but is nearer port 
than starboard. The base of the tree is beyond the 
stem. 

Scarf at bow is a modified through-splayed vertical 
scarf (angle 24°), secured with iron nails, c 280mm 
long. 400mm behind the scarf, a sub-rectangular hole 
(79mm max by 55mm to starboard, c 110 by 60mm 
to port), has been augered and cut through the keel, 
and sealed with an oak plug (w091). 

Dimensions. In cross-section the timber is U
shaped with a convex upper face. Rebates on both 
sides to take garboard strakes. Timber has a bulge c 
1500mm from start of scarf at bow on the underside, 
where a side branch emerges. This is the thickest 
point. The keel gradually thickens from the bow 
(175mm at start of scarf) to this point, where it is 
215mm thick. It then narrows to 200mm before 
gradually thickening to 210mm at stem. Keel widens 
from bow to stern from 130mm at start of scarf, to 
225mm at last whole point. 

Nails. Three main groups of iron nails; those along 
the port and starboard rebates to secure the gar
boards, and those at the bow to fasten the keel to the 
stem post. 

Twenty-five nails along the starboard rebate. Two 
of these are very close together (55mm apart), and 
were used to secure the aft and forward scarfs of S 1.1 
and S1.2 respectively. Apart from these, the nails are 
100-175mm apart. Most of them show square cross
sections, c lOmm square. 

Twenty-one nails along port rebate. Most are 
150- 280mm apart. Two nails hammered through 
shoulder of stem post scarf into top of keel scarf. 
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Figure 36 The keel. The outline of the oak plug (w091) is indicated by vertical hatch shading. Scale 1:15 
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Figure 37 The oak plug: the port end is at the top of the 
illustration. Scale 1:2 

Three nails in side of scarf: two aftmost driven 
through stem blind into keel, forward one visa versa. 

The variation in thickness may be due to differen
tial wear during use, the harder parts, such as where 
side branches emerge, having wom less. 

• Function Code: Plug. Wood number: 091 
Fig37 
L 90mm, W 64mm (starboard), 75mm (port), T 
40mm (starboard), 48mm (port) 

Oak plug found within augered hole in keel. 
Wood science. Radially converted, straight

grained, oak heartwood with 32 heartwood rings of 
moderate growth rate (arw = 2.18mm). 

Dimensions. Its port end is distinctly more angular 
on one side than the other and slightly thicker than 
the sub-rectangular starboard end. 

Both the ends and sides exhibit near-flat tool facets 
up to 65mm wide, with tool signatures on the sides 
running at c 30° to the stop marks suggesting the use 
of an axe. A small central section of the port end, and 
much of the starboard end appears to have been 
snapped rather than cut. 

• Function Code: Stem post. Wood number: 056 
Fig38 
L 800mm, W(max) 145mm, T(max) 210mm 
Moulded dimension (M1) 210mm, sided dimen
sion (SJ 145mm 
Dimensions below garboard strakes: moulded 

(M:J 120mm, sided (S:J 98mm 
Deadrise angle (port) 75° 
Deadrise angle (starboard) 65° 
Enclosed angle c 27° 
Radius of curvature c 1575mm 

Stem post. Forward end eroded, aft end scarfed to 
join with the keel. Both sides virtually intact along 
surviving length. Rebates on both faces 490mm long 
to take garboard strakes. Toolmarks apparent on 

PLAN VIEW 
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Figure 38 The stem post. Scale 1:15 
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Figure 39 Exploded diagram of the surviving planks in their relative positions 

starboard face and where surface has been protected 
by scarf, including some possible saw marks on aft 
face. Some damage to scarf on upper starboard corner 
and on port side at aft end. Radius of curvature 
difficult to determine with accuracy because of 
uneven nature oflower edge. 

Wood science. Fashioned from half-split oak. Mod
erate growth rate, arw = 2.04mm, with c 50 heart
wood rings. Very small amount of sapwood on upper 
aft port corner. Grain is wavy with several side 
branches. Centre of tree is to port. 

Dimensions. Upper face is flat, lower edge is 
curved, this creates variation in thickness with 
thickest point towards centre. Timber also narrows 
towards bow, although this is difficult to quantify due 
to erosion of upper end. 

Nails. Six nails in port face: One driven through 
scarf of stem into scarf ofkeel; four in rebate c 150mm 
apart to secure garboard strake Pl; one above and 
forward of rebate to secure P2. Two ofthese nails (one 
in rebate, one at P2), show c lOmm square cross-sec
tions. Two nails driven through shoulder (upper face 
at aft end) to attach stem post to keel. Five nails in 
starboard face. Four in rebate 125-175mm apart to 
attach Sl, one just above rebate to attach 82? Four 
of these show c lOmm square cross-sections. Three 

nails visible on starboard face of scarf: two at aft 
end (driven through from port side to attach to 
keel) and one at forward end driven through keel into 
scarf. 

Variation in curve on lower edge may be due to 
differential wear. Upper face shows a number of 
irregular grooves, possibly the result of the actions 
of marine borers. 

Hull planks 

Fragments, or more complete parts of 29 hull planks 
were recovered, eleven from the starboard side and 
eighteen from the port side (Fig 39). Due to a number 
of factors, including post-depositional salvage and 
erosion, only eight of these survived to close to their 
original length. Planks from strakes 83-85 and 
P3- P6 had been cut, along the forward face of F2 
and between Fl and F2 respectively, in antiquity. 
This and other evidence for salvage is described later 
(p 95). Before presenting detailed descriptions of 
each timber, the characteristics of this group are 
considered, in some cases with reference to other boat 
finds. 
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Figure 40 Histogram of plank lengths within 500mm categories 

Raw materials 

The strakes were all made from radially split oak 
with the sole exception of P10? which was a tangen
tially converted piece of oak. The quality of the 
timber was generally very high with a straight grain 
and very few knots. Dendrochronological analysis 
indicates that the majority of planks were derived 
from just two trees (Nayling, p 116). These trees 
(labelled 'tree1' and 'tree2' respectively) exhibited 
moderate growth rates with average ring widths of c 
2mm, and were aged 14 7 + and 178+ years at felling. 
The distribution of the planks from these two trees 
within the vessel is indicated in Fig 112. Plank P10? 
could also well come from treel. It would appear that 
these planks were mixed rather than having been 
used in any particular order. The size of trunks of 
these trees is hard to estimate precisely due to 
widespread removal of sapwood and the absence of 
the pith of the tree in any of the samples taken for 
dendrochronology. The usable height of their boles 
exceeded 3.2m (tree1, P8) and 3.65m (tree2, P3). In 
at least one instance (F6 from tree2), a floor timber 
was also-extracted from one of these trees. 

Dimensions 

Just under one third of the planks survived to their 
near-complete original length (Fig 40). The shortest 
complete planks (81.2 and Pl.2) are between 1m and 

1.5m long, whilst the longest (P6.2) is just over 
3.5m long. It is clear from the longest incomplete 
planks (P3 c 3.6m, P2 3.4m) that longer planks were 
employed, but their full original length cannot be 
defined. 

The narrowest strakes are the garboards with a 
width of roughly 200mm, while the next five strakes 
vary between 280mm and 300mm. Above this the 
width narrows to between 250mm and 270mm on P7 
to P9. As a comparison the plank widths recorded on 
the Dublin ships' timbers were concentrated in the 
250mm to 350mm size range. It has been estimated 
that to produce planks 300mm wide a log with a 
diameter of at least 1m would be needed (Olsen & 
Crumlin-Pedersen 1990, 132-4). 

The present thickness of the strakes varies from 
20mm to 32mm, the thickest being the second to 
fourth strakes on each side. The thickness of the 
planks together with the evidence ofthe ray pattern 
suggests that the radial splits made to create the 
planks represented 1/32 or less of the trunks' 
circumference. The only exceptions are the garboard 
strakes which required larger radial splits to allow 
their curving profiles to be carved out of the timber 
and the possible top strake (P10?) that was tangen
tially converted. 

That the widest possible planks were being derived 
from the trees available is shown by the inclusion of 
sapwood on over one quarter of the surviving planks. 
Four of the six garboard planks, which were the 
narrowest of all the strakes, had sapwood on one 



54 

edge. This may be because these strakes required a 
wide radial split to enable the all important shape of 
the garboards to be carved out. 

Thin radially split oak planks were the type of 
material normally used in clinker-built vessels of 
north-western Europe during the medieval period 
and later (Marsden 1996, 24) as can be seen in the 
medieval ships' timbers from Dublin where all 14 7 
oak planks were radially split from slow-grown trees 
(McGrail1993, 41-43). In the Skuldelev 3 vessel, the 
sole tangentially split plank was a gunwale (Olsen & 
Crumlin-Pedersen 1990, 132-4), perhaps because 
any vertically set fittings could have started a crack 
if a radial plank had been used. This reinforces the 
possibility that P10? is a gunwale. 

Splitting oak logs along the rays is an easy and 
efficient way to produce planks and avoids the centre 
of the trunk, which often suffers from incipient 
fungus attack in old trees. Radial planks can also 
withstand greater stresses than tangentials before 
splitting, and shrink only half as much when they 
season, making them less liable to warp and split. If 
tangentially converted planks had been used as 
strakes, the fastening nails would be driven across 
the plane of weakness, potentially causing splits. 
With radial planks, the nails are at right angles to 
the main plane of weakness. 

Finishing and positioning 

It may be expected that the narrow wedge shape 
resulting from radially splitting a log would mean 
that the timber produced would be orientated in a 
particular direction. Where the orientation of the 
plank can be determined on the Magor Pill boat there 
are twice as many examples of the outer edge of the 
radial facing keel wards as facing upwards. This does 
not appear to be due to a requirement for a greater 
thickness on this edge to allow a bevel to be cut, and 
the orientation is more likely to be a product of 
chance factors during the splitting of the timber. This 
also appears to have been the case on the Dublin 
timbers (McGrail1993, 40-1). 

Where sapwood is present on the strakes some care 
appears to have been taken with its positioning. On 
most of the examples the amount of sapwood is so 
small that all ofthe nails joining the strakes together 
pass through only heartwood. The exception is PS, 
where many of the nails joining PS to P9 are in 
sapwood. On the garboard strakes which retain some 
sapwood the timber is orientated so that the impor
tant join to the keel is made entirely with heartwood. 

Less care seems to have been taken with the 
positioning of the treenails which joined the frames 
to the strakes. In some cases the treenails penetrate 
the scarf joint between two planks. As the thickness 
of the individual timbers narrows at this point the 
treenail is more likely to cause a split as happened 
on P7.2 and P7.3. 

More serious for the integrity of the vessel is that 
little attempt appears to have been made to stagger 

the position of the treenails so that a split along the 
grain of the plank was less likely to occur. Thus, on 
some planks such as P5.2 and P7.1, a split has 
developed between adjacent treenail holes. The 
repaired split on P6.1 only passes through a single 
treenail while the long break on P6.2 is through the 
middle of the plank avoiding all the treenails. 

The thickness of the strake planks varies consider
ably from 20mm to 32mm with the second to fifth 
strakes being the thickest and the garboard strakes 
the thinnest. The latter was also the case in the 
Blackfriars 4 vessel (Marsden 1996, 105). The thick
ness of the garboard strakes may have been signifi
cantly reduced by wear from grounding in shallow 
water however. McGrail noted that the Dublin 
strakes became increasingly thick up to the loaded 
waterline and towards midships. The latter point is 
certainly true of the Magor Pill strakes and the 
former may be too if the water line was on the fifth 
strake. 

The fifth strake on both sides is relatively thick in 
the midships and P5.2 has a peculiar curved bulging 
profile. This suggests that P5.2 and S5.2 may be 
meginhufr, which is an Old Norse word for the strong 
middle plank of a three plank strake which divides 
the upper and lower portions of a vessel (Greenhill & 
Morrison 1995, 197-S). Other examples ofmeginhufr 
have been noted on Viking Age and medieval vessels 
from Scandinavia and Ireland (McGrail 1993, 43). 
The lack of similarity in profile between P5.2 and 
S5.2 is puzzling however. 

The angle of the vessel's sides was determined by 
the bevels on the strakes. In the first three strakes 
the bevel is consistently on the inboard lower edge of 
the planks where the transverse profile ofthe vessel 
is concave on the outside . Above this however there 
is more variety with many planks exhibiting no bevel 
at all and some such as S4 or P6.3 having a bevel on 
the outboard upper edge. This is because the flare of 
the sides is decreasing at this point. The need for a 
bevel was also determined by the shape of the plank 
and the need for cutting down to secure a watertight 
fit. Thus P6.1 and S6 have only partial bevels where 
the timber needed trimming, and the bevel on P6.3 
is intermittent for the same reason. 

Overlaps between different strakes 

The overlapping strakes were secured with iron 
nails, driven through pre-augered holes from out
board, and deformed over a rove on the inboard (eg 
Fig 41). These fastenings are considered in more 
detail below (see nails, p 100). The land varied from 
40mm to 60mm which accords with the modern rule 
of thumb that the land should be twice the thickness 
of the plank. This rule seems to have been generally 
observed in the Dublin ships' timbers but not in those 
of medieval vessels from London (McGrail 1993, 
44-5; Marsden 1996, 23). 

Bevels were present on many of the overlaps as 
noted in the section on finishing above. There were 



Figure 41 Inboard face of part of the port side 
plank P4.1 (upper edge towards bottom of 
photograph). Characteristic features include a score 
line and regularly spaced nails along the upper 
edge at the overlap with the adjacent strake, 
regularly spaced rove impressions along the lower 
edge, and an auger hole to take a treenail to fasten 
a floor timber. Scale 0.4m 

no instances of caulking grooves noted on any planks. 
The lack of caulking grooves fits with the evidence 
from medieval London and Dublin (Marsden 1996, 
24; McGrail 1993, 45). 

Joints between strake planks 

The scarfs used to join together planks of the same 
strake are of the 'through-splayed on edge, face
nailed' type (McGrail & Denford 1982, 35) secured by 
two or three nails clenched over roves inboard (Fig 
42). This type of plank scarf was commonly used in 
the medieval period and as early as the Sutton Hoo 
boat. The scarfs were orientated so that their 
forward-facing edge was inboard to prevent the force 
of water pushing the seam open. 

The length of the scarfs varied considerably from 
17 5mm to 285mm but they were mainly between 
240mm and 260mm. This is broadly comparable to 
the 240mm to 430mm measurements on the scarfs of 
the ships' planks from Dublin (McGrail 1993, 43-4). 

It is hard to determine to what extent scarfs were 
kept separate in adjoining strakes due to the partial 
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survival of the vessel. There are no instances of scarfs 
in adjoining strakes touching one another and 
generally they seem to have been well spaced to avoid 
producing weaknesses in the hull. 

Setting out marks 

The position of some floor timbers is marked out: 
where scored lines rather than simply 'shadows' 
indicate the position of the frame in the catalogue 
illustrations, these are indicated with a continuous 
line. The edges of the scarfs are usually marked with 
a scored line. Where a bevel was cut on the strakes 
the edge of the bevel was also usually scored. On 
some strakes such as P7.3 and P6.3, the land is 
scored even though there does not appear to have 
been a bevel. On S4 there are multiple score marks 
defining the land. Scored lines in similar locations to 
the various places mentioned above were also found 
on the ships' timbers from Dublin (McGrail1993, 94). 

Scored lines, or mouldings, on the outboard faces 
of the hull planks did not normally occur. Both P9 
and the possible gunwale (P10?) had a scored line 
running along its outboard face some 55mm above 
the lower edge. This could be a decorative moulding. 

Report on the caulking fibres 
by Michael Ryder 

Introduction The gaps between the wooden planks 
of clinker-built boats are filled with fibrous material 
and tar to provide a water-tight joint. During the 
Roman period boat timbers were caulked with plant 
material such as wood shavings, and modern small 
boats are caulked mainly with plant fibres such as 
flax and hemp. But during the Middle Ages, at any 
rate in Britain, animal hair and wool were used to 
caulk even the largest ships of the day. Use of animal 
hair for caulking in Britain had begun by Saxon times 
(Ryder 1994) but at what post-medieval date animal 
hair was replaced by plant fibres is not known. 

Material and methods The material comprised six 
fibre samples from between overlapping hull planks 

Figure 42 Scarf between adjacent planks of the same strake 
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Table 7 Wool fibre diameter measurements in microns of the caulking samples 

Sample no Diameter Mean 
and timber range ±s.d. Mode %Medulla %Pigment Fleece type 

21/P7.2 10-42,48,60 26.1 ± 9.2 20 1 14 Hairy-medium 
22/P7.2-P8 8, 12-46 22.5 ± 7.2 20 0 18 Generalised medium 
60/Keel 14-44,50,54 24.9± 8.8 20 1 35 Generalised medium 
70/Keel 14-44,50,54 24.7 ± 7.9 20 0 18 Generalised medium 
80/82.1 10-46,54 25.9 ± 8.3 20 1 6 Generalised medium 
87/P5.2 10-44,50,56 25.4 ± 8.5 22 0 0 Generalised medium 

One micron = O.OOlmm; fibres outside the main range are listed separately; the mode is the most frequent fibre diameter 

(both at scarfs and lands), and between garboard 
strakes and the keel rebate. The sample numbers 
and contexts are indicated in Table 7. The material 
was washed and dehydrated in alcohol and then 
mopped dry before being mounted for microscopic 
examination and measurement. The international 
standard (IWTO) method of measuring wool fibre 
diameter was used to measure the diameter of 100 
fibres in each sample. This gives a hair or wool fibre 
diameter distribution, which defines the coat and 
fleece type. The measurements were made with a 
projection microscope at a magnification of x500. 
Other features recorded were the percentage of hairs 
with a central medulla, which is found in coarser 
hairs, and the percentage of hairs with natural 
pigment (from which the colour ofthe animals can be 
suggested). 

Findings The material appeared black to the eye, 
and gross observations made at the time of mounting 
indicated an obvious difference from much of the 
medieval caulking material investigated before, 
which was mostly long and coarse cattle and goat 
hair (Ryder 1994; 1996). Only sample 21 had any 
obvious hairy fibres and on measurement this turned 
out to be the only Hairy-medium wool. All the other 
samples had fine, wavy fibres suggesting wool, but 
there was no evidence that they had been spun into 
yam. This contrasts with the wool used in the 
caulking of medieval boat timbers excavated in 
London, which was mostly re-cycled, dyed waste yam 
from textile processing. The fibres in samples 60 and 
87 were matted together as in felt; this was observed 
by Ryder (1996) in some of the London caulking, but 
interpreted as being due to the movement of the 
timbers rather than the use of wool felt for caulking. 

Under the microscope the fibres were seen to be 
well-preserved wool, most of which had the yellow 
discoloration usual in archaeological remains. Five 
samples had some fibres with black natural pigmen
tation, which would have given the fleece a grey 
colour, although with a maximum of 35% pigmented 
fibres the shade would have been only light grey. 
Other fibres had a less-dense 'dusky' grey discolora
tion that is often associated with a black dye, but in 
this instance may be due to tar used in the caulking. 
Two samples had fibres with a pointed tip, which in 
modem wool indicates the first fleece that has not 

previously been shorn, but in the primitive fleeces 
identified here (see below) probably indicates fibres 
growing to replace some that had shed, sheep with 
such fleeces still having a tendency towards a natural 
spring moult. 

The fibre measurements are shown in Table 7, 
from which it can be seen that one sample was of 
Hairy-medium (primitive hairy) fleece type and five 
of Generalised-medium (primitive woolly) type. 
These fleece types first appeared in the Bronze Age 
and predominated until after the Middle Ages (Ry
der, 1983). The wools are typical of the medieval 
period and are all broadly similar. They can be 
likened to the fleeces of the unimproved Orkney 
breed, a conclusion that is supported by the grey 
natural colour. Such a small amount of variation (in 
fibre diameter) is unusual in fleeces of primitive type. 
The mean fibre diameter values of samples 60 and 
70 are virtually identical and so are likely to have 
come from the same individual fleece and indeed they 
are from the same context. This similarity is particu
larly remarkable because the experimental error in 
determining the mean is of the order of one micron. 
Repeat measurements on the same sample (notably 
of coarser wools than these) often give means that 
are about one micron apart since one can never 
measure exactly the same set of fibres twice. 

Discussion Ryder (1996) found from the London 
ship timbers that during the 12th century the most 
common kind of hair in the caulking was from cattle, 
while goat hair predominated in the 14th and 15th 
centuries. Most common caulking material in the 
16th century was wool, although much cattle hair 
was still used. This is quite different from a study of 
caulking in Bergen, Norway, quoted by Walton 
(1988) where there was a gradual change from the 
use of wool in the 12th century to the use of cattle 
and goat hair in the 15th century, mostly as plied 
cords. Walton (1988; 1989) saw evidence of a similar 
decrease in the use of wool on northern English sites 
during the Middle Ages. The Magor Pill wool caulk
ing differs from the trend found in London, but fits 
that found in Norway and northern England, and is 
of further interest in that it was apparently not only 
virgin wool, but was of the finest clothing wool of the 
day. Although it could be argued that finer wool 
would give a better seal, why was this expensive fibre 



<BOW 

<STERN 

Extent of overlap of 
adjacent strake 

0 • 

PORT PLANK 

Upper (port) edge I Section line 

-~---····- .. . . . -------- --- -------------------------- -
OUTBOARD FACE 

0 

Lower (starboard) edge I 

Lower (starboard) edge 

0 

----·- ----__;;;.·---1·---=--- . : 

0 ·r. ·:;,.·. 0 -.... ~~ 0 

INBOARD FACE 

Upper (port) edge 

STARBOARD PLANK 

Upper (starboard) edge . . . • 

STERN> 

~
SECTION 

Outboard 
face 

BOW> 

Line of 
section 1 

------------------------------ -------- --- ------ -------------- ------- --- ---------- -- ------------- -------------
OUTBOARD FACE 

0 0 . 
Estimat~d continuation 7-

• • • • 
Lower (port) edge 

• 
Outboard edge 

Scored line(s) marking edge of overlap 
Inboard edge 

Lower (port) edge 

• -=-
0 

I 
0 I INBOARD 

FACE 

: .·~ I ·•: ' ( \ ~· : \~!> =.•: :..! : .... ;.;:-

Scored line marking Upper (starboard) edge 
extent of scarf Scored line marking 

edge of framing timber o ----=====-----====1m 

Figure 43 Diagram indicating the layout of individual illustrations of the port and starboard hull planks 

57 

used in place of cattle hair, goat hair, wool waste, or 
even plant material? 

Catalogue 

(Pl.l, P2 etc), commences with the function code, its 
original wood numbers, a figure reference and the 
main overall measurements. This is followed by a 
short general description and sub-sections on wood 
science, dimensions, scarfs, strake overlaps, nails, 
treenails and any miscellaneous comments. 

The description and illustration of the hull planks 
has been standardised as far as possible. The text 
section for each plank, ordered by function code 

The layout of the illustrations is summarised in Fig 
43. Each plank is drawn with its outboard face at the 
top, with cross-sections located to its right (always 
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Figure 44 Port side plank P1.1. Scale 1:15 

with the outboard edge of the section to the right). 
The inboard face is placed below, with a longitudinal 
profile positioned between the two faces. Planks from 
the port side are shown with the bow to the left and 
starboard planks with the bow to the right. 

• Function Code: P1.1. Wood numbers: 012, 070 
Fig44 
L 2635mm, W (max) 205mm, T (max) 23mm 

Port garboard plank near bow. Bow end broken, aft 
end nearly complete scarf. Upper edge intact for most 
of length. Lower edge intact aft of Fl. Edge of land 
on lower inboard face defined by score mark. Tool
marks observed on inboard face, particularly at aft 
end where surface has been protected by scarf. 

Wood Science. Fashioned from radially split oak. 
Slow growth rate (arw = 1.90mm). Mostly heartwood 
(88H rings), with some sapwood along lower forward 
edge (15S rings). Plank runs at a slight angle to the 
grain, although the parent timber is very straight
grained. Centre of tree is beyond the upper edge. 

Dimensions. In cross-section the plank is shaped 
like a flattened inverted V with the apex on the 
inboard face c 72mm from the lower edge (c 1/3 of the 
total width of the plank). The V was created by 
cutting the lower leg of the V across the rays, creating 
the scarf to fit in the rebate of the keel. The plank 
widens slightly from bow to stern (190mm to 
205mm). The plank is thickest at the apex of the V, 
narrowing towards its upper and lower edges (to 
12mm and 10mm respectively). 

Scarfs. The scarf aft end slopes down from the 
inboard face for 240mm at an acute angle of 5.47° or 
a gradient of9.58%. 

Strake overlaps. For most of the length of the plank 
the lower inboard land is 70mm wide, however, near 
the bow this flares out to 85mm. The lower part of 
the plank has been cut down as described above at 
an angle of25. 72° in relation to the rest of the inboard 
face (or a gradient of 47.22%). 

Nails. Thirteen iron nails survive along the upper 
edge for the lap with P2, at intervals of 150-200mm, 
clenched over rectangular roves averaging 25mm by 
30mm on the inboard face. Fifteen nails survive 
along the lower edge for the lap with the keel, at 
intervals of 150- 180mm driven from outboard with 

heads c 20mm in diameter. Two of these show square 
cross-sections. The gap between these two rows 
widens from bow to stern (from 135mm to 160mm). 
One nail secures the aft scarf. 

• Function Code: P1.2. Wood number: 071 
Fig45 
L 1080mm, W (max) 205mm, T (max) 20mm 

Port garboard plank. Bow end has an almost 
complete scarf, stern end scarf mostly incomplete. 
Most of the upper and lower edges are intact. Score 
marks define the beginning of the scarfs, on the aft 
inboard and forward outboard faces. The score mark 
for the scarf on the aft end only appears on the 
portion of the timber outside the rebate with the keel. 
Numerous toolmarks survive, especially where the 
surface has been protected by scarfs. The lap on the 
lower inboard face is defined by a score mark. 

Wood Science. Fashioned from radially split oak. 
One side branch (c 50mm diameter) roughly in the 
centre of the plank. Moderate growth rate (arw = 
2.04mm) with 104 heartwood rings. 

Dimensions. The plank is llmm thick at the upper 
edge. It is thickest at a point c 60mm (3/10 of the total 
width) from the lower edge and is 10mm thick along 
the lower edge. 

Scarfs. The scarf at the forward end slopes up from 
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Figure 45 Port side plank P1.2. Scale 1:15 



Figure 46 Port side plank PJ.3. Scale 1:15 

the outboard face for 240mm at an acute angle of 
4. 76° or a gradient of8.33%. The aft scarf slopes down 
from the inboard face for 260mm giving an angle of 
4.40° or a gradient of 7.69%. It is also cut down 
slightly on the upper face at the very aft end. 

Strake overlaps. The lower inboard land is 
55-60mm wide and is cut down at an angle of 11.31 o 

or a gradient of 20%. The upper outboard land is 
60mm wide. 

Nails. There are six nails along the upper edge at 
intervals between 150-215mm apart for the lap with 
P2. These are clenched over rectangular roves (25mm 
by 25-30mm) on the inboard faces. Four of these 
show clear square cross-sections. Six nails survive 
along the lower edge for the lap with the keel. These 
are irregularly spaced at intervals of 140-260mm 
and driven from the outboard face, although the 
heads were too corroded to observe clearly. The two 
rows of nails are 165mm apart. Two further nails at 
the forward end secure the scarf. These are clenched 
over r ectangular roves on the inboard face. One nail 
survives at the aft end to secure the scarf. Several of 
these nails show clear square cross-sections. 

• Function Code: Pl.3. Wood number: 088 
Fig46 
L 990mm, W (max) 85mm, T (max) 24mm 

Port garboard plank fragment only surviving in 
rebate of keel. Bow end almost intact scarf across 
surviving width, aft end incomplete. Upper edge 
incomplete, lower edge intact. Edge of land on lower 
inboard face defined by score mark. 

Wood Science. Fashioned from radially split oak. 
Slow growth rate (arw = 1.96mm) with 30 heartwood 
and 16 sapwood rings, the sapwood occurring along 
the forward lower edge. The parent timber was 
straight-grained, the plank running across the grain 
at a slight angle. In cross-section the plank is 
wedge-shaped, with the inboard face having been cut 
down across the rays to create the angle to fit in the 
rebate of the keel. Centre of tree is beyond the upper 
edge. 

Dimensions. The plank narrows from its upper to 
lower edges (from 24mm to 12mm). 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 190mm at an acute angle of 
7.20° or a gradient of 12.63%. 

Strake overlaps. The surviving length of the plank 
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is almost entirely land. This has been cut down at an 
angle of9.21 o or a gradient of 16.21%. Where defined 
by a score it is c 74mm wide. 

Nails. Five nails survive along lower edge at 
intervals of 125-160mm, the gap progressively wid
ening from bow to stem, driven from outboard with 
heads c 25mm diameter. One shows a square cross-sec
tion (c 9mm), the rest round (c 10mm diameter). 
These are for securing the plank to the keel. 

• Function Code: P2. Wood number: 072 
Fig47 
L 3395mm, W (max) 290mm, T (max) 30mm 

Port side hull plank. Bow end incomplete scarf, aft 
end incomplete scarf. Upper edge damaged aft of 
F5 and forward of F2. Lower edge intact. Score 
marks defining beginning of scarf at aft end on 
inboard face. Toolmarks survive on inboard face on 
the aft scarf. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.39mm) with 113 heart
wood rings. Two side-branches along lower edge, 
apart from which it is straight-grained. 

Dimensions. Inboard face of this plank is peaked, 
the apex being c 90mm from lower edge. Outboard 
face is concave, this results in a boomerang-shaped 
cross-section, the upper arm being longer than the 
lower. This has been created by cutting across the 
rays on the lower arm and has the effect of estab
lishing the angle for the land with Pl. The plank 
widens slightly from bow to stem (from 260 to 
290mm). The plank is thickest at the peak on the 
inboard face, narrowing to 24mm and 21mm along 
the lower and upper edges respectively. 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for a surviving length of 150mm. 
The aft feather slopes down from the inboard face for 
260mm at an acute angle of 6.58° or a gradient of 
11.54%. 

Strake overlaps. The lower lap on the inboard face 
is 50-60mm wide, and has been created as described 
above by cutting across the rays. This results in an 
angle of 19.65° in relation to the rest of the inboard 
face (or a gradient of 35.71 %). The upper land on the 
outboard face is 40-60mm wide. 

Nails. Fourteen nails survive along the upper edge 
at intervals of 160- 215mm, clenched over rectangu
lar roves (25mm by 23-27mm) on the inboard face. 
Nineteen nails survive along the lower edge at 
intervals of 130-220mm driven from outboard with 
round heads (c 25mm diameter). These two rows are 
c 220mm apart. Two nails secure the scarf at the aft 
end, two securing the forward. 

Treenails. There are treenail holes at all the frames 
groups crossing this plank (F1-F6). Those at F2, F3, 
F4, and F5 contain treenails. The holes are round 
with 20- 25mm diameter. 

Miscellaneous. Shadows of frame timbers are 
apparent at F1, F2, F3, F5, and F6. In three cases 
(F1, F3, and F5) the edges of the frames are defined 
by score marks. 
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Figure 49 Port side plank P4.1. Scale 1:15 

• Function Code: P3. Wood number: 073 
Fig48 

SL 

L 3650mm, W (max) 288mm, T (max) 32mm 

• 

Port side hull plank. Both ends incomplete with the 
beginning of a scarf at the forward end. Lower edge 
damaged aft ofF5, upper edge is almost totally intact 
along surviving length. Edges of lands on both faces 
are defined by score marks. 

Wood Science. Fashioned from radially split oak, 
although the plank itself is slightly off-radial. 
Moderate/fast growth rate (arw = 2.75mm) with 92 
heartwood rings. Straight-grained with the plank 
running parallel to the grain. The centre of the tree 
is beyond the upper edge. 

Dimensions. This plank is very slightly S-shaped 
in cross-section, the thickness remaining constant, 
thinning slightly at edges (to 20mm at lower and 
16mm at upper edge). The plank widens slightly from 
bow to stern (from 260mm to 275mm at F4). 

Scarfs. The remains of the scarf at the bow end is 
too small to produce meaningful measurements. 

Strake overlaps. The land on the lower inboard 
edge is 45-50mm wide. On the upper outboard face 
it is 50-55mm wide. 

Nails. Twenty nails survive along upper edge at 
intervals of 160- 210mm, clenched over rectangular 
roves (25mm by 15-30mm) on the inboard face . Many 
of these show square cross-sections (c 9mm square). 
Thirteen nail holes survive along the lower edge at 
intervals of 160-200mm driven from outboard with 
heads c 25mm in diameter. One nail survives (c 9mm 
square) securing the bow scarf. 

Tree nails. There are treenail holes at all the frame 
groups crossing this plank (F2-F8). Those at F2, F3, 
and F4 contain treenails. The holes are round c 
25mm in diameter. 

Miscellaneous. Score marks define the edges of the 
floor timbers at F2-F7. 

• Function Code: P4.1. Wood number: 074 
Fig49 
L 2600mm, W (max) 295mm, T (max) 23mm 
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Port side hull plank. Bow end incomplete, aft end 
incomplete scarf. Upper edge and lower edges virtu
ally intact along surviving length. Score marks 
defining edges of lands on both faces. Toolmarks 
observed on inboard face where surface has been 
protected by scarf at aft end. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.42mm), with 105 
heartwood rings. Straight-grained with plank paral
leling the grain. Centre of tree is beyond the lower 
edge. 

Dimensions. Plank thins slightly from its upper 
edge (22mm) to its lower (14mm). It progressively 
widens from bow to stern (from 255mm to 295mm). 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 305mm at an acute angle of 4.31 o 

or a gradient of7.54%. 
Strake overlaps. The land on the lower inboard face 

is 55-65mm wide. It bevels down slightly at the very 
lower edge on the inboard face at an angle of 15.94° or 
a gradient of 28.57%. The upper outboard land is 
30-40mm wide, and very slightly bevelled along the 
edge. 

Nails. Thirteen nails along upper edge at intervals 
of 150-200mm, clenched over rectangular roves, 25mm 
by 25-30mm on the inboard face. The roves appear 
to be aligned roughly parallel to the edge of the plank. 
Several of the nails show square cross-sections (c 
10mm). Fourteen nails survive along lower edge at 
intervals of 160- 200mm driven from outboard with 
round heads c 20mm diameter. The gap between these 
two rows widens from bow to stern, from 225mm to 
240mm. One nail secures the scarf at the aft end. 

Treenails. There are treenail holes at all the frame 
groups crossing this plank, F2 to F6. Those at F2, F3, 
F4, and F5 contain treenails. F6 survives as an 
incomplete hole in the aft scarf. The holes are 
c 25mm in diameter. The treenails are all cut down 
from the parent wood rather than being roundwood. 

Miscellaneous. Shadows of frame timbers are 
visible at F2, F4, and F5. Score marks defining the 
edges of the floor timbers are present at the same 
frame group positions. 
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Figure 50 Port side plank P4.2. Scale 1:15 

• Function Code: P4.2. Wood number: 075 
Fig 50 
L 1530mm, W (max) 300mm, T (max) 32mm 

Port side hull plank. Bow end almost intact scarf, 
stern end incomplete scarf. Upper and lower edges 
nearly complete. Score marks defining beginning of 
scarfs at forward and aft ends, on outboard and 
inboard faces respectively. Edge ofland on lower edge 
defined by score mark on inboard face. 

Wood Science. Fashioned from radially split oak, 
although the plank is slightly off-radial. Moderate 
growth rate (arw = 2.54mm). Almost entirely heart
wood (116H rings), with some sapwood (maximum of 
two rings), along lower edge. Centre of tree beyond 
upper edge. 

Dimensions. Thickest point is 90mm from lower 
edge, narrowing towards either edge (26mm along 
lower, 20mm along upper). Slightly narrower at aft 
end (295mm) than at bow (300mm). In profile a slight 
curve is visible, with the plank being slightly concave 
on inboard face . 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 290mm at an acute angle of 
6.30° or a gradient of 11.03%. The aft scarf slopes 
down from the inboard face for 230mm at an acute 
angle of 7.92°, or a gradient of 13.91%. 

Strake overlaps. Lower inboard land is 45-50mm 
wide, marked by a score line from forward ofthe aft 
scarf. The upper outboard land is between 30 and 
50mm wide. 

Nails. Eight nails and partial nail hole along upper 
edge at intervals of 170-200mm, clenched over 
rectangular roves 25mm by 25-30mm on the inboard 
face. Seven nails along lower edge at intervals of 
190-215mm driven from outboard with round heads 
25-30mm diameter. These two rows are 240mm 
apart. Three further nails at each end secure the 
scarfs. The roves for the forward scarf are larger (c 
30mm by 30mm) than the other roves. 

Treenails. Treenail holes at all the frame groups 

crossing this plank, F6, F7, and F8. These are round 
with c 25mm diameter. No treenails survived. 

Miscellaneous. Possible salvage indicated by the 
apparent removal of a scarf nail at the aft end by the 
insertion of a chisel (blade width 13mm), under its 
head. 

• Function Code: P5.1. Wood number: 084 
Fig 51 
L 985mm, W (max) 270mm, T (max) 22mm 

Port side hull plank. Bow end cut in antiquity, 
stern end incomplete scarf. Both edges intact along 
surviving length. Score mark defining beginning of 
lower lap and aft scarf. Toolmarks observed on 
inboard face. 

Wood Science. Fashioned from radially split oak. 
Straight-grained with the plank running parallel to 
the grain. Moderate growth rate (arw = 2.60mm) 
with 95 heartwood rings. 

Dimensions. In profile the plank is slightly curved, 
with the inboard face being slightly concave. In 

Figure 51 Port side plank P5.1. Scale 1:15 
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cross-section it is thickest in the centre, thinning 
slightly towards the lower edge (to 18mm), and cut 
down dramatically to the upper edge on the outboard 
face (to 6mm). Plank widens from bow to stern 
(255mm to 270mm). 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 250mm at an acute angle of3.89° 
or a gradient of 6.8%. 

Strake overlaps. The lower land is 35-45mm wide. 
At the upper land the plank is very thin, narrow
ing down over a distance of 106mm on the 
outboard, giving an acute angle of 7.52° or a 
gradient of 13.21%. 

Nails. Four nails along upper edge at intervals of 
170-220mm, clenched over rectangular roves (c 
25mm by 30mm), on the inboard face. Five nails 
along lower edge at intervals of 185-190mm driven 
from outboard. These two rows are c 220mm apart. 
Two nails secure the aft scarf. 

Treenails. One treenail hole is present at F3. This 
is round, with a diameter of c 25mm, containing a 
cut-down treenail. No treenail hole is present at 
F2. 

• Function Code: P5.2. Wood number: 076 
Fig 52 
L 3240mm, W (max) 280mm, T (max) 30mm 

Port side hull plank. Bow end incomplete scarf, aft 
end incomplete. Upper and lower edges largely intact 
along surviving length. Score marks defining begin
ning of scarf at forward end and lands on either face. 
Large damage scar on outboard face. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.53mm), with 107 
heartwood rings. One side branch near upper edge, 
apart from which the grain is straight. The plank 
runs parallel to the grain. Centre of tree beyond 
upper edge. 

Dimensions. In cross-section the inboard face is 
concave and the outboard face shaped like a flattened 
V, the upper leg being longer than the lower. The 
plank is thickest at the apex of this V, thinning 
towards the upper and lower edges (being 14mm and 
20mm thick respectively). The upper leg is parallel to 
the rays, the lower cut across them. The angle at the 
apex being 20.77°. The plank is thinnest at the aft 
end (260mm), thickest in the centre (280mm), and 
narrowing again towards the bow (275mm). 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 215mm at an acute angle of 
4. 79° or a gradient of 8.37%. 

Strake overlaps. The land on the lower inboard face 
is 45-60mm wide, widening from bow to stern. The 
land on the upper outboard side is 45-55mm wide. 

Nails. Sixteen nails along upper edge at intervals 
of 150-220mm, clenched over rectangular roves 
25mm by 25-30mm on the inboard face. Seventeen 
nails along lower edge at intervals of 135-230mm 
driven from outboard with round heads 20-25mm 
diameter. Round shanks c 10mm diameter. Two nails 
secure scarf at bow end. 

Treenails. There are treenail holes at all the frame 
groups crossing this plank (F3 to F9). Those at F4, 
F5, and F7 contain treenails. The treenail holes are 
round c 25mm in diameter. Those at the extreme 
forward and aft ends of the plank (F3 and F9) are 
broken. 

Miscellaneous. Score marks defining one or more 
edges of the floor timbers at F3-8 are visible. 

• Function Code: P6.1. Wood number: 028 077 086 
Fig 53 
L 1430mm, W (max) 280mm, T (max) 26mm 

Port side hull plank. Bow end incomplete and 
eroded, aft end scarf eroded along upper edge. Upper 
edge almost intact, lower edge damaged forward of 
F3. Score marks defining beginning of scarf at aft end 
and edge ofland on lower edge. Score mark for land 
continues onto scarf, indicating that the scarf had 
already been cut when land was marked out. Two 
scratches at position ofF3. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.35mm), 114 heart
wood rings. One side branch near upper edge, apart 
from which it is straight-grained, the plank running 
parallel to the grain. 

Dimensions. For the bulk of its length the plank is 
rectangular in profile, with little or no variation in 
thickness, apart from some bevelling forward of F3, 
along the lower land. 

Scarfs. The scarf at the aft end slopes down from 
the inboard face at an acute angle of 5. 71 o or a 
gradient of 10%. 

Strake overlaps. On the lower inboard side the 
overlap varies between 50-65mm, widening from 
bow to stern. On the upper outboard face the overlap 
is 40--60mm wide, widening from bow to stern. There 
is a bevel on the lower inboard forward ofF3. This is 
rounded in cross-section and is a maximum of 50mm 
wide. 

Nails. Five nails along upper edge at intervals of 
170-195mm, clenched over rectangular roves 
(25mm by 25-30mm) on the inboard face . Eight 
nails along lower edge at intervals of 160-240mm 
driven from outboard with circular heads 25-30mm 
in diameter. These two rows are 220-240mm 
apart. Two nails secure scarf at aft end. Two further 
parallel rows of smaller nails secure a repair patch, 
with the nails turned over the inboard face without 
roves. 

Treenails. Two treenail holes at F3 and F4, and 
an incomplete treenail hole at F2. These are round 
with c 25mm diameters. The F3 hole contains a 
treenail. 

Repairs. Two rows of small nails run aft from F3 to 
secure repair patch TP6.1. The nails of the upper row 
are 90-llOmm apart, the lower 90-100mm apart. 
The two rows are roughly parallel, 80-95mm apart. 
It appears that this repair patch was placed over the 
central split between 077 and 086/028, which runs 
along the grain. Forward of F3 there is no sign of a 
repair, although the split continues. 
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Figure 53 Port side plank P6.1. Scale 1:15 

• Function Code: P6.2. Wood number: 026, 042, 
078, 085 
Fig 54 
L 3593mm, W (max) 285mm, T (max) 24mm 

Port side hull plank. Recovered in numerous 
separate fragments, which did not readily fit to
gether (prior to cleaning of iron corrosion), making 
precise reconstruction and description of this plank 
difficult. Both ends scarfed. Upper edge damaged 
between F5 and F7. Lower edge damaged aft ofF9. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate. Centre of tree beyond upper 
edge. 

Dimensions. Precise dimensions difficult to deter
mine. In cross-section plank narrows from its lower 
to its upper edge, where it is 14mm thick. 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 230mm at an acute angle of 
5.96° or a gradient of 10.43%. The aft feather slopes 
down from the inboard face for 240mm at an acute 
angle of 5.24°. 

Strake overlaps. Land on upper outboard face is c 
30mm wide. Land on lower inboard face is 40-50mm 
wide. There is a rounded bevel on the lower edge, 
curving up from the outboard face. 

Nails. Seventeen nails along upper edge at inter
vals of 165- 195mm for the lap with P7, clenched over 
rectangular roves c 25mm by 30mm on the inboard 
face. Fourteen nails along lower edge at intervals of 
150-200mm driven from outboard with round heads 
c 25mm in diameter. Three nails secure scarf at 
forward end, one at aft. In addition there are two 
rows of smaller nails relating to a repair patch. 

Treenails. There are treenail holes at F4-8 and an 
incomplete treenail hole at F9. These are round c 
25mm in diameter. Those at F5, F7, and F8 contain 
treenails. Although FlO crossed this plank, the part of 
the plank which would contain this treenail is missing. 

Repairs. The presence of an external repair patch 
is attested by the presence of two rows of small nails 
which had been turned over the inboard face of this 
plank without roves. These are 75-llOmm apart. 

• Function Code: P6.3. Wood number: 020 
Fig 55 
L 910mm, W (max) 235mm, T (max) 24mm 

Port side hull plank. Only about upper 2/3 of width 
of plank is extant. Bow end is incomplete scarf, aft 
end broken. Upper edge almost intact along surviv
ing length, lower edge broken. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.38mm) with 96 
heartwood rings. Fairly straight-grained. 

Dimensions. Plank narrows from upper to lower 
edge, from 24mm to 19mm, cut down mostly on 
outboard face across the rays. Full width of the plank 
is not available. 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 250mm at an acute angle of 
5.48° or a gradient of9.6%. 

Strake overlaps. The land on the upper outboard 
face is 35-45mm wide, widening from stern to bow. 

Nails. Five nails along upper edge at intervals of 
135- 185mm, clenched over rectangular roves 25mm 
by c 35mm on the inboard face. Three nails survive 
securing the scarf at the bow end. In addition there 
is a row of nails securing the repair patch. 

Treenails. One round treenail hole at Fll c 25mm 
in diameter. 

Repairs. A repair patch has been attached to the 
outside face to compensate for the crack which 
now forms the lower edge of this fragment. These 
eight nails are noticeably smaller and are at 
intervals of 80-lOOmm. Following cleaning of the 
timber for conservation, it is clear that the nails 
were turned over the inboard face of the plank 
without roves. 

• Function Code: P7.1. Wood number: 080 
Fig 56 
L 2040mm, W (max) 255mm, T (max) 25mm 

Port side hull plank. Bow end broken and eroded, 
aft end incomplete scarf. Upper edge damaged 
forward of F5. Lower edge almost intact. Scratches 
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marking position of frames at F4 and F5 on inboard 
face. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.12mm) with 119 
heartwood rings. 

Scarfs. The scarf at the aft end slopes up from the 
outboard face for 270mm at an acute angle of 5.29° 
or a gradient of9.26%. 

Figure 55 Port side plank P6.3. Scale 1:15 

Nails. Four nails along upper edge at intervals of 
150-190mm for the lap with P8, clenched over 
rectangular roves 25mm by 25-30mm on the inboard 
face. Ten nails along lower edge at intervals of 
175-205mm driven from outboard with rounded 
heads 25-30mm in diameter. These two rows are c 
210mm apart. Three nails secure scarf at aft end. 

Treenails. Round treenail holes (c 25mm diameter) 
at F4-6. Those at F5 and F6 contain treenails. 

Miscellaneous. Scratches marking position of 
frames survive at F4 and F5 on the inboard face. 

• Function Code: P7.2. Wood number: 044 
Fig 57 
L 2170mm, W (max) 270mm, T (max) 29mm 

Port side hull plank. Bow end incomplete scarf, aft 
end incomplete scarf. Upper edge and lower edge 
almost intact along length. Two parallel score marks 
defining beginning of scarf at aft end, although one 
is only 50mm long. Toolmarks observed on land on 
inboard face. 

Wood Science. Fashioned from radially split oak, 
although the plank is off-radial. Slight curve in grain 
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Figure 56 Port side plank P7.1. Scale 1:15 
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Figure 58 Port side plank P7.3. Scale 1:15 

towards aft, apart from which it is straight-grained. 
Centre of tree beyond upper edge. 

Dimensions. Thickest point is near centre of plank, 
narrowing towards both edges, more sharply towards 
the upper (1Smm thick at lower edge, Smm at upper). 
Inboard face is nearly flat, outboard face is convex. 
In profile the plank is curved slightly, so that the 
inboard face is slightly concave. The plank widens 
from bow to stern (from 255mm to 270mm). 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 165mm at an acute angle of 
9.97° or a gradient of 17.5S%. The aft feather slopes 
down from the inboard face for 245mm at an acute 
angle of 6.75° or a gradient of 1l.S3%. 

Strake overlaps. The upper outboard lap is 
55-75mm wide, narrowest in the centre, widening 
towards either end. The lower inboard lap is 
45-55mm wide, widening from bow to stern. 

Nails. Twelve iron nails along upper edge at 
intervals of 160-200mm, for the lap with PS, 
clenched over rectangular roves 25mm by 20- 27mm 
on the inboard face. Twelve nails along lower edge 
for the lap with P6, at intervals of 155-205mm driven 
from outboard with rounded heads c 25mm in 
diameter. These 2 rows are c 215mm apart. Two nails 
secure scarf at the bow end, 3 at the stern. 

Treenails. There are treenail holes at F6-9, all 
containing treenails. The holes are 20-25mm in 
diameter. 

• Function Code: P7.3. Wood number: 046 
Fig 58 
L 1305mm, W (max) 250mm, T (max) 23mm 

Port side hull plank. Bow end almost complete 
scarf, aft end eroded and broken. Upper edge eroded 
and broken. Lower edge complete along majority of 
the surviving length. Edge of land on lower inboard 
face defined by score mark. 

Wood Science. Fashioned from radially split oak. 
Slow growth rate (arw = 1.91mm) with 130 rings, 
including 5 sapwood rings. Sapwood occurs along 
lower forward edge. Timber is straight-grained, 

although the plank runs at a slight angle to the grain. 
Centre of tree beyond the upper edge. 

Dimensions. Plank has a slight curve in profile, the 
inboard face being slightly concave. In section the 
plank is almost rectangular, being slightly thinner 
along the upper edge (c 20mm). 

Scarfs . The scarf at the forward end slopes up from 
the outboard face for 220mm at an acute angle of 5.97° 
or a gradient of 10.45%. A patch of black staining was 
evident on the outboard face under this scarf. 

Strake overlaps. Land on lower inboard edge is 
40-45mm wide. 

Nails. Five nails along upper edge at intervals of 
125-175mm for the lap with PS, clenched over 
rectangular roves 25mm by 25-30mm on the inboard 
face. Seven nails along lower edge at intervals of 
130-1S5mm driven from outboard with rounded 
heads c 25mm in diameter. Three of these show clear 
square cross-sections. These two rows are c 215mm 
apart. Three nails secure scarf at bow end with 
rectangular roves on their inboard ends. 

Treenails. Treenail holes at both the frame groups 
crossing this plank (F10 and Fll). Both are round c 
25mm in diameter. That at F10 contains a treenail. 

• Function Code: PB. Wood number: 045 
Fig 59 
L 3210mm, W (max) 270mm, T (max) 26mm 

Port side hull plank. Bow end incomplete scarf, aft 
end incomplete scarf. Upper edge broken and eroded, 
lower edge almost intact. Score mark defining begin
ning of scarf at forward end on outboard face. 

Wood Science. Fashioned from radially split oak, 
although the plank is slightly off-radial. Moderate 
growth rate (arw = 2.45mm) with S5 heartwood and 
5 sapwood rings. The sapwood occurs along upper 
edge, and has mostly been eroded away. Wavy grain. 
Centre of tree towards lower edge. 

Dimensions. In cross-section the plank has been 
cut on both faces across the rays, narrowing towards 
the upper edge. Slight curve in profile towards the 
bow, curving up on the inboard face. 
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Figure 60 Port side plank P9. Scale 1:15 
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Figure 61 Port side plank P10? Scale 1:15 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 170mm at an acute angle of 
8. 70° or a gradient of 15.29%. The aft feather slopes 
down from the inboard face for 205mm at an acute 
angle of 7.23° or a gradient of 12.68%. 

Strake overlaps. Land on lower inboard face is 
45-50mm wide, the land on the upper outboard face 
is at least 30mm wide. 

Nails. Seven nails along damaged upper edge at 
intervals of 160-220mm for lap with P9, clenched 
over rectangular roves 25mm by 25-35mm on the 
inboard face. Eighteen nails along lower edge at 
intervals of 145-180mm driven from outboard with 
rounded heads c 25mm in diameter. These two rows 
are c 210mm apart. Two nails secure scarf at bow 
end, three at the after end. 

Treenails. Treenail holes occur at all the frame 
groups crossing this timber (F~ 11). These are round 
c 25mm in diameter. These all contain treenails. 

• Function Code: P9. Wood number: 001 048 
Fig60 
L 2090mm, W (max) 255mm, T (max) 26mm 

Port side hull plank. Bow end broken, stern end 
possible scarf. Upper edge broken and eroded, lower 
edge intact aft of F8. Score mark along lower 
outboard face, double in places. Toolmark visible on 
inboard face. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.66mm) with 83 heart
wood rings. Sapwood along upper edge, almost 
entirely eroded away. Straight-grained. Centre of 
tree beyond lower edge. 

Dimensions. Thickest in centre, narrowing slightly 
towards either edge, to c 18mm along both. 

Scarfs. Eroded scarf at aft end, sloping down from 
inboard face. 

Nails. Two nails along upper edge 170mm apart for 
the lap with P10. One is clenched over a rectangu
lar rove 25mm by 30mm. Nine nails along lower 
edge at intervals of 190-225mm for the lap with 
PS, driven from outboard with round heads c 25mm 
in diameter. The two rows are c 220mm apart. 

Treenails. Treenail holes at the three frame groups 
crossing this plank (F6, F7, and F8). Round c 25mm 
in diameter. Only the treenail at F7 remained in situ. 

Miscellaneous. The score mark along the lower 
outboard face has no clear function in terms of 
construction, as it does not mark an overlap with an 
adjacent strake which might require bevelling. 
Hence it may have a decorative function. 

• Function Code: PlO? Wood number: 089 
Fig61 
L 1415mm, W (max) 220mm, T (max) 30mm 

Possible port side hull plank found detached from 
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Figure 62 Starboard side plank S1.1. Scale 1:15 

boat. Bow end broken, aft end scarf. Upper edge 
broken, lower edge intact apart from damage around 
one of the frame groups. Score mark defining begin
ning of scarf at aft end on inboard face. Edge ofland 
on lower outboard face defmed by score mark. 
Toolmarks observed on the outboard face are possible 
evidence of salvage. 

Wood Science. Fashioned from tangential oak. 
Moderate growth rate (arw = 2.18mm) with 98 heart
wood rings. Mostly straight-grained. Centre of tree 
beyond inboard lower edge. 

Dimensions. In cross-section the plank narrows 
towards lower edge to 22mm thick. 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 220mm at an acute angle of7.76° 
or a gradient of 13.64%. 

Strake overlaps. 'Land' on lower outboard face is 
c 55mm wide. 

Nails. Four nails along lower edge at intervals of 
185-195mm for lap with P9?, driven from outboard 
with round heads c 25mm in diameter. One nail at 
aft end to secure scarf driven from outboard with 
round head c 25mm in diameter. 

Tree nails. Two round treenail holes c 25mm in 
diameter. 

Miscellaneous. The score mark on the outboard 
face may be decorative. Toolmarks around one of the 
treenail holes suggest salvage. 

• Function Code: S1.1. Wood number: 068 
Fig62 
L 2145mm, W (max) 195mm, T (max) 24mm 

Starboard garboard plank. Bow end broken, aft end 
scarf. Upper edge intact, lower edge nearly complete. 
Score mark defining beginning of scarf at stern end. 
Toolmarks observed on outboard face. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.59mm) with 66 heart
wood rings, and some sapwood along upper edge (6S 
rings). Centre of tree beyond lower edge. 

Dimensions. In cross-section, the plank is shaped 
like a very flat inverted V, with the peak 60mm from 
the lower edge. This creates the angle to fit into the 
rebate ofthe keel. To create this, the longer upper leg 

has been cut down across the rays, the shorter lower 
leg parallels them. The plank widens slightly from 
bow to stern (180mm to 195mm). 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 235mm at an acute angle of5.83° 
or a gradient of 10.21%. 

Strake overlaps. The lap on the lower edge varies 
between 45--60mm wide and is cut down at an angle 
of28°. 

Nails. Thirteen nails along upper edge at intervals 
of 160-205mm, for the lap with S2.1 and S2.2, 
clenched over rectangular roves on the inboard face. 
Thirteen nails along lower edge at intervals of 
120-240mm for the lap with the keel, driven from 
outboard with round heads c 20mm diameter. These 
two rows are 145mm apart at the bow end, widening 
to 165mm at the stern. Two? nails secure scarf at the 
aft end. There is apparently also one additional nail 
at the aft end, just forward of the scarf. 

• Function Code: S1.2. Wood number: 069 
Fig 63 
L 1460mm, W (max) 215mm, T (max) 25mm 

Starboard garboard plank. Bow end nearly com
plete scarf, aft end incomplete scarf. Upper edge 
nearly intact, lower edge intact. Score mark defining 
beginning of scarf at bow end. Toolmarks observed 
at bow end on outboard face where surface has been 
protected by scarf and along lower edge. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.04mm) with 90 heart
wood rings and 3 sapwood along lower edge. Plank is 
straight-grained. Centre of tree beyond the upper 
edge. 

Dimensions. In cross-section the inboard face is 
convex, the outboard concave. This has been achieved 
by trimming a radially split oak timber across the 
rays, mostly towards the lower edge, but also towards 
the upper. This creates the angle to fit into the rebate 
on the keel. The plank is cut down towards both edges 
so that it is 15mm thick at the lower edge, 13mm at 
the upper. The plank widens slightly from the bow to 
stern, from 195mm to 215mm. 

Scarfs. The scarf at the forward end slopes up from 
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Figure 63 Starboard side plank S1.2. Scale 1:15 
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Figure 64 Starboard side plank S1.3. Scale 1:15 

the outboard face for 230mm at an acute angle of 
6.20° or a gradient of 10.87%. The aft feather slopes 
down from the inboard face for c 200mm, although it 
is unclear precisely where the scarf begins. 

Strake overlaps. The land on the inboard face is 
40-60mm wide, and has been trimmed slightly in 
addition to the curvature of the plank, as has the land 
on the upper outboard edge. 

Nails. Seven nails and one broken nail hole along 
upper edge at intervals of 140-250mm, in no clear 
pattern, although those at the aft end are generally 
further apart than those forward, for the lap with 
S2.2. These are clenched over rectangular roves 
25mm by 25.5-31mm on the inboard face. Many of 
these nails show square cross-sections. Ten nails 
along lower edge at intervals of 125-170mm, for the 
lap with the keel, driven from outboard with heads c 
25mm in diameter. Again, many of these show 
square cross-sections on the inboard face. These two 
rows of nails are 145mm apart at the bow, progres
sively widening to 165mm at the stem end. Two nails 
secure scarf at the forward end, one at the stern. 

• Function Code: S1.3. Wood number: 081 
Fig64 
L 910mm, W (max) 50mm, T (max) 22mm 

Starboard garboard plank fragment, only surviv-

ing in rebate ofkeel. Bow end scarfed, aft end broken. 
Upper edge broken, lower edge intact along surviving 
length. Plank has been warped and split by the 
corrosion of the nails securing the plank to the keel. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.59mm) with 21 heart
wood 6 sapwood rings. Centre of tree beyond upper 
edge. 

Dimensions. The plank narrows from the upper to 
lower edges, presumably representing the trimming 
of the plank to fit into the rebate of the keel. 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 220mm at an acute angle of 
3.90° or a gradient of 6.81 %. 

Strake overlaps. The full width of the lap with the 
keel cannot be determined as the plank is too narrow 
to preserve this information. 

Nails. Six nails along lower edge. Two of these are 
only 50mm apart, the rest at intervals of 
175-275mm, driven from outboard. 

Miscellaneous. Double nailing may represent an 
attempt to tighten a loose seam. 

• Function Code: S2.1. Wood numbers: 011, 066 
Fig65 
L 1035mm, W (max) 257mm, T (max) 25mm 

Starboard side hull plank. Aft end scarfed, bow end 
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Figure 65 Starboard side plank S2.1. Scale 1:15 

broken. Upper edge broken forward ofF1, lower edge 
intact along surviving length. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.4mm) with 90 heart
wood rings, some sapwood along lower forward edge 
(llS rings). Centre of tree beyond upper edge. 

Dimensions. Plank has been trimmed on inboard 
face across the rays to create a flat triangular shape 
in cross-section, the outboard face being roughly 
parallel to the rays. The apex of the triangle is 
c 70mm from the lower edge. This has the effect of 
creating an angled land with Sl. The plank is 
thickest at the apex of this triangle, narrowing 
towards the upper and lower edges (to c 10mm thick). 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 255mm at an acute angle of5.60° 
or a gradient of 9.80%. 

Strake overlaps. As described above, the plank is 
shaped like a flattened triangle, creating the angle 
for the land with Sl. This has been cut down at an 
angle of 12.99°, or a gradient of 23.08%, in relation 
to the rest ofthe inboard face. This land is 35-45mm 
wide. 

Nails. Two nails survive along upper edge and one 
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Figure 66 Starboard side plank S2.2. Scale 1:15 

small oak dowel for lap with S3. It is unclear whether 
this peg is a replacement or addition, as the plank 
edge is damaged at this point. The two nails are 
185mm apart. Seven nails along lower edge for lap 
with S 1.1 and S 1.2, at intervals of 85-17 5mm driven 
from outboard with round heads. The closest two 
nails are both on the scarf, and their closeness may 
be explained by the need to secure this. There is also 
a possible blind nail. The two rows are c 230mm 
apart. Three n ails secure the scarf at the aft end. 

Treenails . There is an empty treenail hole at F 1, 
round with a diameter of c 20mm. 

• Function Code: S2.2. Wood number: 067 
Fig66 
L 2105mm, W (max) 290mm, T (max) 28mm 

Starboard side hull plank. Incomplete scarfs at 
both ends. Upper edge damaged forward of F3 and 
aft of F5, lower edge intact. Score mark defining 
beginning of scarf at forward end. Fine striations 
observed on inboard face may possibly be saw marks. 
Toolmarks on both faces. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.92mm) with 96 heart
wood rings. Centre of tree probably towards lower 
edge. 

Dimensions. Plank widens from bow to stem (from 
275mm at F3 to 290mm at F5). In cross-section it 
narrows gradually towards the lower edge. 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 290mm at an acute angle of 
3.55° or agradientof6.21 %. The aft scarf slopes down 
from the inboard face for 270mm at an acute angle of 
3.18° or a gradient of 5.55%. 

Strake overlaps. Land on the lower inboard face is 
35-50mm wide, widening from bow to stem. It has 
been cut down very slightly. 

Nails. Nine nails along upper edge at intervals of 
160- 210mm, for the lap with S3, clenched over 
rectangular roves 25mm by 25-30mm on the inboard 
face. Many of these show square cross-sections. 
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Figure 67 Starboard side plank S3. Scale 1:15 

Eleven nails along lower edge at intervals of 
160-205mm driven from outboard with round/sub
rectangular heads. Those near the bow are generally 
closer together than those at the stem. Three nails 
secure scarf at the bow end, two survive at the aft 
scarf. 

Treenails. There are treenails at all the frame 
groups crossing this plank (F2-F5). All are cut down 
from larger fragments, apart from that at F5. The 
holes are round c 20-25mm in diameter. 

Miscellaneous. Shadows of frame groups visible at 
F2- F4. 

• Function Code: S3. Wood number: 065 
Fig67 
L 1990mm, W (max) 300mm, T (max) 30mm 

Starboard side hull plank. Both ends incomplete 
with forward end cut in antiquity. Both edges intact 
along surviving length. Score mark defining begin
ning of land on inboard face. Toolmarks observed on 
inboard face. 

Wood Science. Fashioned from radially split oak, 
although the plank is off-radial. Moderate growth 
rate (arw = 2.28mm) with 127 heartwood rings. Two 
possible side branches along lower edge, apart from 
which it is straight-grained. Centre of tree beyond 
upper edge. 

Dimensions. Thickest point of plank is c 100mm 
from lower edge, narrowing towards upper and lower 
edges (to 25mm and 18mm respectively). The plank 
is symmetrical in cross-section, cut down on both 
across the rays. The plank widens from bow to stem 
(from 275mm to 300m). 

Strake overlaps. Land along lower edge is 
45-50mm wide. It is cut down as described above. 

Nails. Ten nails along upper edge at intervals of 
130-210mm, for lap with S4, clenched over rectangu
lar roves (short axis 24-29mm, long axis 
27-33.5mm), on the inboard face. Eleven nails along 
lower edge at intervals of 105- 205mm, for lap with 
S2 driven from outboard with rounded heads 
22- 28mm in diameter. The five nails to the stem are 
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closer together than those at the bow. The rows are 
220mm apart at bow, widening to 240mm at stern. 

Treenails. Treenail holes are present at all the 
frame groups crossing this plank. These are 23mm 
in diameter. Those at F2-F4 contain treenails. 

Repairs. During salvage, the forward end was cut 
through and removed. The overlap with S2 was not 
cut through and a surviving projection on this plank 
located at the land with S2 suggests that the forward 
end was snapped off. 

Miscellaneous. Shadows of frame timbers are 
present at F2-F5. 

• Function Code: S4. Wood number: 064 
Fig68 
L 2655mm, W (max) 297mm, T (max) 28mm 

Starboard side hull plank. Bow end cut off, aft end 
incomplete scarf. Upper edge almost intact for 
surviving length. Lower edge damaged between F5 
and F6. Score marks defining beginning of scarf at 
aft end. Edge ofland on lower inboard defined by up 
to three score marks. Further score marks visible on 
aft scarf on inboard face. Toolmarks observed on 
outboard face. 

Wood Science. Fashioned from radially split oak, 
although the plank is off-radial. Moderate growth 
rate (arw = 2.04mm) with 137 heartwood rings. 
Centre of tree beyond lower edge. 

Dimensions. The plank has a maximum thickness 
of 28mm, narrowing to 24mm along the lower edge, 
18mm along the upper, where it has been cut down. 
There is a pronounced widening from bow to stern, 
from 260mm to 297mm. 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 165mm at an acute angle of6.91 °, 
or a gradient of 12.12%. 

Strake overlaps. The score marks on the lower 
inboard edge indicate a land of20-25mm width. The 
land on the upper outboard face is 40-62.5mm wide. 
The plank is cut down on the upper outboard edge at 
an angle of 14.93° or a gradient of26.67%. 

Nails. On the upper edge there are 14 nails 



76 

OD OD . . . . .. 
-------------------------------------------------·~---..:. -·..:::._..:.~~·:....:.. __________ _ 

----~--~~---~------

•• .. ... ~ ® " ® 
;..---> A'/ · . •) ... ·• 

-========== ==========::::::::::::==============================================::::1 
TH 

SL 

Figure 68 Starboard side plank S4. Scale 1:15 

between 180-205mm apart. There are also two small 
wooden pegs and one nail hole which are c 30mm 
from regularly spaced nails. The latter nails termi
nate in rectangular roves (short axis 24-26mm, long 
axis 25-32mm). Twelve nails along lower edge, 
165-195mm apart, driven from the outboard with 
rounded heads. The gap between the two rows of 
nails widens from 225mm at the bow to 240mm at 
the stern. Three further nails secure the aft scarf. 

Treenails. Treenail holes are present at F2, F3, F5, 
and F6. These are round with diameters of 23mm. 
There is no hole at F4. Holes at F2-3 contain 
cut-down treenails. 

Repairs. Additional pegs and nail along forward 
upper edge may represent an attempt to tighten a 
loose seam, or errors during construction. The for
ward surviving end exhibits axe marks where the 
timber was cut off along the line of the forward face 
of F2 during salvage. 

Miscellaneous. Shadows of frame timbers are 
visible at all the frame groups crossing this plank 
(F2- F6) along with score marks defining the edges of 
the floors. 

• Function Code: S5.1. Wood number: 062 
Fig69 
L 450mm, W (max) 270mm, T (max) 24mm 

Starboard side hull plank. Bow end cut in antiq
uity, aft end almost complete scarf. Upper edge 
broken forward of scarf, lower edge intact along 
surviving length. Score mark defining beginning of 
scarf at aft end on inboard face. Toolmarks observed 
on both faces, especially on inboard face, where 
surface has been protected by scarf. 

Wood Science. Fashioned from radially split oak. 
Moderate growth rate (arw = 2.04mm) with 137 
heartwood rings. Straight-grained apart from one 
side branch near upper edge. Centre of tree beyond 
upper edge. 

Dimensions. Plank narrows from its lower to upper 
edges, from 14mm to 10mm. 
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Figure 69 Starboard side plank S5.1. Scale 1:15 

Scarfs. The aft scarf slopes down from the inboard 
face for 215mm at an acute angle of 6.37° or a 
gradient of 11.16%. 

Strake overlaps. The plank is cut down on the 
upper outboard edge. This is 62mm wide and is cut 
down at an angle of 3.69° or a gradient of 6.45%. 

Nails. Two rows of nails to secure laps with S4 and 
S6, these are 225mm apart. One nail and one nail 
hole survive on upper edge 130mm apart. Four nails 
and one empty nail hole (which probably formerly 
held an oak dowel) along lower edge, including two 
pairs of doubles. Three nails to secure aft scarf. 

Treenails. One treenail hole (diameter 25mm) 
containing treenail at Fl. 

Repairs. Double nailing along lower edge presum
ably an attempt to tighten seam or errors during 
construction. The forward surviving end exhibits axe 
marks where the timber was cut off along the line of 
the forward face ofF2 during salvage. 

• Function Code: S5.2. Wood number: 063 
Fig 70 
L 2360mm, W (max) 295mm, T (max) 32mm 
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Starboard side plank S6.1. Scale 1:15 

Starboard side hull plank. Bow end almost com
plete scarf, aft end broken. Upper edge broken aft of 
F6. Lower edge intact along surviving length. Score 
marks defining position of frames at F3, F4, and F5. 
Toolmarks observed on inboard face. 

Wood Science. Fashioned from radially split oak, 
although it is slightly off-radial. Moderate growth 
rate (arw = 2.80mm) with 105 heartwood rings. 

Dimensions. Maximum thickness towards centre of 
plank, thinning towards both edges. 22mm thick on 
upper, rounded bevel on lower. Plank widens slightly 
from bow to stern (285mm to 295mm). 

Scarfs. The scarf at the forward end slopes up from 
the outboard face for 235mm at an acute angle of 
6.07° or a gradient of 10.64%. 

Strake overlaps. Rounded bevel on lower outboard 
edge. 

Nails. Eleven nails along upper edge at intervals 
of 150- 220mm for lap with S6, clenched over rectan
gular roves (short axis 24--25mm, long axis 
25- 28mm), on the inboard face. Thirteen nails along 
lower edge at intervals of 150-200mm driven from 
outboard with round (and in one case sub-rectangu
lar) heads. Two of these have been doubled by the 
addition of wooden pegs. The two rows of nails are 
230mm apart at bow, widening to 245mm at stern. 
Three nails secure scarf at forward end. 

Treenails. Holes for treenails are present at F3, F4, 
and F5 and partially at F6. F4 has two holes. The 
holes are 23mm in diameter and those at F3 and both 
at F4 contain treenails. 

Repairs. Extra wooden pegs at the forward lower 
edge probably represent an attempt to tighten a loose 
seam. 

• Function Code: S6.1. Wood numbers: 047, 061 
Fig 71 
L 1305mm, W (max) 82mm, T (max) 22mm 

Starboard side hull plank. Bow end broken, aft end 
incomplete scarf. Upper edge broken. Lower edge 
almost intact along surviving length. 

Wood Science. Fashioned from radially split oak, 
although the plank itself is off-radial. Fast growth 
rate (arw = 3.50mm) with 20 heartwood rings. Centre 
of tree probably beyond lower edge. 

Scarfs. The scarf at the aft end slopes down from 
the inboard face for 190mm at an acute angle of3.61 o, 

or a gradient of 6.32%. 
Strake overlaps. There is a slight rounded bevel 

towards the aft end on the outboard face. 
Nails. Only the nails along the lower edge survive. 

These are between 155-210mm apart with round 
heads on their outboard ends c 25mm diameter. The 
shafts are c 9mm diameter. 

Treenails. Traces of one definite and one possible 
auger hole for treenails on the upper broken edge. 
These are 165mm apart and occur at or around F4. 

• Function Code: S6.2. Wood number: 161 
Fig 72 
L 350mm, W (max) 90mm, T (max) 30mm 
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Figure 72 Starboard side plank S6.2. Scale 1:15 

Starboard side hull plank. Scarf at forward end. 
Mter end broken. Upper edge broken. Lower edge 
intermittently intact along surviving length. 

Wood Science. Radially split oak, moderate growth 
rate heartwood. Centre of tree beyond lower edge. 

Dimensions. Only the lower part of the plank 
survives where it was attached to the fifth starboard 
strake. The lower edge exhibits a steep bevel, but 
there is no indication ofbevelling of the inboard lap. 

Scarfs. The scarf at the bow end slopes down from 
the outboard face for 265mm at an acute angle of 
4.87°, or a gradient of 11.78%. 

Strake overlaps. The land on the inboard lower 
edge is 40-50mm wide, defined by a deep score mark. 

Nails. Four nail holes survive along the lower edge, 
formerly attaching it to S5.2, spaced 150-200mm 
apart. 

Framing timbers 

Surviving elements of the frames of the boat com
prised floor timbers and side timbers. The reader is 
referred to the glossary for an explanation of these 
terms where the term futtock, which is favoured by 
Mark Redknap in later sections, is also explained. 

Raw materials 

The frame timbers were derived from differing parts 
of trees. The main trunks seem to have provided the 
material for F2, F3, F6, and probably also the 
fragmentary F8. The size of these trunks varied from 
diameters of c 320mm for F3 to c 480mm for F6 (Fig 
73). There was no sapwood on F2 or F8 so their size 
cannot be estimated. Dendrochronological evidence 
indicates that F6 was derived from one of two trees 
which were split to provide much of the hull planking 
(Nayling p 117). 

The area towards the top of the trunk where it was 
dividing into two was used for F5 where the original 
diameter was approximately 220mm. For the other 
floor timbers and all the side timbers, branches of 
varying sizes were used. Estimates of their original 
diameters range from c 300mm for SF5P to c 240mm 
for F4 and 160mm for SF7P. Naturally the branch 
material is often much more knotty than the main 
trunk as is seen most clearly in F4 and SF7P. 

2m 

2m~ 
Figure 73 Location of frame timbers within parent 
tree 

The same combinations of parent materials were 
used for comparable ship frames from Dublin (McGrail 
1993, 88). Vessels with a more flat-bottomed profile 
such as the Blackfriars 3 barge appear to have used 
straight-grained wood from the main trunk for the 
floor timbers, while branches were only used for the 
side timbers (Marsden 1996, 74). 

The methods by which the timbers were converted 
reflects the desire of the shipwright to achieve the 
most efficient use of the material available at the 
sacrifice of a little strength and durability. This can 
mainly be seen in the large proportion of sapwood 
that remains on these timbers. Oak sapwood is more 
prone to shrinkage and decay than heartwood and 
has less inherent strength. On the Magor Pill frames 
sapwood was present on the vast majority to varying 
degrees. Generally the side timbers exhibited the 
higher proportion of sapwood to heartwood with 
SF5P being composed of almost one third sapwood. 

The presence of sapwood on the frames reflects the 
greater importance of the joints between strakes 
rather than between the strakes and the frames in 
clinker-built vessels. The frequent presence of sap
wood and even bark was noted on the frames from 
Medieval Dublin (McGrail 1993, 88) while only a 
small amount of sapwood was noted on the Skuldelev 
ships (Olsen & Crumlin-Pedersen 1990, 131). 

The method of conversion of the frame timbers 
varied considerably depending on the size of the 
parent material. The branches and smaller trunks 
were generally used whole, simply being squared off 



Figure 74 Rebate cut into the underside of a floor 
timber to accommodate a clenched nail and rove 

on three or four sides with an axe. The frames made 
from the main trunks and the larger branches were 
reduced by splitting before final shaping. Half-split 
examples include F2 and SF5P while F3, F6, and 
SF6P were all quartered. 

The ways in which the final shapes of the individ
ual frame timbers were achieved were directly 
related to the profile of the part of the boat where 
they were used. The floor timbers near the middle of 
the boat such as F4, F5, and F6 needed little 
additional shaping as the profile was relatively flat. 
Towards the prow, the floor timbers F2 and F3 
required much more of an upward curve at both ends. 
This was achieved by carving out the inboard side in 
the middle of the timbers and the outboard faces at 
the ends. 

The curves required of the side timbers were 
derived in different ways although the small and 
fragmentary nature of the evidence defies a general 
characterisation. On SF7P the point where a branch 
divided into two was used to allow the curve to follow 
the natural grain of the wood, thus increasing its 
strength. This does not seem to have been the case 
for SF5P and SF6P where the grain goes across the 
required curvature resulting in an inherent weak
ness. For SF5P this resulted in fracturing at the 
change in angle via a treenail. 

Positioning 

The floor timbers were carefully cut from the parent 
wood so that any sapwood which was present was on 
the underside. This may have been because the 
sapwood would have been more susceptible to the 
greater wear and desiccation experienced on the 
upper surfaces. It is also a reflection of the low 
importance of the part of the frame timbers that 
faced the keel. Frames F2 and F3 did not touch the 
keel at all, and the natural curves in the timber of 
F4 and F5 meant that neither required a joggle 
step to accommodate one of the junctions between 
strakes. Only F6 fitted so tightly to the centre of 
the boat that it required two limber holes to be cut. 
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The only other limber hole on the surviving timbers 
was on F5. 

It was obviously important that the frame timbers 
rested snugly against the strakes to ensure a secure 
join. To achieve this, small rebates were cut in the 
underside of the floor timbers to accommodate the 
deformed nail ends and roves that were standing 
proud of the strakes (Fig 74). None of these rebates 
are present on F3 but single examples occur on F2 
and F4, while numerous examples occur on F5 and 
F6. The frequency on the latter timbers may reflect 
the greater importance of a tight join between the 
frames and the strakes in the midship region. 

The side timbers SF5P, SF6P, and SF7P were 
orientated so that the sapwood present in all three 
cases was not on the join between the side timbers 
and the floor timbers. On SF5P and SF6P the 
sapwood was on the aft face of the timber, possibly 
to avoid the greater wear experienced on the inboard 
surfaces of these timbers. Shallow rebates to accom
modate roves and nail ends were visible on SF5P and 
SF6P. 

The positioning of the floor timbers relative to the 
strakes indicates a degree of asymmetry. Whilst F2 
ran from 85 to P5 and the ends ofF3 and F4 both ran 
from 86 to P6, the two aftmost surviving floors (F5 
and F6) both ran from 85 to P6. The side timbers, 
overlapping the floors and continuing the line of the 
frame group only survive on the port side. The two 
side timbers which had not been heavily damaged 
(SF6P and SF7P) both extended their frame to P9. 

The spacing of the frames, including those for 
which the only surviving evidence is the presence of 
treenail holes, are given in Table 8. Together these 
give a mean of 0.52 ± 0.03m (n = 10), which accords 
with mean spacings expected in cargo vessels as 
against oared craft. 

Dimensions and form 

The floor timbers exhibit a number of traits charac
teristic of medieval clinker-built vessels: triangular 
limber holes (where necessary), notches (known as 
joggles) cut into the underside to fit the stepped 
inboard faces of the hull planking, and treenail 
fastenings (Fig 75). A number of key dimensions and 
ratios assist in comparison with finds of similar 
timber type (Fig 76). The curvature of the floor 
timbers can be categorised by their enclosed angles 
(Table 9). The five floors all fall within McGrail's 
'flattish' category between 180° and 151 o. There is a 
clear trend for the enclosed angle to diminish, the 
further forward the floor is. The products of the 
moulded and sided dimensions (M.S), an indication 
of the heaviness of the timbers, all fall within the 
anticipated range for floors from large boats or small 
ships. Deadrise angles where the garboard strakes 
faced onto the underside of the floors are generally 
less than half those for the keel and stem post 
rebates, a change in plank angle achieved by cutting 
the inboard faces of the garboards to a sharp angle. 
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Frame Interval 

F1-F2 
F2-F3 
F3-F4 
F4-F5 
F5-F6 
F6-F7 
F7-F8 
F8-F9 
F9-F10 
F10-Fll 

Table 8 Centre to centre distances between frame groups 

Distance, centre to centre (m) Comments 

0.53 
0.48 
0.54 
0.53 
0.52 
0.52 
0.51 
0.58 
0.51 
0.51 

Distance from treenail on P2 to F2 

Estimated from treenails on port side strakes 

Flare angles at the ends of the floors vary within the 
range 24-40 degrees with no clear trends. To some 
extent this may be a reflection of the asymmetry of 
the floors and post-depositional distortion. 

Joints between floor and side timbers 

The side timbers were attached to the top of the floor 
timbers by a simple splayed scarf. The length of the 
lap varies from 300mm on SF5P to 375mm on SF7P. 

Figure 75 Underside of floor timber F5 with 
limber hole (on the right), in situ treenail, and 
joggle 

The treenail at the starboard end of F2 passes so 
close to the tapering end of the timber that it 
presumably also penetrated the missing side timber. 
This is also the case in the junction between SF4P 
and F4, SF5P and F5, and SF7P and F7. As the 
treenails were effectively secured at both ends they 
acted as the primary way of securing the joint. On 
SFBP, SF5P, and SF4P a single nail also penetrates 
the join but its primary function may have been to 
fix ceiling planking. 

enclosed an le 

.... . 

Limber holes 

~---------------------------------B--------------------------------7 

Figure 76 Dimensions, angles and selected features recorded on the floor timbers 
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Table 9 Floor timber attributes 

Enclosed angle Deadrise angle (degrees) Flare at bilge (degrees) 
(degrees) Port Starboard Port Starboard 

F2 1.99 0.23 0.145 0.63 135 152.5 

F3 2.35 0.35 0.165 0.47 165 151 

F4 2.44 0.25 0.165 0.66 155 160 

F5 2.365 0.24 0.145 0.60 154 160 

F6 2.38 0.20 0.15 0.75 133 at 'waist', 163 
147 at S1 

Evidence for a keelson 

The exact nature of the join between the keel, floor 
timbers and a possible keelson with mast step is 
impossible to recreate because the latter timber was 
salvaged or washed away in antiquity. However the 
joint was secured by two vertical, blind treenail holes 
in F6, where the scantling of the floor had been 
reduced to form a 'waist', and another one in F5 which 
was steeply angled running from forward on the 
upper face of the floor down to aft. The treenail hole 
in F5 was not blind but did not penetrate the keel. 
The narrowing in the moulded dimension of F6 
suggests that any keelson may have been notched 
along its underside to receive the floors. 

Setting out marks 

On all the floor timbers and on side timbers SF6P 
and SF5P the position for the treenails is marked out 
by a shallow vertical cut (Fig 77). The position of the 
joggled steps on the floor timbers and on some of the 
side timbers is marked with a scored line on the 
timbers' sides. On the outboard face of the side 
timber SF7P there was a shallow groove 75mm wide 
and 6mm deep. The groove is unlikely to have 
accommodated a stringer not least because there is 
no corresponding evidence on the other side timbers. 

Figure 77 Score mark on the upper face of floor 
timber F5 defining the location of an auger hole for 
a treenail 

18 31 40 
19.5 16 31.5 26 
23 18 29.5 31 
19.5 34 32.5 
17 15 24 31 

Catalogue 

The frame timbers are described and ordered in a 
similar manner to the hull planks. 

The text section for each timber, ordered by 
function code (F2 etc), commences with the function 
code, its original wood number(s), a figure reference, 
and the main overall measurements. This is followed 
by derived attributes (see Fig 76) and then a short 
general description and sub-sections on wood sci
ence, nails, treenails, and any miscellaneous 
comments. 

The layout of the illustrations is summarised in Fig 
78. Usually, the timbers have been drawn as if 
viewed from aft with port to left. There are two 
exceptions to this: the illustrations of F3 and SF7P 
which are presented as if viewed from the bow, as 
their forward elevations proved more informative. 

• Function Code: F2. Wood number: 50 
Fig 79 
L 1990mm, W(max) 90mm, T(max) 145mm 
Enclosed angle 152.5° 
Product M.S 135 
H 2 145mm, H 1 230mm 
Deadrise angle (starboard) 18° 
Flare angle (port) 3JO 
Flare angle (starboard) 40° 

Floor timber, frame group 2. Both ends slightly 
damaged and eroded. Some damage on upper face. 
Score marks for joggles at upper edges ofP3, Sl, S2, 
and S3 on aft face. Joggled for planking at upper 
edges ofP2 to P4 and Sl to S4. Numerous toolmarks, 
especially on aft face. Rebates cut into underside to 
accommodate roves at P2 and Sl, S3 and S4. 
Concretions on the underside at the faying surfaces 
with S2 and S3 indicate the former position of roves, 
with the form of the rove clear at S2. 

Wood science. Fashioned from half split of slightly 
curving oak trunk. Grain is extremely wavy with at 
least two side branches. Very fast grown (arw = 
5.40mm), with 30 heartwood rings from centre to 
possible heartwood/sapwood boundary. In cross
section the forward face tends to follow the natural 
outer curve ofthis boundary. No sapwood apparent. 

Nails. Ten small nails on the upper face to secure 
ceiling planks. 

Treenails. Treenail holes at P2 to P4 and S2 to S5. 
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Figure 78 Diagram indicating layout of individual illustrations of framing timbers 
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Figure 80 Floor timber F3. Note that the timber is viewed from the bow, with the starboard side to the 
left. Scale 1:15 

All are c 25mm in diameter. All contain treenails 
except S5. All treenails are wedged except that 
attaching P2. 

• Function Code: F3. Wood number: 51 
FigBO 
L 2350mm, W(max) 105mm, T(max) 165mm 
Enclosed angle 151° 
Product M.S 165 
H 2 165mm, H 1 350mm 
Deadrise angle (port) 19.5° 
Deadrise angle (starboard) 16° 
Flare angle (port) 31.5° 
Flare angle (starboard) 26° 

Floor timber frame group 3. Port end nearly 

complete, starboard end damaged and split. Score 
marks for joggles at upper edges of S2, P2, and P5 on 
forward face. Toolmarks on inboard face. Joggles on 
underside for upper edges ofPl-5 and Sl-5. Rebates 
cut into underside to accommodate roves at Pl and 
P5. A compression mark on the faying surface with 
S2 reflects the former position of the scarf between 
S2.1 and S2.2. 

Wood science. Fashioned from natural crook of oak, 
cut down from a quarter log. Aft face curves up nearly 
parallel to rings. Some sapwood survives on under
side. Frame roughly follows line of grain. Eight side 
branches. Slow/moderate growth rate (arw = 
1.98mm), with 47 heartwood and 21 sapwood rings. 

Nails. 1\venty-one nails on the upper face to secure 
ceiling planks 
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Figure 81 Floor timber F4. Scale 1:15 

Treenails. Treenail holes at P2-4, P6, and S2-5. 
All round c 25mm diameter containing wedged 
treenails. All except that at P6 emerge at joggles on 
underside. 

• Function Code: F4. Wood number: 52 
Fig81 
L 2440mm, W(max) 125mm, T (max) 165mm 
Enclosed angle 160° 
Product M.S 155 
H2 165mm, H 1 250mm 
Deadrise angle (port) 23° 
Deadrise angle (starboard) 18° 
Flare angle (port) 29.5° 
Flare angle (starboard) 31 o 

Floor timber frame group 4. Port end incomplete, 
starboard end nearly complete. Treenail holes at 
both ends partially survive. Score mark for position 
of joggle at top edge of P4 on aft face. Two parallel 
score marks on aft face on starboard side of uncertain 
purpose. Marks on upper face for position oftreenails 
for all those except those at S4 and one at S5. 
Numerous toolmarks, especially on upper face at port 
end. Joggles cut into underside at top edges of Pl, 
P3-5, and Sl-5. At P2-3 the planks curved up along 
the natural outer face of the parent timber, making 
joggles unnecessary. Two triangular limber holes cut 
into underside at join between the keel and Pl and 
Sl. Rebate to accommodate rove on S3. 

Wood science. Fashioned from natural fork in 
parent tree . Cut down from whole log. Grain is wavy, 
with several side branches. Slow/moderate growth 
rate (arw = 1.80mm) with 32 heartwood, 25 sapwood 
rings and bark (winter-felled). Large amount of 
sapwood on underside, including bark on port side. 

Nails. Twenty small nails in an irregular pattern 
to secure ceiling planking to upper face . 

Treenails. Treenail holes at P2-6, S2-6 in upper 
face. Two treenail holes at S5. All are round 
c 20-25mm in diameter, except the most starboard 

C?TH 

~I\ 

of the S5 treenails which is c 15mm in diameter. 
Except for those at S6 and P6 all contain wedged 
treenails. That at S4 is blind, and its position has not 
been scored. 

• Function Code: F5. Wood number: 53 
Fig82 
L 2365mm, W(max) 135mm, T(max) 145mm 
Enclosed angle 160° 
Product M.S 154 
H2 145mm,H1 240mm 
Deadrise angle (port) 19.5° 
Flare angle (port) 34° 
Flare angle (starboard) 32.5° 

Floor timber frame group 5. Both ends incomplete. 
Score marks for position of joggles at S2, P2, and P4 
on aft face. Numerous toolmarks on all faces. Score 
marks defining position of treenails on upper face. 
Joggles cut into underside to accommodate top edges 
of strakes at Pl-5 and S2-4. Odd parallel vertical 
cuts on underside, may relate to the aborted con
struction of a joggle at top edge of Sl, and a limber 
hole at keel/S 1. One triangular limber hole in 
underside at keel/Pl. Rebates cut for roves at P5, P4, 
P3, Pl, S2 (twice), S3, and S4. 

Wood science. Fashioned from natural oak crook, 
cut down from whole log, with sapwood occurring on 
all faces. Grain is very wavy with numerous side 
branches. Bark edge on underside to starboard. 
Rings are variable, at sample location, 32 heartwood 
and 29 sapwood rings and bark (winter-felled) of slow 
growth (arw = 1.35mm). 

Nails. Twelve small nails in an irregular pattern 
in upper face for ceiling planking. Two further nails 
in treenails at P2 and P4 may also be for ceiling 
planking, merely hitting treenails coincidentally. 

Treenails. Treenail holes for attaching the frame to 
strakes at S2-5, P2-6. All contain wedged treenails 
except that at P6, which has been eroded away. These 
are round c 25mm in diameter. In addition there is 



Figure 82 Floor timber F5. Scale 1:15 

Figure 83 Floor timber F6. Scale 1:15 

one sharply sloping (from aft on underside to forward 
on top side), empty treenail hole over keel. This is 
probably to attach a keelson/mast step as there is no 
corresponding treenail hole in keel underneath. It is 
possible that two of the strake treenails (to P2 and 
P4), have also been nailed as well as wedged. 

• Function Code: F6, Wood number: 54 
Fig83 
L 2380mm, W(max) 150mm, T(max) 150mm 
Enclosed angle 163° 
Product M.S 133 at 'waist', 147 at SI 
H 2 150mm, H 1 200mm 
Deadrise angle (port) 17° 
Deadrise angle (starboard) 15° 
Flare angle (port) 24° 
Flare angle (starboard) 3ZO 
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Floor timber frame group 6. Much wider at port end 
than in centre or at starboard end. Both ends 
incomplete. It seems probable that the narrow 'waist' 
near the centreline was shaped to allow attachment 
of a keelson/mast step, suggested by the presence of 
two vertical blind treenail holes, one with a broken 
treenail in situ. Score marks at joggles at top edges 
ofP2-4 on aft face. Numerous toolmarks, especially 
on underside. Rebates cut out for roves on planking 
at P4, P3, Pl, Sl, S2, and S4. Joggles cut out on 
underside for top edges of Pl-5, Sl-4. Score marks 
for treenails on top face. 

Wood science. Fashioned from quarter log. Slow
grown (arw = 1.25mm), with 69 heartwood and 39 
sapwood rings and possible bark edge (winter
felled?). Sapwood on underside at centre of frame and 
on starboard side. Relatively straight-grained, with 
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Figure 84 Side timber SF5P. Scale 1:15 

frame running roughly parallel to grain. Several side 
branches. 

Nails. Twelve irregularly spaced nails on upper 
face for attaching ceiling planking. 

Treenails. Treenail holes to attach frame to strakes 
at P2-6, S2-5. All round c 25mm in diameter. All 
contain treenails except P6 which has been eroded 
out. All surviving treenails. In addition extra treenail 
at P6 of uncertain purpose, may be to attach side 
timber to floor timber. This appears to have been 
chopped at, both on the upper face and the underside 
of the floor: possibly an error during construction? 
Also two blind treenail holes, one containing a broken 
treenail, at centre over keel, presumably to secure 
mast step/keelson. 

• Function Code: SF4P. Wood number: 058 
Not illustrated 
L 260mm, W(max) 115mm, T(max) 40mm 

Fragment oflower end of port side timber at frame 
group 4. Broken on upper end. Lower end nearly 
complete. Toolmarks on both faces, especially on 
upper face. The latter may relate to cutting of side 
timber during salvage. Shaped in longitudinal sec
tion like a flattened V, with lower leg cut across grain. 

Wood science. Fashioned from quarter split oak. 
Fast grown (arw = 3.02mm), with 52 heartwood and 
2 sapwood rings. Sapwood on upper face at lower aft 
corner. Centre of tree towards inboard (upper edge). 

Nails. One nail, round c 10mm in diameter, 
towards lower end. Nail goes all the way through 
frame, and so may either be to attach ceiling 
planking, or to secure frame to floor timber F4. 

• Function Code: SF5P. Wood number: 060 
Fig84 
L 640mm, W(max) 95mm, T(max) 105mm 
Moulded dimension 100mm, sided dimension 
85mm 

Port-side side timber, frame group 5. Extremely 
fragmentary when recovered. Lower end nearly 
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Figure 85 Side timber SF6P. Scale 1:15 

complete, upper end broken. Slightly curved in 
profile, with lower end cut up from underside across 
grain for butt with floor timber F5. Toolmarks on 
upper and lower faces. Score mark defining position 
of treenail at P7 on upper face. Two rebates cut into 
underside, presumably for roves. One joggle on 
underside for upper edge of P6. M/S ratio of 1.18. 

Wood science. Fashioned from half split oak. 
Moderate growth rate (arw = 2. 79mm), with 20 
heartwood and 14 sapwood rings. Sapwood along aft 
face. Grain is roughly straight, with one side branch. 
Centre of tree beyond forward face . 

Nails. Two nails. One at lower end goes all the way 
through timber and may be for attaching either 
ceiling planking or side timber to floor timber. Other 
is blind for ceiling planking. 

Treenails. Three treenail holes, round c 25mm in 
diameter, to P6 (also goes through F5), P7, and P8. 
P7 and P8 contained wedged treenails. 

• Function Code: SF6P, Wood number: 090 
Fig85 
L 1250mm, W(max) 105mm, T(max) 100mm 
Moulded dimension 100mm, sided dimension 
100mm 

Side timber on port side at frame group 6. Extreme 
lower end broken, upper end eroded. Score marks 
defining position of joggles at upper edges of P6 and 
P7 on aft face. Joggles cut for upper edges ofP6, P7, 
and P8. Numerous toolmarks on all faces. Score 
marks for treenails at P5 (times 2), P6, and P7. 
Rebate cut out on underside at P7. Two shallow 
grooves on upper face at P9. Fragment broken off on 
aft face towards lower end. Lower end cut across 
grain for butt with floor timber F6. M/S ratio of 1. 

Wood science. Fashioned from quarter split oak. 
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Figure 86 Side timber SF7P. Note that the timber 
is viewed from the bow, with the starboard side to 
the left. Scale 1:15 

Thirty-nine heartwood and twenty sapwood rings. 
Sapwood on upper, aft, and lower faces. Grain is 
wavy. Centre of tree towards lower forward corner. 

Nails. Six blind nails on upper face to attach ceiling 
planking. 

Treenails. Treenail holes, round c 25mm in diame
ter, at P5 (times 2), P6, P7, PS, and P9. One at P5 
appears to be blind although damage makes this 
uncertain. Those at P5, P6, P7, and P9 are wedged. 

• Function Code: SF7P. Wood number: 025 
Fig86 
L 1060mm, W(max) 120mm, T(max) 120mm 
Moulded dimension 115mm, sided dimension 
100mm 

Side timber on port side at frame group 7. Damaged 
at extreme lower (starboard) end, upper (port) end 
eroded. Segment eroded out along grain on under
side/aft faces towards lower end. Score marks on aft 
face marking joggles on underside at top edges of P6 
(also change in angle on underside), P7 and PS. 
Joggles cut for tops ofP6, P7, and PS. Rebate cut in 
underside at P9. Numerous toolmarks, especially on 
underside where timber has been trimmed at knots. 
M/S ratio of 1.15. 

Wood science. Fashioned from whole oak timber. 
Sapwood on upper and forward faces. Moderate 
growth rate (arw = 2.SOmm) of 50 heartwood rings. 
Cut across grain along whole length to create shape. 

Nails. Four nails on upper face for ceiling planking. 
Also one nail in treenail at P6 may be to wedge it or 
may be ceiling plank nail. 

Treenails. Treenail holes at P6-9. Round c 
20-25mm diameter. P6, P7, PS, and P9 are wedged 
and cut down. 

• Function Code: SFBP, Wood number: 059 
Not illustrated 
L 150mm, W(max) llOmm, T(max) 45mm 

S7 

Small fragment of side timber. Broken on upper 
end and along forward face. Lower end intact along 
surviving width. Toolmarks on underside. 

Wood science. Fashioned from possible radial split 
oak. Slow-grown (arw = 1.90mm), 20 heartwood rings. 
Relatively straight grain. 

Nails. One nail hole, either to attach it to floor 
timber at FS or for ceiling planking. 

Ceiling planks 

The ceiling planks were mostly very thin, radially 
split beech with the addition of a number of possibly 
reused oak timbers which had also been radially 
split. The beech planks, in particular, were in a very 
fragmentary condition and had been severely com
pressed especially at their contact points with the 
upper faces of the floor timbers. Given both dendro
chronological and structural evidence suggesting 
that the beech planks formed part of the original 
construction and that the oak planks were inserted 
following repair to the boat, the two species are 
considered as separate groups. 

Beech planks 

Defining the exact number of surviving planks has 
not proved possible due to their poor preservation 
and high degree of fragmentation. Approximately 
five lines of overlapping beech planks survived more 
or less in position between floor timber 3 and the 
former location of floor 7 (Fig S7). These lay from just 
port of the keel to over the fourth port strake. The 
planks varied in width (where estimated to be 
complete) from c lOOmm to 250mm, with thicknesses 
of 10-15mm. These were all radially split from 
mature beech trees. The wood was of a respectable 
quality, generally quite straight-grained with few 
knots. Little finishing of the ceiling planks seems to 
have occurred. Many appear to be unmodified radial 
splits still retaining a slightly triangular cross-sec
tion and often feather edges. Some of the planks seem 
to have been cut down on their thinner edges possibly 
to ensure a flush fit with their neighbours where they 
overlapped. These planks were secured to the floor 
with blind driven nails. 

Oak planks 

The original position of the oak ceiling planks is not 
clear due to the partial collapse of the upper port 
side. They occupied an area which must have been 
stripped of ceiling planks when repair patches 
were fastened to a split along the sixth port strake. 
It seems most probable therefore that they are not 
part of the original construction but localised patch
ing. 

The widths of the oak planks varied between 
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Figure 87 Diagram of surviving ceiling planks 

100mm and 250mm with five of the oak planks 
retaining some sapwood. Several of these ceiling 
planks were clearly reused timbers. On plank w026, 
the reuse is evidenced by a large number of nails and 
the traces of roves and clenched nails, implying reuse 
of an old boat strake. Another incomplete plank, 
w049, carefully cut to a point at its complete end and 
bevelled on both edges up to this point, would appear 
to be a reused part of one of the boat's original hull 
planks (on the basis of tree ring analysis, see Nayling 
p 119). The form of one end of this piece, with a notch 
running for 250mm along its 'forward' end, is 
reminiscent of a hull plank hood end (the end 
attached to a stem or stern post). Plank 030 may also 
be a reused strake, possibly from a different vessel. 
It was cut down on its 'outboard' face from both edges 
into the middle and exhibited a number of apparently 
redundant auger holes. 

Catalogue 

Illustration of this group has been limited to three 
oak planks as the majority of the (beech) planks were 
both relatively featureless and badly preserved. 

• Function Code: C? Wood number: 002 
Not illustrated 
L 990mm, W (max) 180mm, T (max) lOmm 

Compressed and damaged, detached plank recov
ered from context 005. 

Wood Science. Radially split beech. 
Nails. A single nail located 300mm from one end. 

• Function Code: C? Wood number: 005 
Not illustrated 
L 905mm, W (max) 66mm, T (max) 15mm 

Detached plank fragment recovered from context 
014, possibly part of ceiling plank w027 or w160. 

Wood Science. Radially split oak. Slow-grown 
heartwood (arw = 1.06mm). 

• Function Code: C? Wood number: 006 
Not illustrated 
L 540mm, W (max) 45mm, T (max) 14mm 

Fragment of beech plank recovered from context 
014/016. 

Wood Science. Radially split beech. 

• Function Code:C, Wood number: 018 
Not illustrated 
L 555mm, W (max) 65mm, T (max) lOmm 

Thin radial beech slat with northern edge cut to a 
slant. Broken along S and forward edges. Attached 
to 4? Below w019 and west end partially under w022. 



Figure 88 Ceiling plank w030. Scale 1:15 

Wood Science. Radially split beech with 50 rings 
(arw = 1.3mm). 

• Function Code: C, Wood number: 019 
Not illustrated 
L 472mm, W (max) 80mm, T (max) 12mm 

Radial beech plank apparently overlying w043 and 
w018. 

Wood Science. Radially split beech. 
Possible scarf? At damaged aft end. 

• Function Code: C, Wood number: 022 
Not illustrated 
L 950mm, W (max) 152mm, T (max) 15mm 

Radial oak plank which overlay w018, w033, and 
w031, and survived from just aft of F3 to F5. 

Wood Science. Radially split slow-grown oak with 
77 heartwood and 34 sapwood rings (arw = 
1.34mm). 

Dimensions. The aft, eastem end had been 
cut/trimmed with an axe, and a bevel, at 35 degrees 
from the main face of the plank, had been cut along 
the lower, northern edge. 

Nails. An empty nail hole at the after end presum
ably marked the fastening of the plank to F5. Two 
nails secured the plank to F4. 

• Function Code: C, Wood number: 024 
Not illustrated 
L 72mm, W (max) 47mm, T (max) 15mm 

Found directly below w023 and obscured by it. 
Small fragment of radial oak possibly a detached 
fragment ofw023 or w160. 

Wood Science. Radially split slow-grown oak with 
67 heartwood rings (arw = 0.80mm). 

Dimensions. Only one edge intact, both ends 
broken. 

Nails. An empty, blind nail hole at one end on the 
upper face was 9mm deep and 5mm in diameter. 

• Function Code: C, Wood number: 027 

89 

Not illustrated 
L 870mm, W (max) 125mm, T (max) 18mm 

Became detached and was recovered during lifting. 
Visible on photogrammetric survey. 

Wood Science. Radially split straight-grained oak 
with 87 heartwood rings and 5 sapwood rings (arw = 
1.37mm) 

Dimensions. Sapwood along one edge. Cut at one 
end, broken at other. 

Nails. Three nails/nail holes. 

• Function Code: C, Wood number: 029 
Not illustrated 
L 590mm, W (max) 150mm, T (max) 25mm 

Displaced ceiling plank overlying F5. Possibly a 
reused hull plank with numerous toolmarks on both 
faces. 

Wood Science. Radially split oak with 112 heart
wood rings (arw = 1.21mm) 

Dimensions. Slight bevel along upper, northern 
edge. Numerous adze(?) marks on both faces. Cut 
down on upper face in south-west corner and on aft 
end. Discoloured and eroded area on upper face 
towards aft end. 

Nails. A nail through the north-east corner re
tained a corroded sub-rectangular rove on its upper 
face. 

• Function Code: C, Wood number: 030 
Fig88 
L 1910mm, W (max) 258mm, T (max) 28mm 

Substantial reused oak plank below w029 and 
w033. Butt end between F4 and F5. Extended beyond 
F8 towards the stern. Both edges incomplete. 

Wood Science. Radially split oak with 153 heart
wood and 21 sapwood rings (arw = 1.10mm). 

Dimensions. Marked bevel on lower edge, particu
larly near aft end. Thins markedly towards both 
ends. 

Scarfs. Both ends are narrower than the main body 
of the plank. Nails/augered holes 7- 8mm in diameter 
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near the ends, one with a sub-rectangular impression 
suggesting the former presence of a rove, encourage 
interpretation ofthese features as scarfs. 

Nails. One nail and two nail holes 180-195mm aft 
of forward end may have fastened plank to FG6. 
Additional nails may have fastened the plank to 
other framing timbers. A number of these occupied 
augered holes which narrow from 8mm on one side 
to 5mm on the other. Irregularly spaced nails/holes 
along both edges, generally 5-8 mm in diameter, may 
reflect its original use as a hull plank. 

• Function Code: C, Wood number: 031 
Not illustrated 
L 950mm, W (max) 250mm, T (max) 15mm 

Beech ceiling plank which lay below w022, and 
w033 and over w034 and w032, and ran from F5 
forward to F3. 

Wood Science. Radially split beech with 258 rings 
(arw = 0.78mm). 

Dimensions. Chamfer along inner edge. Also cut 
down along aft, outer part of upper face. Last 125mm 
of aft, near-complete, end on lower face cut down to 
feather edge. 

Nails. Two round nails fastened the plank to F4, 
one of these also passing through underlying ceiling 
plank w032. 

• Function Code: C, Wood number: 032 
Not illustrated 
L 1500mm, W (max) 250mm, T (max) 14mm 

Beech ceiling plank which lay below w034 and 
w031, and ran from F5 forward to F3. 

Wood Science. Radially split beech with 258 rings 
(arw = 0.78mm). 

Dimensions. Slight bevel along outer third oflower 
face. Very compressed where it overlay F4. Very 
fragmentary and incomplete at forward end. Aft end 
also broken. 

Nails. One nail fastening plank to F4. Possibly also 
originally nailed to F5. 

• Function Code: C, Wood number: 033 
Not illustrated 
L 460mm, W (max) 100mm, T (max) 12mm 

Beech ceiling plank which lay below w022 and over 
w031 and w034, and overlay F5. Both ends broken 
and incomplete. No nails on surviving timber. 

Wood Science. Radially split beech with 65(?) rings 
(arw = 3.08mm). 

Dimensions. Markedly wedge-shaped in profile. 
Aft end narrows to c2.5mm. 

• Function Code: C, Wood number: 034 
Not illustrated 
L 1520mm, W (max) 190mm, T (max) 15mm 

Beech ceiling plank which lay below w030, w031, 

and w033 and over w032 and w092, and ran from 
forward of F5 to aft of FG7. Axe marks indicate 
finishing following splitting. 

Wood Science. Radially split beech with 87 rings 
(arw = 1.95mm). 

Dimensions. Forward edge near-complete but aft 
end incomplete. Both ends cut down to feather edges. 

Nails. Fastened by round-shanked nails to F5 (2), 
F6 (2), and FG7 (2). 

• Function Code: C, Wood number: 035 
Not illustrated 
L 720mm, W (max) 112mm, T (max) 15mm 

Displaced (?) beech ceiling plank over w036 and 
w096 which ran from F4 to F5. 

Wood Science. Radially split beech with 108 rings 
(arw = 0.75mm). 

Dimensions. Fragmentary and incomplete. Bevel 
along upper, outer edge. 

Nails. Fastened by one round-shanked nail to F5. 

• Function Code: C, Wood number: 036 
Not illustrated 
L 540mm, W (max) 160mm, T (max) 7mm 

Fragmentary beech ceiling plank which lay below 
w035 and over w098(?) and w041, and ran from F3 
to F4. 

Wood Science. Radially split beech with 135 rings 
(arw = 1.29mm). 

Dimensions. Fragments could not be satisfactorily 
joined. 

Nails. One nail and one nail hole (square cross
section) at F4(?). 

• Function Code: C, Wood number: 037 
Not illustrated 
L 91 Omm, W (max) BOmm, T (max) llmm 

Damaged and displaced beech ceiling plank which 
lay over w038 and w040 and survived from aft of F3 
to forward of F5. 

Wood Science. Radially split beech with 91 rings 
(arw = 0.88mm). 

Dimensions. Broken at both ends. Bevel at 45 
degrees to upper face along outer edge. Forward end 
thins to feather end. 

Nails. One nail at F4. 

• Function Code: C, Wood number: 038 
Not illustrated 
L 530mm, W (max) 160mm, T (max) 5mm 

Heavily iron-stained beech ceiling plank below 
w037. Surviving section ran from F5 to immediately 
forward ofF6. Photogrammetric survey suggests this 
originally ran further aft. 

Wood Science. Radially split beech. Unable to 
obtain accurate ring count. 



91 

.. "-

D 

Figure 89 Ceiling plank w049. Scale 1:15 

Dimensions. Broken at both ends. Bevel at 45 
degrees to upper face along inner edge. 

Nails. Two nails at F5. 

• Function Code: C, Wood number: 039 
Not illustrated 
L 360mm, W (max) 145mm, T (max) 10mm 

Beech ceiling plank fragment which lay over w040 
and survived from aft of F3 to F4. 

Wood Science. Radially split beech with 87 rings 
(arw = 1.44mm). 

Dimensions. Broken at both ends. 
Nails. Three nails at F4. 

• Function Code: C, Wood number: 040 
Not illustrated 
L 970mm, W (max) 210mm, T (max) 10mm 

Fragmentary and displaced beech ceiling plank 
which lay below w039 and w041, and survived from 
F3 to F5(?). 

Wood Science. Radially split beech with 170+ rings. 
Too narrow and compressed to give accurate assess
ment of growth rate. 

Dimensions. Broken at both ends. 
Nails. Two nail holes: one at F3(?) and one at F5(?). 

• Function Code: C, Wood number: 041 
Not illustrated 
L 820mm, W (max) 120mm, T (max) 12mm 

Fragmentary beech ceiling plank which lay be
tween F3 and F4. 

Wood Science. Radially split beech with 137 rings 
(arw = 0.74mm). 

Dimensions. Thins towards both ends, either due 
to compression or intentional feathering. 

Nails. None 

• Function Code: C, Wood number: 043 
Not illustrated 
L 1350mm, W (max) 125mm, T (max) 23mm 

Fragmentary and displaced oak ceiling plank 
which lay below w049 and wO 19(?) and survived from 
aft of FG3 to aft of FG6. 

Wood Science. Radially split oak with 109 heart
wood rings (arw = 1.07mm). 

Dimensions. Thickens from outer, northern feather 
edge. Forward end thins to feather edge. 

Nails. Six nails/ holes. A number of these would 
appear to be redundant as not all could directly 
overlie framing timbers. 

• Function Code: C, Wood number: 049 
Fig89 
L 1340mm, W (max) 200mm, T (max) 20mm 

Slumped(?) oak ceiling plank which overlay w043 
and ran from FG7 to forward of FG5. Lifted 
following displacement by the tide. Redundant nail 
holes, bevelling and notches on edges suggest this 
is a reused plank, possibly the hood end of a hull 
plank. Dendrochronology suggests it may have 
derived from the same tree as many of the hull 
planks. 

Wood Science. Radially split oak with 84 heartwood 
rings (arw = 2.15mm) 

Dimensions. Its forward end is notched along the 
inner edge for c 250mm and its curving forward outer 
edge exhibits an irregular bevel. These features may 
relate to its original use. A piece around the most 
forward nail had been torn off in antiquity leaving a 
shallow depression, presumably as a result of its 
removal from its original location. The aft end has 
been roughly cut down in antiquity. Most of the inner 
edge appears to have split along the grain in 
antiquity, whilst the outer edge curves slightly 
across the grain. 

Nails. The majority of the nine nails/nail holes are 
augered, 9mm in diameter. Three of these exhibited 
round nail head impression on the outboard face, 
presumably from its original fastening. The most 
forward nail was sub-rectangular in cross-section 
(4 x 10mm). 
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• Function Code: C, Wood number: 092 
Not illustrated 
L 500mm, W (max) 190mm, T (max) 18mm 

Fragmentary beech ceiling plank which lay aft of 
w032, below w034, and survived from FG5 to 
immediately forward of FG6. W097 may be a de
tached fragment. 

Wood Science. Radially split beech with 100+ rings. 
Dimensions. Forward end intact and compressed 

where it overlay F5. Aft end incomplete, possibly 
joins detached fragment w097. Irregular bevel c 
40mm wide along surviving upper inner edge. 

Nails. None although numerous missing areas may 
relate to their former location. 

• Function Code: C, Wood number: 093 
Not illustrated 
L 290mm, W (max) 215mm, T (max) 13mm 

Displaced fragment of beech ceiling plank immedi
ately aft of w040 and forward of w038. Possibly all 
part of the same original timber. 

Wood Science. Slightly off-radial beech with 237 
rings (arw = 0.89mm). 

Dimensions. Broken at both ends. Roughly cut 
bevel along one edge and numerous toolmarks. 

Nails. None 

• Function Code: C, Wood number: 094 
Not illustrated 
L 395mm, W (max) 165mm, T (max) 15mm 

Displaced fragment of beech ceiling plank recovered 
prior to lifting of the vessel. Original position unclear, 
possibly from forward end of either w032 or w040. 

Wood Science. Radially split beech with 179 rings 
(arw = 0.89mm). 

Dimensions. One end near-complete, the other 
broken. One face has been roughly cut down along 
both edges to form irregular bevels. The other face 
exhibits numerous toolmarks. 

Nails. None 

• Function Code: C, Wood number: 095 
Not illustrated 
L 640mm, W (max) 200mm, T (max) 20mm 

Displaced fragment of beech ceiling plank recov
ered prior to lifting of the vessel. Almost certainly 
detached, aft fragment ofw096. 

Wood Science. Radially split beech 
Dimensions. Both ends broken but edges complete. 

Slight bevel (60mm wide) along lower inner edge. 
Nails . Three nail holes 125mm from broken end 

which probably joins aft end of w096. Probably 
originally fastened to FG6. 

• Function Code: C, Wood number: 096 
Not illustrated 
L 565mm, W (max) 205mm, T (max) 20mm 

Beech ceiling plank which lay below w035 and 
survived from FG5 to its broken end at FG6. Fragment 
w095 may be its continuation towards the stern. 

Wood Science. Radially split beech 
Dimensions. Complete forward end, broken aft 

end. Edges near-complete, both with roughly cut 
bevels along the inboard face. 

Nails. One nail hole (3mm diameter) at its overlap 
with FG5. Two concretions on the upper face(?) at the 
forward end, both comprising the corroded remains 
of a nail head and shank which did not appear to pass 
through this timber. 

• Function Code: C, Wood number: 097 
Not illustrated 
L 434mm, W (max) 190mm, T (max) 15mm 

Beech ceiling plank recovered prior to main lift so 
original location uncertain, although probably de
tached aft fragment of w092 running from FG6 
towards the stern. 

Wood Science. Radially split beech with 110 rings 
(arw = 1.5mm). 

Dimensions. Broken at both ends. Irregular, shal
low bevel comprising three tool facets on part of 
probable upper, inner edge. A compressed area, 
running obliquely across the lower face at one end is 
probably the faying surface with displaced FG6. 
Numerous toolmarks on lower face. 

Nails. None survive. 

• Function Code: C, Wood number: 098 
Not illustrated 
L 430mm, W (max) 120mm, T (max) 13mm 

Displaced(?) beech ceiling plank fragment which 
overlay w040 and was located between FG4 and FG5 
on the same line and aft ofw041. 

Wood Science. Radially split bee~h with 137+ rings 
(arw = 0.88mm). 

Dimensions. Near-complete aft end cut down to 
feather edge, broken forward end. Edges near-com
plete. Compressed zone at forward end may indicate 
former faying surface with framing timber. 

Nails. None survive. 

• Function Code: C, Wood number: 160 
Fig90 
L 1105mm, W (max) 160mm, T (max) 20mm 

Oak ceiling plank which lay somewhat displaced 
between w027 and w049, running from frame group 
5 to just forward of SF7P. Fragment w024 may be a 
detached part of this timber. 

Wood Science. Off-radial oak with 126 heartwood 
rings and 11 sapwood rings (arw = 0.99mm). 

Dimensions. Recovered in a fragmentary state. 
One end roughly cut at an oblique angle to the long 
edges is reminiscent ofw049. Complete forward end, 
broken aft end. Edges near-complete, both with 
roughly cut bevels along the inboard face. 



\: ,I l]pz \! 
it:;l_ ~ z ~~ ___ ]_ 

D 

Figure 90 Ceiling plank w160. Scale 1:15 

Nails. Three nails with sub-rectangular cross-sec
tions in two groups may have fastened this fragment 
to FG5 and FG6. An angled auger hole (4mm 
diameter on one face and 7mm on the other) is 
reminiscent of those observed on w030 and may 
indicate reuse. 

Repairs 

The Magor Pill vessel had an active life and had 
suffered some wear and tear. General wear can be 
seen in the large scar on the outside of P5.2. The 
cracks along the rays on F3 and F8 and the 
fragmentation of SF5P indicate weak points in the 
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timbers even if they finally formed after the vessel's 
last voyage. 

The main evidence for repairs comes from the port 
side of the vessel, where two oak tingles had been 
attached along a split in the sixth port strake with 
nails driven from outboard (Fig 91). The nails had 
been turned over the inboard faces of the hull planks: 
this necessitated the removal of the original beech 
ceiling planks to gain access to the inboard face of the 
hull in the vicinity of the crack. This allowed the 
nails, driven from outboard through the patches and 
hull planks to be turned over to secure the repair. No 
roves were used. It would appear that replacement 
ceiling in this area was made up of a mixture of 
reused oak planks, including possible hull planks 
from other vessels (eg w030), and also at least one 
plank which had formed part of the original hull 
(w049, see Nayling p 119). This implies that, in 
addition to repairing this crack in the hull, other 
repairs were made, probably at the same time, 
resulting in the removal and replacement of hull 
planks elsewhere on the vessel. A treenail that 
penetrated SF6P and F6 and was cut on the top and 
bottom of F6 and on the bottom of SF6P could be 
associated with this repair episode, as the treenail 
could not have passed through the adjacent hull 
planking, although it may relate to salvage attempts 
(Fig 92). 

Figure 91 Split in sixth port strake with paired nail holes marking position of repair patch 
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Figure 92 Cut marks on the underside of floor six: 
repair or salvage? 

Possible problems with the watertight junction 
between two strakes may be indicated in one place 
on the vessel. On the land between 84 and 85.1/85.2 
there is an oak dowel under F3 and another dowel 

• 

and an 'extra' nail between F3 and F2 (Fig 93, see 
Figs 68 and 70). The nail is not deformed over a rove. 
On F4 there are two treenails connecting to 85.2 
instead of the normal one, and one of them has a nail 
in its inboard end in addition to a wedge. If a problem 
had been experienced with the strake join at this 
point because of a loose treenail it may have been 
temporarily tightened by the use of three short nails 
in the land and a nail in the end of the treenail. When 
the opportunity permitted, a better repair may have 
been made with a new treenail and two of the nails 
were replaced with oak dowels. Perhaps the third 
was too stubborn to be removed. A single oak dowel, 
on the forward eroded end of 83, was the only other 
wooden lap fastening observed on the vessel. Two 
closely spaced nails (spikes) attaching 81.3 to the 
keel could be another case of repair to a loosening 
seam. 

Catalogue 

The two oak tingles TP6.1 and TP6.2, re-assembled 
from numerous displaced fragments are described 

Figure 93 Inboard face of 85.1 with the scarf to the left. In addition to nail holes along the overlaps with 
adjacent strakes, and three at the scarf, an additional nail has been driven through the upper edge, close to 
an original lap nail. Scale 0.4m 
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Figure 94 Repair patch TP6.1. Scale 1:15 

Figure 95 Repair patch TP6.2. Scale 1:15 

and illustrated in a very similar manner to the hull 
planks. 

• Function Code: TP6.1, Wood numbers: 23 79 
871531516 
Fig94 
L 2165mm, W (max) 157.5mm, T (max) 15mm 

Repair patch. Long, thin and narrow lath of oak 
with bevelled outboard edges attached to sixth port 
strake, over longitudinal split with two rows of 
evenly spaced nails. Upper edge nearly complete, 
lower edge less complete and more fragmented. Both 
bevelled ends partially survive. 

Wood Science. Cut down from a radial oak. Slow 
growth rate (arw = 1.75mm) with 58 heartwood and 
20 sapwood rings. Centre of tree beyond lower edge. 

Dimensions. The lath broadens from 120mm at the 
bow end to 158mm at the aft end. The outboard face 
is shallowly bevelled along all its edges. 

Nails. Twenty nails, or empty nail holes, spaced 
between 85 and llOmm apart survive along the 
fragmentary lower edge. Twenty-two nails, spaced 
between 85 and 105mm along the upper edge. An 
additional nail secures each end. 

Repairs. This patch, reassembled from numerous 
displaced fragments, sealed a longitudinal crack 
running from aft of the treenail at F3 on P6.1 to aft 
ofF6 on P6.2 

• Function Code: TP6.2, Wood numbers: 082 154 
Fig95 
L 1845mm, W (max) 158mm, T (max) 15mm 
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Repair patch. Long, thin and narrow lath with 
bevelled outboard edges attached to sixth port 
strake, over longitudinal split with two rows of 
evenly spaced nails. Upper edge nearly complete, 
lower edge only partially survives. Both bevelled 
ends partially survive. 

Wood Science. Cut down from a radial oak. Moder
ate growth rate (arw = 2.61mm) with 57 heartwood 
rings. Centre of tree beyond lower edge. 

Dimensions. The outboard face is shallowly bev
elled along all its edges. 

Nails. Nine nails spaced between 85 and llOmm 
apart survive along the fragmentary lower edge. 
Nineteen nails, spaced between 65 and 115mm along 
the upper edge. A centrally positioned nail was 
driven from outboard into P6.2 close to the position 
of the treenail at F8. 

Repairs. This patch sealed a longitudinal crack 
running along P6 from aft of patch TP6.1 to the scarf 
between P6.2 and P6.3. 

Salvage 

The clearest evidence for salvage of parts of the boat, 
presumably soon after the vessel had foundered, was 
truncation of the starboard strakes (86 down to 82) 
along the forward face of floor 2 and the port strakes 
(P6 down to P3 and partially into P2) between floors 
1 and 2 (Fig 96, cf. Fig 12). Eroded toolmarks indicate 
the use of an axe here . Whilst the recovery of 
planking alone may have provided sufficient incen-



96 

Figure 96 View of the boat in situ towards the stern showing the hull planks truncated by salvage 

tive, it is also possible that removal of the forward 
planking would have facilitated recovery of a com
plex stem post, if such had existed. The partial 
displacement of floor 6 along with auger holes on the 
upper faces of floors 5 and 6, indicative of the former 
presence of a possible short keelson with an integral 
mast-step, suggest that this timber had also been 

Figure 97 Inboard face of PlO? showing cut marks 
around a former treenail hole. Scale interval 5mm 

removed intentionally, although fluvial processes 
could account for the displacement. Toolmarks asso
ciated with a holly treenail passing through both the 
floor timber and side timber on the port side of the 
sixth frame could conceivably be associated with this 
attempt at salvage, but given that the treenail did 
not pass through the adjacent hull planking, it is 
more likely that they are associated with repairs to 
the port side (see above). The selective salvage of 
heavily worked boat elements is reminiscent of the 
boatbuilder's timber cache found at Poole harbour, 
where salvaged timbers appear to have been kept to 
act as templates (Hutchinson 1994). 

Further possible evidence for the intentional re
moval of hull planking comprises cut marks around 
one of the treenail holes on the detached, possible top 
strake PlO? (Fig 97) and the apparent removal of a 
scarf nail at the aft end of P4.2 by the insertion of a 
chisel under its head (Fig 98). 

A corollary of this evidence for salvage is that the 
wreck must have been accessible for at least a limited 
period at low tide, a fact which has implications for 
the study ofhistoric changes in relative sea level. The 
absence of the upper side str~es on the port side, 
and the aft sections of the vessel could be attributable 
to a combination of salvage, subsequent erosion by 
the active channel, and more recent erosion of the 
foreshore. 
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Figure 98 Chisel cut through nail at scarfed aft 
end of hull plank P4.2. Scale interuallmm 

Fastenings 

The characterisation of the fastenings of boats has 
often been seen as an important factor in determin
ing the boatbuilding tradition of a particular vessel. 
Variations from the norm within an individual boat 
may also indicate repairs. Here, analysis was divided 
between characterisation of wooden fastenings (pre
dominantly wedged treenails used to secure framing 
timbers to the hull) and metal fastenings (nails and 
roves used to fasten overlapping hull planks; nails 
driven blind (spikes) to secure the stem/keel scarf, 
the garboard strakes to the keel, and ceiling planks 
to the upper faces ofthe frames). 

Fastenings: treenails 
by Richard Brunning 

Introduction 

Wooden treenails were used in the construction of the 
vessel to hold the hull planks and the frames 
together. The majority of the treenails could not 
physically be removed from the timbers but 56 
examples were successfully extracted. However, as 
all the treenails were broken at the join between the 
frames and the plank some examples were derived 
from the same piece, one sample coming from the 
frame and the other from the plank. This was the 
case with six such 'pairs' so the number of individual 
treenails available for examination was in fact 50. A 
selection of these have been illustrated (Fig 99). 

Species identification 

The wood identifications were carried out using a 
high-power microscope and the system published by 
Schweingruber (Schweingruber 1990). None of the 
examples was of a complete length, all being broken 
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on at least one end. Some decay was evident and 
several pieces had a coating of iron corrosion prod
ucts on the surface. 

The 56 identifications made produced the follow
ing range of species: 
1 Hazel (Corylus auellana) 
1 Holly (!lex aquifolium) 
3 Oak (Quercus spp) 
51 Willow (Salix spp) 

For the reasons outlined in the introduction some 
ofthese samples came from the same treenail. All of 
these duplicates were Salix spp so the number of 
individual treenails identified as willow is actually 
only 45. A total of eight wedges was present in the 
treenails extracted for analysis. All of these were 
made of Quercus spp heartwood (Oak). Many of the 
wedges which could not be extracted from the frame 
timbers also appeared to be made of the same species. 

The use of willow treenails in combination with oak 
wedges is a common feature of clinker-built boats 
made in Northem Europe in the medieval period. 
The Graveney boat and the medieval ships' timbers 
from Dublin both displayed this combination of 
species in the identified samples (Fenwick 1978, 
McGrail1993, 39-40, 47). 

Methods of production 

Conversion The willow treenails were all made 
from round wood of probably quite a small diameter 
as all the wood was from relatively close to the pith. 
However as no bark edge was observed on any 
examples the exact size is impossible to determine. 
One treenail (w121) has a knot at its wedged end and 
here the bark edge is probably very close. The 
roundwood had been split radially into four, or at 
most eight, sections. These triangular sections were 
subsequently cut down into a circular shape using a 
knife and possibly an axe. This pattem of conversion 
is the same as that observed in the treenails in ship 
timbers of a similar date from Dublin (McGrail1993, 
39-40, 47). 

The holly and hazel treenails had not been con
verted at all but had been used in the round. The 
hazel example (w102), showed no sign of any knife 
cuts on the outside, although the bark had been 
removed. The holly treenail (w131), retained small 
fragments ofbark and had only been cut in two places 
on its circumference. 

The three oak pieces (w107; w126; w150) were all 
cut from much larger pieces of oak heartwood quite 
close to the central pith. It is impossible to give an 
accurate assessment of the size of the parent tree as 
no sapwood was observed. 

All the oak wedges were also cut from much larger 
pieces of oak heartwood. In all eight cases examined, 
the widest axis was the tangential and the smallest 
was the radial. As these wedges were exposed within 
the vessel they would have been subject to potential 



98 

1 I 

lj 

Q 

,. · 
:· 

i 
~· 

i) 
1: 

Q 
® 

0 . 

I ' 

\?: 
I 

0 

0 
Q 

u 
I I 

Figure 99 Treenails. Scale 1:2. wood numbers (left to right): top w108/ 112, w101 1147, w105; bottom w134, 
w1111113, w136, w150 



drying out. When oak dries it shrinks more tangen
tially than it does radially. This way of cutting the 
wedges would therefore reduce the risk of a wedge 
shrinking and thus loosening the treenail, as the 
radial axis of the wedge is what forces the wood of 
the treenail apart. 

Finishing and toolmarks All the treenails retain 
traces of the knife cuts used to produce the finished 
circular shape, with diameters varying from 22mm to 
23mm. The size of treenails has been used in Bergen 
and Dublin as a defining characteristic of whether 
the vessel should be called a boat or a ship (McGrail 
1993, 47). The size oftreenail in the Magor Pill vessel 
suggest that it should be classed as a large boat. 

The outboard terminals of virtually all the treenails 
were also shaped into a rough domed head. There 
was considerable variation in the care used to fashion 
the heads. In some cases careful knifework had created 
a prominent and symmetrical head of27mm or 28mm 
diameter, as was the case with w124 and w125. More 
often, the head was partially incomplete (eg w152) or 
projected on only one side (eg w135). In only two cases 
(w142 and w146), the head was completely flat. A 
similar variation in the shape of the heads was noted 
on the treenails from medieval Dublin (McGrail 
1993, 47). The size of the domed heads may be 
exaggerated by swelling of the wood in the water, 
whereas the part of the treenail within the planks 
was constrained by the size of the augered hole. 

Almost no trace could be seen of axe or saw marks 
on the inboard ends of the treenails where they had 
presumably been cut off flush with the frames after 
being driven in. Treenail w131 in F6 displayed axe 
cuts at both ends but this is an abnormal case as it 
was not used to join the planks and frames together 
but may have been intended to attach an internal 
fitting of some description to frame 6. This join had 
been brutally cut away at some point during the vessel's 
life or during salvage. There is also the possibility 
that the treenail was in place before assembly of the 
vessel and that it was simply cut flush at that time 
but this seems extremely unlikely. Treenail w112 in 
frame 3 is the only other example where marks were 
noted on the inboard end. Here what appear to be saw 
marks are visible on the treenail but do not extend 
onto the wedge, suggesting that the treenail was cut 
flush before the wedge was driven in. 

The oak wedges appear to have been trimmed to fit 
the treenails. The thickness of the wedge in treenail 
w121 tapers across the top, in order to avoid a knot 
in the treenail. The width of the wedges was normally 
the same size as the diameter of the treenails but the 
thickness at the exposed end varied from 5mm to 
14mm. The length ofthe wedges varies considerably 
from 43mm (w121) to 135mm (w147). 

Method of use 

Frame-plank treenails Holes for the treenails were 
augered through the frames and the planking. 
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Setting out marks present on most of the frames 
suggest that the augering was done from inboard 
which, with the assistance of gravity, would be the 
easiest method. Some of the augered holes are at odd 
angles in FG3 and the spacing of the holes in FG4 is 
strange, especially where two treenails connect to 
plank S5.2 and none to S4. 

The treenails were driven into the holes from the 
outboard so that the small domed heads projected 
slightly. There was no trace of caulking under the 
heads. On the inboard side the treenails appear to 
have been cut flush with the frame timbers using a 
saw and then wedged with oak wedges. In all the 
extracted examples the wedges had been driven in 
parallel to the rays of the treenail. In addition the 
wedges were all aligned across the grain of the 
frames . This suggests that the treenails must have 
been carefully orientated before being driven in. The 
alignment of the wedges across the grain of the 
frames would reduce the danger of producing radial 
cracks as a result of their introduction. The placing 
of the wedges along the rays of the treenails would 
have made their introduction easier. In addition the 
treenails may have shrunk more tangentially than 
radially when dry so the wedges would be ensuring 
a tighter fit along this plane. 

The domed head on the outboard and the wedged 
end inboard would have helped to secure both ends 
of the treenail. In addition the treenail would have 
swelled up on contact with water as they were 
probably driven in a deliberately very dry state. The 
choice of willow may have assisted in this swelling. 

Repairs The possibility of repair is suggested by the 
single hazel treenail (w102) in F5. This treenail was 
made from unconverted roundwood, unlike the major
ity of original treenails, and several axe marks on the 
underside of the frame around this treenail might 
indicate the removal of the original treenail. Two of 
the treenails on this frame did however have nails 
driven into their inboard ends which may have been 
used to expand the ends in place of oak wedges. The 
use of a nail to secure the inboard end of a treenail in 
place of a wedge is paralleled in a 12th-century ship's 
timber from Dublin (McGrail 1993, 112). W116 and 
w 119 are more roughly cut on their circumference than 
most other treenails. This may have been needed to 
permit their reinsertion into the frame timber. 

Plugs The two oak dowels examined, w107 and 
w150, were 7mm and 8mm in diameter respectively, 
and were probably used to plug empty nail holes. 
W107 was one of two such plugs on plank S4 which 
were also aligned with an obsolete nail which had not 
been removed. It seems most likely that these dowels 
were inserted to tighten a loosening join between 
S5.1/S5.2 and S4. A similar oak dowel was noted on 
the upper edge of S2.1. In the East Baltic small 
dowels (c lOmm) were used instead of plank fasten
ing nails and some of the upper strakes of the 
Skuldelev ships were secured in this way (McGrail 
1993, 29). 
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Figure 100 Nails patterns at the scarfs between hull planks of the same strake, viewed from outboard. 
Partially surviving nails are shown in grey and assumed nails in outline only 

Fittings Only one of the extracted treenails appears 
to have been used to secure a fitting. This treenail, 
w131, fills a hole in F6 but does not penetrate into 
the plank beneath. It is therefore likely to have been 
joined to a timber on the inboard side of the frame. 
In this respect it is relevant that this frame has two 
central blind auger holes which were used to join it 
to a possible short keelson. 

Fastenings: nails 

Metal fastenings employed in the vessel can best be 
divided into spikes, driven blind through one timber 
into another, and nails and roves forming rivets 
fastening overlapping strakes together. Due to the 
poor preservation of the metal fastenings metallur
gicallmetallographic analysis proved impossible (Gil
mour pers comm), although all the metal fittings 
examined wer e iron. The following notes have been 
compiled from direct measurement and X-ray plates. 
Whilst little or no hard metal survived, the form of 

these fastenings was often obscured by bulky corro
sion products 

Spikes were employed to fasten the keel and stem 
post together (see Fig 33b), and to fasten the 
garboard strakes to the keel and stem post. These 
had shanks with square (c 9-10mm sided), or round 
(c 10mm diameter) cross-sections. It would appear 
that small holes had been augered through the 
garboard strakes to permit passage of these nails 
without splitting the timber. 

The nails and roves which secured the hull planks 
to one another along the overlaps between adjacent 
strakes appear to have been manufactured in the 
manner outlined by Bill (1994). Nails appear to have 
been produced by hammering out the shank from a hot 
iron bar; cutting the nail off the bar, including the 
material for the head, with a chisel, and then hammer
ing out the head with a nail-making iron. The roves 
through which the nails passed and were then turned 
over on the inboard face of the planks, appear to have 
been made by hammering out an iron bar or rod to 
form a strip in which holes were made with a chisel 



Figure 101 Nail head in situ on outboard face of a 
hull plank at the lap with the adjoining strake 

Figure 102 Nail after removal of nail head 
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Figure 103 Rove impressions and nail shanks on inboard face of hull plank after removal of roves 

at regular intervals before individual roves were cut 
from the strip with a chisel (Bill1994, fig 1). 

Nails and roves were also employed to fasten the 
scarfs of adjoining planks running along the same 
strake. Study of the patterns of these fastenings is 
summarised in Fig 100. Most scarfs were fastened 
with tree nails and roves in a triangular pattern with 
two nails aft and one forward. Scarfs on the garboard 
strakes retained evidence for the use of only one or, 
in the case of the scarf between Sl.1 and Sl.2, two 
nails. In addition, the two surviving scarfs on the 

sixth port strake were fastened with only two nails 
and roves. 

The nails exhibited sub-circular to sub-rectangular 
heads generally 25- 28mm in diameter (Figs 101 and 
102). The shanks were circular, and less commonly 
irregular or even square in cross-section. These 
generally had a diameter of 10mm. The roves were 
four-sided, either rectangular or rhomboid generally 
22.5- 27 .5mm sided with occasional, more acutely 
diamond-shaped examples with longest dimensions 
of up to 32mm (Figs 103 and 104). 
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Ceiling planks, both the original beech planking 
and the presumably later patching with oak associ
ated with repairs to the sixth port strake, were 
fastened with spikes driven through the ceiling from 
inboard into the framing timbers. 

Nails were also employed to fasten the repair 
patches TP6.1 and TP6.2 over the crack in the sixth 
port strake. Whilst it would appear that these tingles 
had been pre-augered to avoid splitting, this was not 
the case with the hull planks through which the nails 
were driven and then turned over, without the use of 
roves. 

Tool usage 
by Richard Brunning 

Numerous types of tools must have been used in the 
construction of the boat although they do not all leave 
traces on the finished timbers. Saws appear to have 
been hardly used at all, there being only one possible 
set of saw marks on the aft end of the stem post scarf 
(inboard). 

Most of the working of the timbers was undoubt
edly done with axes although only those involved in 
the finishing of the timbers have left traces. The 
relatively small number of toolmarks surviving on 
the timbers is testimony to the skill and effort applied 
to the production of a smooth finish. Axe marks 
survive best where they are cutting across the grain, 
as in the strake scarfs, or where knots in the wood 
lead to deeper axe cuts. Usually the scarfs were cut 
from two sides showing that the planks were turned 
over halfway through the fmishing. 

The jam curves or stop lines left in the timbers by 
the blade edge give us some impression of the type of 
axes used (Fig 105). Four different blade proflles can 
be determined from this evidence ranging from 
almost completely flat to very slightly curved. It is 
hard to determine if the jam curves represent the 
full blade width, a lthough in one case where a 
flat-profiled jam curve was replicated at 136mm in 
width several times on one timber this seems likely. 
The largest blade width recorded on any of the timbers 
was 175mm. Axes of a considerably smaller blade 
width were needed to cut the rebates on the bottom 
of the frame timbers for the roves and nail ends. 

The fmishing of ships timbers using axes is 
mentioned in Norse sagas (eg Christensen 1982, 329) 
and a T-shaped axe is shown fulfilling the same 
function on the Bayeux Tapestry (Maclagan 1943, 
figs 37- 8). Many of the different types of broad axe 
in common usage in medieval Europe could have left 
similar toolmarks to those found on the Magor Pill 
boat (for example Christensen 1982, fig 20.2). Some 
of the toolmarks suggested the use of a blade with a 
right angled corner at one end like a bearded axe. 

All the different axes used in finishing the Magor 
Pill timbers must have been single-bevelled, ie forged 
right-handed or left-handed. Single-bevelled axes 
are more suitable for fine finishing of timbers 
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Figure 104 Impression of rove and square 
cross-section nail shank after cleaning. Scale 
interval1mm 
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Figure 105 Jam curves derived from tool marks on 
the boat timbers 

because normal double-bevelled blades cut much 
deeper into the wood. 

Some toolmarks on two side timbers, SF4P and 
SF7P, may have been made by an adze but it is hard 
to be certain. Adzes have been used in some modern 
Viking replica craft but the evidence for their use in 
medieval clinker-built craft is slight. 

Other tools required would have included knives 
and augers. The treenails and their wedges display 
evidence of some very careful knife work. 

An auger with a diameter of 23mm was used to cut 
the holes for the treenails . The auger holes in the 
corners of the plugged hole in the keel had a diameter 
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Figure 106 Hurdle 015: frequency histogram of rods by maximum ring 
count and species 

of 24mm. The treenail holes on the medieval ships' 
timbers from London had diameters which ranged 
from 17mm to 37mm with peaks in the distribution 
at 23mm-26mm and 30mm-35mm (Marsden 1996, 
131). These peaks were thought to represent the two 
most common sizes of augers, the evidence from 
Magor Pill suggesting the use ofthe smaller type. It 
is hard to be certain what type of auger was used but 
a spoon-bit auger is the most likely, possibly a breast 
auger like the one depicted in the Bayeux Tapestry 
(Maclagan 1943, fig 38). It would appear that the 
overlapping strakes were augered prior to the inser
tion of nails, which were subsequently turned over 
roves to form secure rivets. This practice is illus
trated in a contemporary manuscript in the collec
tions of St John's College Library, Cambridge (MS. 
231, see Friel1995, fig 3.11) 

On one strake, S2, fine striations were visible on 
the inner and outer faces. They were visible on the 
scarfs and under frames so could not have been 
caused by wear. They do not look like plane marks 
but appear to have been made while smoothing the 
strake to a clean finish. Plane marks were noted on 
a scarf on one of the Skuldelev boats (Christensen 
1982, 331). 

Evidence of the use of another tool can be seen on 
the Magor Pill timbers, but not in connection with its 
construction. On P4.2 the head of a nail was removed 
with a chisel with a blade width of 13mm. 

Contents 

The hurdle 
by Rowena Gale 

Introduction 

The remains of the hurdle consisted of 48 rods and 4 
sails (see Fig 15). The hurdle was constructed from 
whole (ie unsplit) stems. In most instances the bark 

was in situ; when absent, it was apparent that the 
outer surface of the wood equated with the vascular 
cambium and should, nonetheless, provide a reliable 
indicator of the season offelling. The stems used for 
both rods and hurdles were mainly linear suggesting 
the use of coppiced material; toolmarks indicated the 
removal of lateral branches on some pieces. Species 
identification was undertaken to establish the type 
ofwood used, its age and season of felling. 

Materials and methods 

The wood was soft but well preserved. Thin sections 
from the transverse, tangential, and radial surface 
swere prepared, using a double-sided razor blade. 
The sections were mounted in 70% glycerol on 
microscope slides and protected with glass cover 
slips. The anatomical structures were examined 
using a Nikon Labophot transmitted-light micro
scope at magnifications of up to x400, and matched 
to reference material. 

The rod samples consisted of short ( <20mm) and 
longer (50-190mm) pieces. Stem diameters and 
growth rings were recorded from one end only of the 
short lengths but from both ends of the longer pieces. 
Each sail had fractured into several pieces and the 
combined effects of abrasion to the terminal regions 
of the individual sections and their similarity in stem 
diameter hindered attempts at reconstruction. Con
sequently the widest and narrowest diameters re
corded from the collective segments of each sail were 
assumed to represent the extremities; growth rings 
were examined from these areas. The season of 
felling was assessed for each sample. 

Results 

The results are summarised in a series of graphs 
(Figs 106-8) for the rods and Table 10 for sails. The 
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Figure 107 Hurdle 015: frequency histogram of rods by maximum diameter and species 
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Figure 108 Hurdle 015: scattergram of rods by maximum ring count and diameter 

broadleaf taxa identified were hazel (Corylaceae 
Corylus sp.), and ash (Fagaceae Fraxinus sp.), under 
the classification according to Flora Europaea (Tu tin 
et al 1964-80). 

Discussion 

The hurdle was constructed predominantly from 
young unsplit hazel (Corylus) stems but also incorpo
rated a few ash (Fraxinus) rods and a sail. Coppiced 
hazel has been used extensively by wattle hurdle-

makers since prehistoric times in Britain; some of the 
oldest examples, from the Somerset Levels, have 
been dated to the 4th millennium BC (Coles & Orme 
1982). 

The morphology and structure of the hazel stems 
suggest that they were from fast-growing coppice 
stems, probably clear-felled on a five-year cycle: the 
numerous two-, three-, and four-year-old stems 
almost certainly represent subsequent growth over 
successive years (Fig 106). The stem diameters range 
from 8-30mm with the greatest number (13) meas
uring 15mm (Fig 107). This figure includes a number 
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Table 10 Species and tree-ring analysis for the sails from hurdle 015 

Diameter (mm) 
Wood code Identification Max Min 

W013 Hazel (Corylus) 25 24 

W014 Ash (Fraxinus) 27 20 

W015 Hazel (Corylus) 30 20 

W016 Hazel (Corylus) 22 18 

of short <20mm rod samples and although their exact 
point of origin in the stem, ie base, centre or apex, is 
unknown, measurements taken from both (esti
mated) ends of the longer rods indicated that growth 
was more or less uniform along their lengths, usually 
with little difference in either age or diameter. Some 
stems, however, appeared to have grown faster than 
others: for example, the two-year-old rods were 
similar in diameter to some five-year-old stems (Fig 
108). Most rods displayed fairly similar development 
patterns with consistently wide growth rings across 
the stem but in a few the outermost rings were 
narrow (see discussion below). In some stems the 
innermost rings were relatively narrow suggesting 
that either the epicormic buds initiating these stems 
had broken into growth relatively late in the season 
or that some other factor had influenced the growth 
rate. 

All except one of the eight ash (Fraxinus) stems 
included either two or three growth rings and ranged 
from 8-27mm in diameter. 

Season of felling Coppice woods have, tradition
ally, been cut between August and April but, in 
practice, it is more usual to harvest the stems 
between October and March when the undergrowth 
has died down, the sap is less abundant and the 
absence of leaves renders the brushwood easier to 
handle (Edlin 1949; Porter 1990). The rods are more 
pliable to work when used relatively soon after 
cutting, before they have dried out and become 
brittle. The coppice rods from the Magor hurdle 
appear to conform to this season of felling. 

Estimating the age and season of felling of 
trees/coppice stems from the anatomical structure 
can be complicated by natural fluctuations in growth 
caused by climate, drought and other factors (Esau 
1965; Morey 1973; Morgan 1982). Growth patterns 
in woods with ring porous structures (ie well defined 
early- and late-wood) are more easily determined. 
The abundant late-wood formed in the ring porous 
ash stems clearly indicates felling during dormancy 
(ie late summer/autumn to early spring). In taxa with 
diffuse porous vessel distributions, eg hazel, the 
precise stage in a season's growth can be more 
difficult to interpret from the cut stem. In over 90% 
of the samples from the hurdle, the width and 
anatomical structure of the outermost growth rings 
suggest that the stems were dormant when cut. 
However, four stems presented much narrower outer 
rings which could be attributed to either felling 

Growth rings (count) 
Max Min Comments 

4 4 Felled when dormant 
5 4 Felled when dormant 
5 4 Felled when dormant 
5 4 Felled when dormant 

during the growing season or, probably more likely, 
a decline in growth due to other factors (see above). 
One stem included a partially incomplete cylinder 
composed of a single row of early-wood vessels which, 
by implication, suggests that felling occurred at the 
start of the growing season. 

The cargo: iron ore analysis 
by Tim Young and Gary Thomas 

Introduction 

A total of 171kg of iron ore was recovered from the 
Magor Pill boat during the excavations. This was 
divided by the excavators into 49kg of picked blocks 
(with an average weight of0.43kg) and 122kg bagged 
as 'powder' ore (a very poorly sorted material domi
nated by clay-grade ochre, but with clasts ranging up 
to 80mm). This collection does not constitute the 
entire cargo, for large amounts of ore had been 
reworked both inside and outside the boat, and 
several kilograms of ore blocks were subsequently 
recovered by others from eroding excavation spoil left 
on the foreshore. The ores are dominantly formed of 
the hydrated iron oxide goethite, but small quanti
ties of the anhydrous oxide haematite are also 
present in most samples of the lump ore. The lump 
grade material can be subdivided into four facies of 
ore (stalactitic, layered, botryoidal, and replace
ment), of which more than one facies may occur 
within an individual ore lump. The cargo appears to 
have comprised two separately mined components: 
blocks oflump ore and a poorly sorted bulk powdery 
material of the type commonly referred to as yellow 
ochre. The collection of ore blocks includes pieces 
derived from the poorly sorted ochre, as well as large 
(>64mm, > 150g) blocks comprising the original lump 
ore component of the cargo. 

The determination of the provenance of the Magor 
Pill cargo is made extremely difficult by the almost 
complete absence of any published petrographic or 
analytical studies of the iron ores of the Bristol 
Channel orefield. In order to provide comparative 
material, therefore, the study of the Magor Pill cargo 
has been accompanied by investigation of the petrol
ogy, mineralogy, and geochemistry of a wide a range 
of ore deposits throughout the orefield. Modern 
studies are, however, hampered by the working-out 
of the principal ore horizons from crop workings, and 
so comparative material collected from the old 
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Figure 109 Distribution of iron ore in the Bristol Channel area, showing the outcrop of the Carboniferous 
limestone (pale grey) and the fault system bounding the western margin of the Worcester Graben (shown in 
black). Three groups of ore are distinguished within the Bristol Channel Orefield: 1. Ores hosted by 
Carboniferous limestone (dark grey circles and dark grey lines). 2. Ores hosted by joints and faults in 
siliciclastic rocks, dominantly Upper Carboniferous sandstones (stars). 3. Ores hosted by the Dolomitic 
Conglomerate (diamonds) 

workings or from modern quarries may not necessar
ily be representative of the ore worked in antiquity. 
The range of textures and compositions present is 
typical of the iron ores found around the Bristol 
Channel area, but definitive identification of the 
origin of the ore is not yet possible. The provenance 
of the cargo is at least constrained by several strands 
of evidence, even if not yet positively identified. The 
current evidence favours a source in Glamorgan, 
probably from the area stretching from Llanharry in 
the west to a few kilometres east of the TaffValley. 
The material forms a broad cross-section of the ore 
types likely to be encountered in a source in this area, 
although no known ore deposit in this area yields an 
identical range of lithologies. The dominance of the 
powder ore may reflect the relative ease of extracting 
this material compared with the lump ore, and the 
much higher degree of effort required to reduce the 
extremely hard lump ore to a grain-size suitable for 
smelting. 

Geological background 

The Bristol Channel area hosts a significant iron 
orefield (Fig 109) closely associated with the post-

V ariscan unconformity. Most of the ores lie below the 
unconformity and are hosted in cavernous porosity 
(caves, joints, and faults), usually within the Carbon
iferous limestone. The best-known areas of this 
widespread mineralisation are in the V ale of Glamor
gan, where the Llanharry haematite mine operated 
until1978, and the Forest of Dean which provided a 
major component of the British iron industry in 
Roman and medieval times. At some localities, 
particularly in the Bristol and Mendip areas, the 
mineralisation is dominantly hosted above the un
conformity within the Dolomitic Conglomerate, of 
Triassic age. The published literature on most of 
these occurrences is now rather old (Cantrill et al 
1919, Sibly 1919), but a relatively recent account of 
the Llanharry deposit has been given by Gayer and 
Criddle (1970). Shepherd and Goldring (1993) gave 
a brief discussion of the Bristol Channel orefield 
during a description of the similar Cumbrian ore
field. 

Techniques 

All available specimens of lump ore were examined 
macroscopically and nineteen representative speci-



mens were the subject of further detailed study. Four 
samples of the powder ore were studied in detail. The 
detailed investigation of the lump ore samples 
included examination of polished blocks using re
flected light optical microscopy, back-scattered 
electron scanning electron microscopy, geochemical 
analysis using X-ray Fluorescence of fused beads 
(major elements) and powder pellets (minor and 
trace elements) and geochemical analysis using 
Induction Coupled Plasma - Mass Spectrometry of 
solutions (minor and trace elements). The specimens 
of the powder ore were examined using secondary 
electron scanning electron microscopy and were 
subjected to the same range of geochemical investi
gation as the lump ore specimens. 

Lump ore 

The range of individual fragments was 2.6g to 427g. 
Seventy-five per cent of fragments weighed less than 
500g, but these constituted only 24% of the weight of 
the lump ore. Petrographic examination of the lump 
ore and comparison with the grain size distribution 
of the 'powder' ore suggests that much ofthe <64mm 
fraction of the lump ore has been derived from the 
'powder' ore component. Thus it would appear that 
the surviving cargo comprised approximately 129kg 
of bulk 'powder' ore and 43kg of picked lump ore. The 
lump ores are subdivided here into four facies: 
layered, stalactitic, botryoidal, and replacement. The 
four facies occur intimately associated, and only a 
very small number of specimens contain ore of a 
single facies. The lump ore can be divided on the basis 
of the dominant ore facies into 25.0kg of material 
dominated by stalactitic ore, 12.5kg dominated by 
the layered facies and 5.1kg of replacement facies. 

i. Layered facies This ore facies comprises dense, 
hard layers alternating with porous, low density 
layers and open cracks. The dense layers range from 
0.6 to 6mm in thickness, the porous layers up to 2mm 
grading upwards into open cracks up to 20mm wide. 
No specimens are solely of this facies, but many 
specimens comprise layered facies overgrown by 
stalactitic facies. The maximum thickness oflayered 
facies observed was approximately 50mm. The dense 
layers are dominated by goethite, but haematite may 
often comprise 10-20%. Bulk porosity is low (<6%), 
but individual low-density layers commonly have 
25% porosity. Haematite concentrations are gener
ally lower in the porous bands than in the dense 
bands. The porous structure of these bands is a 
combination of large cavities and smaller porosity 
within pseudomorphs (<1mm) of carbonate crystals. 
Both dense and porous layers are often rich in quartz 
crystals ( <200 ~m), which are well formed and 
variously predate, post-date or are intergrown with 
acicular goethite crystals. 

ii. Stalactitic facies The stalactites are generally 
thin (<3mm diameter), with the thicker examples 
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generally being an original stalactitic ore secondarily 
coated with botryoidal ore. The botryoidal material 
often overgrows the stalactitic facies to such an 
extent that the inter-stalactitic porosity is almost 
completely occluded, giving the ore a massive ap
pearance. The maximum demonstrable thickness of 
the stalactitic layer is 180mm, but several specimens 
show no contact with a supporting substrate and the 
layer may originally have been much thicker. In 
polished section the stalactites have a porous micro
structure with goethite crystals radiating from small 
clumps to form an interlinked mesh. The centres of 
the dense clumps are often seen to contain haematite 
in six-pointed star-shaped structures with six hae
matite crystals up to 611m in length and 0.5Jlm wide 
radiating from a central point. The facies is almost 
ubiquitously overgrown by botryoidal material. 

iii. Botryoidal facies The botryoidal goethite com
prises acicular crystals and has concentric banding. 
Some specimens show thin horizons ofhaematite (up 
to 40~m) running through the goethite. The material 
is commonly recrystallised into a more polygonal 
morphology. The botryoidal overgrowths are typi
cally up to 500J1m thick, but locally much thicker 
botryoidallayers up to several mm thick may occur. 
The botryoidal overgrowths may, in turn, be over
grown by sheathes of radiating large acicular 
goethite crystals up to 150~m in length and 5J1m in 
diameter. 

iv. Replacement facies Only a very small propor
tion of the ore can be identified as a replacement of 
a pre-existing rock. This is in keeping with most 
localities within the Bristol Channel orefield, where 
the iron ores are generally cavity-filling. However, 
these specimens may provide considerable insight 
into the host rock. In particular, one piece comprises 
a replaced coarse dolomite, supporting a growth of 
stalactitic ore. The dolomite crystals (up to 1.5mm) 
have been replaced by a geopetal infill of goethite and 
haematite showing a gradation in the frequency of 
goethite clots centred on haematite 'stars' similar to 
those present in the brush ore. The outlines of the 
dolomite rhombs are marked by porosity. 

Powder ore 

The powder ore is a poorly sorted aggregate material, 
dominated by orange/brown coloured clay-grade ma
terial (ochre), but containing clasts ranging up to 
80mm, and has a dry bulk density of 1.62 t.m-3. The 
powder ore is dominated by material derived by 
fragmentation of pre-existing iron ore or through the 
dissolution of incompletely mineralised dolomite. 
There is little admixed material, with chemical 
analysis showing the bulk 'powder' ore as comprising 
approximately 75% Fe20a (corresponding to approxi
mately 83% goethite). A significant minor component 
ofthe >16mm fraction of the powder ore is provided 
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by thinly layered yellow-brown silicified ochreous 
replaced dolomite. 

i. Ochre The ochres dominantly comprise material 
of clay grade. The grains are mainly of goethite, but 
there is a minor component of quartz and clay 
minerals, together with rare grains of barite. The 
ferruginous grains include six-pointed stars ( <5j.lm), 
which may be axially aligned or sometimes linked 
together laterally, and various tabular and platey 
forms (0.5-3j.lm), sometimes ofrhombic or hexagonal 
shape. The tabular ferruginous grains are frequently 
arranged radially in sub-spherical clumps ( <5j!m). 
The six-pointed stars are also abundant in the lump 
ores and in the silicified ochreous replaced dolomites. 
Much of the intermediate grade material in the 
'powder ore' (100j.lm-5mm) appears to be degraded 
brush ore, which would be particularly liable to 
fragmentation. The most likely origin of the ochre is 
through dissolution of mineralised dolomite (prob
ably from post-mineralisation karstic activity), which 
would liberate large amounts of the microscopic 
goethite grains, and would also separate lump ore 
blocks from their supporting (partially silicified) 
wallrock, supplying the coarser components of the 
'powder ore'. 

ii. Non-ore material within the 'powder ore' The pow
der ore contains many small fragments of layered 
yellow silicified ochreous replaced dolomite. The 
layering is defined by degree of quartz induration of 
the goethitic substrate. In some cases the hard layers 
are separated by gaps, and have surfaces covered on 
goethite replacements of dolomite rhombs. This 
lithology provides an intermediate with the layered 
facies ores. In polished section these ochreous dolo
mites show abundant development of 'six-pointed 
stars' of goethite, which are often axially linked into 
elongate chains. This demonstrates a common origin 
with the ochre. There is also a single large (1082g) 
block of reddened, haematised dolomite. The dolo
mite occurs as coarse rhombs ( <1000j.lm) with 
irregular oxide rims and the rock is cut by calcite 
veins, associated with small patches of yellow ochre. 
There are also small vugs, with calcite fill, around 
which the dolomite rhombs have a particularly 
marked iron oxide rim. 

Relationship of the ore facies 

The ore specimens show a consistent relationship of 
facies. Stalactitic and laminated facies ores are 
overgrown by botryoidal facies. Stalactitic facies ore 
can be seen to overgrow laminated facies and to form 
within the larger cracks within laminated facies 
specimens. The replacement ores are seen in one 
specimen to be overgrown by stalactitic facies. These 
relationships suggest that the cavemous porosity 
within the altered dolomite may first develop a 
laminated lining. The orientation of stalactitic over
growths on the laminated facies suggests that the 

laminated facies formed on surfaces of any orienta
tion. The laminated facies was subsequently over
grown by the stalactitic facies, which provides the 
majority of the lump ore material and then the 
stalactitic facies was in tum overgrown by thin 
deposits ofbotryoidal facies ore. The exact relation
ship of the silicified ochreous replaced dolomite to the 
layered ores is less clear, but it seems likely that they 
share a common origin through replacement and 
progressive silicification of a dolomitic precursor 
during reaction with the mineralising fluids. 

Geochemistry 

The lump ore is very high grade, with Fe20 3 of the 
non-replacement ores ranging from 87.2-89.9% (cor
responding to a range of haematite + goethite from 
97% to over 99%). Major element geochemistry of the 
ores is therefore rather limited in its variation, with 
SiOz in the range of 1-2% for most ore specimens, 
and AlzOa typically only present at values of up to 
0.4%. The minor element chemistry of the ores is 
marked by very low concentrations ofMn, Ca, Ti, N a, 
K, andP. 

Only the ochres show significant impurities, but 
with haematite + goethite of approximately 85% 
these are still high grade ores. The ochres show Si02 

and AlzOa totalling approximately 12%, with clays, 
quartz, and feldspar grains all identified under the 
SEM. CaO + MgO total approximately 2% in the 
ochres, suggesting the presence of some relict carbon
ate material. The P content of all the ores is very low 
reaching 0.044% in only a single specimen and 
typically less than half that value. 

The ores have very low trace element concentra
tions. The uranium content is extremely low. The 
SREE of <16ppm and generally <10ppm is low even 
in comparison with other Bristol Channel ores. The 
Upper Crust-normalised (Taylor & McLennan 1981) 
REE profiles (Fig 110) show a marked depletion in 
the light REE (LREE) and a slighter depletion of the 
heavy REE (HREE), giving a 'humped' appearance 
to the profiles centred on Gd. Superimposed on this 
profile is typically a small negative Ce anomaly. 

Evidence for provenance 

Ore texture There is a predominance of stalactitic 
ore. No pieces show more than one host rock contact, 
indicating that the ore bodies were emplaced in large 
cavemous porosity, rather than on narrow joints. 
The dominance of stalactitic ores distinguishes these 
ores from the recently worked major deposits of the 
South Crop of the South Wales Coalfield, where 
massive and layered ores generally fill the caverns, 
and from the ores of the north Somerset area, which 
are dominantly relatively narrow vein fills. Despite 
the dominance of stalactitic ores, however, the 
layered facies shows a remarkable similarity to the 
layered goethite ores from Llanharry. Blaengwynlais 



109 

10.------------------------------------------------------------, 

0.1 

....,._ Stalactitic 

~Layered 

-a-ochre 

~Replacement 

0.01+----.-------.------.---~----.------.---------.-----..----.....-----"T-----.-----r------l 

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

Figure 110 Upper crust-normalised (Taylor & McLennan 1981) rare earth element plots for representative 
samples of the different facies of ore from the Magor Pill boat 

Quarry, north of Cardiff, shows a close association of 
haematite orebodies with smaller stalactitic goethite 
orebodies, possibly providing a model for the occur
rence of stalactitic facies in minor ore bodies in other 
areas of the South Crop. 

Ore mineralogy The key mineralogical feature of 
the Magor Pill cargo is the presence of quartz in the 
layered facies, This feature apparently distinguishes 
the ores from those of the Forest of Dean, but Sibly 
(1919) does record quartz in bedding-parallel ore
bodies hosted by the Lower Dolomite at Red Hill 
Quarry, Lydney, Glou cestershire. Red ochre from 
Clearwell Caves Iron Mine shows an Si02 content of 
9.7% and AhOa of 0.2%; values clearly indicative of 
silica enrichment. Thus quartz does occur, although 
not frequently, in Forest of Dean ores. The quartz in 
the layered facies ores is dispersed and has a crystal 
size only up to approximately 20011m, but frequently 
smaller. This is in marked contrast to the typical 
quartz-bearing vugs, which occur in addition to the 
dispersed quartz, in the South Wales and Somerset 
siliceous haematites, and which form a prominent 
macroscopic feature of the ores. In these vugs the 
quartz crystals are typically up to 1.5mm and may 
attain several centimetres. The presence of quartz is 
thus a pointer in favour of a Glamorgan or Somerset 
origin. 

Ore geochemistry The low uranium content of the 

Magor Pill lump ores (m= 2.00ppm, s = 1.03, n = 17) 
differs from the slightly higher levels recorded in 
samples from both the eastern (m= 4.20ppm, s = 1.58, 
n = 12) and western (m = 4.85ppm, s = 2.93, n = 12) 
outcrops of the Forest of Dean, but is similar to ores 
from Upper Carboniferous sandstones in the central 
Forest of Dean (m = 2.01ppm, s = 1.36, n = 5). The 
red and purple ochres from Clearwell on the western 
margin of the Forest have elevated uranium contents 
(25.9 and 20.5ppm respectively) and yellow ochre 
from Clearwell is markedly richer (7.29ppm, n = 1) 
in uranium than the Magor yellow ochres (m= 3.79, 
ppm, s = 0.27, n = 3). The fault-hosted ores of the 
western margin of the Worcester Graben have a 
much lower uranium content (m = 0.85ppm, s = 0.47, 
n = 4) than the Magor ores, whereas the Glamorgan 
ores are very variable but most outcrops have 
yielded some very high uranium material. The excep
tion in Glamorgan is Llanharry, which has uranium 
values comparable to Magor Pill (m = 2. 73ppm, s = 1. 04, 
n = 4). 

The Magor Pill cargo ochres are coincident with 
other ochres and carbonate-rich ores from the Bristol 
Channel orefield on a plot (Fig 111) of GdNILUN (a 
measure ofHREE depletion) v. GdN/LaN (a measure 
of LREE depletion). The REE profiles of the lump 
ores are atypical for ores from the orefield, and plot 
outside the field of data for the western Forest of 
Dean, the eastern part of the Glamorgan section of 
the orefield and the Mendips/Bristol area. They are, 



110 

4 

• 
3 

• 

2 

0 

0 4 8 12 16 

Magor Pill boat: ochre • 
• 
• 
• 

Magor Pill boat: replacement facias 

Magor Pill boat: layered facies 

Magor Pill boat: stalactitic facies 

Llanharry 

Iron Acton 

E & C Forest of Dean 

<lQ 
X ~ 

+ ~ Glamorgan (except Llanharry), W Forest of Dean & Mendips 
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however, comparable to analyses of material from 
localities in the Carboniferous limestone of the 
eastern margin of the Forest of Dean and within 
the range of variation seen in samples from 
Llanharry. 

Associated material The association of coarse
grained dolomite demonstrates that the ore was 
obtained from an ore body hosted by dolomitised 
limestone, and so excludes those deposits hosted by 
sandstones or those hosted by the Dolomitic Con
glomerate. The abundant silicified replacement ores 
occurring as small pieces within the powder material 
are very similar to specimens from the Mwyndy 
Mine, Glamorgan; such material is unknown in the 
Forest of Dean. 

Discussion 

Despite the fact that the ores fit within the range of 
variation of the Bristol Channel ores, they are 
without precise correspondence with any source for 
which data is yet available. However, the balance of 
evidence at present would indicate an origin for the 
cargo in Glamorgan. No major deposits dominated by 
stalactitic facies have been recorded in this area, 
although the texture does occur widely as a minor 
component of the assemblage, and locally there are 
examples of ores with similar trace element geo
chemistry. 

The end use of the cargo would have been for iron 
smelting. The ochre component of the powder ores 
could have been used as pigment, but the large 



quantity present, its dull colour, and the unsorted 
nature of the powder ores makes a metallurgical use 
far more likely. The use of powder grade material in 
smelting has often been regarded as unlikely because 
of the rejection of fine grained material as charge for 
recent blast furnaces (due to problems with clogging). 
In contrast, however, experimental work with 
bloomery furnaces suggests that powder ores may be 
particularly suitable because of their ease of reduc
tion ; coarser-grained charges are much more difficult 
to reduce thoroughly. 

In the Forest of Dean the use of powder grade 
material in medieval times is suggested by the 
adoption of the standard measure 'bellis', which has 
been equated with the bushel (ie a volume measure). 
In 1282 a 'regard' of the Forest used bushels as a 
measure for ore, and Nicholls commented (1866, 23) 
'It would appear, too, that the ore was then measured 
by the bushel, as it has been ever since, owing, of 
course, to its loose powdery nature, which seems, 
therefore, to have been the sort preferred'. Nicholls 
described the use of the miners' tools by saying 'with 
the small mattock in his right hand, he would loosen 
the fine mineral earth lodged in the cavity within 
which he worked, as occasion required, or else detach 
the metallic encrustations lining its sides'; an almost 
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perfect account of the production of the two grades of 
ore intermixed in the Magor Pill cargo. Although 
Nicholls was writing in the mid-19th century, it is 
clear that traditional methods of mining the iron ores 
persisted at that t ime in many parts of the Forest, 
despite the advent of deep mining and his comments 
provide an insight into the nature of the material 
worked. Given the broadly similar nature of the ore 
bodies, similar production techniques might be ex
pected elsewhere in the Bristol Channel orefield. 

The total weight of recovered cargo (171kg) might 
be expected to yield around 40% ofthis weight as raw 
iron blooms (68kg) during smelting in a bloomery 
furnace. There is little information available for the 
production from bloomeries of the period of the 
Magor Pill boat. The only blooms known from the 
Forest of Dean have been assumed to be Romano
British, but are undated, and are approximately 2kg 
in weight. A bloomery would probably only produce 
a single bloom per day- so the surviving cargo would 
have kept a single such bloomery furnace in opera
tion for over a month. It provides a perspective on the 
volume of ore being shipped, to note that this 
potential iron product corresponds approximately to 
the quantity of iron nails used to build the Magor Pill 
boat. 



The iron industry of south-east Wales in the 13th 
century Mark Redknap and Tim Young 

Introduction 

It is clear from the quantity of iron ore found upon a 
wattle hurdle within the boat that the vessel con
veyed ore as a bulk commodity (amongst other lost 
components of cargo) during the last stage of her life. 
Iron was a raw material for the manufacture of tools, 
farm implements, weapons, armour, and construc
tion material for buildings and ships, including 
buckets, chains, locks, keys, nails, and much else. 
The Forest of Dean, the Midlands and north of 
England (South Yorkshire, Cumbria, Durham and 
Northumberland) were the main sources for iron ore 
in the Middle Ages (the Weald of Kent only develop
ing in the course of the 13th century; Geddes 1991, 
167), and iron was moved by sea throughout this 
period. Iron for Ireland was imported via Chester or 
Bristol. For example, in 1450, the Christopher alias 
the Busshe of Bristol was freighted with salt, iron 
(octo barellos Osmond), cloth, and various foodstuffs 
ostensibly for Ireland, but actually sent illegally to 
Iceland (Carus-Wilson 1967, 87, 90). Continental 
iron was also imported from Spain, mostly from the 
Basque provinces (some of which was re-exported). 
For example, in 1425 a safe-conduct was granted 
for the St Mary of Bilbao sailing to London, 
Southampton, or Bristol with wines, iron, and 
other lawful merchandise (P.R.O. Treaty Roll107, 
m.l.; Carus-Wilson 1967, 58), and in 1491-2 some 
29¥2 tons of Spanish iron were imported to Beau
maris (Lewis 1913, 170). Iron was also imported 
from France (Brittany) and the Baltic, and it arrived 
in the form of rods, pieces of pointed iron, pieces of 
iron plate, cut or tarred iron, and welded iron 
(Geddes 1991, 168). 

Earlier history of iron-making in the 
Bristol Channel area 

Pre-Roman 

The iron ores of the Bristol Channel orefield have 
been worked from early times. Much of the archae
ological emphasis has been placed on the Forest of 
Dean area, where iron-making certainly started 
before the Roman conquest. Pre-Roman iron-making 
slags consistent with ore from the Forest of Dean 
have been identified at Ariconium and Frocester 
Court (unpublished data). Pre-Roman working of 
Glamorgan ores has been suggested on the basis of a 
small amount of material from Mynydd Bychan, V ale 
of Glamorgan (Savory 1955). 
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Roman 

During the Roman period the Forest of Dean was a 
major source of iron ore, which was smelted both 
within the Forest and in neighbouring areas (eg 
Fulford & Alien 1992, fig 25). Outside the Forest and 
its immediate environs ore from the forest was 
apparently smelted at Usk (20km west of the Forest 
of Dean), many localities in the Gloucester and 
Stroud areas (20km to the east and south-east of the 
Forest), probably at Caerleon (30 km south-west of 
the Forest), and possibly at Worcester (35km north
east ofthe Forest). 

Other areas of the orefield were also utilised during 
the same period: large quantities of iron-making 
slags have been recovered at Cowbridge (Parkhouse 
1982; Barford 1996, 208), a fumace at Llantwit Major 
(Nash-Williams 1955), ore and slag from Whitton, 
and slags of supposed Roman date are recorded from 
near Miskin (Wilkins 1903) suggesting utilisation of 
the Glamorgan ores. The major iron production 
recorded by the large quantity of slags used in road 
surfacing in the 3rd-century fort in Cardiff may 
represent the working of ores from the Taff Gorge 
area, but might equally represent the working of ores 
brought in by sea. Utilisation of ores east of Bristol 
has been suggested by a smelting site associated with 
the outcrop of a haematite vein at Hansham Abbots 
(Russett 1992). 

Early medieval 

Post-Roman iron-making is much less well known, 
but the 5th to 7th century princely site at Dinas 
Powys included iron-making residues and pieces of 
iron ore suggested to be from Glamorgan (Alcock 
1963; Tylecote 1986; Campbell1988). Gloucester was 
an important market to which a large portion of the 
Forest of Dean iron was sent for sale (alongside 
Bristol); under Edward the Confessor, Gloucester 
rendered 36 clickers of iron and 100 iron rods suitable 
for the manufacture of nails for the king's ships 
(Poole 1987, 81). Dacrum, or dicrum, was a lot often 
(half-score), used for hides and metal bars. 

The Domesday Book records, besides bloomeries in 
the Forest of Dean at Merchelai (Much Marcle) and 
Alwintune (Alvington near Lydney) and at 
Gloucester, a very high tax in iron for Pucklechurch 
(six men pay 100 lumps of iron, less ten), suggesting 
working of the Coalpit Heath ores. The AD950 
Charter of Pucklechurch includes a reference to 
Sinder Ford (Cinder Ford) on the boundary with Iron 
Acton. 



The medieval iron-making industry 

Sources of ore: Forest of Dean 

Charters from the 12th and 13th centuries refer to 
ironworking at a number of Dean sites: Edlaud 
(Elton) near Westbury on the east side of the Forest 
(1154), Staunton (1216), St Briavels (1216), and from 
an undated document of Henry III, Ettelaw (Etloe), 
Bickenour (Bicknor), Reruwardin (Ruwardin), Mag
nam Dene, Parvam Dene, Lideneye; Blakeney 
(1282), Hopo Malhoysel (Hope Manse!, 1282). The 
latter returns indicate 19 forges on the east, 6 on the 
south, 23 on the west towards the Wye, and 12 in the 
north. In 1216/26 such was the consumption of 
timber by forges that Henry III ordered a temporary 
cessation of the work at (Penyard Wood) forges 
belonging to the castle of Briavels to prevent deple
tion of the forest (Nicholls 1866, 12). The origin of the 
ores smelted at the medieval town of Trellech to the 
west of the Wye has not yet been determined, but is 
generally assumed to be the Forest of Dean (see also 
Clarke et al 1981-2, 45-9). The demand for charcoal 
was huge, the cost of fuel amounting to about half a 
forge's expenses. Early 13th-century charters stipu
late the sustaining of the forges with dead wood, old 
trees, charcoal made in 'Wallea' beyond the forest 
bounds, or a limit of one or two oaks per week. 

In the medieval period Forest of Dean ores were 
certainly moved outside the Forest for smelting, for 
the medieval quays at Woolaston on the west 
(Fulford et al 1992) and Hills Flats on the east bank 
of the Sevem (Alien & Fulford 1996) yield fragments 
of iron ore. Indeed, the royal status of the Forest of 
Dean at this period promoted the development of 
iron-making sites outside the bounds of the forest 
itself, including Monmouth and Goodrich. 

Sources of ore: other areas 

Significant deposits of ore exist in the Bristol-Mendip 
area, and in 1235 the Bishop of Bath was granted 
mining rights for iron in Mendip (Gough 1967). Large 
bloomeries are also recorded at various places such 
as Pucklechurch near Bristol (rendering 90 blooms 
per annum, and thought to have been worked out by 
the 13th century; Tylecote 1986, 188), Iron Acton and 
Frampton Cotterell . A large volume of iron-making 
slags at Iron Acton probably represents the product 
of medieval activity (pers observation). 

Of the ore fields in south-east Wales, those in the 
Llanharry/Llantrisant area to the west of Cardiff are 
best known. The Annals of Tewkesbury record finds 
of iron ore in the Lordship of Glamorgan in 1228 and 
1282. Rees (1968) claims evidence for mining of ore 
at Llantrisant in 1262 and that in 1316 the lord's toll 
of iron from the commotes of Miscin and Glyn
rhondda was four loads of smelted iron. Rees also 
states that in 1319 Hugh le Despenser requested the 
transfer of workers from iron mines in Gloucester
shire and Somerset to Glamorgan. It is possible, 
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however, that this working was of Coal Measures 
claystone ironstones, for there are also records 
quoted by Rees of iron working of the Carboniferous 
ores at N eath, Blaenavon, Ebbw V ale, and Glyntawe 
by the 14th century. 

The search for new outcrops was continuous: in 
1303 four German miners were called in by the 
English Crown to search for minerals in the rich 
mining area of Flint, North Wales (Rees 1968, 72). 

The Magor Pill ore 

The results of the scientific analysis of the ore favour 
a source within Glamorgan (in the Fforest fawr -
Llanharry area), and are important for our under
standing of iron smelting in the 13th century (see 
below). 

The total weight ofthe ore recovered (171kg) may 
be assumed to represent partial recovery only of the 
original cargo. It is likely that the ore would have 
been symmetrically loaded around the mast step, 
giving a minimum estimate of cargo weight of 171 x 
4 = 684kg, in other words about three-quarters of a 
ton (one ton of ore would have a volume of about 
0.5m3). If one expects a 40% yield from the ore from 
smelting in a bloomery funace, this would have 
yielded approximately 272kg iron, coincidentally not 
far off what was required to build a boat of this size. 

The bushel (8 gallons, the original com bushel 
being a weight of 64 troy pounds) was used as a 
measure of ore in the medieval period, as recorded 
for a mine in the bailiwick of Abenhale, '6 semes (8 
bushels) of mine ore each week' (1282; Nicholls 1866, 
23), and it continued to be later. This may have been 
the measure used for the Magor Pill ore, and 
continued in use for some time, for 17th-century 
Orders of the Mine Law Court specify the minimum 
fee for shipping iron ore in bushels (by the dozen) to 
Ireland (Nicholls 1866, 47). Other medieval units of 
measurement were the dozen, a measure for metal 
bars (Prior 1924), and chalders or chaldrons (from 
'cauldron') used for coal; early 15th-century keels on 
the Tyne carried about 20 chalders (Friel1995, 154). 
A measure called bellis was also used, equated with 
the bushel. 

Movement of finished iron 

It is clear from the documentary records that iron 
was moved according to demand around the country. 
The importance of the Forest of Dean is reflected in 
the order that 100 axes, 1000 picks, 2000 shovels, and 
60,000 nails be dispatched to Ireland from Glouces
tershire during the expedition of 1172, and 50,000 
horseshoes from the forges of the Forest together 
with spare fastenings besides a large quantity of iron 
for the ships were provided for Richard I's Crusade 
(Pipe Roll2 Ric. I, p 53; Poole 1987, 82). During the 
13th century 200,000 quarrels were ordered from St 
Briavels during the war of 1277, and a further 
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170,000 for the Anglesey army during 1283 (Remfry 
1996, 4). 

Movement of ore 

The tradition of iron-making away from the ore
bearing formations has been noted as a feature of the 
Forest of Dean in the Roman period (Fulford & Alien 
1992, 205); the analysis of ore samples has estab
lished that the Magor Pill ore probably came from 
Glamorgan, and confirms that the River Severn (and 
Wye) also played an axial role in the distribution of 
high grade ore (and also finished products) during 
the 13th century. The medieval quays ofWoolaston 
and Oldbury are direct witness to this (Allen 1996), 
as are, indirectly, the large numbers of smaller 
iron-making sites recorded along the banks of the 
River Severn. One of the early charters for Man
mouth is concerned with the 12th-century iron trade, 
granting three forges on the banks of the Wye to 
Monmouth Priory, and granting freedom of the wharf 
to all those buying and selling iron (c 1170; Kissack 
1974,24, 71) . The orewasimportedfromDowardand 
the Forest of Dean, and the waste cinders were used 
later in the foundations and floors of town houses 
(Kissack 197 4, 24, 71; Clarke 1987, 4). The rise at this 
period in the exploitation of Glamorgan and Forest 
of Dean iron ore coincided with an increased use of 
the seaways to service the new towns and castles of 
Wales during the period of Anglo-Welsh wars (iron 
miners from the Forest of Dean were even used as 
sappers for the 13th-century campaigns in Scotland 
and Gascony, and in Henry V's campaigns after 
Agincourt). 

The association of 'free-miners' of the Forest of 
Dean community (which incorporated iron ore and 
coal miners, charcoal burners, and forge hands) had 
privileges officially recognised in royal prescripts 
under Henry Ill which contrasted to the regulations 
governing ordinary forest dwellers elsewhere. Mem
bers of the association controlled both the extraction 
of ore and its export out of the area, along the Severn; 
carriers paid dues to the miners on penalty of having 
their boats confiscated (Hindley 1990, 93). 

Monastic and seigneurial involvement with 
the iron industry 

The Cistercians worked iron ore deposits all over 
Europe, and were leading iron producers in the 
Champagne region ofFrance (Gimpel1988, 68). The 
monks at Tintern, who had a grange at Moor on the 
coast atAbergwaitha I Abergweythel (Magor Pill) and 
owned ships to transport their agricultural produce, 
were also engaged in mining for ore and smelting, 
and obtained iron ore from mines in the Forest of 
Dean (where Tin tern Abbey had two forges, one being 
at St Briavels; Williams 1965, 12; Rippon 1996, 80). 
Tintern and the daughter house at Kingswood may 
have been connected by boat crossing between the 

abbey's quay at Woolaston to Hills Flats (Allen 1996, 
229). Tintern's boats certainly plied as far as Bristol, 
and in 1268 one was seized and plundered by men of 
Bristol on the Wye (Williams 1984, 316). More than 
one house was involved in mining iron, and both 
Margam and Cymer prospected or claimed the right 
to metal ores (Williams 1984, 327). Margam Abbey 
is recorded as gaining rights for iron mining at South 
Cornelly in 1253 (Rees 1968). Jocelin, Bishop of Bath 
was accorded mining rights for iron in Mendip in 
1235 (Gough 1967), which follows earlier charters 
allowing the Bishops of Bath lead mining rights in 
the same area close to port facilities they were 
developing at Compton Bishop. Grace Dieu Abbey 
also obtained ore from the Forest of Dean, having 
been allowed to mine 'as much ore as necessary' for 
its two forges at Penyard (Herefordshire) by Henry 
Ill (Williams 1984, 328). The monks at Flaxley, about 
15km west of Gloucester, also had a forge in the 
forest according to a charter of Richard I (Nicholls 
1866, 13). 

Seigneurial initiative was an important factor in 
establishing boroughs as centres of specialisation 
and exchange, and at many towns iron making 
formed one part (though not the only basis) of the 
economy (Davies 1987). At medieval towns such as 
Monmouth and Trellech, seasonal smelting is re
corded, smiths being licensed for parts of the year 
(Howell 1989, 79 footnote 8; Rees 1968, I, 39); such 
towns have produced evidence for bloomery activity 
along stream or river banks, and masses of medieval 
slag have been uncovered by excavation. 

A historical context for the Magor Pill cargo 

The date of sinking of the boat is unknown, though 
to judge from the degree of wear and her repairs, one 
can surmise that she may have operated for up to ten, 
or even as long as forty years, ie from 1240 until 
between c 1250 and 1280. Any consideration of the 
economic significance ofthe boat and its cargo of ore 
should take account ofthe changing pattern of power 
and territorial lordship during this period. 

The year in which the boat's timber was felled 
coincided with the death ofLlywelyn ap Iorwerth and 
the assertion of authority in the lordship of Glamor
gan by Richard de Clare (Earl of Gloucester), a 
leading member of the party of barons who wished to 
reform Henry Ill's style of government and policies. 
Richard de Clare contained the lordships ofUsk and 
Caerleon through his wife, and they were held by the 
deClares until the partition of 1317-20. 

On Richard's death, Henry Ill appointed Hum
phrey de Bohun as keeper of Glamorgan until1262. 
Richard's son, Gilbert ('the Red'), was technically a 
minor, and alienated further by the granting of the 
strategic manors and castles of Usk and Trellech to 
Richard's widow Maud de Lacy. Gilbert aligned 
himself with Simon de Montfort, fighting for him at 
the Battle of Lewes (1264). However, when de 
Montfort enlisted the support of Llywelyn ap Gruf-



fudd, who had moved up the Usk valley to capture 
the Brecon lands of Humphrey de Bohun (thereby 
reaching the borders of the Glamorgan commotes), 
Gilbert disassociated himself from the extreme wing 
of the barony under de Montfort. Having burnt de 
Montfort's boats at Bristol and destroyed the bridges 
over the Severn, Gilbert de Clare and the future 
Edward I led the royalist forces against de Montfort 
at Evesham in 1265. The end of the baronial revolt 
in 1267 led to the Treaty of Montgomery between 
Henry Ill and Llywelyn. During this period of 
insecurity, ore would have been in demand for the 
manufacture of both military and civilian goods, and 
the de Clares supported iron production in Mon
mouthshire in the period c 1240-1275 to support 
their campaigns. 

The period 1240-50 witnessed the expulsion by 
Richard de Clare (1222-62) of the Welsh rulers from 
the western valleys of Glamorgan as far as the 
Rhondda, and the incorporation into his own de
mesne of the commotes of Meisgyn (Miscin, pre
viously under lordship of Hywel ap Maredudd) and 
Glynrhondda. His son Gilbert the Red (1243-1295) 
continued this 'second conquest of Glamorgan' until 
c 1270. In 1266 he had seized upland Senghennydd 
from the local ruler Gruffudd ap Rhys who was allied 
to Llywelyn and posed a threat, and in 1268 his 
workmen began the construction of Caerphilly Cas-
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tie. Some of these fortifications were burnt by 
Llywelyn in October 1270. Rees has stated that 
Gilbert de Clare found lead, silver, and iron in his 
lordship of Glamorgan, and that iron ore was being 
mined at Penyfai in 1261 and near Llantrisant in 
1262 (Rees 1968; Atkinson & Boyns 1981, 110). 
Mining ore seems to have continued within the 
commotes of Miskin and Glynrhondda in the 14th 
century. 

With the attribution of the Magor Pill cargo to this 
area, it is tempting to postulate an association with 
the de Clares' acquisition of the Glamorgan ore field 
during a period which witnessed the birth of new 
urban plantations and the construction of new 
castles. The date for the construction of the Magor 
Pill boat coincides with the development of new docks 
in Bristol and ofthe town's facilities as entrep6t and 
military supply centre. 

However, the archaeological remains have pro
vided no proof of her ownership or intended destina
tion. If the Glamorgan source for the ore is correct, it 
would probably have been moved by packhorse to 
Cardiff (the Ely and Taff upstream from Llandaff 
being unnavigable) for loading at one of the quays. 
While the Forest of Dean was probably the main 
supplier of ore to many Monmouthshire iron -working 
sites, places such as the borough ofTrelech could also 
have used alternative sources as occasion demanded. 



Oak dendrochronology Nigel Nayling 

Introduction The samples 

The timbers from the vessel were subjected to an 
extensive programme of dendrochronological sam
pling aimed at achieving a number of research 
objectives. 

• Provisional dating. Prior to excavation, and imme
diately following recovery, a small number of 
samples were taken. The production of interim 
dating as short 'spot-date' reports assisted project 
development and assessment of the importance of 
the boat find (Nayling 1994, 1995). 

• Construction date. Hull planks, being radial splits, 
contained long ring sequences ideal for building a 
well replicated site chronology. However, all or most 
of the sapwood had been trimmed from these 
timbers. In order to identify the year/season of felling 
of the parent trees, samples of the floor timbers 
(which often retained some bark) were taken. 

• Repair date. A number of timbers, including two 
'patches' on the hull and oak ceiling planks, were 
interpreted as repairs. 

• Provenance. Boats, being portable antiquities par 
excellence, may be found at some distance from the 
site of their original construction: the identification 
of timbers from the Skuldelev 3 wreck as non
Scandinavian (Bonde & Crumlin-Pederson 1990) 
provides an excellent example of this. Through 
production of a well replicated oak chronology for 
the vessel, it was hoped to identify the broad 
geographical area where the vessel had most 
probably been built. 

• Characterisation of construction materials. Exten
sive sampling would permit an assessment of the 
utilised timber, in terms of growth characteristics, 
and by inference, the possible nature of the parent 
trees and woodland exploited. 

• Reconstruction. In some instances, cross-matching 
of samples assisted the process of fitting fragmen
tary timbers back together. 

Samples were taken from positions on individual 
timbers which avoided knots and other growth 
anomalies and maximised the recovery of tree-ring 
data (particularly with regard to sapwood and bark). 
Areas of technological interest (such as fastenings 
and woodworking evidence) were avoided where 
possible and, if initial assessment of a timber 
indicated insufficient rings for measurement, no 
sample was taken. Many of the tree-ring samples 
were also used to assess the condition of the timbers 
for conservation treatments (Panter & Spriggs 1996). 
Following completion of analysis, the samples were 
returned to their parent timbers. 
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A total of 47 samples were taken from 42 timbers, all 
oak (Quercus spp) and all but one from the vessel 
itself. This does not include beech ceiling planks 
examined by Tyers (see below, p 123). Four samples 
were not processed, due to insufficient or unmeasur
able rings or due to conflicts with other post-excavation 
tasks. Processed samples came from the keel (1), hull 
planks (17 port side, 7 starboard side), floor timbers 
(4), side timber (1), repair patches (2) and oak ceiling 
planks (8). 

Methodology 

Samples were prepared by freezing them for at least 
48 hours and then cleaning their cross-sections with 
a razor blade or surform plane. The ring widths were 
measured to an accuracy of 0.01mm on a travelling 
stage which is connected to a microcomputer running 
a suite of dendrochronology programs written by Ian 
Tyers (1997a). The measured ring sequences were 
plotted as graphs using an Epson HI-80 plotter. 
Cross-matching was carried out both visually by 
comparing the graphs on a light-box, and also using 
a computer program to measure the amount of 
correlation between two ring sequences. The cross
matching routines are based on the Belfast CROS 
program (Baillie & Pilcher 1973; Munro 1984), and 
all the t-values quoted in this report are identical to 
those produced by the first CROS program (Baillie & 
Pilcher 1973). Generally t-values of 3.5 or above 
indicate a match provided that the visual match 
between the tree-ring graphs is acceptable (Baillie 
1982, 82-5). For oak samples, at-value greater than 
10 is taken to indicate an origin in the same tree. 
Comparisons of sequences from different trees rarely 
produce t-values above 10, although ring sequences 
from the same tree sometimes give values less than 
10. 

Dating is achieved by averaging the data from the 
matching sequences to produce a site master curve, 
and then testing that master for similarity against 
dated reference chronologies. A site master is used 
for dating whenever possible because it enhances the 
general climatic signal at the expense of the back
ground noise from the growth characteristics of the 
individual samples. Any unmatched sequences are 
tested individually against the reference chronolo
gies. All potential tree-ring dates are then checked 
by examining the quality of the visual match between 
the graphs. 

If a sample has bark or bark edge, the date of the 
last measured ring is the year in which the tree was 
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Figure 112 Exploded hull plank diagram indicating the parent trees based on cross-match values 
between timbers 

felled. If the outer ring is complete, the tree was felled 
during the period from late autumn to early spring. 
For convenience, this is termed 'winter-felled'. 

In the absence of bark edge, felling dates of oak 
timbers are calculated using the sapwood estimate of 
10-55 rings . This is the range of the 95% confidence 
limits for the number of sapwood rings in British oak 
trees over 30 years old (Hillam et al 1987). Where 
sapwood is absent, oak felling dates are given as 
termini post quem by adding 10 years, the minimum 
number of missing sapwood rings, to the date of the 
last measured heartwood ring. The actual felling 
date of both oak and ash timbers could be much later 
than the terminus post quem depending on how many 
heartwood rings have been lost. 

Results 

Details of the tree-ring samples are given in Table 
11. During cross-matching, high t-values between 
timbers, primarily hull planks, suggested that many 
were converted from just two parent trees (Table 12). 
Interim ring width means produced for these two 
groups ('tree1' and 'tree2') were then cross-matched 
against remaining timbers, excluding the ceiling 
planks and repairs (Table 13). The ring width data 

files shown in Table 13 were then combined to give a 
29-timber mean for the original construction of the 
vessel. Comparisons between this mean and ceiling 
planks and repair patches produced cross-matches 
with only two of the ceiling planks (Table 14). 
Absolute dating of the relative boat mean, the 
relatively dated and undated repairs and ceiling 
planks were then sought through correlation with 
external regional chronologies and site means. 

Characterisation ofthe raw materials 

Insights into the nature of the timber used in the 
construction of the vessel, generated by this study, 
have been integrated into the relevant text sections 
on structural groups in the chapter describing the 
hull timbers, but are briefly noted here. The keel was 
hewn from a whole oak bole, approximately 75 years 
old with a moderate growth rate (see Table 11). The 
majority of the hull planks were derived from just 
two oak trees aged 147+ years (tree1) and 178+ years 
(tree2) old with moderate growth rates of 2.20mm 
and 1.99mm respectively (Fig 112). Plank P10? is 
probably from tree1, given consistently high t-values 
against both individual timbers from this group and 
its mean. Similarly 85.2 may well have come from 



118 

Table 11 Details of the oak tree-ring samples 

Wood No of Pith Sapwood ARW Dimensions 
code rings code rings (mm) (mm) Comments 

C (W022) 111 ? 34 1.34 152 X 15 Split at ring 48 
c (W024) 67 ? 0.80 47 X 15 Rings often narrow and difficult to 

measure. Possible fragment of C (w160) 
c (W027) 92 G 5 1.37 126 X 20 
C (W029) 124 ? 1.21 151 X 22 
c (W030) 174 G 21 1.10 220 X 27 First 30 rings very slow grown so these not 

measured 
C (W043) 109 ? 1.07 125 X 23 Split at ring 48 
c (W049) 84 G 2.15 185 x26 
C (W160) 137 G 11 0.99 155 x20 

F3 68 c 21s ?b 1.98 174 X 103 

F4 57 c 25s + b 1.80 135 X 120 Spiral grain. Winter felled 

F5 61 c 29s + b 1.34 138 X 130 Winter felled. 

F6 108 G 39s ?b 1.24 136 X 100 Winter felled? 

KEEL 73 c 24 2.09 220 x217 

Pl.1 103 ? 15 1.90 196 X 21 not processed (w070) 

Pl.2 98 ? 2.05 210 x25 

Pl.3 101 G 18s 1.84 190 X 27 

P2 113 ? 2.39 268 X 39 

P3 92 G 2.74 262 X 27 

P4.1 105 G 2.42 254 X 34 

P4.2 116 ? 2.54 295 X 25 

P5.1 95 G 2.59 245 X 32 

P5.2 107 ? 2.53 270 X 40 

P6.1 114 G 2.34 270 X 29 

P6.2 31 3 .29 102 X 18 Sample of upper fragment (w042) rejected 
due to insufficient rings 

P6.3 96 G 2.37 230 X 26 

P7.1 119 G 2.12 254 X 29 

P7.2 Sample ofw044 not processed 

P7.3 130 ? 5 1.90 247 X 28 

PS 90 G 5 2.44 225 X 26 

P9 83 ? 2.61 220 X 24 Combined data from two 
sub-measurements 

P10? 100 ? 1.97 220 X 28 Intermediate tangential/radial conversion 

Sl.1 72 ? 6 2.58 189 X 23 

Sl.2 93 ? 3 2.03 195 X 25 Split at ring 25 
S2.1 93 ? 10 1.92 179 X 23 
S2.2 96 ? 2.91 284 X 25 

S3 127 ? 2.28 297 X 30 

S4 120 G 2.23 267 X 31 

S5.2 99 ? 2.80 280 X 35 

SF6PT 76 ? 34s ?b 1.32 113 X 105 

TP6.1 78 ? 20 1.75 112 X 10 Combined data from four 
sub-measurements 

TP6.2 57 ? 2.61 150 X 11 Combined data from two 
sub-measurements 

W005 70 + ? c 1.05 66 X 15 Sample not measured due to narrow band 
of rings in middle of sequence 

Pith codes: C - centre, G- greater than 10 years from centre, ? - unknown; b -bark; ARW -average ring width 
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Table 12 Correlation t-values between individual samples from the Magor Pill vessel. The table comprises 
those oak samples which formed two groups with high t-values which are interpreted as timbers from two 

separate trees. The highlighted values indicate the derivation of the samples from a single tree 

Timber P1.3 P7.3 PS P9 81.1 81.2 82.1 
code start 

dates (AD) 

dates 

end (AD) 

1135 

1235 

a) 'tree 1' 
P1.2 1123 
P1.3 1135 
P7.3 1093 
PS 1139 
P9 1139 
81.1 1157 
81.2 1129 

1220 
1235 
1222 
1228 
1221 
1228 
1221 

Timber F6 

code start dates 1132 

b) 'tree 2' 

Cw049 
F6 
P2 
P3 
P4.1 
P4.2 
P5.1 
P5.2 
P6.1 
P6.3 
82.2 

83 

dates 
(AD) 

1064 
1132 

1083 
1083 
1083 
1068 
1071 
1074 

1068 
1095 
1075 
1062 

end 
(AD) 

1147 
1239 
1195 
1174 
1187 
1183 
1165 
1180 
1181 
1190 

1239 

6.30 

* 
* 
* 
* 
* 
* 
* 
* 
* 

1170 * 
1188 * 

P2 

1083 

1195 

13.92 

* 
* 
* 
* 
* 
* 

P3 

1083 

1174 

11.76 8.06 
9.56 6.04 

* 10.06 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

1093 

1222 

12.37 
19.88 

* 
* 
* 
* 
* 

P4.1 

1083 

1187 

10.87 
6.00 

11.53 
9.91 

* 
* 
* 
* 
* 
* 
* 
* 

P4.2 

1068 

1183 

14.85 
6.13 

10.86 
10.43 

9.31 

* 
* 
* 
* 
* 
* 
* 

\ =overlap< 15 years, - = t-values less than 3.00, * =empty triangle 

tree2. The remaining hull plank (P7 .1) came from an 
oak tree of similar age and growth rate. Of the five 
sampled framing timbers, one (F6), came from tree2 
along with twelve of the hull planks. Framing 
timbers exhibit growth rates (arw 1.32-1.98mm) 
which are slightly slower than for the plank.ing. The 
morphology of the framing timbers is more informa
tive than the results of this study in determining the 
nature of their parent trees and the method and type 
of conversion. 

The oak ceiling planks appear to be associated with 
repair of the vessel which required removal of the 
original (beech?) ceiling on the port side to gain 
access to the inboard face of the hull to turn over nails 
driven from outboard to fasten tingles to the longitu
dinal split in P6 (see above, p 93). One of these planks 
(w049) is clearly from tree2 (see Table 12 fort-values) 
suggesting that some of the hull had been replaced, 
and part of at least one hull plank was then reused 
to patch the hole in the ceiling. Fragment w024 is 
probably part of ceiling plank w160, a very slow
grownradial(arw < 1mm). The remaining oak ceiling 
examined exhibited relatively slow growth rates (arw 
1- 1.5mm). 

The two repair patches, both radially converted 

1139 

1228 

13.26 
15.23 
13.14 

* 
* 
* 
* 

P5.1 

1071 

1165 

9.26 
6.54 

11.57 
9.92 
9.28 

10.72 

* 
* 
* 
* 
* 
* 

1139 

1221 

9.28 
11.77 
12.19 
11.24 

* 
* 
* 

P5.2 

1074 

1180 

13.46 
5.55 

10.84 
7.79 
9.40 

13.09 
10.87 

* 
* 
* 
* 
* 

1157 

1228 

1129 

1221 

6.65 
8.77 
9.67 
7.42 

12.83 

19.51 
17.34 
14.03 
14.73 
10.18 

P6.1 

1068 

1181 

* 
* 

8.92 
10.20 
10.52 

9.12 
12.42 
10.48 
10.17 
10.26 

* 
* 
* 
* 

6.69 

* 

P6.3 

1095 

1190 

82.2 

1075 

1170 

8.67 9.64 
6.43 5.05 
9.82 10.26 
9.32 12.51 
7.96 11.05 

12.44 11.37 
10.45 11.03 
12.16 10.76 

9.09 13.00 
* 9.83 

* * 
* * 

1135 

1227 

12.82 
20.78 
19.21 
16.05 
11.20 

7.77 
14.55 

S3 

1062 

1188 

10.35 
6.63 

14.64 
7.40 

11.23 
10.90 
10.80 
12.32 
12.14 

8.68 

84 

1074 

1193 

8.58 
4.84 

10.08 
8.50 

10.84 
9.25 

10.75 
11.68 
10.78 

9.32 
9.10 8.68 

* 13.20 

laths, exhibited moderate growth rates (arws of 
1.75mm and 2.61mm). 

Dating 

Dating of the processed samples from the hull 
structure proved 100% successful with all28 samples 
cross-matching (along with the reused ceiling plank 
w049) to provide a well replicated site master curve. 
This unusually high success rate may, in part, reflect 
little diversity of source for the raw material. Dating 
against both regional chronologies and site masters 
was also successful (Table 14, Fig 113), giving a 
calendar date for the last ring of AD1239. Two of the 
framing timbers had surviving bark, and the remain
der a probable bark edge. These all date to AD1239, 
with three exhibiting 'winter felling'. It would ap
pear, therefore, that trees used in the original 
construction were felled between September AD1239 
and April AD1240. 

Dating of the repair patches and some of the oak 
ceiling planks was unsuccessful. The ceiling planks 
that did date (see Fig 113) appear to have been 
reused, given the dating of their heartwood/sapwood 
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Table 13 Correlation t-values between individual samples from the Magor Pill vessel and tree means 

Timber code F4 F5 Keel P10 P7.1 S5.2 SF6P Tree1 Tree2 

start dates 1183 1179 1164 1102 1053 1080 1164 1093 1062 
dates end 1239 1239 1236 1201 1171 1178 1239 1235 1239 
(AD) (AD) 

F3 1172 1239 5.21 4.12 \ \ 5.17 5.02 3.07 

F4 1183 1239 * 3.79 3.32 \ \ 4.26 3.98 

F5 1179 1239 * * 5.53 \ \ 5.53 3.34 3.55 

Keel 1164 1236 * * * 3.51 \ 4.85 4.86 4.88 

P10 1102 1201 * * * * 4.51 4.64 3.16 9.96 6.07 

P7.1 1053 1171 * * * * * 4.04 \ 5.62 8.20 

S5.2 1080 1178 * * * * * * 6.67 10.13 

SF6P 1164 1239 * * * * * * * 3.81 5.27 

Tree 1 1093 1235 * * * * * * * * 7.55 

\ = overlap < 15years,- = t-values less than 3.00, *=empty triangle 

Group Span of ring sequences 

Hull planks 
I P7,1 

I P10? 

Hull planks (tree 1) 

Hull planks (tree 2) 

Framing timber (tree 2) ~~----------------~--------~?8 
Framing timbers 

c l ;.............:"-----r-'----11?:8
8 

ft=~A : 
lsFP 

Keel Cl Keel 

Ceiling planks 
lcrwa2z> 

I c cwo22> 

le (w030) 

Ceiling plank (tree 2) le (w049) 

Years AD1050 AD1100 AD1150 AD1200 

Figure 113 Bar diagram showing the relative and absolute dating positions of the oak samples from the 
Magor Pill boat. Sap wood is indicated by a shaded fill and the centre of the parent tree (C), bark (B) and 
possible bark edge (B?) labelled where observed. The timbers are grouped by function and parent tree 
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Table 14 Correlation t-values between dated regional chronologies and site means; and the Magor Pill oak 
mean, 'tree' means and ceiling planks 

Timbers/means from Magor Pill MagorPill 
Dated reference chronologies/means mean 

East Midlands Master (Laxton and Litton 1988) 7.78 
London Master SDL unpubl 8.54 
Northern England Master SDL unpubl 8.85 
Southern England Master SDL unpubl 13.67 
Avon Bristol Bridge 2 (Groves and Hillam 1987) 6.82 
Avon Bristol Bridge 1 (Groves and Hillam 1987) 8.67 
Avon Bristol Canynges House (Hillam 1988) 6.19 
Avon Bristol Dundas Wharf (Nicholson and 9.26 
Hillam 1987) 
Cheshire Nantwich Bowers Row (Hillam unpubl) 6.98 
Devon Kingsteignton Boat (Hillam unpubl) 8.46 
Devon Exeter Cathedral (Mills 1988) 7.61 
Devon Exeter Trichay St (Hillam 1981) 4.61 
Devon rudge Groves forthcoming 7.15 
Gloucs Gloucester Blackfriars (Hillam and 11.70 
Groves 1993) 
Gloucs Siddington Tithe Barn (Groves and 7.68 
Hillam 1992) 
HereWorcs bord_t19 QUB unpubl 8.52 
HereWorcs Hereford 20 Church St (Tyers 1996a) 7.16 
HereWorcs Hereford Cathedral Barn (Tyers 7.54 
1996a) 
HereWorcs Mamble (Tyers 1996b) 6.06 
HereWorcs Pembridge (Tyers and Boswijk 8.24 
forthcoming) 
HereWorcs Droitwich Upwich (Groves and 7.81 
Hillam forthcoming) 
London Fleet Valley (Tyers and Hibberd 1993) 7.84 
London Fennings Wharf (Tyers 1997b) 6.57 
London Kingston Horsefair (Tyers unpubl) 5.80 
London Ruislip Manor Farm Barn (Tyers 1997c) 6.09 
London Thames Exchange (Nayling unpubl) 6.35 
London Vintry House (Hibberd 1992) 6.57 
Oxon Great Coxwell Barn (Siebenlist-Kerner et 5.80 
al1978) 
Shropshire Great Oxenbold (Miles pers comm) 8.80 
Shropshire Stokesey Castle (Miles pers comm) 6.78 
Somerset Glastonbury (Bridge 1983) 7.59 
Yorks Beverley Eastgate (Groves 1992) 7.25 
Ireland Dublin (Baillie 1977) 7.06 

boundaries. This view is supported in some cases by 
the presence of redundant features. 

Provenance 

Correlations between the master curve for the 
original boat timbers and regional chronologies and 

treel tree2 C w022 c w027 C w030 

7.65 6.32 4.62 4.73 3.13 
8.51 6.65 5.00 4.81 
7.58 7.76 3.97 5.49 

12.72 10.45 6.68 7.27 4.75 
6.40 6.20 3.76 6.69 4.32 
8.59 6.89 5.34 6.57 4.79 
5.70 7.02 6.10 5.97 5.36 
8.58 7.99 3.96 5.95 4.10 

5.23 5.86 5.46 4.59 
6.89 5.84 4.37 5.91 3.21 
7.21 4.11 4.45 3.50 
4.30 4.71 4.55 6.03 
6.59 4.02 4.07 4.60 4.49 

19.36 7.59 7.36 6.64 

8.66 5.78 4.36 3.60 

9.32 8.49 7.02 5.05 
7.91 4.71 
9.99 4.21 4.09 3.75 

8.18 3.43 4.27 3.42 
8.81 6.84 5.49 7.18 4.16 

8.36 6.36 3.98 

8.50 5.41 3.86 4.04 
5.80 6.04 4.15 3.79 
5.88 4.62 3.39 3.32 
8.63 3.90 4.70 3.87 
6.70 5.29 5.04 4.66 3.24 
6.43 5.91 4.71 3.92 
6.35 5.36 4.20 4.06 

9.46 7.05 6.23 4.42 3.16 
8.79 5.24 4.55 4.53 3.89 
7.22 6.01 4.53 4.02 
5.33 7.11 4.75 4.93 
6.63 7.18 5.01 4.65 6.02 

site masters are consistent with construction of the 
boat in the south-west of Britain, possibly in the 
Severn Estuary itself (Table 14). The origins of the 
dated oak ceiling planks are less clear, with the 
exception of w030, which exhibited strong correla
tions with data from medieval Dublin, but also other 
sequences from south-west Britain. Without a sub
stantially greater number of dated, contemporary 
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sequences from sites in the west of Britain, more 
precise indications of provenance are not yet possi
ble. 

Discussion 

The uniformity of the timbers could be taken to imply 
direct supply of wood from woodland to shipbuilder 
in contrast with the diversity of source for wood seen 
in other structures, including boats suggestive of 

more complex methods of wood supply involving 
large wood yards in urban contexts. The apparent 
reuse of a plank, with relatively low correlations with 
the original hull timbers, as a ceiling plank during 
repairs to the hull imply repair of the vessel at a 
location where other structures (boats?) were being 
repaired or broken up. Identification of one of the 
reused ceiling planks as part of the same tree as 
many of the hull planks suggests that repairs were 
made at the same time to parts of the vessel which 
have not survived. 



Beech dendrochronology 

Summary 

Eleven samples of beech planking recovered from the 
Magor Pill boat were submitted for analysis. Ten of 
these samples were found to cross-match to form a 
332-year chronology dating from AD909-1240 inclu
sive. This suggests that the ceiling planking is 
broadly contemporary with the oak material from 
elsewhere on the vessel (see Nayling p 166). The 
beech chronology provides a key overlap between two 
hitherto independent beech data sets derived from 
excavations in London and assists with the confirma
tion of the absolute dates from the entire group of 
UK-derived medieval beech. 

Introduction 

A group of eleven beech (Fagus syluatica) plank 
samples were submitted to the Sheffield Dendrochro
nology Laboratory in the hope that they would both 
assist with the interpretation of the phasing and life 
span of the vessel and aid the development of a 
reliable tree-ring chronology for medieval beech. 

Beech dendrochronology in the UK 

Routine dendrochronological work in the UK and 
Ireland has primarily concentrated upon the analy
sis of oak samples. This has been almost entirely due 
to a combination of its abundance in all periods and 
types of structure, its long life span, and its relatively 
easily measured tree-ring patterns. The analysis of 
non-oak samples has rarely been undertaken but 
when attempted has usually been in an attempt to 
provide specific types of information on individual 
sites. There are a number of non-oak groups that are 
observed on a relatively regular basis from within 
natural accumulations, archaeological excavations, 
or in standing buildings and over the last ten years 
there has been a distinct shift in emphasis so that 
more of this material has begun to be examined with 
a view to providing dates. Examples include prehis
toric pines, yews, and ash from both bogs and 
palaeochannels and some prehistoric structures, the 
presence of ash and elm in later medieval and 
post-medieval buildings, and the widespread pres
ence of either imported or introduced softwoods in a 
large number of post-medieval and later structures. 
Beech is very rarely seen before the medieval period 
in archaeological excavations but after the time of the 
Norman Conquest for a short period it becomes 
extremely common on London sites, perhaps 
amounting to 10% of the excavated material for a 

!an Tyers 
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couple of centuries. The dendrochronological analy
sis of a large group of this material was initiated in 
1990 on material from eight sites in London. Two 
chronologies were rapidly formed from 108 samples 
(Fig 114). These chronologies appeared to be datable 
by direct matching to the independent oak sequences 
and these gave very similar dates to those from 
associated oak timbers dated from some of the same 
structures. These two chronologies at the dates 
indicated by these methods should produce a short 
overlap between them. Further investigation re
vealed that a number of European workers had 
similar beech tree-ring chronologies but comparison 
between them suggested that a problem existed that 
could not be resolved without additional data. Al
though hopeful in terms of relative dating informa
tion, the results were too tentative to consider all the 
problems resolved and the production of absolute 
dates from medieval beech samples was certainly not 
regarded as reliable after this initial stage. 

Throughout the rest of the 1990s additional beech 
material was analysed and a further 38 samples from 
six sites from London and a single timber from 
Winchester were added to the master chronologies 
(Fig 114b). The newer material confirmed the initial 
impression that two distinct groups of material 
existed in London but whilst providing supporting 
evidence for the initially identified dating positions 
they also demonstrated that obtaining additional 
data that covered the short and not very convincing 
overlap was not going to be easy. 

The year 1996, however, produced two major 
advances. Firstly, a very large group of material 
(currently standing at 47 dated sequences) was 
excavated in the Tower of London which consolidated 
and extended further towards the present the most 
recent end of the later chronology (Fig 114c). This 
material had the additional advantage of being 
associated with two forms of very good and inde
pendent supporting evidence of the assumed date 
since this material can be dated both by direct oak 
comparisons and by documentary evidence. Secondly 
a very distinctive group of material was excavated at 
Magor Pill. This material seemed extremely likely to 
provide data of great significance to the overall 'beech 
chronology' project because it was both outside of the 
principal area of origin of beech material and clearly 
contained very many rings. 

Methodology 

There are several important distinctions between 
routine oak dendrochronological methods (see Nay-
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Medieval Beech Chronologies Span of ring sequences 

a. 1990.1991 I Dowgate Hill 4 I 

jlnnholders Hall 19 I 

IThamesSt2 

!Thames Exchange 26 

IFennings 21 I 
.,Fennings 2 

Pickford 2 

I Kingston 28 I 

lst Marys 3 I 

IFennings 1 I 

b. 1991 • 1996 

IMagorPi1110 

I Tower of London 47 

Calendar Years AD850 AD1050 AD1250 

Figure 114 Diagram showing the development of the England and Wales beech chronology (Tyers in prep). 
The values after each site name indicate the number of dated samples from each site. (All data except 
Winchester Tyers unpublished, Winchester: Hillam pers comm) 

ling above) and those applied to the beech reported 
here (and in fact most other non-oak groups). 

Many of the non-oak species are prone to either 
locally missing or completely missing annual rings. 
As a result of this it is normal to measure more than 
one radius for each timber. The statistical tests that 
were designed for oaks are used, but because some 
species, for example beech, tend to exhibit much 
greater differences between successive rings than is 
normal for oak some extraordinarily high t-values 
are quite commonly encountered. Finally the difficul
ties of identifying some rings and the occasional very 
high correlation means that extremely high empha
sis is placed on the visual matching of the sequences. 

Two problems were encountered when this meth
odology was applied to the Magor Pill samples: It was 
not possible to measure two radii on planking that 
was only 10-15mm thick and was sometimes suffer-

ing from distinct compression; and the very low 
average growth rates (see Table 15) cause difficulties 
in reliably identifying ring boundaries. The first 
problem was dealt with relatively easily since inspec
tion suggests that only two or three trees provided 
most of the material and therefore each sample can 
act as an independent radius. The difficulties with 
the actual measurement of the material were re
solved by several methods. Firstly both sides were 
cleaned for all samples. Very careful marking of each 
measured surface allowed individual rings to be 
identified. When the graphical comparisons sug
gested some sort of problem both surfaces could be 
compared at these points, as could the equivalent 
section of an alternative sample. My colleagues were 
frequently employed to confirm that I was not 
inserting rings for which no physical evidence ex
isted, and the use of a video-camera attachment for 
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Table 15 Details of the beech tree-ring samples 

Wood Start End No of Pith ARW Dimensions 
code date date rings code Bark (mm) (mm) Species Comments 

C_w032 AD950 AD1240 291 G N 0.78 225 X 10 Fagus sylvatica Ceiling plank 
C_w034 AD1110 AD1193 84 G N 1.80 150 X 10 Fagus sylvatica Ceiling plank 
C_w040 AD909 AD1192 284 G N 0.67 175 X 15 Fagus sylvatica Ceiling plank 
C_w092 AD1057 AD1197 141 G N 1.34 195 X 10 Fagus sylvatica Ceiling plank 
C_w093 AD912 AD1218 307 G N 0.67 205 X 15 Fagus sylvatica Ceiling plank 
C_w094 AD1000 AD1240 241 G N 0.66 155 X 10 Fagus sylvatica Ceiling plank 
C_w095 AD1137 AD1228 92 G N 1.93 195 X 15 Fagus sylvatica Ceiling plank. Forty 

unmeasured rings 
at beginning of 
sequence 

C_w096 AD1139 AD1236 98 G N 1.66 195 X 15 Fagus sylvatica Ceiling plank. Forty 
unmeasured rings 
at beginning of 
sequence 

C_w097 AD1095 AD1199 105 G N 1.31 175 X 10 Fagus sylvatica Ceiling plank 
W002 AD940 AD1226 287 G N 0.63 180 X 10 Fagus sylvatica Split cut timber 

above boat 
W003 Fagus sylvatica Displaced ceiling 

plank? 

Pith codes: G- greater than 10 years from centre; ARW- average ring width 

Table 16 Correlation t-values between individual samples from the Magor Pill vessel. The highlighted 
values undoubtedly indicate the derivation of the samples from a single tree 

W032 W040 W093 W094 

W002 23.73 47.99 57.33 18.28 
W032 22.87 24.07 15.34 
W040 71.60 15.66 
W093 18.07 
W094 
W034 
W092 
W097 
W095 

the microscope allowed us to clarify interpretations 
of individual rings in a way that avoided a great deal 
of confusion. 

Results 

One sample (w003 141) was impossible to measure 
due to the compression of the timbers. The other ten 
samples were all measured. The data appeared to 
represent two distinct groups of timbers (Table 16). 
One group of five timbers contained between 241 and 
307 rings and had average growth rates of 0.63 to 
0.78mm/year. The other five timbers contained be
tween 84 and 141 rings and had average growth rates 
of 1.31 to 1.93mm/year. Visual comparison between 
the samples suggested that these two groups may 
represent plank.ing derived from two different trees. 

W034 W092 W097 W095 W096 

8.07 6.33 4.47 6.56 6.07 
6.61 6.07 4.44 6.22 6.33 
8.63 6.80 4.92 6.68 5.56 
8.15 7.07 5.12 5.70 5.42 
6.91 5.25 3.97 4.99 6.23 

5.38 4.69 4.00 3.47 
42.59 5.15 5.64 

4.76 5.60 
23.12 

The planks were between 150 and 225mm wide and 
10-15mm thick. 

All ten measured sequences were found to correlate 
well (Fig 115). They were combined to form a single 
332 year sequence. The intemal correlation were 
found to be particularly good within the first group 
outlined above (see Table 16). There seems no reason 
to doubt that samples w002, w032, w040, w093, and 
w094 are derived from a single long-lived slow-grow
ing beech tree. Samples w092 and w097 are also 
obviously derived from a single tree and so are 
samples w095 and w096 (both these latter samples 
include a section of timber at the inner end that was 
very difficult to reliably measure). However, it is 
possible, but can neither be proven or disproved, that 
these latter four samples as well as sample w034 may 
all be derived from only one tree. The latest ring 
present in the whole group was found on two samples 
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Span of ring sequences 

]W040 155 

lwo34116 
beeclil planks 

lwos2 146 

lwos7 1os 

(W093154 I 
lwoo2 140 I 

I W095114 

l W096 107 I 
Jwo94153 

:lwo32 112 

Calendar Years AD950 AD1100 AD1250 

Figure 115 Bar diagram showing the relative and absolute positions of the beech plank samples from the 
ceiling of the Magor Pill boat. Unmeasured rings are indicated by narrower bars 

Table 17 Correlation values between the mean sequence constructed from the Magor Pill vessel and a 
number of the other beech chronologies constructed in London. The important point is that both the 

hitherto unmatched chronologies, and at least some of their component parts are found to provide reliable 
and replicated correlation with the Magor Pill material. (All beech data Tyers unpubl.) 

London beech mean: early 

Upper Thames St 
Fleet Valley 12484b 

London beech mean: late 

Fennings Wharf 2 
Fennings Wharf 1 
Kingston Horsefair 
Lafone Street 
Pickfords B Wharf 
St Mary Overie Dock 
Tower of London C 
Fleet Valley 13365 

Combined London beech 

AD817-1136 

AD992-1132 
AD1077-1136 

AD1101-1276 

AD1134-1197 
AD1101-1188 
AD1120-1216 
AD1138-1276 
AD1132-1198 
AD1109-1227 
AD1126-1276 
AD1153- 1261 

AD817-1276 

Magor Pill Beech 
AD909-1240 

4.01 

4.13 
4.19 

5.36 

3.45 
3.43 
4.92 
3.88 
5.04 
5.43 
3.35 
4.25 

6.61 

from the slow-growing group. No bark or convincing 
evidence for the outer surface of the tree was noted, 
or reported from the excavators. However, the pres
ence of the same outer ring on two samples may not 
be coincidental. The latest ring present on the faster 
growing material is four years back from this point. 

London beech sequences, the regional oak master 
chronologies, and the data from the Magor Pill 
wreck's oak timber. 

It was immediately apparent that the two London 
beech chronologies at their assumed positions were 
both indicating the same absolute date for the Magor 
Pill beech sequence. Careful visual and computer 
checking against all the pre-existing site beech 
chronologies confirmed that the match was both 
acceptable and replicated (Table 17). Since this data 

Having constructed a site master by combining the 
ring width series from all t en samples into a single 
sequence the search for a date for the chronology was 
initiated. The obvious starting points were the two 
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AD1000 AD1100 AD1200 

5 
mm Magor Pill Beech Chronology 

1 mm 

mm 

Figure 116 Mean ring widths for both the beech and oak sequences from the Magor Pill boat. It can clearly 
be seen that the beech data is much more variable as regards the year-on-year differences. This year-on-year 
difference can be statistically described as the 'sensitivity'. It is possible that the differences in mean 
sensitivity between the oak data (0.20) and the beech data (0.36) are preventing this particular beech 
chronology from having many significant correlation with oak data when using the CROS algorithm. Note 
the logarithmic scale employed on the vertical axes emphasises the narrower years 

overlaps the two London chronologies by 228 years 
and 140 years respectively this group of data effec
tively provides a very good overlapping sequence 
with which to consolidate the pre-existing beech data 
sets. The computer correlation between the Magor 
Pill beech sequence and several hundred inde
pendent oak data sets was disappointingly poor. The 
matching of the tree-ring sequences is reasonably 
obvious when visually examining the graphs. How
ever the correlations are barely supported statisti
cally; this is perhaps because the cross-matching 
algorithms are not dealing adequately with material 
that is quite different (Fig 116). 

The correlation ofthe Magor Pill beech sequence to 
the London beech chronology dates it to the period 
AD909-1240 inclusive. 

Discussion 

Several oak timbers from the vessel, primarily floor 
timbers have bark edge or possible bark edge at 
AD1239. This is assumed to be representative ofthe 
construction date of the vessel. The presence of an 
apparently complete ring for 1240 on two beech 
planks suggests that the beech ceiling planking could 
be original to the vessel. Thus if oaks felled in winter 
1239-1240 were employed for the structure whilst 
being built in the spring of 1240 and then new beech 
felled slightly later in 1240 was used for the ceiling 
this would tally with the presently available informa
tion. Alternatively, they could perhaps be the product 
of a modification made during the first few years of 

the boat's life. It is difficult to obtain any reliable 
indication of the regional origin of the beech timbers, 
and hence indicate where the vessel may have been 
built, since the contemporaneous beech material is 
almost entirely from the London area. 

The linkage of the two London beech series by a 
third and independent beech sequence from Magor 
Pill gives a strong indication that the hitherto 
tentative relative position for the London beech 
chronologies is correct. Combining all the available 
data produces a strong well replicated and long beech 
sequence that gives some exceptionally high t-values 
to a wide variety of regional and local oak sequences 
(Table 18). This raises the question of what is 
happening to beech data in London for the 12th 
century. The Magor Pill material has a series of 
extremely narrow rings between AD1130 and 1140 
(these are less than O.lmm wide) that are difficult to 
distinguish. The end-dates of the three early series 
from London that overlap the later series (Thames 
St, Thames Exchange and Fleet Valley) are at 
AD1132, 1135, and 1136 respectively. These are all 
the outer rings of slow-growing, aged trees. The data 
they overlap in London are the inner rings of a series 
of fast-growing young trees. The earliest of these 
start at 1101 and it takes until 1117 for more than 
ten trees to be present in the London data. Under 
these circumstances it is perhaps not surprising they 
do not match each other very well. It is hoped some 
of this material may still be available for re-exami
nation later this year to check whether any of the 
faster growing material has a hitherto unnoticed ring 
within it. 
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Table 18 Correlation between the combined England and Wales Beech chronology constructed from all the 
date in Figure 114 against: a) Four major replicated but independent oak master chronologies from 
different regions of England, b) examples of matches against individual oak site chronologies, these 

sequences are independent of each other but not of the material in group a, and c) three regional oak 
master chronologies from elsewhere in Europe, these are independent of each other and all the other series 

a) 

London (data various unpubl) 
East Midlands (Laxton & Litton 1988) 
England North (data various unpubl) 
England South (data various unpubl) 

b) 

Beverley (data Sheffield unpubl) 
Bordesley Abbey (Baillie pers comm) 
Cressing Temple (Tyers 1993b) 
Droitwich (data Sheffield unpubl) 
Glastonbury (Bridge 1988) 
Hereford City (Tyers unpbl) 
Ipswich (data Sheffield unpubl) 
Kingston (Tyers unpubl) 
London Billingsgate (Hillam pers comm) 
London Fennings Wharf (Tyers 1993a) 
London Fleet Valley (Tyers & Hibberd unpubl) 
London Thames Exchange (Nayling & Tyers unpubl) 
Sompting (Tyers 1988) 

c) 

France Paris (Trenard pers comm) 
Germany Schleswig (Eckstein pers comm) 
Ireland Dublin (Baillie 1977) 

Conclusion 

The beech planking from the Magor Pill vessel is 
derived from only a few individual trees and its 
felling is dated to 1240 or shortly afterwards. No 
especially valuable insights were provided by the 
analysis that could assist the interpretation of the 
vessel's longevity or function. The remarkably old 

dates 

AD413-1728 
AD882-1981 
AD404-1823 
AD406-1813 

AD858--1324 
AD860-1264 

AD1106-1249 
AD946-1415 

AD1095-1334 
AD915-1617 

AD1106-1190 
AD904-1271 
AD611-1243 
AD802-1354 
AD745-1226 
AD645-1239 

AD 1182-1292 

AD1078--1590 
AD441-1460 
AD855-1306 

England & Wales beech mean 
AD817-1277 

6.43 
6.29 
5.61 
5.98 

5.52 
5.45 
5.57 
5.22 
5.16 
5.27 
5.25 
5.57 
5.33 
5.50 
5.26 
7.03 
5.75 

5.35 
5.45 
5.36 

and slow-grown beech which was split to provide 
half of the submitted samples from the vessel is 
quite unlike almost all the other beech samples 
previously excavated from England and Wales. 
The match between the data from the vessel and two 
pre-existing beech chronologies from London provides 
an important advance for the creation of a reliable 
beech tree-ring chronology for England and Wales. 



Reconstructing the Magor Pill boat Mark Redknap 

Rationale for reconstruction 

'Boat reconstruction' is, in the archaeological sense, 
the partial reconstruction of the original vessel, 
using a combination of graphic, three-dimensional, 
and physical methods. 

The research programme for this stage of the 
project had the following objectives: 

• to research the most likely form of the vessel; 
• to prepare preliminary three-dimensional models 

based on research on vessel form and data provided 
by the post-excavation stage of the project; 

• to use models for dress rehearsals of the physical 
reconstruction of the vessel, and as a template for 
the design of a supporting cradle; 

• to produce the most reliable reconstruction of the 
boat's hull form; 

• to provide a means of interpreting the boat to the 
general public. 

In light of the decision by the National Museums 
and Galleries of Wales to place the reassembled 
remains on permanent display, it was from the outset 
considered essential that the boat formed the subject 
of a detailed reconstruction programme, with hull 
lines, construction drawings, and three-dimensional 
models. During the course of periodic project reviews, 
the schedule was modified, so that 1:1 tracings of 
timbers were prepared in parallel with scale 1:5 line 
drawings of timbers and excavation plans. The 
construction of a full size three-dimensional model 

Figure 117 Work-model by M Redknap constructed at a scale of 1:10 shortly after the raising of the boat 
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Figure 118 Acetate tracings (originally drawn at scale of 1:1) of a floor timber and a plank from the Magor Pill boat. On each acetate full size tracings of 
both sides of the timber are superimposed 
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3m 

Keel 

0 

Figure 119 Calculating the curvature of the bow of the Magor Pill boat, based on surviving rise of bow end of 
stem and keel 

was completed before timbers were despatched for 
conservation, in order to provide an opportunity to 
reshape distorted timbers to their most likely origi
nal curvature prior to their treatment (see Dollery, 
p 154). 

Compiling the archaeological 
evidence 

In the case of the Magor Pill boat, a recreation of the 
ship had to be made from a collection of timbers, some 
distorted or fractured, with a number ofkey elements 
(such as a complete stem post) missing. Fortunately, 
a sufficient amount of the original hull was preserved 
to make it possible to define the main elements and 
overall dimensions. The GGAT post-excavation pro
gramme was supplemented by additional recording 
by staff from the Department of Archaeology & 
Numismatics. 

The overall task resembled a three-dimensional 
jigsaw with many missing parts. Strict constraints of 
time and money meant that trial and error methods 
had to be minimised. The photogrammetric survey 
and 1:10 scale drawings of individual timbers (drawn 
in the conservation studio) served as a basis for the 
construction of a 1:10 work-model to provide a 
preliminary assessment of overall form (Fig 117). For 
this, balsa wood floor timbers and futtocks provided 

a skeleton for cardboard planking, and stem and 
stern forms were borrowed from earlier finds of 
Norse tradition. 

For the full-size model, which was to rely on the 
outer planking for information on hull form (see 
below), a complete set of full-size plans and profiles 
of all surviving timber faces were traced on polythene 
at a scale of 1:1 (often with reference to the 1:5 scale 
drawings); cross-sections of timbers were drawn 
full-size wherever a change in shape could be 
detected. Acetate tracings were then prepared at 1:1 
from the polythene tracings: the essential construc
tional data from both sides of each plank or frame 
was combined in one annotated drawing (for exam
ples, see Fig 118). 

Fastenings 

It was recognised that the precise recording of the 
location of the fastenings between planking was 
crucial to any attempt to reconstruct the hull form, a 
characteristic complicated by the variation evident 
in nail positions between inboard and outboard 
surfaces. Consequently, the inboard and outboard 
positions of each nail hole were traced, and the shaft 
positions on the inboard of the overlapping plank and 
outboard of the overlapped plank shaded and taken 
to represent the point of contact for each fastening. 
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a 

Figure 120 Thirteenth-century town seals depicting boats with runs of horizontal strakes: a) Bristol, showing 
single mast, rudder and tiller (shown on port side); b) Dunwich, showing ends of the four cross beams; c) 
Dover (rudder on port side!); d) Portsmouth, showing an iron anchor at the bow. Fore- and aftercastles are of 
'watch-tower' type: not yet fully integrated. Scale 1:2 

Treenail positions were projected onto 1:1 tracings of 
the frame profiles using a set-square. 

Bow and stern form 

The bow area and the stern of the boat had been 
destroyed before the discovery of the boat in 1994, 
and it was not possible to verify that bow and stern 
had been identical. However, the date of the boat and 

the surviving elements favour an interpretation with 
similar curved bow and stern design. The precise 
form of the original stem post is not known, but an 
attempt has been made to calculate the most likely 
curvature by matching 'radius curves' against the 
curvature which survived on the underside of the 
fore-end of the keel and along the lower stem. Making 
allowances for rounding as a result of wear, a radius 
of 3m was found to be the 'best fit' for the outer circle 
of the stem post (Fig 119). This was extended to 



Figure 121 Thirteenth-century town seal of 
Haverfordwest, showing carefully executed details 
of rudder and tiller (shown on port side), 
staggering of short planks, and nail heads. Scale 
1:2 
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recreate a hypothetical upper section of stem, taking 
into account the straightening evident on numerous 
stem lines depicted on seal impressions of the period 
(eg Figs 120 and 121). This result was then compared 
with the estimated curvature on the stem of 
Skuldelev 3, and found to be a close match (Crumlin
Pedersen 1986a, 143). It is recognised that this can 
only be presented as the 'most likely' curvature, and 
that some minor variations using one or more radii 
are possible; this will be explored in a future 
publication. 

One problem to resolve was how the garboard 
strakes, when fitted into the keel rebate and short 
rebates on both sides of the stem post, continued 
forward to fill the gap beneath a projection of 
garboards Pl and Sl. The garboards could have 
stopped at the end of the rebates only if the stem had 
'rising wings' as on the Norse vessels, or if the solid 
stem had originally been thicker (there was evidence 
for only localised erosion on the upper face).That the 
garboards had originally extended beyond the rebate 
was confirmed by nail holes running along the rebate 
and forward of it, along the top edges of the side faces, 
together with iron corrosion staining. Photographs 
taken at low tide in September 1994 (shortly after 
the discovery of the boat) and during the excavation 
in July 1995 clearly show that the garboards on both 
sides originally extended forward to approximately 
100mm short of the surviving stem end (Fig 122). 

Figure 122 The stem post and garboard strakes in situ. Scale interval 0.5m 
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These garboard ends are also apparent on the 
photogrammetric survey, but appear to have become 
detached during the lifting operation. These ends do 
not appear on the fmalline drawings, but may yet be 
recognised among the small number of plank frag
ments which have yet to be re-attached to their 
parent timbers during the physical reconstruction of 
the conserved timbers. These observations suggest 
that the lower inboard edges of the garboards may 
have been bevelled as they ran past the rebates, 
ignoring the stops to fit flush with the wedge-shaped 
stem post, relying on nails for fastenings, ie a 
transition from rebated keel and partially rebated 
stem post to non-rebated stem post. Scored lines 
appear to confirm a continuation of the garboards. 
The lower leading edge of the starboard garboard 
strake 81.1 shows the beginning of a curve towards 
the bow, and it would appear likely that other 
planking had a pronounced sheer. 

Pronounced sheers are also illustrated by the 
Dublin timbers (McGrail 1993). The 14th-century 
stem post found during the Poole Foundry waterfront 
excavations, though of different profile, had a similar 
arrangement of scarf and rebate to the Magor Pill 
boat (Hutchinson 1994). 

Transverse section midships 

The joggles and treenail fastenings of floor timbers 
(=medieval wrang) and futtocks, together with their 
overall profiles, provided an important control on the 
overall hull form. It was clear from the cross-section 
at floor timber F2 that the outer planking originally 
fitted the joggling fairly well, but edges did not 
always butt closely against the end of the joggle, and 
many planks had dropped with time. Comparison of 
the profiles of the floor timbers indicates some 
distortion and flattening, interrupting the planking 
lines. There may also have been some distortion of 
the futtocks, whose joggle faces produce a remark
ably straight line rather than a slight curve. This 
may have occurred either during the life ofthe vessel, 
where there may have been a tendency for the open 
hull form to flatten out, or in the ground following 
the sinking, or because of irregular grain in the floor 
timbers. 

Compiling data from 13th-century 
sources 

A certain amount of information can be found in 
contemporary sources: 

Accounts 

These usually record sales, cargoes, contracts for 
construction work or inventories. They provide gen
eral information on 13th-century traders, such as the 
presence of double-ended craft in Welsh waters and 

possible crew size, but cannot in the main be related 
directly to the vessel represented by the Magor Pill 
boat. 

Iconography 

Miniature pictorial depictions of 13th-century boats 
are to be found on contemporary seals of the port 
towns in Wales and the West (as on those of other 
coastal towns from the Baltic to the Bay of Biscay; 
Figs 120-1). The adoption of a boat image reflected 
the importance attached to shipping by such ports as 
the foundation for their urban wealth. While the 
depictions can vary in quality, many features recur 
on very different images, suggesting that they have 
a basis in reality (rather than a result of copying). 
The engraver of a matrix had no difficulty in cutting 
straight or curved lines at will, the principal depar
tures from realism being i) simplicity of design and 
lack of detail (dependent on seal size) and ii) 
proportions (foreshortening) and scale (adjusted to 
fit the matrix shape). Straightening of the curved 
stem from the waterline is evident on most double
ended keels depicted on seal impressions, and this 
probably reflects the actual bow curvature of such 
vessels. This is clear on the first Common Seal of 
Bristol, which shows a single-masted ship steered by 
a mariner holding a rudder on the port side (Fig 120a; 
Harvey & McGuiness 1996, fig.107), and on the First 
Common Seal of Monmouth, showing a boat with 
figureheads on stem and stern (see Fig 129; Williams 
1993, W261). The Common Seal of Haverfordwest, 
dating from 1291, shows a warship with embattled 
fore, top, and after castles fastened within a clinker
built hull (Fig 121). This seal is notable for its fine 
detail, particularly of the hull, which shows a 
number of features which have been recorded on the 
Magor Pill boat, such as short outer plank lengths 
and double-ended hull form. The sheer line repro
duced on the full-size model accords with contempo
rary iconography, although steeper sheers are often 
depicted at tops of stem and stern posts. The 
comparatively gentle curvature on the full-size 
model (see Fig 126) is easier to build, and it is 
interesting to observe that when obliquely viewed, 
the interior end of such a boat appears to have a sheer 
which sweeps vertically into the stem, accentuating 
this curve. This may be reflected in the pronounced 
sheers of boats appearing on late 13th-century seals . 

Manuscript illustrations vary in quality, accuracy, 
and realism, and some may copy other images. It is 
clear that when the 13th-century chronicler Matthew 
Paris illustrated the shipwreck in 1215 of Hugh de 
Boves and his force en route for Dover, he was not 
drawing from life with a maritime eye. Nevertheless 
his simplified hull forms show short lengths of 
planking, as on the Magor Pill boat, outlined in 
vermilion, and the frieze composition contains at 
least one boat which appears to have broken in half, 
amid a jumble of capsized ships and drowning 
figures, having broken its back (Cambridge, Corpus 



Christi College 16, fol.42 v .): perceived by Paris to be 
a common outcome of shipwreck. Sometimes archae
ological parallels exist for artistic details. For 
example, an illumination in a bestiary of c 1230-40 
depicting sailors who have mistakenly dropped an
chor on a whale (Oxford, Bodleian Library, Ms 
Bodley 764, fo 107r; Gauthier 1983, 99) illustrates a 
single-masted boat whose stem appears to have a 
circular hole just above the water line, reminiscent of 
the holes recorded in the stem posts from Dublin and 
perhaps the hole in the keel of the Magor Pill boat. 
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Figure 123 (above and left) Boat portrayed on the 
late 13th- I early 14th-century slab at the parish 
church of St Baglan, Llanfaglan, Caernarfonshire. 
Alhough this is a simplified representation, 
overlapping planking, a stout single mast which 
extends beyond the main cross shaft, and a high 
bow and stern are shown. Any further detail (such 
as stays) could originally have been painted in. The 
sculptor appears to have shown a vessel in 
contemporary use. Scale interval on detaillOmm 

Boats may occasionally be portrayed on grave
slabs as a secondary motif indicating the trade or 
profession of the deceased. While the native carvers 
operating in North Wales from the mid-13th century 
to the end of the 14th century worked in a flat, 
stylised manner, the main characteristics of a dou
ble-ended, single-masted keel (characterised by a 
hull built up from a keel with horizontally laid, 
radially split, clinker strakes) are clearly shown on 
the late 13th- or early 14th-century tapering slab 
from the parish church of St Baglan, Llanfaglan at 
the south-east end of the Menai Straits (Fig 123). 
Gresham suggested that the boat might not be 
original, but the manner of execution is identical to 
that of the main motif of an expanded-arm cross set 
in a circle, and the motif takes up the position on the 
slab normally chosen for such attributes, which 
include swords, spears, chalices, pastoral staffs, 
brooches, and shears (Gresham 1968, 42, 102). 

Thirteenth-century port/quay installations 

Quays and waterfronts can provide information to 
assist an assessment of draught, freeboard or vessel 
length. For example, the well-preserved dock at 
Beaumaris Castle on Anglesey, constructed 
c 1296-7, has an enclosed, defended form which 
provided docking for sea-going vessels measuring a 
maximum of 14.4m in length (Fig 124; see below). 
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Figure 124 Beaumaris Castle dock (plan and reconstruction) 



Building a full-size model 
by Mark Redknap and Edwin Gifford 

A full-size model ofthe surviving hull structure was 
commissioned by the National Museums and Galler
ies of Wales in order to determine as reliably as 
possible the original form of the hull. The model 
needed to achieve a number of objectives: 

• to model accurately in three dimensions the struc
tural layout and shapes of all the surviving timbers 
(but not original woodworking techniques); 

• to provide a means of assessing the original 
curvature of the hull planking, and original form 
ofthe hull; 

• to fulfil a need to interpret the original boat 
timbers; 

• to aid the design of a display system for the original 
boat. 

The following report is to be regarded as a basic 
account of the vessel form prior to the re assembly of 
the original timbers. Further recording will be 
undertaken when the conserved elements are reas
sembled, and new data will be incorporated into a 
detailed reappraisal of the vessel form and any valid 
alternative reconstructions. The hull form proposed 
here is based on full-size plank and frame plans 
rather than the published reductions, and conse
quently any changes are likely to be slight. 

Half-scale model building has previously been 
undertaken in Britain of the Saxon vessels from 
Sutton Hoo (7th century) and Graveney (early lOth 
century), where sufficient information was available 
for quarter -scale models to be made, from which 
plank shapes could be taken (Gifford & Gifford 1995). 
For the Museum's immediate purposes, a model of 
the surviving hull only was required, whose form was 
based strictly on the full-size acetate plans and 
cross-sections of each timber rather than reduced 
timber drawings. The archaeological documentation 
was prepared by NMGW in conjunction with GGAT; 
the construction of the model was undertaken by 
Edwin Gifford and craftsmen at Griffon Hovercraft 
Ltd., Southampton. 

The usual method of shell-first construction could 
not be used in the case of the Magor Pill boat, as this 
process requires complete runs of planking to create 
the shape. There were several problems to resolve: 

• the shape and size of the stem had to be derived 
from the forefoot fragment which fortunately was 
just of sufficient size to give a probable curve 
(radius of 3m), but not the height; 

• the midships point of the vessel had to be estab
lished. This was indicated by the treenail fasten
ings from the (missing) mast-step on F5 and F6, 
and the curvature of the hull planking; 

• the original shapes of the frames, some of which 
may have been slightly deformed, had to be 
established; 

• the keel as found appeared straight, but could 
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have been rockered. No evidence for rocker (see 
glossary for an explanation of this term) could be 
detected. 

The construction strategy was to start with a 
preliminary lines drawing at 1:10 scale to fair the 
frames, then to set up the stem, keel, and alternate 
floor timbers on trestles so that adjustment could be 
made, if necessary, when the planks were offered up 
(for the purposes of this particular model, it was not 
considered necessary to replicate every floor timber). 
The fastening of individual elements through their 
original nail holes was to be an essential check on the 
most likely shape of the hull (the holes were 
staggered on the original timbers to reduce the risk 
of splitting). The line drawing was progressively 
revised to help shape the new planking needed to 
bridge the gap between the planks as found and the 
new stem and produce a sheer line compatible with 
the evidence of ship timbers from other archaeologi
cal sites and from contemporary iconography. Figure 
125 shows the hull form of the 1:1 model as built, but 
graphically extended about the estimated midpoint 
to provide a complete vessel profile. The outer 
planking has been depicted as seen from a longitudi
nal section. Extensive 'gap-filling' was needed be
tween surviving structure and projected stem; 
alternative sheer lines can be projected with 'flatter' 
midships sections and steeper sheer at both ends, 
reflecting the curvature recorded on some of the 
groups of planking from Dublin (eg DST297-304; 
DST312-29; McGrail 1993, 133-4, 138-9). It has 
been assumed, on the basis of the surviving section 
of stem post, that the outer planking would have been 
bevelled at the end of each strake to provide a broad, 
flush landing on the post to which it would have been 
nailed. 

The planks, of green larch, were cut and drilled 
according to paper patterns printed from the 1:1 
acetate tracings of the original timbers, and shaped 
to the bevels and cross-section thicknesses of the 
planks. Existing scarfs were bolted, but those needed 
in the new plankingwere also glued. Keel and frames 
were of seasoned pine and the stem was laminated 
from plywood. 

The keel was built in two parts so that the upper 
half could be sprung to a rocker if needed to fit the 
garboard strakes, but this precaution was not 
needed. 

The stem and floor timbers 2, 4, 6, and an 
interpolated additional floor timber 8 were tempo
rarily fastened to the upper part of the keel with mild 
steel bolts. The floor timbers were cut without joggles 
as it was thought that their presence could cause a 
further complication (a precaution which was also 
found to be unnecessary). 

Flanking started, as is customary, with the gar
board which ran almost to the stem, where they 
appeared to finish with a stopped rebate. This would 
have created a 'plank-end' problem with Pl and Sl, 
which would have left holes beneath P2 and 82. This 
was resolved by carrying forward Pl and Sl beyond 



A 

Watertine 1 

10 8 6 

A 

4 

MID- SHIPS 
SECTION 

0 

Sm 

Figure 125 Preliminary reconstruction of the Magor Pill hull based on life-size model of the surviving structure (sheer view and midships section of model, 
looking towards bow). Shading denotes extent of original timbers 

..... 
c.J 
00 



the rebate, confirmed by a line of nail holes beyond 
the stem rebates. It was concluded that all other 
planks were bevelled to lie flat on the side face of the 
stem post without a rebate. 

Planking up followed on alternate sides, fastened 
with mild steel bolts, in every third hole, to enable 
the model to be easily dismantled if necessary. The 
register between holes in adjacent planks was excel
lent. To ensure that the final sheer line swept up on 
the bow to match the iconography, outer plank 4 was 
widened at the stem. 

After outer plank 5 had been added to complete the 
bottom of the hull, this section was fastened to the 
floors, each with four loose fitting bolts. The only 
adjustment found necessary was to floor timber 2 
which was bevelled and the curve eased at the 
contact with outer planks 4 and 5. Once this was done 
the planking fitted the floors closely. 

Futtocks patterned on timber SF6P were bolted to 
floor timbers at F6 and F8, and fitted well. The 
remaining futtocks for F2 and F4 were loosely based 
on timber SF6P, their required angle being obtained 
by setting a batten between the tops of the side 
frames of F6 and F8 and the stem. Finally floor 
timber 10, a copy of floor timber 4, was added to 
support the top side outer planks 7, 8, 9, and 10. 

A tubular aluminium brace was fitted to the inside 
to prevent the asymmetrical hull twisting when 
released from the building stocks. The planking was 
continued up to the sheer line on the port side only, 
and this was then fastened to the futtock with loose 
fitting bolts. The positions ofthe ends of the original 
planking were marked with black paint lines and the 
hull was painted with one coat of linseed oil/white 
spirit in equal parts. 

Original form 

The reconstruction shows the original craft as a 
double-ended boat which was well-shaped with a flat 
floor and firm bilges to give good stability and 
load-carrying, as shown by the buttock lines and the 
diagonal (Fig 126). The stem/stern line presented 
here is conjectural, but consider ed to be the 'best fit' 
on the evidence available (to be reappraised in the 
light ofthe final assembly of the conserved timbers). 

The model has provided a minimum estimate of 
overall length 13.2m, a beam of3.7m and depth from 
top of sheer strake to bottom of keel of 1.23m (see Fig 
125). This assumes that the mast sat over the centre 
of the keel, halfway between bow and stern. The mast 
step may have been positioned just forward of the 
midships point in order to balance the rig and reduce 
any tendency of the boat to round up into the wind, 
but this would not have been essential as small 
adjustments in trim aft by moving crew would have 
the desired effect. Moving the mast step position 
forward by one frame space (about 0.5m), thereby 
providing better balance, gives an increased overall 
length of 14.3m. 

Steerage was probably provided by a side rudder 
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(medieval 'sideroder') fastened to the starboard side 
of the ship at the stern (that indicated in Fig 125 is 
derived from the Southwold rudders of c 1200). It is 
clear from the reconstruction that the steersman 
would have required a raised position in order to 
operate the tiller effectively, which could have been 
achieved either by raised bottom boards or a small 
half-deck ('hatch', 'hatching') at stern (possibly dupli
cated in bow) supported by transverse beams at
tached to side frames or floors. Some seals show cross 
beams projecting through hulls (eg Fig 120); no 
evidence for this was found on the Magor Pill boat, 
though a mast beam must have been fitted. Nor was 
evidence recovered from the site for transverse beam 
attachments or any internal supporting system of 
decking, either on the surfaces offuttocks at F6 or F7 
or the surviving outer planking in the midships area. 
Had they been fitted, there are at least two alterna
tive methods offastening: either to the inner surface 
offuttocks which have not survived, or to overlapped 
planking as through beams. Such half-decks have 
been found on the 11th-century Skuldelev boats, and 
are implied by the raised position of the steersmen 
depicted on the Bayeux Tapestry of the 1070s. 
Another puzzle is the absence of a second or thick
ened top strake (if P10? is correctly positioned), and 
the method of obtaining a rigid sheer remains 
uncertain. 

In view of the evidence of the treenails located 
centrally on floor timbers F5 and F6 above the keel, 
the boat originally had a short, centrally located 
keelson with mast step (probably notched along its 
underside to fit over the floors) and a single mast, 
possibly with the facility to raise and lower it as 
required. Mast steps have been found as isolated 
finds in Dublin and from Kingshithe, London (the 
latter with four rebates for floor timbers; Gifford & 
Gifford 1996, fig 15). As in the case of Skuldelev 3, 
the boat may have had oar ports for oars fore and aft 
as a secondary means of propulsion and ma
noeuvring. 

A rough estimate of the number of nails required 
for the construction of the outer planking may be 
obtained by measuring the length of overlap and 
multiplying by an average number of nails per metre, 
providing an estimate of about 762 nails per quarter, 
or about 3048 for the hull as reconstructed with the 
shorter overall length of 13.2 m. Large nails used to 
fasten the outer planking had an estimated original 
weight of between 50-65g, giving a total weight of 
between 152.4 and 198.12kg. To this should be added 
an estimated 520 smaller nails to fasten ceiling 
planking (approximately half the weight and size of 
the larger nails), representing an additional 13kg of 
iron. This provides a grand total (excluding any 
additional iron fastenings and fittings), of about 
165-211kg iron. The ceiling planking and the evi
dence for nails on the upper surfaces of the framing 
timbers indicate the minimum area of hull covered 
by bottom boards and this may reflect the central 
cargo stowage area as pen or hold, either side and 
fore/aft of the mast. 
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Figure 126 Four views of the full-size model of the Magor Pill boat 
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Boat performance and function 

Performance is as yet untested, but at this stage of 
analysis a number of general points can be made for 
future testing. The Magor Pill boat probably had a 
single, square-sail rig, and would have been capable 
of coastal and inter-estuarine and even sea voyages 
under sail. The fine ends would have allowed a speed 
of about six to seven knots in a moderate breeze, and 
there is sufficient depth of hull and keel to provide a 
good windward capability. The upswept bow and 
stern would be suitable for beach landing (see Fig 
125), and it is evident from the wear on the hole 
through the keel near the stem that a painter or rope 
had been attached at this point where no stress 
would be transmitted to the stem-to-keel scarf, and 
that the vessel had been frequently hauled out. Such 
a fastening point may have been of benefit in 
winching the boat ashore or securing it on a falling 
tide, in an area where the tidal range is great (12.3m 
at Avonmouth) and mudflat gradients steep. Holes 
through stems to take mooring lines or rigging are 
known on the stem posts from Dublin (McGrail 
1993), and are depicted on the Bayeux Tapestry 
(Wilson 1985, pl37). The ship appears to have been 
well suited to sail the Severn Estuary, and with a 
strong crew she could work in Force 6 and survive 
Force 7 (the voyage in July of the replica Rus from 
Esbjerg to Lowestoft ( 400 miles) in winds up to Force 
7, without incident, supports this). A preliminary 
estimate of h er shallow draft is about 600mm, and 
her flat floors and firm bilges would have provided 
good stability and load-carrying, with a total dis
placement of 6.25 metric tonnes. A preliminary 
estimate of her hull, gear and crew weight is 2.5 
metric tonnes, leaving 3. 75 metric tonnes for cargo. 

A minimum of 0.5 metric tonnes of ballast would 
have been needed for light ship sailing, but not 
needed where the cargo was one metric tonne or 
more. This tonnage is similar to that of the similarly 
proportioned but earlier Skuldelev 3 (calculated as 
4.6 imperial tons, according to 'load regulation' with 
a draught of0.84m; Crumlin-Pedersen 1986b; 1991, 
75). By the early 14th century, larger vessels of 40 
imperial tons or more occur more frequently in the 
records: the cog was emerging as the workhorse of 
the future (see Table 20 below). 

Advantages of a three-dimensional 
model 

The process of fairing the distorted floors and 
substituting the missing parts of frames and plank
ing could not be satisfactorily done by drawing alone, 
nor is there a sufficiently sensitive and discerning 
computer program yet known to exist. The shape of 
a clinker-built vessel is, in part, determined by the 
response of the planks to the input of the builder. 
This was, of course, part of the 'design' process of the 
original boat and so it is helpful to replicate this, at 
least in part, and this can only be done with a large 
model. Scale modelling is useful, but accuracy is 
limited by the scaling down process and materials 
used. Full-size modelling supported by full-size 
tracings of the original timbers offers the most 
accurate solution to the correct positioning offasten
ings and timbers. It is hoped the future building and 
sailing of a complete full-size model, in oak, will lead 
to a fuller understanding of construction and per
formance . 



The historical and archaeological significance of the 
Magor Pill boat Mark Redknap 

Introduction 

Historical research can throw up numerous in
stances of ship use and loss, but little verifiable 
information on constructional concepts and method
ology, ship type, vessel size or operational charac
teristics. For the technology available in the 
Middle Ages for sea-borne travel and the transport 
of commodities, and for an indication of the degree 
to which shipwrights were influenced by tradition 
and innovation, archaeology provides primary evi
dence. 

Direct links between archaeological discoveries 
and documentary references are rare: Henry V's 
Grace Dieu (1418) is the earliest historically attested 
shipwreck in England. Although there has been a 
growth in the number of 12th- and 13th-century boat 
finds in recent years, the majority of these are 
fragments of vessels which have either been aban
doned or salvaged for reuse within waterfronts or 
similar structures. The main characteristics of the 
keel - a hull built up from a keel with horizontally 
laid radially split clinker strakes, edge-fastened by 
round-headed nails which pass through diamond
shaped roves - have been recognised in a number of 
boat remains so far excavated. The Magor Pill boat 
is important because it provides a rare opportunity 
to study the details of a 13th-century boat which 
remains sufficiently intact to permit reconstruction 
of its overall shape. It is the most complete 
medieval keel so far discovered off the Welsh coast. 
The following short review will examine the evi
dence for 13th-century shipping in Wales, and how 
the Magor Pill boat fits within the 'Northern 
European' tradition of boat building which has been 
subdivided by others into regions such as 'Baltic' and 
'North Sea'. 

Medieval shipping in Britain before 
the 13th century: the background 

Finds of earlier boats belonging to the keel tradition 
from England are few in number, being represented 
by the 7th-century ship from Sutton Hoo, the early 
lOth-century boat found at Graveney, north Kent, 
and Anglo-Saxon boat timbers from London (Good
burn 1994, 97f). Goodburn has characterised the 
features commonly observed in the London timbers 
which he considers form the 'language' of early 
English boatbuilding. In contrast, some of the early 
ship timbers from Dublin dated up to the mid-
12th century have been placed within what 
McGrail has termed the mainstream 'Viking or 
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Norse' tradition of shipbuilding (McGrail1993, 98), 
and it has now been established that the late 
11th-century warship Skuldelev 2 (Denmark) was 
built of oak from the region of the Irish Sea or 
south-west Britain. 

The only dated boat remains from Wales of similar 
construction are the fragments of planking from a 
boat discovered in alluvium near the mouth of the 
river Usk at Newport. According to Octavius Morgan, 
'the vessel was built with oak planks, of no great 
thickness, fastened together with iron nails ... there 
were occasional large holes to receive treenails. It 
was what is termed clinker-built, the planks overlap
ping each other, and sloped off so as to make a smooth 
joint. Between the planks some of the caulking was 
found, which was of dark coloured wool' (Morgan 
1878, 403). It appeared that the remains were not 
just loose wreckage, as they were held vertical by 
stakes, suggesting that it formed part of a waterfront 
revetment (Hutchinson 1984, 27f). The radiocarbon 
date obtained from the surviving plank is 1000 ± 
80bp (HAR-3203), calibrated to 1050 ± 170BP, or 
880-1220 (95.4% confidence) using Oxcal v2.18. As 
the radiocarbon sample was not related to outer ring 
growths, the actual date of this boat is likely to be 
12th or 13th century. The small fragment of Newport 
planking which survives has a maximum width of 
126mm and thickness of21mm, an outboard bevelled 
land, rove and nail head impressions, and feather at 
one end which compare closely with the Magor Pill 
planking. Caulking was identified as a mixture of 
sheep's wool and either cow or horse hair as a matted 
mass held together by vegetable tar. The date of the 
clinker-built boat at Pwll Fanog, Menai Straits, 
which carried slate, has yet to be confirmed (it may 
be medieval, but could be oflater date: Roberts 1979, 
249£). 

The numerous references to contact between Ire
land and Wales during the pre-Norman period 
confirm the use of sea-worthy shipping for lengthy 
voyages. That Gruffudd ap Llywelyn possessed ships 
with figureheads in the 1060s (Anglo-Saxon Chron
icle 'D' [1061]; Garmonsway 1986, 191) establishes 
ships of keel tradition being operated by rulers in 
North Wales, though these were probably of Norse 
type and origin, during a period in which Scandina
vian authority in parts of North Wales was in the 
ascendancy and Hiberno-Norse fleets were promi
nent in Welsh politics (when closer links were 
forged overseas with Ireland, the Isle of Man and 
north-west England). By the mid-12th century, 
Irish ships were making frequent voyages along 
the south coast ofWales to Bristol, and Wicklow and 
Arklow are mentioned trading with the small Welsh 
ports. 
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The historical evidence for 
13th-century shipping in Wales 

From the 12th century, an increasing volume of 
everyday records such as financial accounts, inven
tories, legal cases, and administrative records 
illustrate aspects of coastal transport and of goods 
traded throughout medieval Europe. The following 
examples provide a certain level of information on 
vessel functions, cargoes, and crews operating 
around the Welsh coast. 

Maritime supplies were of particular significance 
to the balance of power in the wars against the 
English crown in 13th-century Wales (Fig 127). 

0 

Figure 127 Coastal Wales in the 13th century 

During 1256, an Anglo-Irish fleet of twenty ships 
docked at Milford, carrying 600 horses from Water
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Swansea ships to carry troops from Pembroke to 
Ireland (Thomas 1949, 11). 

As early as 1229, Robert of Kid welly, ship master, 
was granted permission by Henry Ill to trade with 
Gascony. Fish were an important source of food, and 
the Cistercians had permission to fish up to the 
middle of the River Severn opposite their land at 
Magor Grange and Woolaston (Williams 1965, 11). 
Shipping may be implied in letters of protection given 
to Aberconwy Abbey (1283) so that its monks could 
transport corn and other foodstuffs from Ireland to 
supply the king's army and their own needs (Wil
liams 1984, 316). Henry Ill granted valuable privi
leges to some Marcher towns, such as a charter of free 
pontage and free passage to the burgesses of Mon
mouth in 1256 (in 1296-7 the levy on every ship 
coming to Monmouth laden with goods for sale was 
3d.; Kissack 1974, 73). In 1258large boats laden with 
wine destined for Monmouth Castle unloaded their 
cargo at Tintern Abbey wharf on the Wye, and 
smaller boats later took the wine upstream (Williams 
1984, 317). Custom accounts for Bristol in the late 
13th and early 14th century reflect a continuing 
development of trade contacts with ports in places 
such as Chepstow, Teignmouth (1298), Gascony, 
Portugal, and Flanders (144 shipments between 
1303 and 1309; Carus-Wilson 1967, 30). 

At the end of 1275 a large vessel, notable for its size 
and furniture, was becalmed in the mouth of the 
Avon (almost opposite Magor Pill) and was offered 
safe passage by cives to the port of Bristol. On board 
was Amauri (Amaury/Amalrici) de Montfort, young
est son of Simon de Montfort (killed at the Battle of 
Eve sham in the previous year) who was bringing his 
sister Eleanor de Montfort to Wales to marry Llywe
lyn ap Gruffudd (Planche 1875, 182). The marriage 
was viewed as a provocative act by Edward, whose 
relationship with Llywelyn had deteriorated; the 
ship was captured, Amauri held in custody in Bristol 
Castle and Eleanor taken to Windsor (she married 
Llywelyn in 1278). 

Shipwrecks 

Thirteenth-century records of shipwreck around the 
Welsh coast provide an interesting though limited 
perspective on contemporary boats and their charac
teristics. In North Wales three of Henry Ill's military 
supply ships were lost off the Great Orme in 1245 
(see Fig 127 for location of this and other sites 
mentioned in the text), and shortly afterwards a 
vessel from Dublin laden with wine was lost through 
poor navigation on Morfa Conwy beach on the south 
side of the River Conwy, about 1km north-west of the 
town (Lloyd Gruffydd 1987, 33). After fortifying 
Deganwy on the other side of the river, Henry 
returned to England leaving 'untold numbers of his 
host unburied corpses, some having been slain and 
others drowned' (Brut y Tywysogyon RB version 
[1245]; Jones 1973, 239). 

A large part of the subsidy collected in Ireland and 
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entrusted to a boat belonging to one Simon of 
Faversham was lost in the sinking of the ship during 
a storm on 1 November 1295 at Porth Eilian on 
Anglesey, drowning Simon and his three sons - the 
money, ship's tackle and Simon's own property 
valued at sixty marks came into the hands of various 
local men, and the king wanted to recover the money 
and called for an investigation (Carr 1982, 117). 
Some accounts contain sufficient detail to indicate 
value, fittings, and contents. For example, a small 
ship wrecked at Cemlyn, North Anglesey, in 1302-3, 
was valued at one pound (Carr 1982, 117); in the case 
of the wreck in the mouth of the Clwyd (Bircloyt, 
Aberclwyd) on 19 January 1309, the crew managed 
to unload four tuns and two pipes of red wine and 
sundry casks of herring before the crippled ship was 
carried helplessly out to sea. Most of the planking 
and ship's timbers ended up in domestic fires; ropes, 
anchors, hatch covers, and other tackle were taken 
away by persons unknown (Pratt nd). Turning to 
shipwreck off south-east England, a boat lost off 
Hythe (Kent) about 1250 contained three tuns of 
wine (Gal Close Rolls 1247-51, 309), while items 
salvaged from a wreck in the Walmer/Deal area of 
Kent c 127 4 (in which all hands were lost) included 
seven ells of sail, two anchors, nineteen hides, a 
crossbow, two quilts without feathers, some wax, an 
oar, two tuns of oil, a tun of vinegar, 2850 rabbit 
skins, tallow, and part of a sail (Gal lnq Mise 
1219-1307, no 968). Boats of even modest size would 
normally have carried at least two anchors. In 
addition to official cargo, merchantmen may also 
have carried goods belonging to the master, the 
mariners, and any merchants on board, much stored 
in chests. 

The princes of Gwynedd enjoyed profits from wreck 
(as did most kings), as illustrated by Llywelyn ab 
Iorwerth's charter to Aberconwy which lays out the 
prince's right to wreck (Stephenson 1984, 80). Llywe
lyn ab Iorwerth had released wrecked goods if the 
owners had survived, or had not been on board and 
were therefore able to demand their return. This 
practice was not apparently followed by Llywelyn ap 
Gruffudd, who in 1280 refused to return shipwrecked 
goods of the merchant Robert de Leicester valued at 
£20 or £30 (Gal Anc Corr, 78). As a consequence, 
honey and horses belonging to Llywelyn were de
tained at Chester (Gal Anc Corr XIX 28, 89 and XIX 
29, 90; Edwards 1935). 

Though involving vessels of unknown size and 
type, a number of 14th-century references to loss 
around the Welsh coast are of interest, though the 
vessel type and size is rarely specified and some may 
have been cogs rather than keels. In 1313 the Abbot 
of Margam appealed to the lord's officers taking 
possession of a wreck on the shore of Abbey land, and 
in 1333 a wreck at Burrows near Margam in which 
seven people drowned (namely Philip Filias, Thomas 
de Wallare, John le Rede, John de Chorchehey, 
Thomas de Penmark, Henry le Glovare, and a girl 
called Susannah; Gray 1903, 152), comprised a boat, 
three bales of wool, small coffer, and cask (Rees 1957, 
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178). In 1331 a ship called La Mariote of Hook 
freighted by the Bristol merchant Robert Gyen at 
Bordeaux with wine and other goods, was stranded 
at Goldcliff, on the north side of the Severn not far 
from Magor, whence part of the cargo was washed 
ashore at various parts along the coast, and carried 
away as wreckage by a number of people, including 
the Prior ofGoldcliff(Penn 1986, 184); casks ofwine 
cast up on the shore were a constant temptation, as 
they were for the communities of Trefdraeth Was
trodion and Trefdraeth Ddisteiniaid on Anglesey in 
North Wales who were presented at the Malltraeth 
tourn (court) on 12 March 1321 for helping them
selves to items from a vessel wrecked at Abermall
traeth, the sands west of Newborough (Carr 1982, 
117; PRO SC2/215/5, m 1). 

Vessel names 

We do not know the name of the Magor Pill boat, but 
an indication of the variety of names given to 
medieval vessels is given by those recorded in Crown 
and monastic documentation for vessels operated by 
the Cistercians: Hulc (Neath 1235), La Mariote 
(Beaulieu 1254), La Stelle (Beaulieu 1268), Saluata 
(Beaulieu 1270), the Sealwe (Furness 1258), La 
Russynole (Netley 1271) (Britnell 1995, 138; Wil
liams forthcoming). Where the names oflatervessels 
are known, some clearly refer to cogs rather than 
keels: 1356, Deulegard, Cogspryt, Magdalene, Sant
mariecogg, Mighel, Katerine, James, George, As
sumpcion, Godyer (all of Bristol; Cal lnq Ill 
(1348-77), 174). 

The shipbuilding tradition of the 
Magor Pill boat 

Shipwrights 

Welsh shipwrights are less well recorded than their 
English counterparts. In 1302, the clinker-built 
Menai ferry at Llanfaes on Anglesey was repaired by 
two Welshmen, Iorwerth the carpenter and his mate 
Madog (Carr 1982, 123). English shipwrights are 
known to have been employed in Wales - when a 
small ship was built in Conwy in 1301, the ship
wright was English, and Welshmen were only 
employed to fell trees (Friel 1995, 43). To what 
extent, then, can the shipbuilding 'language' to which 
the Magor Pill boat belonged be described as particu
larly 'English', 'Welsh', or 'Irish/Norse'? 

Shipbuilding traditions 

For the 13th century, discussions of shipbuilding 
traditions in Britain have hitherto relied largely on 
fragments of boat which have either been dredged up 
from the seabed or reused within waterfront struc
tures, such as the timbers from Bristol (Penner 

Wharf, dated later than 1240), Hartlepool (planks 
dated before 1212/13), Lincoln, London, and Dublin. 
It has been argued that the more intact Kingsteign
ton boat, found in a clay pit in the river Teign in 
Devon, may be 14th century (Goodburn 1993). The 
archaeological evidence for vessel types and their 
evolution is rare and poorly distributed, and few 
boats have been found which provide definite evi
dence as to where they were built. 

Some details of construction can be observed in the 
Magor Pill boat which, according to Goodburn (1994), 
fall within an 'early English' boat-building tradition 
in south-east England for the late Saxon period: 

• the oak floor timbers are not fastened to the keel; 
• the hull was built with overlapping, cleft oak 

planking; 
• the stem is curved, and it is assumed that the stern 

was similar (double-ended); 
• the planks are fastened to frames by headed 

treenails, wedged inboard; 
• the scarfs are staggered; 
• the frame spacing is narrow (about 0.5m); 
• no evidence for bitte or other cross-beams has been 

found, and the vessel appears to have been unclut
tered by cross-beams except for one proposed (but 
not found) at the mast; 

• the hull form required well-fastened framing, 
which is heavy in comparison with that for 
Skuldelev 3, an earlier Scandinavian vessel of 
similar size (14m x 3.8m x 1.3m), though lighter 
than the Graveney boat. 

The frame spacing, which corresponds with that of 
the clinker-built Custom House Boat 1 from London, 
dated c 1160-90 (Marsden 1996, fig 26) and the 
frame scantlings may in part reflect vessel function 
and the absence of cross-beams. The caulking mate
rial in the laps comprises wool, and no evidence was 
observed in the matted traces for rolls or twists, as 
noted within Goodburn's Early English tradition, 
though this remains a possibility. The use of a side 
rudder has been assumed. 

A number of characteristics differ from this 'early 
English' tradition as defmed by Goodburn, some of 
which could reflect a natural process of development 
during the 12th and 13th centuries, others reflecting 
influence from Ireland. The boat had a short vertical 
hooded keel-stem scarf, rather than a horizontal 
scarf as on the Graveney boat: this scarf can be 
paralleled by a part keel from a ship, dated c 1200-25 
by context, from Dublin (McGrail1993, fig 67, T56). 
The Magor Pill keel is without a rocker, and the keel 
cross-section is paralleled by the same Dublin keel 
fragment (McGrail1993, fig 67). With the exception 
of a few instances where small wooden pegs were 
used (possibly as repairs), the fastenings between 
overlapping planks are all clenched nails with round 
or sub-rectangular heads, and rectangular roves on 
the inside of the planking, without sintels (for 
comparison of spacings between fastenings, see 
Table 19). The Magor Pill floor timbers also share 
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Figure 128 Transverse sections of boats. A, Magor Pill; B, Dublin floor timber T55 (TG2) from a large ship 
dated c 1200-25 (redrawn from McGrail1993, Fig 66); C, Skuldelev 3 (redrawn from Crumlin-Pedersen 
1976); D, Graveney 

characteristics (such as the triangular form of the 
limber holes and their positions, the floor profiles, 
and joggling) with examples from the Wood Quay 

excavations at Dublin (McGrail 1993, fig 66, T55, 
dated c 1200-25; see Fig 128). 

Some characteristics, such as the absence of 
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Table 19 Details of main plank dimensions, and comparative data (mm) 

Boat/approx Maxplank Maxplank Nail spacing Feather Frame Caulking/est 
date Source width thickness (centres) length spacing vessel length 

Newport c 1000 Hutchinson 1984 156 21 125 110-250 
Skuldelev 3 25-36 80-13.3 
London Custom Marsden 270 18-21 90-130 hair 
House 1 1996 
c 1160-90 
Dublin TG6/9 McGrail1993 260 21-41 152.5 (6) 270-320 (6) 410-670 (6) hair/wool 
1180-1225 130-190 (9) 250-310 (9) 480-640 (9) approx18m 

Dublin TG3 McGrail1993 28-36 140-160 260-340 510-630 approx16 m 
1230-75 
Magor Pill c 1240 180-220(G) 20(G) 120-200(G) 195-285 500 wool 

250-300 15-30 150-200 
Penner Wharf, Hutchinson 240,280 14,17-20, 26 200 + 
Bristol (unpubl) 
Kingston upon Goodhurn 1991 210-240 35 135-160 170-250 450 tarred hair in 
Thames 1 rolls 
c1250-1300 approx15m 

Abbots Lane, Marsden 1996 approx 230 130-180 350 80/151 goat, cattle 
Southwark 170-260 hair occ wool 
late 14th century 
Bridewell Marsden 1996 160-200 20-22.5 125 hair 
14th century 
Hartlepool Young 1987 276-282 18-30 110-140 twisted rolls of 

wool 
York, Hungate Richardson 1959 approx approx 25 approx wool 

220-230 90-115 
Newcastle upon Tyne O'Brien 1988 8-37 
Pwll Fanog Roberts 1979 approx 240 approx 30 approx 150 approx 120 'black wool or 
date uncertain hairy material' 

Explanatory notes: nail spacings to centres; G = garboard strake; appr.- approximately 

evidence for regularly spaced transverse beams 
(bitte), the nature of the change from the bottom to 
side of the vessel (hard bilges), the keel to bottom 
profile, the sequence of construction, and the use of 
ceiling planking differ from the Scandinavian tradi
tion as represented by the earlier 11th-century 
Skuldelev ships. While a comparison of the trans
verse section of Magor Pill and Skuldelev 3 shows a 
remarkable degree of coincidence in the upper 
planking (Fig 128), the finer lines of the latter around 
the keel and garboards contrasts with the much 
flatter, beamier profile of Magor Pill, with heavier 
framing. The Magor Pill boat construction is further 
characterised by augered holes for iron nails of 
sub-rounded cross-section. The scored lines along the 
outboard, lower edges of P9 and P10? may be a 
decorative trait reminiscent of the moulding along 
plank edges of vessels of the Scandinavian/Norse 
tradition, but the style of execution is closer to the 
marking out lines found on the inboard faces of the 
planking. 

A comparison of the main characteristics of outer 
hull planking from various sites shows the wide
spread distribution of features within Britain from 
London to Bristol and Dublin. The short lengths of 
outer planking which are the general rule (to judge 
from the complete planking, the majority range 
between 2.14 and 3.69m in length) echo references to 
short 'clove boards' in accounts for the 1295 galleys, 
planks which were priced by length (some in 6ft, 8ft, 

and 12ft lengths; Johnson 1927; Whitwell & Johnson 
1926; Carr Laugh ton 1957, 248; Friel 1986, 43). On 
planks, bevelled lands and feathered scarfs fastened 
with iron nails/roves are common. The planking 
found at Kingston-upon-Thames (Table 19) is 
thought to have come from a vessel about 15m in 
length (Goodburn 1988; 1991). As McGrail has 
noted, the feather lengths on planking from the 
13th-century boats tend to be longer than those 
found on earlier vessels such as Graveney and 
Skuldelev 3 (McGrail1993, 98). All nails are dome
headed and roves four-sided. It is interesting to note 
how consistent nail hole spacing could be: McGrail 
recorded that this did not vary on the Dublin timbers 
with size of vessel (McGrail 1993, 4 7). Caulking in 
the overlaps of the Dublin planks is recorded as 
combinations of tarred cow-, sheep-, or horsehair 
(McGrail1993, 114). 

Although the Poole Harbour timbers represent a 
small boat and the stem post is of different profile to 
the Magor Pill stem, it is significant that a similar 
vertical scarf is adopted to fasten stem to keel, and 
upper stem part to lower, and that a stopped rebate 
is also used for the garboard, plank fastenings 
continuing up the stem as a single line of nails. The 
scarf on the Magor Pill boat is carefully worked, and 
secured by horizontal and vertical nails. 

Taken together, the constructional characteristics 
of the Magor Pill boat indicate that she probably 
represents a regional variation of shipbuilding 



within the broad 'Northern European' tradition, 
influenced by local conditions and boatbuilding prac
tice. Only when the contemporary and earlier Scan
dinavian and English boat and ship finds have been 
fully published will it be possible to assess to what 
degree those characteristics particular to the Magor 
Pill boat correspond to developments elsewhere. The 
planking profiles of Magor Pill and Skuldelev 3 are 
very similar, the main difference being the thick and 
almost horizontal profiles of the midships floor 
timbers of Magor Pill which contrast to the fmer 
profiles of the lighter Skuldelev 3 floor timbers (it is 
unclear to what extent this may in part reflect the 
differing character of available timber). The ship
wrights may have relied on the lateral strength of the 
thicker floors to compensate for the absence of 
additional transverse beams (bitte) within the hull 
(though the possibility exists for upper transverse 
beams and there must have been a mast cross-beam). 
The total timber requirement of the complete Scan
dinavian frame (floor timber, knees, bitte, and stan
chions) is similar to the English type, but there is no 
need for 'hockey stick' crooks. Magor Pill planks P5 
and S5 are slightly thicker than most other planks, 
the result in part of the need for a pronounced turn, 
but possibly also in order to help counter the stress 
of the junction and sides and bottom (reminiscent of 
the main plank or meginhufr of'Viking-Norse' boats). 

The Bristol Channel is situated almost mid-way 
between Ireland and the south coast of England. In 
view of the close contact from the mid-12th century 
between ports of the Bristol Channel and ships from 
both regions (and further afield), it comes as no 
surprise that parallels exist for certain features of 
the Magor Pill boat both at Dublin and London (eg 
Marsden 1996, 41f), at a time when shipbuilders will 
have readily borrowed solutions to technical prob
lems from all available sources. The balance of 
evidence at present favours a constructive place of 
origin in the Severn Estuary/South Wales area about 
1240, within the local shipbuilding tradition. 

Wharfs and vessel siz e 

Thirteenth-cen tury trade depended on boats of the 
work-a-day Magor Pill size which h ad the capability 
of plying trade from port to port whether coastal or 
riverine, with or without harbour installations (see 
Fig 127 for coastal ports of Wales). Some indication 
of vessel size at this period may be provided by quays 
or docks. Traces of a landing stage at Strata Florida's 
reputed port at Aberarth were extant in the 19th 
century (Williams forthcoming), while the quay 
excavated at W oolaston, dated to the 12th and early 
13th century, served the needs of Tin tern's estates, 
pr oviding her access to markets via the Severn 
(Fulford et al 1992). The dock at Beaumaris Castle 
on Anglesey, is slightly later in date than the Magor 
Pill boat (being constructed c 1296-7), but its en
closed, defended form provided docking for sea-going 
vessels measuring a maximum of 14.4m in length. It 
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would appear that most vessels expected to be 
engaged in supplying the castle were known to be no 
longer than this. A gate through the outer curtain 
wall permitted offioading directly from the side of an 
open keel, protection being provided by a flanking 
'Gunner's Walk' on the east side, with shooting deck. 
Some indication of the size of vessel visiting Beau
maris is given by a letter dated 1296 from James of 
St George and W alter of Winchester to the Treasurer 
and barons of the Exchequer at Westminster, which 
states 'that at high tide a 40-ton vessel will be able 
to come fully laden right up to the castle gateway' 
(PRO, E 101/5/18, no 11). The gateway referred to 
here must refer to the 'Gate next to the Sea'. It is 
unclear how James of St George and Waiter of 
Winchester calculated tonnage, but to judge from 
vessel tonnages of the period, the letter may refer to 
a small cog (see Table 20). The cog developed during 
the 13th century (characterised by high sides, flat 
flush-planked bottoms, straight stems and sterns, 
and stern rudders), and both cogs and keels would 
have been operating simultaneously around the 
coast. It is unlikely that direct offloading via the gate 
through the curtain wall would have been easy for a 
high-sided cog of 40 tons (by today's calculations), 
even if capable of mooring right up against the 
curtain wall, and such vessels may have employed 
lighters to unload once within the safety of the dock. 

The fact that the calculated length of the Magor 
Pill boat (13.2-14.3m) neatly fits the Beaumaris dock 
(see Fig 124) suggests that vessels of this type, as 
well as small cogs, could easily have delivered goods 
to the castle. The threshold of the dock gate has a 
height of 4.74m OD, or 1.04m above MHWS, 7.94m 
above MLWS according to modern charts. One would 
have to calculate natural variations in tidal range 
over 700 years in order to reach an accurate estimate 
of 'freeboard' height of the dock threshold above 
highest astronomical tide in the 13th century, and it 
has been pointed out that extrapolating sea level 
data between distant sites using tide tables may not 
give reliable figures (Toft 1992). The gate threshold 
at Beaumaris may be useful as a dated tidal 'bench 
mark' for future work. Working on present chart data, 
a difference of about 0.65m can be calculated between 
the top of the vessel side and the dock threshold at 
high t ide, given a maximum draught for the Magor 
Pill boat when fully laden of about 0.84m (the 
Skuldelev 3 estimate). This would have been accept
able for unloading, though one should not downplay 
the unpar alleled advantage that the keel had in 
beaching on an open coast (see above), and some 
shelving beaches may have had prepared 'hard' 
surfaces or timber or stone quays (as at Woolaston 
Quay). 

Table 20 lists the approximate cargo capacity 
(where known) of ships of Northern European keel 
and cog traditions, reflecting the growth in ship 
tonnage. 

It has been possible to calculate the size and 
tonnage of some of the early cogs finds from the 
Netherlands and the Baltic: OZ 43, dating to the 
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second half of the 13th century, had an overall length 
of 43m and beam of Bm, while the smaller early 
14th-century boat known as Q 75 had a length of 
about 8.5m (Reinders 1985, 23-25); the Almere 
(Wijk) cog, dating to the first half of the 14th century 
(coins dated 1422-33), had an overall length of 
15.95m, maximum width of 4.2m, and depth of 
1.93m, and calculated full load displacement of 39.5 
tons, while the Vejby cog (c 1350) had a keel length 
of 12m, and the Kalmar I cog (13th or 14th century) 
measured 11.1m x 4.7m x 2.0m, with a calculated 
cargo capacity of 15 tons. In Scandinavia, large ships 
which could carry up to 60 tons of cargo have been 
found dating to the 12th century; the Bergen ship of 
c 1250, which could carry at least 150 tuns, repre
sents the upper end of the range. 

Magor Pill and trade 

Any visitor to the Bristol Channel today will be aware 
of the distance between the opposite shores of the 
Severn (1.6km at the Severn Bridge to 32km between 
Worms Head and Ilfracombe), and in the 16th 
century Leland commented on the connection be
tween the two shores of what he described as the 
'Severn Sea'. During the campaigns of Edward I in 
the 1270s, 'Severnside' military, maritime, and com
mercial resources were put to effective use, soldiers 
and tradesmen from Bristol Channel ports fre
quently being drawn to assembly points in South 
Wales. The Magor Pill boat represents the type of 
craft engaged in such activities, at a period when 
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Figure 129 The single-masted 'keel' on seal of 
Monmouth reflects the importance of shipping to this 
inland port. It depicts animal-headed stem and stern 
posts facing fore and aft, and clinker hull planking, 
in the manner of simplified boat depictions found 
in 12th-century bestiaries. Scale 1:1 

Newport, Caerleon, Chepstow, and Monmouth were 
all seaports (Fig 129) and the River Wye was 
navigable as far as Hereford, while Gloucester lay at 
a point on the tidal river where it could be spanned. 
Goods could therefore be transported far into the 
interior of Wales, and delivered over a wide area by 
boat. 

The Magor Pill boat was found close to the 
presumed site of the minor port ofAbergwaitha (river 
mouth, works), which may have been attached to 
Tintern Abbey's Lower Grange (Moor Grange). The 

Table 20 Dimensions and capacities of medieval ships belonging to the Northern European 
and Cog traditions 

Max.B Depth Approx cargo 
Vessel Date L(m) (m) (m) capacity (tonnes) References 

'Keels' 

Graveney c 950 14 4 1.2 5 Fenwick 1978 

Skuldelev 3 c 1000 14 3.8 1.3 4.6 Crumlin-Pedersen 1991 
Skuldelev 1 c 1000 16.3 4.5 2.1 24 Crumlin-Pedersen 

1994,70 
Magor Pill c 1240 13.2-14.3 3.7 1.23 3.75 

Dublin (TG.6/9) c 1200 c 25 6.5 2.5 60 McGrail 1993 
Bergen Great ship c 1240 c 30 9.5 3.7 155 Herteig1985 

Cogs 

Kollerup 1150-1200 c 20.1 4.8 2.2 Crumlin-Pedersen 1991 

OZ43 1250-1300 43 8 Reinders 1985 

NZ43 c 1300 c 12 4+ 1.2 9.2 tons van Moortel1994, 117; 
Steffy 1994 

AI mere c 1433 (post 1420) 15.95 4.2 1.93 39.5 Vlierman 1992 
Kalmarl 1200-1400 11.1 4.7 2 15? Akerlund 1951 
Vejby 1350-1377 16-18 5-6 Crumlin-Pedersen 

1979,24-9 
Bremen cog c 1378 22.7 7.6 4.3 c 130 tons Crumlin-Pedersen 

1994,54 
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Figure 130 Reconstruction of a boat of'Magor Pill'-type, beaching on a falling tide. At low tide, carts would 
have been able to run up beside the boat 

port, which must have served both the grange and 
Magor and its environs, is first recorded in 1245, 
when the keeper ofthe mill there assumed responsi
bility for maintaining the watercourse in Whitewall 
(Boon 1980, 34). A reference of 1327 describes 
Abergwaitha as 'now wholly deserted', but sporadic 
references indicate some form of activity until at 
least the 16th century, when in 1561 the pill was 
called 'a great landing for boats with butter, cheese 
and other kyndes of vittalles to ships' (Robinson 
1970; Rippon 1996, 94). 

The 13th century saw a rise in seaborne trade: 
Welsh hides, leather, wool, pastoral produce, and fish 
from the West to Bristol; timber, iron, and coal from 
the Forest of Dean. Tenby, for example, granted its 
charter in 1290, was noted in the Middle Ages for the 
importation of wine, and export of cloth and hide 
(Griffiths 1984, 78). In addition, the coastal distribu
tion of 13th-century pottery such as Vale, Ham 
Green, Bristol, and north Wiltshire wares point 
clearly to the movement of pottery by ship. Each 
lordship had its own mart, each lord receiving tolls 
from saleable goods, and this resulted in the forma
tion of merchant and other guilds in order to acquire 
privileges of exemption. Examination of import and 
export customs ofWales from 1301- 1399, including 
particular returns available for the staples of 
Rhuddlan and Carmarthen, show wine from Gascony 

and Spain (some records are more specific: in 1392 
wine imported into Haverfordwest included Gas
cony, white Spanish, red Nantes, white Rochelle; 
Lewis 1913, 158, Ministers' Accounts 1305, no 10) 
and salt imported, and wool, hides, woolfels, and 
cloth exported (Lewis 1913, 125f). In 1354, mer
chants exporting wool from Carmarthen included 
Nicholas de Nugroboin of Venice, Peter de Houn
descote of Bruges, the German Conrad de A:ffleu, 
Peter de Proranue from Lombardy; in 1355, Stephen 
de Soldo from Florence, John Wycombe and Thomas 
Babletary of Bristol, and Peter Gerard of Florence. 

The handling characteristics of the Magor Pill boat 
as postulated would have allowed her to ply the 
Bristol Channel, and operate in western waters 
along the Welsh coast and across to Ireland. Her 
shallow draught made her admirably suited for 
travelling up main rivers to ports such as Monmouth 
and Caerleon (Fig 130), and the type of timber used 
to make the boat is consistent with construction on 
the shore of the Severn Estuary or its tributaries. 
Towing the boat from a line attached to the mast may 
have been a system for upstream traffic when it was 
not possible to take advantage of the tidal flow. The 
flat bottom of the later trow similarly ensured a 
capability of operating in shallow waters and sitting 
on the bed to load or discharge cargo. The custom of 
beaching craft and unloading directly into carts is 
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Figure 131 Ketch discharging culm on Treath y Llongau (the Ship Beach), Aber-porth, Ceredigion, 1890s 

indicated at Llanfaes (Anglesey), 13th-century com
mercial centre for the kingdom of Gwynedd; in 1294 
a duty of ten pence was levied on each tun of wine or 
ale carried from the port to the town (by cart), which 
was some distance from the shore (Carr 1982, 232). 
Masts could have supported booms as cranes or 
hoists for loading and unloading, a process which one 
could still witness in more recent times (for the use 
of a discharging boom in the 1890s/1900, see Figs 
131-2). The ore appears to have been dumped as a 
single layer around the mast of the boat, but it seems 
probable that it arrived in bushel-size baskets, and 
that light wooden mine hods covered in hide may also 
have been employed. In the 18th century ore was 
transported on mules' backs from boats to the 
furnaces, and it is likely that a combination of mules, 
drays, and carts was used during loading. 

Ownership 

Who may have owned her? As illustrated above, 
apart from the king, institutions, merchants, and 
fishermen could own boats, though merchants often 
employed others to crew them and handle the goods. 
On the coast, where communication was best by 
water, small boats may have been operated by 
families. Some indication may be given by the cargo. 
The Cistercians owned ships and were engaged in 

smelting, and obtained iron ore from mines in the 
Forest of Dean. Two ships belonging to Margam 
Abbey traded with Devon and Bristol in 1229 and 
1234 respectively, and in 1246 another boat was 
visiting Somerset (Williams 1984, 315-6). In 1235 
Neath Abbey was licensed to trade with England 
using its ship, called Hulc (the ship type?). In 1267 
Robert Arken and men of Bristol seized and plun
dered a ship belonging to the abbot ofTintern on the 
Wye, and the damage was assessed at £40 (Gal lnq I 
mise 1219-1307, 354). A succession of boat owner
ship was also common, and it is no easy matter 
attributing nationality to a particular craft: for 
example, an unnamed Cardiff vessel was seized by 
English officials at Pembroke in 1216 carrying wine 
and chattels to Dublin and men from Drogheda 
(Ireland). In May of that year, a period of confusion 
and civil war in the final months of his reign, King 
John gave the ship to William Marshal!, Earl of 
Pembroke. By February 1218, Marshall had sold 
the ship to Peter Blunt, a Drogheda merchant: in 
other words, the boat was 'Welsh', 'English', and 
'Irish' within a few years (by seizure, gift, and sale: 
Friel 1995, 28-9). The Magor Pill boat, being of 
modest size, may have served in the main a local 
market, but also had the capability of longer jour
neys. On the question of her ownership, the archae
ological evidence provides, for the moment, no clear 
answer. 
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Figure 132 Ketch unloading on Tresaith Beach c 1900. A horse pulls on the discharging boom to hoist 
cargo from the hold 

The final voyage 

Compasses were not commonly available in the 13th 
century, and navigation was based on landmarks, 
transits, and sky-watching. In general, certain 
routes would h ave been preferred - historically, one 
ran along the southern coast ofWales to Ireland, and 
along the south shore of the Bristol Channel. It 
should not be assumed that traffic would have been 
restricted to coast-hugging routes -this would under
estimate the abilities of the boats and crews given 
appropriate conditions. Documentary references fre
quently refer to ships to Bristol from Tenby, Carmar
then, Kidwelly, Swansea, Cardigan, Aberystwyth, 
and more distant shores. The favoured source of the 
cargo (Glamorgan) suggests that the vessel was 
travelling in a north-easterly direction, and her 
destination, though unknown, is unlikely to have 
been distant (for which a more valuable cargo of 
semi-worked iron would have been expedient). 
Norsemen would describe the distance of a voyage by 
'so many nights' at sea (Morcken 1968, 401). Taking 
a measure of distance of travel by oar and sail of 36 
nautical miles (a day's rowing) and 72/82 nautical 
miles per day ('a day's sail', from Morcken 1968, 
396-7), without allowance for tides, seasons, wind 
direction or force, Tenby, Carmarthen, Pembroke, 
and Hartland Point (Devon) would have been de
scribed as about one day's sail from Cardiff, Kid welly, 
or Barnstaple; about one day's sail from Ab
ergwaitha; and Wexford just over two days. 

Common sense suggests a number of possible 
causes for the loss of the boat. Running before a 
prevailing south-westerly wind, boat crews would 

have found it easier to seek shelter on a Welsh shore 
rather than try to make for a safe anchorage on the 
south coast of the Bristol Channel (Gri:ffi.ths 1984, 
84). She may have collided with other vessels in the 
tributary mouth, or been brought in damaged, 
springing a leak to sink at anchor or while trying to 
beach; she may have been grounded and abandoned; 
her cargo may have shifted, bringing water over her 
sides; driven by prevailing winds and strong currents 
(16-18 knots), she may have hit the channel mouth 
in a heavy swell, the force of grounding splitting the 
hull with its heavy point loading of iron ore; longitu
dinal bending stress on the keel may have snapped 
her near midships, the heavier cargo pinning the bow 
portion to the channel edge, and preventing economic 
salvage (for which limited evidence exists). Further 
work by GGAT around the boat's find-spot has 
confirmed that the boat came to rest on the western 
edge of the former channel of a minor tributary of the 
Severn, though it is not certain how wide this was in 
the 13th century. The discovery of fishing structures 
some 350m ENE of the boat and 350m seaward of 
MHWM, dated dendrochronologically to the 12th 
century, suggests with other evidence that the 
13th-century coastline lay perhaps 400-500m sea
ward of the present MHWM. 

It is interesting that an analysis of ship finds in 
southern Scandinavia dated between c 800-1200 
showed that all but one of the sixteen known wrecks 
had foundered at ferry crossings, in old harbour 
areas or natural harbours along the coast, following 
fixed sailing patterns - sailing by day, anchoring by 
night, and riding out storms (safe until the wind 
shifted; Crumlin-Pedersen 1991, 70). The Magor Pill 
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boat may conform to this pattern, being lost close to 
a recognised route. The boat appears to have one 
weakness, which could have proved her undoing. The 
futtocks were fastened to the floors with only two 
treenails. All those found were broken, and there is 
no evidence of permanent cross-bracing with deck- or 
through-beams or permanent thwarts. It may be that 
the shock of a steep wave and/or a grounding forced 
the gunwales apart by breaking the treenails, thus 
transferring the whole of the longitudinal bending 
moment onto the keel, which then snapped near 

amidships. The concentrated weight of the iron ore 
cargo could have contributed to this. 

We may never know the precise circumstance of 
the loss: whether its cargo shifted leading to capsize, 
whether the boat was swamped after springing a 
leak, was grounded and abandoned, or whether it 
broke its back in a raging sea. Nevertheless, the boat 
has provided an opportunity to contrast our percep
tion of 13th-century coastal transport through the 
medium of contemporary sources with the reality of 
a well-preserved hull and her cargo. 



Conservation strategy Diane Dollery 

In order to display and interpret the Magor Pill 
wreck, the timbers required active cleaning and 
conservation to stabilise them. During and following 
final cleaning, the timbers had to remain accessible 
for recording of any additional information uncov
ered. 

Cleaning and packing 

Since dismantling, the timbers have been thoroughly 
cleaned using water and soft brushes: this removed 
most of the surface deposit of iron salts. Persistent 
staining was encountered only in sapwood; owing to 
the fragility of these areas, no attempt was made to 
remove this. Iron concretions and fittings were 
removed mechanically after localised application of 
20 vols hydrogen peroxide and have been retained for 
X-raying and detailed study. 

The ultimate aim of the project is to reconstruct the 
vessel in her original form. In order to facilitate this, 
the timbers must be conserved either in a way that 
will allow reshaping, however limited, after treat
ment, or they must be moulded to shape before 
treatment when they are considerably more flexible. 
A decision was made to shape the timbers as required 
as part of the packing process. Twenty-one hull 
planks have been secured using polypropylene strap
ping in polyethylene foam-lined polyester resin and 
fibreglass casts taken from the full-size model of the 
boat. These shaped supports have then been packed 
in Correx and wooden modularised pallets. The 
remaining elements of the boat have been packed in 
similar pallets. The exception is the keel which will 
be clamped in a custom-made metal cradle to 
minimise the risk of distortion. Deformation can 
sometimes occur in large structural timbers as water 
leaves the centre of them faster than the consolidat
ing solution can enter, causing partial drying and 
collapse. 

Condition assessment 

In December 1995, YorkArchaeological Wood Centre 
were contracted to undertake a condition assessment 
of the boat timbers (Panter & Spriggs 1996). This 
established that the timbers have a duplex structure 
consisting of a soft degraded surface and a hard inner 
core of relatively un-degraded wood providing a little 
residual strength. The condition varies considerably 
across the vessel, a consequence of (a) post-deposi
tional disturbance, exposure, and erosion; (b) degree 
of water logging found at different depths of burial; 
and (c) the typical zoning of degradation found on oak 
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which has been enhanced by the presence of sapwood 
on many timbers. Much of the physical damage 
would appear to have occurred in the recent past as 
the breakage observed is typical of wood which has 
become fully waterlogged and severely degraded. 

The keel, stem post and lower planking is rela
tively sound with a p.max in the low hundreds; the 
remaining wood has a p.max above 400%. SEM 
examination revealed evidence of soft rot in the keel 
probably from the period the vessel was in use. The 
iron appears to be mainly in the stable siderite or 
geothite forms rather than unstable pyrites, thus 
does not require any special treatment to remove it 
before conservation. 

Conservation 

Similar vessels such as the Skuldelev ships at 
Roskilde have been treated using the total wax 
replacement method. This involves immersing the 
timbers in a solution of PEG 4000 wax and gradually 
increasing the concentration to 100% v/v over a 
period of 5-10 years. The product of this treatment 
is an object which is more wax than timber, is very 
dark in colour with a non-wood like appearance. 
However, conservation techniques have now ad
vanced: the favoured treatment option is immersion 
in a PEG solution followed by freeze-drying to 
remove the water. This has the advantage over other 
techniques of producing a 'dry' product within 2-3 
years. It results in a material which still retains the 
appearance of wood, the concentration of wax within 
it being much lower. It satisfies the need to stabilise 
the timber while meeting the aesthetic expectations 
of the archaeologists, conservators, and the public. In 
addition, it is cheaper than total wax replacement, 
requiring far less PEG wax and less manpower. 

Although freeze-drying represents the current best 
practice for the treatment of waterlogged wood, its 
use in this instance is not without its drawbacks. 
Total PEG replacement introduces a large amount of 
wax into timbers, enabling post-conservation 
reshaping by placing the timbers in a large oven 
until they become malleable. Freeze-dried timbers 
are, however, much more brittle than those treated 
by the PEG replacement method as limited experi
ments elsewhere have demonstrated. As the 
concentration of wax is much lower, it is not possible 
to reshape by heating in an oven, hence the need to 
place timbers in specially shaped supports before 
conservation. 

The contract for the conservation (stabilisation) of 
the boat timbers was won by York Archaeological 
Wood Centre (YA WC). The timbers will be treated by 
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two-stage PEG pre-treatment, followed by acceler
ated freeze-drying. Using density and j.l.max data, 
YAWC have employed 'PEGCON' software (Cana
dian Conservation Institute) to calculate the ideal 
proportions and concentrations of PEG for each piece 
of wood. By introducing the optimum amount of PEG 
into the timbers, the proportion of wood matter lost 
during burial will be replaced; the wood cell structure 
will be supported and stabilised during drying; and 
the wood will be provided with a degree of environ
mental stability. The work commenced in May 1997 
and will be completed by December 1999. 

The timbers will be divided into four groups: 

1. Keel and stem post 
These elements appear to be very well preserved. 
10% PEG 200, 10% PEG 4000: the initial concen
tration will be 5% with approximate 1% 
increments thereafter, up to the final concentra
tion. Impregnation time: 24 months. 

2. S1-5;P1-5 
Surfaces very decayed, but inner areas have 
some better preserved wood substance surviving 
within the cell walls. 10% PEG 200; 25% PEG 
4000: the initial concentration will be 5% with 

approximate 1% increments thereafter, up to the 
final concentration. Impregnation time: 24 
months. 

3. All frames; remaining hull planking; oak and 
non-oak ceiling planking. 
General condition similar to (2) above; some 
lighter and more fragmentary planking has no 
sound wood core. 5% PEG 200; 30% PEG 4000: 
the initial concentration will be 1% with incre
ments of approximately 1% up to the final 
concentration. Impregnation time: 18 months. 

4, Treenails, hurdle fragments, other small frag
ments 
It is assumed that this material is heavily and 
evenly degraded. Those elements of the hurdle 
selected for conservation will be freeze-dried 
from 20% PEG 1500; the treenails will be treated 
with either PEG 1500 or 4000. 

Apart from removing residual PEG effiorescence 
either by light brushing or blotting with a hot-air 
blower and absorbent paper, post-drying surface 
finishing will be undertaken as part of the recon
struction process. 



Display Mark Redknap 

The story of the Magor Pill boat will form a 
centrepiece of the new Waterfront Museum planned 
by the National Museums and Galleries ofWales as 
part of the Millennium Performing Arts Centre in 
Cardiff, forming a 'time capsule' of medieval seafar
ing off the Welsh coast from the time of Henry Ill and 
Llywelyn ap Gruffudd. The long-term aim is to 
reconstruct the conserved boat timbers in the form of 
the original vessel, using a metal cradle to 'ghost' in 
the missing elements of the hull (Fig 133). This will 
involve a number of stages, from re-examination of 
the conserved timbers for further information to 
reconstruction of the boat in a process which reverses 
in part the original construction sequence. The 
full-size partial model will be used to design the final 
supporting system for reconstruction. 

The display will incorporate a number of themes: 
the discovery; the processes of recovery and recon
struction; the construction of the boat and medieval 

Figure 133 Idealisation of future display 
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shipbuilding; the boat's function and likely perform
ance and its contribution to our understanding of the 
iron industry in the 13th century. Interpretation will 
focus on what the boat originally looked like, how it 
was built (incorporating a medieval shipyard), what 
it was used for, and why it is important. The display 
will also seek to provide a human element: who may 
have owned and operated her, and what life was like 
for her crew in the 13th century. It is hoped that other 
medieval examples of inland water transport CPn be 
incorporated to permit comparison of boat technolo
gies and functions. 

In view of the fact that the Magor Pill boat is 
sufficiently well documented for its method of con
struction and shape to be established, plans are 
currently being developed for a full-size sailing 
version of the boat for sea trials (performance, speed, 
loading, efficiency of its rudder, windward capability 
against the tide etc) and eventual display. 



Conclusions 

The archaeological project which developed following 
the discovery of the Magor Pill boat has yet to reach 
completion. The timbers themselves await conserva
tion, reconstruction, and eventual display. These 
processes will inevitably generate both additional 
information and new questions. Nonetheless, the 
publication of the primary archaeological data seems 
an appropriate opportunity to reflect on the wider 
ramifications of the project to date. 

Discovery 

The intertidal zone of Britain has been the subject of 
rather sporadic archaeological study in the past. In 
recent years, the foreshores of particular regions (eg 
the Severn Estuary, the estuaries of Essex, and the 
Isle of Wight) have been examined systematically 
leading to a more widespread appreciation of this 
zone as a rich source of well-preserved but often 
vulnerable archaeological sites and submerged land
scapes. This work has, in part, encouraged broadly 
based assessments in the last half-decade of the 
coastal resources of England, Scotland, and Wales 
(eg Fulford et al 1997) which may well focus addi
tional attention (and financial resources) on 
intertidal work. 

The discovery of the Magor Pill boat, soon after the 
completion of a thorough survey of the area, stresses 
the fact that our foreshores are a dynamic environ
ment in which archaeological features are only inter
mittently visible and may be rapidly exposed and 
destroyed by episodic, natural events. Apart from in 
areas subject to continuous accretion and zero devel
opment, it can never be said that the surface, let 
alone buried, archaeology has been completely re
corded or understood. There will continue to be new, 
opportunistic discoveries, some of which will require 
a rapid response to fully exploit the opportunity 
presented. Exploitation of boat finds, in particular, 
needs the application of a wide range of expertise and 
resources and dedicated centres on this island no 
longer exist to respond quickly to unanticipated boat 
or ship discoveries. It is debatable whether increased 
attention on the intertidal zone will lead to changes 
in this situation, making expeditious project design 
(particularly with regard to team composition and 
the identification of suitable storage and study 
facilities) both difficult and necessary. 

Excavation and recovery 

A prerequisite for the initiation of the excavation and 
recovery of the Magor Pill boat was the committed 
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involvement of a receiving museum so that conserva
tion and ultimate display were objectives which 
shaped strategy from the outset. Without the active 
participation of the National Museums and Galleries 
of Wales, an academically rigorous and archaeologi
cally ethical programme of investigation would not 
have been possible. Similarly, constraints on how the 
vessel could be recovered meant that high levels of 
hard engineering expertise and resources were 
needed. That the people, skills, and equipment 
necessary to lift the boat were available was purely 
fortuitous: now that the Second Severn Crossing has 
been completed this is no longer the case. It was even 
more fortunate that the Laing-GTM consortium gave 
their time and equipment at no cost! 

The relatively high-tech nature of the lifting 
procedures contrasted with the simple techniques 
employed during excavation. The large tidal range of 
the Severn Estuary, let alone the cost, proscribed the 
use of a coffer-dam to protect the site. Instead, the 
construction of low walls of sandbags (donated) 
combined with lightweight pumps brought to the site 
each day, along with all necessary equipment, were 
employed. This approach depended on an intensive 
and physically exhausting effort from a small and 
experienced excavation team, prepared to work with 
the vagaries of the tide. This type of fieldwork cannot 
be sustained for prolonged periods and militates 
against long-term, studied approaches in the field. It 
does however encourage the use of specialised equip
ment and techniques which can speed up the 
processes of recording without compromising on the 
quality of the final record. 

Dendrochronological spot-dating of samples from 
the wreck allowed its approximate date to be identi
fied within days of its discovery, and informed the 
development of the project as it progressed. Global 
positioning systems (GPS) are increasingly finding 
favour with intertidal archaeologists, from cost-effec
tive hand-held units which can assist with naviga
tion and rapid mapping to more costly (and heavy!) 
but accurate equipment for more refined survey. The 
nearby presence of a dedicated GPS beacon, estab
lished for construction of the Second Severn Cross
ing, allowed positioning of grid pegs on the Magor Pill 
site to sub-centimetre accuracy without recourse to 
the use of total stations and distant Ordnance Survey 
triangulation points. Photogrammetric survey 
proved invaluable in a number of respects. It reduced 
the need to expose the timbers, hence minimising 
damage through desiccation or tidal erosion, requir
ing only one tidal window to expose, clean, and 
photograph the wreck. The negatives produced form 
an integral part of the archive which can be 
re-examined to complement the three-dimensional 



data already extracted. With the development of 
digital, rather than analogue photogrammetry, this 
technique will become even more valuable. Nonethe
less, the results can only be maximised through close 
co-operation between the archaeologist and the 
photogrammetry specialist. It should be stressed 
that one can only record that which is visible: in the 
case of the Magor Pill wreck, the presence of both 
concreted ore and the hurdle and ceiling planks 
obscured many structural details and limited the 
information retrieval possible. 

Context of the boat 

The location of the boat, near the presumed site of a 
documented medieval landing place, accords with 
trends seen in the distribution of medieval cargo 
vessels in Scandinavia and the Baltic where the 
majority have been found in natural harbours, most 
frequently in association with contemporary settle
ments or beach market-places (Crumlin-Pederson 
1985, 1991). This stresses the importance to mari
time studies of examining the sites of the numerous, 
documented creek ports and landing places both in 
the Sevem Estuary and beyond which provided the 
infrastructure of medieval maritime trade. Even 
when larger ships and deep-water ports developed, 
many of these landing places continued in use well 
into the post-medieval period. Whilst the remains of 
these site types are likely to be ephemeral, even 
where they have been lost to the sea contemporary 
archaeological material may be preserved in the 
remnants of associated palaeochannel deposits. Sys
tematic and opportunistic survey of eroding 
foreshore locations could radically increase the im
poverished maritime record for this period, 
complementing and possibly contrasting with the 
evidence for contemporary boat finds recovered from 
major historic ports. 

Future research 

The Magor Pill boat project has fed into and benefited 
from a number of research goals not directly related 

159 

to ship archaeology. Detailed analysis ofthe cargo of 
iron ore was carried out gratis as part of a broader 
research project examining the historic exploitation 
of the Bristol Channel orefield. If this research can 
help to more closely define the pattems of trade and 
transport in both ore and smelted iron, then this will 
in tum inform maritime studies in the region. The 
beech tree-ring sequence has acted as a lynch-pin in 
the generation of the first absolutely dated historic 
beech chronology in Britain. Given the widespread 
use of beech in medieval and later structures, this 
development should broaden the application of den
drochronology and encourage archaeologists to ex
pand their sampling strategies accordingly. The 
survey and dating of two fishing structures between 
Magor Pill and Collister Pill has highlighted the 
potential use of tree-ring dating in mapping historic 
coastline change (particularly coastal retreat), com
plementing sedimentary, documentary, and carto
graphic evidence. Ongoing additional survey and 
dating of similar structures in the area will test the 
effectiveness of this approach more rigorously. 

The Sevem Estuary and Levels have proved a most 
fruitful source of boat finds in recent years, dating 
from the Bronze Age to the early modem period. 
Even so, the number of maritime finds remains 
sparse compared with many other European regions 
where a paucity of material could not be said to have 
stifled development in maritime studies. The full 
potential of the Magor Pill find will only be achieved 
when sufficient broadly contemporary vessels have 
been discovered and analysed. Only then will we be 
able to consider broader issues of boatbuilding 
tradition and regional adaptation with any degree of 
conviction. 

The research potential of the Magor Pill boat itself 
has been far from exhausted. Assessments of the 
vessel form and performance cannot be seen as 
definitive. It is hoped that this publication will help 
to engender debate on this and many associated 
topics. The building of an experimental, working 
reconstruction, under rigorous archaeological con
trol, would do much to increase understanding of the 
boat as well as maintaining the considerable media 
and public interest in the Magor Pill boat and our 
maritime heritage as a whole. 



Glossary 

This brief glossary of nautical terms draws heavily on definitions given in McGrail (1993) and Mars den (1996). 
Usually, there is widespread consensus on the use of these terms. There are occasional exceptions: the 
definitions given below reflect the usage of these terms within this volume. Words in italic are defined elsewhere 
in the glossary. 

Angle: 

Bevel: 

Bilge: 

Bitte: 

Breasthook: 

Caulking: 

Ceiling: 

Chine: 

Clench, rivet: 

Clinker-built: 

Cog: 

Crook: 

Crossbeam: 

Double-ended: 

Draft (draught): 

Fastenings: 

Faying surface: 

Feather edge: 

Flare: 

Floor timber: 

deadrise -,vertical angle between the horizontal and the line ofthe bottom planking; 
enclosed-, horizontal angle between the arms of a sharp 
flare-, vertical angle between the vertical and the line of the side planking; 
included-, the vertical angle between the sides of a bulkhead; 
plank convergence -, the bevel angle worked on the edge of a framing timber where it 
takes against the planking. 

the surface of a timber which has been angled to make a fit with another. Employed to 
permit changes in the profile of the hull whilst maintaining a watertight seam 
between strakes. 

region between the sides and the bottom of a boat. 

a transverse timber which combines the functions of a lower crossbeam and two side 
timbers. 

a knee-shaped timber fitted horizontally abaft the stem and fastened to the side 
planking (McGrail1993, fig. 7). 

material placed between two timbers to make the junction watertight. A distinction is 
sometimes made between material placed in the seam before adjacent strakes are 
fastened together (cfluting, Fenwick 1978) and material driven into the seam 
afterwards (cf caulking, Fenwick 1978) 

The planks lining the interior of a vessel inside the frames. 

An angle formed by two strakes, usually between the bottom and the side of a vessel. 

to deform the end of a fastening so that it will not draw out - usually done over a rove. 

a form ofboatbuilding in which the strakes are placed so that they partly overlap one 
another - usually upper strake outboard oflower strake. 

a sailing ship which developed in Northern Europe during the medieval period, 
characterised by a flat bottom and straight, raked stem and stern posts. 

a curved piece of wood which has grown into a shape useful for boatbuilding. 

a timber extending across the vesseL 

a boat which is (nearly) symmetrical about the midship transverse plane. 

the vertical distance from the waterline to the bottom of the keel, amidships (see also 
freeboard), the depth of water needed to float a vessel. 

blind-, a fastening which does not penetrate right through the timbers being fastened 
together (see also spike); 
through-, a fastening which penetrates right through the timbers being fastened 
together; 
positive -, a through fastening which has a head or a fastening device at both ends. 

the overlapping surfaces of two timbers which fit closely together (eg as in a scarf). 

the end or side of a timber which, through splitting or subsequent woodworking, tapers 
to nothing. Most usually encountered on the scarfed ends of planks. 

the transverse section of a boat which increases in breadth towards the sheer. Also the 
angle from vertical of the faying surface between a floor timber and hull plank at the 
turn of the bilge (see Fig 76). 

a transverse member, often a crook, extending from turn of bilge to turn of bilge, and 
set against the planking (see frame). 
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Frame: 

Free board: 

Futtock: 

Garboard: 

Gunwale: 

Hood-end: 

Joggle: 

Keel: 

Keelson: 

Land, or lap: 

Leeway: 

Limber holes: 

Mast step: 

Meginhufr: 

a transverse member made up of more than one piece of timber, and set against the 
planking. 

(in an open boat) the vertical distance from the water line to the top of the sides, 
amidships (see also draft) 

see side timber 

the strake next to the keel. 

the uppermost rail or timber of a ship's side. 

end of strake fitting into rebate on stem or stem post 

outer face of a frame which has been stepped or otherwise shaped to fit overlapping 
clinker planking. 

the main longitudinal strength member, scarfed to the stems forward and aft. 
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a longitudinal timber positioned on top ofthe keel and fitted over the floor timbers, its 
purpose is to distribute vertical loads from the mast over a greater length of the boat. 
A mast step is often combined with or may be part of a keelson. 

that part of a strake which is overlapped by the strake immediately above it in clinker 
building; see also seam, overlap. 

displacement downwind; where there is no tidal stream or current, leeway may be 
thought of as the angle between course steered and course made good. 

holes cut in floor timbers on either side of the keel to allow free passage of bilge water 
to a position where it may be pumped. 

fitting used to locate the heel of a mast. This may be incorporated within a keelson. 

an unusually thick strake at or near the loaded waterline. 

Moulded dimension: that dimension of a timber measured at right angles to the shell (watertight envelope) 
of a vessel (see also sided). 

Moulding: 

Overlap: 

Plank: 

Port: 

Rebate: 

Rib: 

Rivet: 

Rocker: 

Rove, roove: 

Scarf, scarph, 
scarve: 

Scantlings: 

Seam: 

Sheer, sheer line: 

Sheer-strake: 

Shell building 
sequence: 

Sided dimension: 

Side timber: 

a decorative linear pattern incised along a timber, usually parallel to an edge. 

the amount one plank overlaps another in clinker planking (see also land and seam). 

a flat length of wood, component of a strake that is not all in one piece. 

the left-hand side of a ship looking forward. 

longitudinal recess cut in the face of a timber, particularly in the keel, stem post and 
sternpost, to accept another, without a lip being formed. 

a simple form of frame. This term may be more appropriate than frame when applied 
to small open boats. 

wrought-iron fastening to hold overlapping planks together, formed from a nail whose 
'pointed' end has been splayed or clenched over a washer or rove. 

fore-and-aft curvature of keel or bottom of vessel. 

a washer-like piece of metal, which is forced over the point of a nail before it is 
clenched. 

a tapered or wedge-shaped joint linking timbers, of similar cross-section at the join, 
into continuous lengths. A splayed scarf is effected by diminishing both ends to either 
nothing, or to a butt. 

the dimensions of each timber in a vessel. 

juncture of two members required to be watertight. See also land, overlap. 

the curve of the upper edge of the hull. 

the upper line of planks in the side of a ship. 

a form of boat- and shipbuilding in which the shell of keel, posts, and planking are 
(partly) erected and fastened before the framing timbers are inserted. 

that dimension of a timber measured parallel to the shell (watertight envelope) of a 
vessel. See also moulded. 

a framing timber which is fastened to the side planking between the bilge and the top 
strake. Side timbers linked to a floor timber to form a frame are sometimes named 
futtocks . 
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Skeleton building 
sequence: 

Spike: 

Starboard: 

Stem: 

Strake: 

Treenail, trenail, 
trunnel: 

a form of boat- and shipbuilding in which a framework of keel, posts, and framing 
timbers are set up and fastened before the shell of planking is added. See also shell 
building. 

a metal fastening which does not penetrate right through the timbers being fastened. 
(See also fastening- blind.). 

the right-hand side of a ship looking forward. 

the foremost (and in a double-ended boat the aftermost) timber in a boat or ship which 
is scarfed to the keel and to which the strake ends are fastened. 

a single plank or combination of planks which stretches from one end of a boat to the 
other. 

wooden peg or through fastening used to join two members. It may be secured at each 
or either end by the insertion of a wedge. 
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Bath, Bishop of 113, 114 
Bayeux tapestry 102, 139, 142 
Beaumaris 112 
Beaumaris Castle 136, 149 
beech dendrochronology 123-28 
beech ring chronology, first absolute 

dating 1, 159 
Bergen ship 56; 99, 150 
Bicknor 113 
Bill(1994)100 
Blackfriars 3 boat 78 
Blackfriars 4 boat 54 
Blaenavon 113 
Blakeney 113 
bloomery furnaces 111, 112 
Blunt, Peter 152 
boats: 

beaching 151- 52 
Bronze Age 3 

names 146 
Romano-Celtic 3, 6, 38 
size 149-50 
Viking 43, 48, 54 
see also under names of find places 

Bohun, Gilbert de 114-15 
Bohun, Humphrey de 114, 115 
bones 12, 18, 44 
Bordeaux 146 
Boves, H ugh de 134 
Bremen cog 150 
Bristol114, 115, 143, 145, 146, 151, 

152,153 
Bristol Channel: 

orefield 2, 105, 106, 106, 109, 110, 
111, 112, 159 

ports 149 
size of 150 

Bristol Ham green fabric 43 
Bristol seal132, 134 
Bristol ware 151 
Burrows 145 
Busshe 112 
buttock lines 139 

Cadw: Welsh Historical Monuments 
5 

Caerleon 112, 114, 150, 151 
Caerphilly Castle 115 
Caldicot boat 3 
Caldicot Level: 

diatom analysis 40 
drainage 3 
location 1, 2, 3 
palaeochannel37 
reclamation 2, 4 
sea defences 3 
sea level and 2 
tributaries 2-3 

Cardiff 112, 115, 144, 153 
Cardigan 144, 153 
cargo: 

excavation and 7, 8, 9, 17, 18, 19, 
19,26 

historical context for 114-15 
shipwreck and 154 
woodland resources and 38 
see also iron ore 

Carmarthen 144, 151, 153 
cattle hair 56 
cauldrons 43 
caulking materials: 

analysis of 38, 55-57 
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diatoms and 38, 39, 40 
fibre analysis 55-57 
samples 29, 38 
wool 55,56 

ceiling planks: 
beech 17, 24, 87,88 
catalogue 88-93 
dating 119, 123 
diagram of surviving 88 
dismantling 24, 26 
excavation and 7, 9, 10, 11, 17, 18, 

19 
nails 26, 89, 90, 91, 92, 93 
oak17, 18,26,87-88,88 
origins of 121 
repairs 87-88, 93, 119, 122 
scarfs 89-90 
spikes 102 

Cemlyn 145 
charcoal38, 113 
Chepstow 43, 145, 150 
Chester 145 
Chorchehey, John de 145 
Christopher 112 
Cistercian order 2, 114, 145, 146, 152 
Clare, Gilbert de 115 
Clare, Richard de 114, 115 
Clwyd, River 145 
Coalpit Heath 112 
coastal erosion 14 
coastline 14 
cogs 149-50 
Collier, Mike 6 
Collister Pill 14 
Compton Bishop 114 
conservation 137, 155-56, 158 
Conwy 146 
Conwy, River 145 
Countryside Council for Wales 20 
Courtney (1986) 4 
Cowbridge 112 
Cross, Jerry 5 
Crumlin-Pederson (1977) 1 
Custom House Boat, London 146 
Cymer 114 

Deal145 
Deganwy 145 
dendrochronology: 

beech 123- 38 
oak 116--22 

Denys(1992)39 
Despencer, Hugh de 113 
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diatoms 38-40 
Dieckmann, Bodo 5 
Dinas Powys 112 
Dollery, Diane 5 
Dover seal132 
Doward 114 
dowel, oak 94, 99 
drawings 137 
Drogheda 152 
Dublin: 

timber from 146 
trade and 152 
see also following entry 

Dublin ships: 
caulking 148 
dimensions 150 
floor timbers 14~7,147 
hull planks 54 
keels 48, 49, 146 
mast steps 139 
materials 78 
nails 148 
publication of 4 7 
sheers 134 
shipbuilding tradition 143 
species mixture in 97 
stem posts 135, 142, 146 
transverse section 147 
tree nails 97, 99 

Dunwich galley 43 
Dunwich seal132 

Ebbw Vale 113 
Edward I, King 43, 115, 150 
Elton 113 
Ely, River 115 
environmental evidence 28-40 
Etloe 113 

fastenings 45,49-50, 97- 102, 131-32 
see also dowels; nails; roves; 
spikes; treenails 

ferry crossings 153 
Filias, Philip 145 
fish traps: 

dating 14 
location 4 
medieval coastline and 153, 

159 
survey 14 

Flanders 145 
Flaxley 114 
Flint 113 
floor timbers: 

catalogue 81--86 
clinker-built characteristics 79 
cutmarks94 
distances between 80 
excavation and 15, 16, 17, 19 
joggles 16, 17, 79, 80, 134, 147 
keelson and 81, 85 
limber holes 28, 37, 79, 80, 147 

location46 
model and 137, 139 
nails and 79, 81--86 
positioning of 79 
rebates 79, 79 
reconstruction 131 
sapwood 79 
setting out marks 81, 81 
side timbers, scarf with 80 
treenails 15, 16, 17, 19, 27, 79, 80, 

81-82,84,86,94,134 
Forest of Dean 106, 109, 110, 111, 

112, 113, 114, 115, 151, 
152 

frame timbers: 
condition 156 
constituents of 78 
excavation and 7 
illustrations, layout of 82 
location 46 
materials 78, 119 
model and 137 
origins of 78, 78 
positioning 79 
rebates 102 
sapwood 78 
setting out marks 99 
toolmarks 99 
tree, position in 78 
tree nails 97, 99 
see also floor timbers; futtocks; 

side timbers 
Frampton Cotterell 113 
France 112, 114 
futtocks: 

joggles 134 
model and 139 
reconstruction 131 
term 78 
treenails 134, 154 

garboard strakes 133: 
catalogue of 58-59 
dimensions 53 
excavation and 7, 15, 19 
model and 137 
nails 101 
nails and 101 
nails for 49 
rebates for 48, 49 
sapwood 53- 54, 54 
scarfs 101 
spikes and 100 
stem and 133-34 

Gascony 145, 151 
Gayer & Criddle (1970) 106 
Gerard, Peter 151 
Gifford, Edwin 13 7 
Gillam (1976) 41 
Glamorgan 110, 112, 113, 114, 115, 

153 
Glamorgan, Vale of 106 

Glamorgan-Gwent Archaeological 
Trust (GGAT) 5, 21, 131, 137, 
153 

Global Positioning Systems 158 
Gloucester 112, 150 
Gloucestershire 113 
Glovare, Henry le 145 
Glynrhondda 113, 115 
Glyntawe 113 
goat hair 56 
Goldcliff 146 
Goodburn(1994)143, 146 
Goodrich 113 
Grace Dieu 143 
Grace Dieu Abbey 114 
Gracie (1949) 42 
Graveney boat 48, 97, 137, 143, 146, 

148, 150 
grave-slabs 135, 135 
Gresham(1968)135 
Griffon Hovercraft Ltd. 137 
Gruffudd ap Llywelyn 143 
gunwhale 54 
Gwent Levels 2, 38,41 
Gyen, Robert 146 

half-decks 139 
Ham Green ware 151 
Hansham Abbots 112 
Hartland Point 153 
Hartlepool146 
Haverfordwest 151 
Haverfordwest seal133, 134 
Henry Ill, King 113, 114, 115, 144, 

145 
Henry V, King 114, 143 
Hereford 150 
Hereford wares 43 
Hills Flats 113, 114 
Hope Manse} 113 
Houndescote, Peter de 151 
hull planks: 

bevels on 54, 139 
catalogue 57-78 
condition 155, 156 
derivation 53 
dimensions 53, 148, 149 
excavation and 7, 18, 19, 20 
finishing 54 
illustrations, layout of 57 
lengths 53, 148 
materials 53, 117-19 
model and 137-38 
nails and 54, 55, 57-78, 79, 100, 

100,101,146 
number of 52 
overlaps between 54-55, 58-78, 

100 
positioning 54 
position of surviving 52 
radial splitting for 54 
repairs to 87, 93- 95, 95, 102 



hull planks (cont.) 
roves 55, 100 
salvage 52, 95-96, 96 
sapwood 53-54 
scarfs joining adjacent 55, 55, 

58-78, 101 
score lines 55 
setting out marks 55 
split in 19, 87, 93, 119 
thickness of 54 
tool marks 95, 96 
treenails 59-77,96,96, 97, 99 
trees derived from 117, 119 
see also garboard strakes 

hurdle: 
bird bones 44 
components of 103 
condition 156 
dismantling 24 
examination of 103-5 
excavation and 7, 9, 17, 18 
species used 194 
toolmarks 103 

Hustedt (1953) 39 
Hythe 145 
Hywel ap Maredudd 115 

iconography 134--35, 139 
Ireland 112, 113, 143, 145, 146, 149 
Irish Sea 143 
Iron Acton 113 
iron industry 106, 112-15 
iron ore: 

associated material 110 
composition of 18, 105 
end use 110-11 
examination of 106-10 
excavation and 7, 8, 9, 17, 18, 19, 

19,26 
facies 108, 109 
form of 18, 105 
geochemistry 108, 109 
geological background 106 
lump 105, 106, 107, 109 
mineralogy 109 
movement of 114 
powder 105, 107--8, 111 
provenance 105--6, 108--10, 113 
shipwreck and 154 
smelting 110, 111, 114, 152 
weight recovered 105, 113 
see also cargo 

iron smelting 110, 111 
Isle of Man 143 

Jocelin, Bishop of Bath 114 
John, King 144--45, 152 

Kalmar I cog 150 
keel: 

catalogue 50- 51 
condition 155, 156 

description 47-52 
dimensions 48, 50 
excavation and 7, 17, 19,20 
hole in 50, 50, 51, 51, 135 
iconography and 134, 135 
material47-48, 48, 117 
nails 50-51 
rebates 48, 49, 133, 134 
rocker 137, 146 
spikes and 100 
stem post, scarf to 14--15, 48, 49, 

148 
tree, position in 46 
wood science 50 

keels 143, 149, 150 
keelson, evidence for 81, 85, 96, 100, 

139 
ketch 152, 153 
Kidwelly 153 
Kingshithe 139 
Kingsteignton boat 146 
Kingston-upon-Thames 148 
Kingswood 114 
knives 102 
Kollerup cog 150 

Lacy, Maud de 114 
Laing-GTM 5, 6, 20, 21, 24, 158 
landscape 28, 36, 38 
land-use 38 
Leland, John 150 
Lewes, Battle of 114 
Lideneye 113 
Lincoln 146 
Llanfaes 146, 152 
Llanharry 106, 108, 109, 110, 113 
Llantrisant 113 
Llanwit Major 112 
Llywelyn ap Gruffudd 114--15, 145 
Llywelyn ap Iorwerth 114, 145 
London: 

beech from 123, 126, 127 
timber from 146 
see also following entry 

London, boats found in: 
caulking 56 
frames 146 
hulls 54 
keel tradition 143 
treenail holes 103 

McGrail (1993) 47, 49, 54, 148 
McGrail, Sean 5 
McKay, Mike 6 
Magnam Dene 113 
Magor Grange 145 
Magor Pill: 

finds at 4 
investigations at 4--5 
location 3, 3, 4 
Mill Reen and 3-4 
see also following entry 

Magor Pill boat: 
acetate tracings 129, 130 
ballast 142 
beach landing 142 
beam 139 
cleaning 45, 155 
conservation 137, 155-56 
context 159 
cross-bracing absent 146, 147, 

148, 149,154 
dating 116, 119-21 
depth 139 
description 7 
dimensions 139, 149, 150 
discovery 158 
dismantling 24--27,25, 26, 45 
display 157, 157, 158 
draught 142, 151 
field evaluation 5 
function 142 
future research 159 
handling 151 
hull structure 46--87 
length 139, 149 
load carrying 142 
location of find 1, 4 
loss of 153-54 
media interest 5 
models of 129, 130, 131, 134, 

137-39, 140-41 
ownership 152 
packing 155 
palaeochannel and 7 
performance 142 
provenance 121- 22, 149, 151 
recording 45-46 
recovery 5, 20-24, 45: 
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lifting cradle 20, 21, 22, 23,24 
rig 142 
Scandinavian tradition and 148 
setting 2-4 
shipbuilding tradition of 146-49 
sinking date 114 
speed 142 
tool usage 102- 3 
transverse beams absent 146, 147, 

148, 149, 154 
transverse section 147 
see also following entry and under 

names of elements of, eg keel; 
stem post 

Magor Pill boat excavation: 
beginning of 5 
context 6-14 
description in situ 6-7, 14--20 
logistics of 6 
plan of boat in situ 8 
plan of materials overlying 11 
stratigraphy 7-12 
video of5 

Malltraeth 146 
manuscript illustrations 134--35 
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Margam, Abbot of 145 
Margam Abbey 114, 152 
Mariote of Hook, La 146 
Marshall, William 152 
mast 139 
mast beam 139 
mast step 81, 137, 139 
meginhufr 54, 149 
Menai Ferry 146 
Mendip 113, 114 
Milford 144 
Mill Reen 3, 4, 4 
Minety-type fabric 43 
Miscin 113, 115 
Miskin 112, 115 
Monmouth 38, 113, 114, 145, 150, 

151 
Monmouth Castle 145 
Monmouth Priory 114 
Monmouth seall34, 150 
Montfort, Amautri 145 
Montfort, Eleanor de 145 
Montfort, Simon de 114--15, 

145 
Montgomery, Treaty of 115 
Moor 114 
Morfa Conwy 145 
Morgan, Octavius 143 
Much Marcle 112 
Mynydd Bychan 112 

nails: 
excavation and 7, 15, 45 
functions 100, 101, 102 
heads 100, 101 
holes, model and 137 
illustrations 55, 94, 97, 100, 101, 

102 
material 100 
numbers of 139 
positioning of 54 
production 100 
reconstruction 131 
recording 45 
use, method of 100 
weight of 111, 139 

Nash-Williams (1851) 4 
National Museums and Galleries of 

Wales (NMGW) 5, 20, 21, 41, 
129,137 

navigation 153 
Nayling, Nigel5 
Neath 113 
Neath Abbey 152 
Nedem Valley 3 
Newcastle galley 43 
Newport 143, 144, 150 
Newport Museum 43 
Nicholls (1866) 111 
Norse sagas 102 
Nugroboin, Nicholas de 151 
NZ cog 150 

oak dendochronology 116-22 
Oldbury 114 
Oostelijk Flevoland 43 
Osberg ship 49 
OZ 43 cog 150 

palaeobotanical evidence 28-38 
palaeochannel: 
deposi~4-5,10, 11,12-14,28 
finds and 4 
location 4 
plan of 12 
stratigraphy and 7 
test pi~ 13 

Paris, Matthew 134, 135, 144 
Parvam Dene 113 
peat 7, 8, 12, 29 
Pembroke 145, 152, 153 
Penmark, Thomas de 145 
Penyard 114 
Penyard Wood 113 
Penyfai 115 
photogrammetry 6, 15, 16, 45, 131, 

134, 158, 159 
plant macrofossils 28-29, 33-36, 38 
plug 50, 50, 51, 51 
pollen 28, 29, 30, 31, 32, 36, 38 
Poole Foundry waterfront 134 
Poole Harbour 96, 148 
Port Eilian 145 
ports 135, 136 
Portsmouth seal132 
Portugal 145 
pottery 4, 11, 12, 41-44, 151 
Proranue, Peter de 151 
Pucklechurch 112, 113 
Pwll Fanog 143 

Q 75 boat 150 
quays 135, 136, 149 

reconstruction 129, 138, 151: 
archeological evidence 131-34 
bow form 131, 132-34 
conservation and 155 
iconography and 134-35 
rationale for 129-31 
stem form 132-34 

Rede, John le 145 
Rees(1968)113, 115 
repairs 87-88,93-95,95,99, 102, 

119, 122 
report structure 2 
Rhuddlan 151 
Richard I, King 113, 114 
Rippon, Stephen 5 
Robert de Leicester 145 
Robert ofKidwelly 145 
Roskilde 155 
roves 101, 102: 

excavation and 15, 45 
making of 100-1 

recording 45 
shape 101 

rudders 133, 139, 146 
Ruwardin 113 

St Baglan grave-slab 135 
St Briavels 113, 114 
St Mary 112 
Saintonge ware jug 43 
salt-marsh: 

communities 29 
location 4 
palaeobotany and 29, 36 
recovery and 21 

salvage, historical 7, 15-16, 17, 
95-96,96 

saws 102 
Schlichtherle, Helmut 5 
Schweingruber (1990) 97 
seals 134 
Second Severn Crossing 20, 40, 158 
see wall4, 14 
Selsey Common 42 
Senghennydd 115 
Severn Estuary: 

boat finds and 159 
mapl 
SSSI in 20 
tidal range 158 
see also Second Severn Crossing 

Severn, River 114 
sheer strake: 

location 46 
model and 139 

Shepherd & Goldring (1993) 106 
shipbuilding traditions: 

keel and Norse 143 
Magor Pill boat and 146-49 

shipping, medieval143 
ships: 

beaching 151- 52 
names 146 
size 149-50 

shipwrecks 145-46, 153 
Sibley (1919) 109 
side timbers: 

catalogue 86-87 
excavation and 20 
floor timbers, scarf with 80 
location 46 
nails 86, 87, 94 
treenails 86, 87 
see also futtocks 

Simon ofFaversham 145 
Sinderford 112 
Skuldelev ships: 

conservation 155 
dimensions 150 
dowels 99 
frames 146 
half-decks 139 
hull planks 54, 148, 149 



Skuldelev ships (cont.): 

keels 49 
materials 78, 143 
oar ports 139 
stem 133 
timber, provenance of 116 
transverse section 147, 148 

smiths 114 
Soldo, Stephen de 151 
Somerset Levels 1, 104 
South Cornelly 114 
South Wales Coalfield 108 
South Wales Grey Ware 41 
Southwold rudders 139 
Spain 112, 151 
spikes 100, 102 
Staunton 113 
steerage 139 
stem post 133: 

catalogue 51-52 
condition 155 
description 47-52 
dimensions 48, 51, 52 
excavation and 7, 14 
form 132-33 
garboard strakes and 133-34 
iconography and 134, 135 
keel, scarf to 14-15, 48, 49, 102, 

148 
material47-48 
model and 137 
nails 52 
rebates 48, 49, 139 
shape 137 
size 137 
wood science 52 

Strata Florida 149 
stratigraphy 7-12 
Stratton St Margaret 42 
Stroud 112 
Sutton Hoo boat 48, 55, 137, 143 

Swansea 145, 153 

Taff, River 115 
Taff Gorge 112 
Teignmouth 145 
Teign, River 146 
Tenby 151, 153 
Tewkesbury, Annals of 113 
tillers 133, 139 
tingles 93, 94-95, 102, 116 
Tintern Abbey 2, 114, 145, 149, 150 
toolmarks 95, 96, 102, 103 
tool usage 102-3 
town seals 132 
trade 144, 145, 149, 150-52 
Treath y Llongau 152 
treenails 80, 98: 

condition 156 
finishing 99 
fittings and 100 
function 97 
holes for 55, 102-3 
positioning of 54 
production methods 97-98 
repairs and 99 
species used 97 
toolmarks and 99 
use, methods of99- 100 
wedges 97-98,99 

Trefdraeth Ddisteiniaid 146 
Trefdraeth Wastrodion 146 
Trellech 113,114, 115 
Tresaith Beach 153 
trows 151 
Turner, Rick 5 

Upton, Derek 5, 43 
Usk 112,114 
Usk, River: 

boat find 143 
transport and 2 

Usk valley 115 

Vale ware 151 
Vejby cog 150 
vessels: 

beaching 151-52 
names 146 
size 149-50 

Wales: 
coastal144 
England, wars against 144 
Ireland and 143 
Scandinavian authority in 143 
shipping in 143, 144-46 

Wallare, Thomas de 145 
Walmer 145 
Walton (1988) 56; (1989) 56 
Waterford 144 
Weald of Kent 112 
Wentlooge Level1, 8, 11, 12 
Wexford 153 
wharfs 149 
Whitewall151 
Whitton 112 
Wicklow 143 
Winchester 123 
woodland 36-37, 38 
wool 55,56 
Woolaston 113, 114, 145, 149 
Worcester 112 
Worcester Graben 109 
Wycombe, John 151 
Wye, River 2, 114, 150, 152 

York Archaeological Wood Centre 
(YAWC) 155, 156 

Ystrad Tywi 144 
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THE MAGOR PILL 
MEDIEVAL WRECK 

.; 

In 1994 the distorted timbers of a medieval boat came to light at Magor Pill, on the coast 
of the Gwent Levels, when storms washed away the sediments which had covered them 

since the boat ran aground about 700 years ago. 
This report charts the complex and difficult excavation and recovery of the boat and its 

cargo of iron ore. Back in the laboratory the boat was dismantled and the individual timbers 
studied in detail to provide an accurate picture of the methods, raw materials, 

and tools used in the boat's construction and subsequent repair. 
Models of the boat were made, and these, together with assessment of contemporary 

documents and iconography, point to the Magor Pill boat being a double-ended vessel built in 
the Northern European tradition and adapted to meet the demands of trading in the Bristol 

Channel. Analysis of the sedimentary, environmental and historical data suggests that the vessel 
foundered close to the mouth of a tidal tributary near an established landing place known 

as Abergwaitha. The boat's discovery emphasises the importance of creek ports 
both in the Severn estuary and beyond during the medieval period. 
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