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Tree-ning Dating of the London waterfronts,

Ruth A, Morgan

The series of waterfrogts excavated recently at Seal Housel
and New Fresh Wharf2 by the Department of Urban Archaeology provided
nany fine oak timbers for dendrochronoclogical analysis. The aim was
twofold: to date the structures absolutely by the matching of tree-ring
sequences, and to evaluate the time relationship, whether relative or
'absolqte, between timbers and betﬁeen structures on the two sites,

This in turn provides a record of the tree growth pattern over the
centuries concerned,as a contribution to the reference curve being
constructed for this area,and for the dating of timber excavated in

the future.

This interim report discusses the results and dating of
two sectiocus of Roman waterfront (second century AD) and of three
consecutivae waterfronts of twelfth and thirteenth century date, by
nieans of dendrocihroeonological exanination of the aa-ual rinrgs of the
timbers. The methods used are standard for oak in Yestern Zurope; the
wood .is frozen and surfaced, the annual ring-widths are meésured in
ma and the values are plotted as a graph for coumparisoan and mateching

3

both visually and by computer”,

1l Schofield, J. 1975 Seal fouse. Current Archaeology 49 54-5?.

2 Schofield, J, & L.Miller 1976 New Fresh Wharf: I The Roman
watarfront. London Archaeclorist 2 390-3%95,

3 For further details of the method see:

Baillie, M.G.L. 1974 A tree-riny chronology for the dating of
Trish post-medieval timbers., Ulster Folklife 20 1-23..
Fletcher, J.M., M.C. Tapver & F.8. YWalker.197k Dendrochronology -

a reference curve for slow grown oals, AD 1230 to 1546

Arcuhaeonetry 16 3110,




The Roman watarfronts.

Pimbers from two sections of the second century waterfront
at Seal House and Mew Fresh Wharf, some 200m apart, were exanined
both for dating purposes and to confirm the evidence that they both
were in fact part of the same structure, A waterfront of similar date
at the Custom House site had already been examined and tentatively
dated by Fletcharh, and it was hoped to link this structure also by

comparison of the growth rings.

New Fresh YWharf,.

Excavation in Area III at New Fresh Wharf exposed a
waterfroat of horizontal timbers based on a sill-beam and held in
place by braces and possibly piles., Cross-sections frou thirteen of
tune major component timbers were sawn and examingd, and weré divided
into tvio groups on the basis of average width and number of zrovwth

rings,

he first group of six large timbers included sill-beans
and first-row beams as well as one cradling timber, mnost of whiéh were
cak trunks split in half and trimmed to a rectangular cross-sectiocn,
They came from mature trees with 100 to 220 growth rings of 1-2mn
average width, The ring-width patterns of all six could he synch£onised
and their relationship is shown in Fig. 1, each block répresenting‘
the time span in arbitrary years coveréd by the growth rings of each
tinber (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 Fletcher, J.M. 1974 The Dendrochronology. in Excavations at the
Custom House Site, City of London, 1973. ?. Tatton-Brown
Trans., LAMAS 25 211-215. '

5 Schofield & Miller, 1976 on.cit. Fig. 3.



Several of the tree-ring sequences showed such a close
corraspondence in growth pattern that it is concluded they nrobably
originated in the same tree or at least from trees growing adjacently.
The two sill-beams 311 and 378 and first-row beam 2356 may have come
from the same tree; if so, the tree must have rcached 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 1t must

have grown under forest conditions on well-drained land.

Two ©f the timbers in this group have sone sapwood remaining.
Sapwood is the outer active zone of the tree, distinguishable by
colour and structure in oalk, and quite predictable in a mature tree
at a width of about 25 rings. So even 1f only one sapwood ring remains
on the wood, it is possible to estimate the year in which the tree
was felled. Both timbers 373 and 321 retain almost their entire
sapwood zone, tinat of the former belng unusually wide, so the date of

their final measured rings will fall very close to the year of fellins,

7he corresvondins ring-widthe for czach year in the nix

tinbers ware avera-ed to »ive 2 neal curve ar 252 roars

i s pari ol whiah
The second group of seven timbers consisted of complete

trunké hewn to sduare ¢ross—-section, from younger and faster-grown ocaks.
These acted mainly as piles and braces, for which strength rather than
size was required. The timber came from trees up to 100 years in

age (i.e. relatively immature) and ahout 400mm in diameter, with
ring-widths of 2-5am. 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 nean curve of 92 years, which also

natches the longer mean curve between arbitrary years 190 and 231

(timbers 279, 326 and 336). A fourth was tentatively placed (timber



24% din Wig. 1). Three of these tinbers have sapwood remaining, and
the heaartwood-sapwood transition lies in a sinilar positioan in all
of them, indicating felling in the same year {(the vertical dotted line

in Tig. 1),

The remaining three tree-ring sequences matched neither
with those mentioned or each other; the axonometric plan6 shows that
all three (timbers 190, 212 and 213) are vertical »iles imnediately
behind the quayfront beans, which are only found at the west end of
Area III, and are thus thought to serve some special fuaction
verhaps of 3upportin§ a four-bay bullding or cfane on the edge of
the quay. The tree-ring evidence confirms that they are not
contemporary with the wateriront timbers and are aot therefore an
“integral part of the waterfront; since they do not appear to he
contemporary to each other, they probably represent randou reused
timbers inserted at a later date. A Clh.date determined on timber
213 at AD 320 X 70 (TMAR 1421) tends to confirm this, The cuality and
length of their tree-ring segquences arglikely to precluderabsolute

dating.

The Mew Iressh Wharf cak tinbers thus wrovided a record of
tree growth patterns over 262 years as well as determining relation-

ships between individual timbers.

Seal House.

The second century waterfront was also briefly examined

7

at the Seal House site’ north of the three msdieval fronts discussed
in the second half of this paper. While the structure could 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 & Miller, 1976 op.cit. Fig.3.
7 Schofield, 1975 on.cit.
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and showed it to be similar in constructioun to that at llew Fresh

: ; 3
wWwharf with horizontal beams, scattered piles and braces™,

Pour out of five timbers provided loung tree-ring sequences
of up to 294 years, the oldest having sowe sapwood remaining, The
three without sapwood (751 and 752, sill-beans,and 753,& third-row
bean) matched well together, giving an average curve of 244 years;
subsequnnt comparison with the 262 year New Fresh Wharf curve showad
that both sroups of tinber had cone from the same forest, for their
growth patterns were almost identical (Fig. 2). However, in the
- absence of sapwood, it was impossihle to prove that the two sectlons
of waterfront ware built in the same year; the key lies with tiuber
693 which is much slower~grown, and its growth pattern does not match
well. It is tentativély placed in the best visual position in Fig. 1,
which sur:ests that the two groups of timber were felled at the sane
time.

The correspondeince of the few Fresh Wharf and Seal House
curves (computer comparison'gives S5tudentts t = 0,948) allowed the
avera;ing of all nine tree-ring sequences involved into a 282 yser

mean curve,

Dating of the Roman waterfront,

The next stage was to attempt to apply calendar date5 to

each growth ring of the trees involved, to find out the date of their
.felling. The presencé of sapwood, at least on the New Fresh Wharf
timbers, allows an accuracy in dating of about i 5 years; there is

no evideﬁce of seasoning (distortion, dryness cracks), so it may be
assumed that fhe wood was worked in-a preen condition, and there is thus

little time lapse between felling and construction.

There are several methods of dating e floating tree-ring

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

3 Schofield, J. 1976 Seal House. London Archaeolosmist 2 hLOL.



fron other areas, or to floating or dated curves from the same area,
If no correspondance is found by these ueans, or if dubious dating
requires further confirmation, Cl4 dating of several wood samples ifron
known iniervals 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 establishéd 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
'widely different, A tentatively dated mean curve exists fog?well ac
Wederath in Belgiumlo covering the pericd AD 39-245 (while a comblete
reference curve has been established back to hefore 700 BC in Germany,
a definite tree-ring link in the fourtb century AD is proving difficult,
and the absolute dating 1s based on the recorded construction date of
the Cologine bridge in AD 310; it nay thsrefore vary by several years}l
The data of the reference curve has not yet been published.), and a
posSsible match hetween the two (t = 4.03) may »nlace the final ring of
the Hew Fresh Wharf/Ssal House curve in AD 151, or thereabouts, thus
spanning the approximate weriod 130 BC to AD 150. With a swmall
allowance for possible missing sapwocd, the absolute dat%ﬁor the tilaubers
may be AD 155 z 5, which corresnonds to the date of AD 150~180 bhased
on archaeological evidence, Howéver, it aust be emnhasised that this

date can only be confirmed by comparicon with the full German data ond

with further contemporary wood Irow thz London zras,

In the neantine, segveiel radiocarbon samples have been cut
from the timbers to provide a check on the dating of this waterfront

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

9 Fletchsr, 1974 op.cit.

10 Hollstein, E. 1972 Dendrochronologische Datierung von HOlzern aus
Yederath (Belginum), Trierer Zeitscurift 35 1235,

11l Hollstein, B, 1967 Jahrringchronologien aus vorrdmischer und

romischer Zeit, Germania 45 70-84,
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(as shown hy brackets at the base of Fig. 1) of the tree-ring sequence;
knowing the time intervals between each sample and between the samples
and the date‘of felling, it will be possible to estimate a much nore
accurate date for the waterfront than for one Cl4 date alone on wood

12
of unknown aze .

Complete details of the wood sauples and the tree-ring

curve will be published when the Cli results are available.

12 Fletcher, J.M. % R. Switsur 1975 North Blmham: the dating.

Current Archaeology 36 25-28.
Ferguson, C.W., B, Hubsr % H.E, Suess 1966 Deternmination of the

age of Swlss Lake Dwellings. Zeitschrift fiir Naturforschung
2 A 1173-1177. '



The lMedieval Yaterironts.

Three successive waterfronts of twelfth and thirteenth

13

century date were excavated at Seal House™; the lateat being the
southernmost and best preserved., These provided many fine oak tiubers
for dendroéhronological analysis which enabled two of the waterfronts

to be dated closely and the third to within decades.

Yaterfront FIT.

This latest waterfront, dated archaeologically to the eariy

or mid thirteenth century, consisted of sill-heans holding horizontal

14

»nlanks and suszcorted by diazonal broces™ ', Seventeen of the timbhers ware
examined, consisting of vertical vosts, planks and braces. Two timbers
(441 and 478) from an associated drain had slready heen examined by

15

Fletcher™, and showed exceptional dating qualities; they showed alnost

16

identical zrowth patterns to the terman referance curve betweon

1019 and 1193 (W™g. 3 and L),

A further seven tinbers from this waterfront coula be dated
by means of the German curve, and the years spanned by eadh are shown
in Fig.AB. Two of the horizontal plaﬁks (337 ® znd D) came from the
sane tree, but othervige there was cnormous variety in average riné~width
and sensitivity, suggesting that the timbers came froum 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  Schofield, 1975 op,cit.

14 Schofield, 1975 op.cit.diagram on p.56

15 Details kindly supplied.

16 Hollstein, E. 1965 Jahrringchronolosische Datierung von Eichen-
holzern ohne Waldkante. Bonner Jahrbuch 165 12-27.
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the felline date of the timbers for Waterfront III 1s sivsn as 1220 - 5
to allow for the possibility that this is not the case. All nine timbers
appear to he contemporary, desnite the loss of sapwood and up to 30

heartwood rings during manufaciure.

Waterfront I1I,

The second waterfront, dated archaeologically to the late
twelfth or early thirteenth century, was damagzed and robbed, but
orobably consistzd of oal planking slotted into vertical timbersl?.
Sections of 10 timbers were collected, including several wide planks
with up to 184 growth rings. Four of the timbers had somne sapwood
remaining.

Asain five of the timbers could be dated hy means of the
SJernan reference curve (Fiz., 3); the ringuwidth curve for ons {(4971)
is shown in 7ir. & in its synchronous noesition. The final rings of each
timber cluster in date between 1135 and 1145, and the two with sapwood

regrmants susgfest thst the felling date and the year of coastruction

. N e -
of the wats»rfront can ve estimated at 1160 - 5,

%aterfroﬁt L.

The northernnost waterfront had been demolished, but sufficient
remained to indicate sill-beam construction with vertical boards, dating

18

to the mid twelfth century-C. Seven sampled timbers included planks
and the sill-beam, with up to 225 rings, but oniy one yosung example

retained sone sapwoed.
Therefore, despite dating three of the timbers (Fig. 3), no

accurate felling date could be obtained in the absence of sapwood. The

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

17 Schofield, 1975 op.cit.diasgram on ».55
13 Schofield, 1975 on.cit. diagram on 2.55
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thn cormlete sawwood wone, the timbers nust hwove beon foellsesd aftesr
2%out 1125, warohably soon after judsinsg from fhz mud2r of rings, tho

Angresanin  viac~vidian 2l the det of Tatzrrrmt T,

Mrrlly, & stray twelfih ceucury Linier (629 in Fig. 3) was
also examined and dated; with its final ring formed in 1054, it must

have been felled after ¢. 1080,

Discussion,

)

Tight corresponding tree-ring curves from individual tinrbers
of all three waterfronts were averaged to provide a mean curve spanning
the veriod AD 950 to 1193, The mean curve shows excellent agreement

. 1 19 gt 1 2 5 A
with the west CGerman reference curve (t=5.90), with the south Gernan
) 20 . ; . . i
reference curve " (t=7.76) and with a London curve derived fron
s o aes 2L a e s T, o,
fostninster Abvey chests (t=8.50), thus providing additional corrobor-

ation of the tree srowth pattern over this period,

WYhiles conditious of growth must have been very similar Loth
-in south and west Germany and in south-eas ﬁﬁgland ovsr these ceanturles,
there are significant differsnces in iscvlated years, when a wide ring
in one curve nay he raplqced by a narrow ring in another. The two most
obvious differences are in 1117, when the German curves show & wide or
average ring and the EInglish curves a narrower ring, and in the lle's
when a very deep trough (5 years of very slow growth) in the German

much reduced :
curves 1srafmmxsirxtonaddoesaireamwik in the English curves,

However, the otherwise close correaspondence between the growth
patterns of oak in Germany and in England,and the absolute dating of the
Seal House waterfpcnts as a result, is encouraging since it enables us to
hope for equally good crosé-dating in other periods and the quicker
19  Hollstein, 1965 op,cit.

20 Huber, B. % V. Giertz-Siebenlist 1909 Uasere tausendjzhrige Eicheﬁ—

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

Akad. ‘Yiss., 1 178 37-42.
2l Details kindly supplied by Dr., J.M, Fletcher of Oxford.
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fisures:

Figure 1

Figure 2

¥igure 3

Figure 4

arbitrary
Block diagram showing tthyears gpanned by each timber

of the Roman waterfronts at New Fresh ‘Yharf and Seal
House. Hatching indicates the presence of sapwood which
allows an estimation of the felling date (vertical
dotted line) and construction 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 brackkets at the base.

Part of the mean tree-ring curve for the lNew Fresh

Vharf timbers (oven circles) and for the Seal Housse
timbers (solid circles) between arbitrary years 139

and 204. Tho scale is logarithmic in mn.

Block diagram showing the calesndar years spannsed by
cach timber of the three Seal House watarfronts 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 conpared to the growth pattern of

timber 441 (Waterfront III) and k97D (Waterfront II).
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