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Tree-T~i:u:; Dati!l{~ of the London waterfronts. 

Ruth A. Nore;an 

The series of waterfronts excavated recently at Seal House1 

and New Fresh \'lharf2 by the Department of Urban Archaeology provided 

many fine oak timbers for dendrochronological analysis. The aim was 

twofold: to date the structures absolutely by the !:!atchine; of tree-ri!J6 

sequences,and to evaluate the time relationship, whether relative or 

·absolute, between timbers and between structures on the two sites. 

This in turn provides a record of the tree ,e;rowth pattern over tho 

centuries concerned,as a contribution to the refer~nce curve being 

constructed for thi~ area,and for the datinc of timber excavated in 

the future. 

This i!lterim report discu:;ses the results and d?.ti:!.le;· of 

two sections of Ror-1an waterfront (Recond century AD) and of three 

consecutive waterfronts of twelfth and thirteenth century date, by 

:.ieans of de~drocln"o:tolobical exanination of the a'..l ~ual riat:;s of the 

ti~bers. The methods used are standard for oak in ~estern ~urope; the 

wood .is froze!l and surfaced, the armual ring-vtid ths are r.wa.sured in 

mra and the values are plotted as a e;raph for co;oparisoll and matchin~ 

both visually and by computer3, 

l Schofield, J. 1975 Seal House, Current Archaeolor,y 49 54-57. 

2 Schofield, J, & L.Niller 19'16 New Fresh Wharf: I The Roman 

waterfront. London Archaeolo~ist 2 390-395. 

3 For further details of the method see: 

Baillie, H.G.L, 1974 A tree-rin;.; chronology for the dating of 

Irish post-nedieval timbers. Ulster Folklife 20 l-23. 

Fletcher, J.H., l-l.C. Tapper~< }',S. Walker 1974 Dendrochronolot;y

a reference curve for slow c;rown oaks, AD 1230 to 1546 

ArchGeo:.10t!__y 16 31-l~O. 
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~l1e Roma1t waterfronts. 

'rimbers from two sections of the second century waterfront 

at Seal House and New Fresh \'lharf, some 200m apart, were examined 

hoth for dating purposes and to confirm the evidence that they both 

were in fact '_)art of the sane structure, A waterfront of sinilar date 

at the Guston House site had already been examined and tentatively 

dated by Fletche.r4, and it was hoped to link this c;tructure also by 

comparison of the growth rings, 

New Fresh Wharf. 

Excavation in -~rea III at New Fresh Wharf exposed a 

~aterfront of horizontal timbers based on a sill-beam and held in 

place by braces and possibly piles. Cross-sections froo thirteen of 

t:~n major component tinbers were s~~wn and exar.Ij_ned, e.nd were divided 

into tvro ,roups on the basis of averetr:e wi,;th and nurJber of 1\ro;·1th 

rin,~s. 

The first 13roup of six large timbers included c.ill-beams 

and first-ro•.'l beams e.s well as one cradlinl'; timber, r.wst of which were 

oalc trunks soolit in half and trim1ned to a rectangular cross-section. 

'£hey cat~e fro!:!'. mature trees with 100 to 220 c;rowth rings of l-2mt~ 

average width, The ring-width patterns of all six could be synchronised 

and their relationship is shown in Fig, 1, each block representing· 

the time span in arbi trs.ry years covered by the growth rings of each 

tiober (sample numbers can be related to the axonometric plan, Fig. 3, 

in the published report5), and hatching indicates the presence of 

outer sapwood, which is discussed below. 

4 ?letcher, J.H. 1974 The Dendrochronology. in Excavations at the 

Custom House Site, City of London, 1973. T. Tatton-Brown 

Trans. LAN!\S 25 211-215. 

5 Schofield & Hiller, 1976 on,cit. Fie;. 3. 
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Several of the tree-ring sequences showed such a close 

correspondence in growth pattern that it is concluded they ~1robably 

originated L1 the same trE:e or at least from tr;)es growing adjacently. 

The two sill-beams 311 and 378 and first-row beam 236 may have come 

from the same tree; if so, the tree must have reached a diameter 

of over 800mm and an age of more than 260 years with a clear bole 

some 13m long, and the ring-widths and sensitivity suggest it must 

have grown under forest conditions on well-drained land. 

Two of the timbers in this group have sone sapwood remaining. 

Sapwood is the outer active zone of the tree, distinguishable by 

colour and structure in oak, and quite predictable in a mature tree 

at a width of about 25 rine;s. So even if only one sapwood ring renains 

on the wood, it is possible to estirc£1 te the yeo.r i!1 nilich the tree 

was felled. Both timbers 378 and 321 reto.in alnost their entire 

sapwood zone, ti1at of the former boinc; unusually wide, so the d2.te of 

their final measured rings .will fall very close to t!te year of follin1;. 

J.,he corres")OlHl:L!t:~: rin:;::-wirlths fox· o3.ch yr.:,e_r j_!1 the :3i:...: 

is sltn·-.::.1 in. Fig. 2. 

The second group of seven timbers consisted of compl~te 

trunks hewn to square cross-section,from younger and faster-grown oaks. 

These acted mainly as piles and braces, for which strength rather than 

size was required. The tiober came from trees up to 100 years in 

age (i.e. relatively immature) and about 400n~ in dianeter, with 

r.ing-widths of 2-5um. The differences in age and ring-width can make 

comparison with the mature timber difficult, and it is for this reason 

that they are separated. 

Only three of the seven ring-width sequences could be 

matched together to provide a mean curve of 92 years, which also 

matches the :).one;er .mean curve between arbitrary years 190 and 281 

(timbers 279, 326 and 386). A fourth was tentatively placed (timber 



243 in !J'i:.:;. 1). r_rhrGP. of these tiubers have snpv;ood rar:taining, and 

the heartwood-sapwood transition lies in a similar position in all 

of theo, indicating felling in the same year (the vertical dotted line 

in ". .•lg. 1). 

The remaining three tree-ring sequences matched neither 

with those me;1tioned or each other; the axonometric :plan6 shows that 

all three (timbers 190, 212 and 213) are vertical .'>iles iL1mediately 

behind the quayfront beans, which are only found at the west end of 

Area III, 8nd are thus thought to serve some special function 

perhaps of aupporting a four-bay building or crane on the edge of 

the quay. The tree-ring evidence confirJ?Js that they are not 

contemporary with the waterfront timbers and are not therefore an 

integral part of the waterfront; since they do not appear to be 

contemporary to each other, they probably represent random reused 

timbers inserted at a later date. A Cl4 date determined on timber 

21.3 at AD 320 :!: 70 (T!AR 11+21) tends to confirm this. 'l'he quality and 

length of their tree-rinc; s.,quGnces are\ikely to preclude a.hsolute 

dating. 

'rhe Ht3W 7rsGh \.lharf oak tirab·~rs thus ·provided a record of 

tree growth patterns over 262 years as well as determining relation-

ships between individual timbers. 

Seal House. 

'fhe second century waterfront was also briefly examined 

at the Seal House site7 north of the three medieval fronts discussed 

in the second half of this paper. While the structure oould not be 

recorded on this occasion, several timbers were collected and examined; 

su~quent building operations revealed a further 20m of the front 

6 Schofield & Hiller, 1976 op,cit. Fi£>.3. 

7 Schofield, 1975 op.c;t, 
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and sho'.'Ied it to be si;"ila.r in constructioll to thot at :rew Fresh 

8 
Wharf with horizontal bea~s, scottered piles and braces • 

Four out of five tirabers provided lone; tree-rinc; seqw3nces 

of up to 294 years, the oldest having some sapwood reL1aining, The 

three vrit:1out sapwood (751 and 752, sill-beams,and 753,a third-row 

beam) matched well together, giving an average curve of 244 years; 

subsequnll t co1~porison wi tll the 262 year liel't Fresh '!/harf curve shcmed 

that both sroups of ti~bar hsd co~~ fro~ the same forest, for their 

growth patterns were almost identical (Fig, 2), However, in tha 

absence of sapwood, it was impossible to prove that the two sections 

of waterfront were built in the same year; the key lies with ti'"ber 

693 which is much slower-grown, and its grovtth pattern does not match 

well. It is ten ta ti vely placed in the best visual position in Fig. l, 

which sur;.:ests that the two groups of ti'llber were felled at the s<U12 

tir.:e. 

Tho correspondence of the 'i'Iel'l Frosh \'lh.9rf and Seal House 

curves (co~putsr CO!~parisOll aives Sttldcnt 1s t = 9.96) allowed the 

avera,-;in•( of all nine tree-ring sequences involved into a 282 ye;o,r 

mean curve. 

Dating of the Roman watorfront. 

The next stage was to attempt to 2,pply calend-:r dates to 

each growth ring of the trees involved, to find out the date of their 

felling. The presence of sapwood, at least on the !few Fresh Wharf 

+ timbers, allows an accuracy in dating of about - 5 years; there is 

no evidence of seasoning (distortion, dryness cracks), so it may be 

assumed that the wood was worked in a green condition, and there is thus 

little time lapse between felling and construction. 

There are several methods of dating a floating tree-ring 

chronology; it can be compared to reference curves of the same period 

8 Schofield, J. 1976 Seal Rouse, London Archaeoloo;ist 2 401. 



frorJ othP-r areas, or to floating or elated curves froa the sa!.1e area. 

If no correspondnnce is found by these means, or if dubiouo datinG 

requires further confirnation, Cl4 dating of several wood sam!)les fro:·t 

known intervals in the tree-ring sequence can be accurate to within 

several decades. 

The waterfront curve was first com?ared to that for the 

Custom House timbers established by Fletcher9, but only slight 

agreement could be found between the two, and it may be concluded that 

while they are probably of similar date, the sources of timber may be 
a 

widely different. A tentatively dated mean curve exists for,(well at 

Wederath in Belgiu:n10 covering the period AD 39-245 (while a complete 

reference curve has been established back to before 700 BC in Germany, 

a deHnite tree-rin1~ link in the fourth century AD is provins difficult, 

and the absolute datin~ is based on the recorded construction date of 

the Colog:w bridt;e L1 AD 310; it r1ay thi3refore vary by severe.l years~1 

The data of the reference cu.rve has not yet been published,), and a 

·possible match b<Jtweon the two (t = 4.0<3) may 'Jlace the final rinc; of 

the Hew Fresh \'lharf/Seal House curve in AD 151, or therea.bouts, thus 

spanninG tho a.pproximate :-'eriod 130 BC to AD 150. With a small 

I 
allowance for possible !!lissing sapwood, the nbsolute da.te\for the thtbers 

I 

may be AD 155 :: 5, which corrss)10nds to the de.te of AD 150-180 based 

on archaeoloe;ical evidence. Em•rever, it ·!Ust be Grl;Jhasiscd that this 

date can only be confirmed by cv>1p<nicon with t:1e full German data ond 

rri th furtht.:?r con te1~porary wood froi!: th-J Lond.o~1 .::.:ce;;; .• 

In the r:lO<',ll tine, ne:ve1·< l radiocarbon samples have been cut 

from the timbers to provide a check on the dating of this waterfront 

and that at Custom House. Four samples come from 50 year intervals 

9 Fletchor, 19711. on,cit. 

10 Hollstein, E. 1972 Dendrochronolot>;ische Datierun;; von Holzern aus 

'!lederath (Belginurn). Trierer Zei tsc·arift 35 123-5. 

ll Hollstein, E. 1967 Jahrringchronoloe;ien a us vorrot1ischer und 

roraischer Zeit. Gerr:ania 45 70-84. 
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(o.s shown by brackets at the base of Fi~. 1) of the trc·=-ring sequence; 

knowing the time intervals between each sample and between the sa3ples 

and the date of felling, it will be possible to estimate a much narc 

accurate date for the waterfront than for one Cl4 date alone on wood 

12 
a;~e of unlmown 

Complete details of the wood sai'Lples and the tree-ring 

curve will be published when the Cllt results arc available, 

12 Fletcher, J.H. ~' R. Switsur 1973 North Elmham: the dating, 

Current ArchaeolOGY 36 25-28. 

Ferguson, C,W,, B. Huber & H.E. Suess 1966 Deternination of the 

age of Swiss Lake Dwellings, Zeitschrift fur Naturforschunl) 

2 A 1173-1177. 
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The Medieval ~atcrfronts. 

Three successive waterfronts of twelfth and thirteenth 

century date were excavated at Seal House1 ~ the lateat being the 

southernmost and best preserved, These provided many fine oak timbers 

for dendrochronological analysis which enabled two of the waterfronts 

to be dated closely and the third to within decades. 

·:laterfron t IIT. 

This latest waterfront, dated archaeologically to the enrly 

or mid thirteenth century, consisted of sill-bsams holdins horizontal 

:)lr'J.~li..:s L'..;1d ~u)·_~orted by cl.ia::;onc..l br<'Ces14 • Seventeen of the t:Lmbers were 

8XBmined, C(JUsisting of vertical posj;s, planks and braces. Two timbers 

(441 a.nd 478) from &n associated drain had olreatly been exa:nined 'oy 

Fletcher1 5, ""0. showed excerJtional da tin;;; qualities; they showed .•tllsJE;i; 

16 identical .~;rOwth patterns to the '.-~erman refer9nce curve betwe·Jn 

1019 and 1193 ("':ig. 3 and 1;). 

A furtJ-,er seven til'1bers froY:l this waterfront coulo be d<lted 

by means of the Gernan curve, artd the years spanned by each are shown 

in ~'ig. 3. Two of the horizontal planks (337 E £:nd D) came frorn the 

sa!Je tree, but otherwise there was enornous variety in averac;e rin(;-wid th 

and sensitivity, suggesting that the timbers came from various sources, 

Two had some sapwood remaining; on one (568) it is possible that the 

outermost annual ring is preserved, which represents the year in which 

the tree was felled. The calendar year for this ring is 1219, However, 

13 

14 

Schofield, 1975 
Schofield, 1975 

op.cit, 

op.cit,dtagram on p.56 
15 Details kindly supplied. 

16 Hollstein, E. 1965 Jahrringchronolo::;ische Datierung von Eichen-

hol zern ohne \'laldkan te, Bonner Jahrbuch 165 12-.?.7. 



the fellin~ date of th~ timbers for Waterfront III is 5iven as 1220 ! 5 

to allow for tl•e possibility that this is not th~ case. All nine timbers 

appear to be contemporary, des9ite the loss of sa~wood and up to 30 

heartwood rj_ngs during manufacture. 

\'i8terfront II. ---

The second waterfront, dated archaeoloe;ically to the late 

twelfth or early thirteenth century, was damaged and robbed, but 

probably consist3d of oak plankine; slotted into vertical tinbers17• 

Sections of 10 timbers were collected, including several wide planks 

with up to 184 growth rings. Four of the timbers had sane sa:pwood 

remainin[l'. 

A~ain five of the timbers tiould be dated by means of the 

~ernan reference curve (Fi;;. 3); the rin,::-width curve fol' one (497D) 

is shown in ?ir;. 4 in its synchronous po.si tion. The final rint;G of ench 

ti_c\bcr cluster in d.c;t.J between .1135 Rnd lllt5, and the two with sA_oYiood 

re!:lnants SU.(~r;est t~v--.t tho felli1:.1; date and tl:c year of con.struction 

of the wat9rfront can be estimated at 1160 ! 5. 

''i«terfront I. 

The northernnost waterfront had been demolished, but sufficient 

remained ·to indicate sill-beam construction with vertical boards, datin[l' 

18 to the mid twelfth century • Seven sampled timbers included planks 

and the sill-beam, with up to 225 rine;s, but only one young example 

retained sone sapwood. 

Therefore, dGspi te dating thr·ee of the timbers (Fig, 3), no 

accurate fellin[l' date could be obtained in the absGnC•3 of sapwood. The 

last ring of the lateot timber (609) falls in 1100, and to allow for 

17 Schofield, 1975 on.cit.dia~ram on ~-55 
13 Schofield, 1975 o~.cit. diagram on p.55 
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also examined and dated; with its final ring for~ed in 1054, it must 

have been felled after c. 1080. 

Discussion. 

Eight corresponding tree-rinc; curves fm m individual timbers 

of all three waterfronts were averaged to provide a mean curve spanning 

the period AD 950 to 1193. The mean curvG sho\'ls excellent agreenent 

with the west German reference curve19 (t=5.90), wit~ the south German 

reference curve20 (t=7.76) and \'lith a London curve dGrived from 

''~stminster Abbey chests21 (t=B.50), thus providin~ additional corrobor-

ation of the tree Growth pattern over tl1in period. 

i:thi·le conditions of .::;ro\•ith :r.ust have be-3il very si~:;.ilar to th 

_:Lrc south uncl \'Jest G·2rn3.ny and in south-cc~ct ;,~n~;lanci OVf.:;r these cc'raturles, 

there are s1.:~nificant ctifferences in isJlated years, ~l1en a wide ri111; 

in one curve r:.ay be r-2)l~.ced by a narrow rine; in another. rfhe tv:o tr~ost 

obvious differGnCGS are in 1117, when the German curves show a wide or 

average rin~ and the English curves a narrower rlng, and in the 1160's 

when a very deep trough (5 years of veq' slow growth) in the German 
much reduced 

curves isnrl~~JlOcxtt·z~ in the Ent;lish curves. 

However, the otherwise close correspondence between the growth 

patterns of oak in Ger!'lany and in England,and the absolute dating of thll 

Seal House waterfronts as a result, is encouraging since it enables us to 

hope for equally good cross-datin5 in other periods and the quicker 

19 Hollstein, 1965 op.cit. 

20 Huber, B. & V. Giertz-Siebenlist 19G9 Unsere tausendj~hrige 3ichen

chronologie durchschnittlich 57(10-150)fach belegt. Sitz. Osterr. 

Akad. './iss. 1 178 37-42. 

21 Details kindly supplied by Dr. J.H. Fletcher of Oxford. 
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construe tion of an E!l~lish reference curvH exte!l.din_s back in to Ror.1an 

and ~rehistoric contexts. 

Legends to tha fi~ttres: 

Figure 1 

Fi~~·ure 2 

~'ir;ure 3 

Figure 4 

arbitrary 
Block diagram showing theAyears spanned by each tinber 

of the Roman waterfronts at New Fresh Wharf and Seal 

House. Hatching indicates the presence of sapwood which 

allovrs an estimation of the felling date (vertical 

dotted line) and 6onstruction date. The scale in 

arbitrary years may correspond approximately to 130 BC 

to AD 150; dating is being checked by four Cl4 dates 

from positions shown by braclcgts at the base. 

Part of the 11ean tree-rins curva for the Hew Fresh 

·::ha:cf timbers (open circlas) and for the Seal House 

tiDb8r.s (solid circles) 'uetween arbi tr.~~.ry years 13Y 

and 204. •rho scale is lo:~ari tlmic in ·~m. 

Block diagram showing the calendar years spanned by 

each tinber of the three Seal !louse wat<Jrfronts with 

estimated construction dates on the right, based on 

sapwood remains on several timbers. 

The west German oak chronology,built up by Hollstein, 

between 1050 and 1172 compared to the growth pattern of 

timber lr41 (Waterfront III) and 497D (1'/aterfront II). 
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