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THE SERIES of waterfronts excavated recently at 
Seal House1 and New Fresh Wharf2 by the Depart- 
ment of Urban Archaeology provided many fine oak 
timbers for dendrochronological 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 absolute, 
between timbers and between 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 b5ng constructed 
for this area, and for the dating oi timber excavated 
in the future. 

This interim report discusses the results and dating 
of two sections of Roman waterfront (second century 
AD) and of three consecutive waterfronts of twelfth 
and thirteenth century date, by means of the den- 
drochronological examination of the annual rings 
of the timbers, the theory being that trees growing 
at the same time in an area will add rings which 
vary in width each yea4r according to climatic and 

other changes. The pattern of wide and narrow rings 
will be similar in each tree, and is easily tested by 
examining the rings of modern trees when the year 
of formation of each one is known. Gradually we 
become familiar with the pattern and can extend 
it back in time by adding the patterns of trees felled 
a century or two ago, the patterns of timbers in a 
sixteenth century timber building and so on, unlil 
a reference curve of the growth pattern is built up 
as far blck in time as oak timber is available. Then 
it may be possible to match the pattern and thus date ) 

any suitable piece oL' wood. If no reference curve 
is available for the period in question, the growth 
pattern of the timbers must remain floating in time , and can o d y  be roughly dated by archaeological 
evidence and C14 dating. 

To establish the growth pattern of each timber, 
the width of every annual ring must be measured 
under the microscope, and the values are plotted 
as a graph as in Figure 3. The graphs can then be 
compared both by eye and by computer to find out 

1 J.  Schofield. "Seal House," Current Archaeol 5, no. 2 2 J. Schofieid & L. Miller. "New Fresh Wharf :  1, The 
(1975) 54-57. Roman Waterfront," London Archr~col 2, no. 15 (1976) 
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Fig. 11: Block diagram 4howing the arbitrary ycars spanned by each timber of the Woman 
waterfronts at New Fresh Wharf and Seal House. Hatching indicates the presence of sap- 
wood which d8ows an estimation ~f the felling date (vertical dotted line) and construction 
date. The scale in arbitrary years may correspond approximately to 1130 BC to AD 150; 
dating is being checked by four C14 data from positions shown by brackets at the base. 
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Fig. 2: Part of the mean tree-ring curve for the New Fresh Wharf timbers (open circles) 
and for the Seal House timbers (solid circles) between arbitrary years 139 and 204. The 

scale is logarithmic in mm, 

where the patterns match and thus how the timbers 
are related to each other in time3. The success of 
dendrochronological dating depends on the quality 
of the oak timber, which must have at least 50 quite 
narrow rings which vary in width from year to year, 
so inevitably some timbers must be rejected. 
The Roman waterfronts 

Timbzrs from two sections of the second century 
waterfront at Seal House and New Fresh Wharf, 
some 200m apart, were examined 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 Fletcher4, 
and it was hoped to link this structure also by com- 
parison of the growth rings. 
New Fresh Wharf 

Excavation in Area I11 at New Fresh Wharf 
exposed a waterfront of horizontal timbers based 
on a sill-beam and held in place by braces and 
possibly piles. Cross-sections from thirteen of the 
major component timbers were sawn and examined, 
and were divided into two groups on the basis of 
average width and number of growth rings. 

The first group of six large timbers included sill- 
beams and first-row beams as well as one cradling 
timber, most of which were oak trunks split in half 
and trimmed to a rectangular cross-section. They 
came from mature trees with 100 to 220 growth 
rings of 1-2mm average width. The ring-width 
patterns of all six could be synchronised and their 
relationship is shown in Figure 1, each block repre- 
senting the time span in arbitrary years covered by 
the growth rings of each timber (sample numbers 
can be related to the axonometric plan, Figure 3, 

3 For fufther details see : 

M. G. L. Baillie. " A tree-ring chronology for the 
dating of Irish post-medieval 'timbers," Ulster Folklife 
20 (1974), 1-23. 

J. M. Fletcher, M. C. Tapper & F. S. Walker. "Den- 
drochronology - a reference curve for slow grown 

in the published report5), and hatching indicates the 
presence of outer sapwood, which is discussed below. 

Several of the tree-ring sequences showed such 
a close correspondence in growth pattern that it 
is concluded they probably originated in the same 
tree or at least from trees 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 some sap- 
wood 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 rings. So even if only one 
sapwood ring remains on the wood, it is possible 
to estimate the year in which the tree was felled. 
Both timbers 378 and 321 retain almost their entire 
sapwood zone, that of the former being unusually 
wide, so the date of thei'r final measured rings will 
fall very close to the year of felling. - 

The corresponding ring-widths for each year in 
the six timbers were averaged to give a mean curve 
of 262 years, part of which is shown in Figure 2. 

The second group of seven timbers consisted of 
complete trunks hewn to squatre cross-section, from 
younger and faster-grown oaks. These acted mainly 
as piles and braces, for which strength rather than 
size were required. The timber came from trees up 
to 100 years in age (i.e. relatively immature) and 
about 400mm in diameter, with ring-widths of 
2-5mm. The differences in age and ring-width can 

oaks, A.D. 1230 to 1546." Archaeometry 16 (1974) 
3 1-40. 
J. M. Fletcher, "The Dendrochronology." in "Excava- 
tions at the Custom House Site, City of London, 
1973." by T. Tatton-Brown. Trans. London and Middle- 
sex Archaeol. Soc. 25 (1974) 21 1-215. 
Schofield & Miller, op cit. Fig. 3. 
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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 longer mean 
curve between arbitrary years 190 and 281 (timbers 
279, 326 and 386). A fourth was tentatively placed 
(timber 243 in Figure 1). Three of these timbers 
have sapwood remaining, and the heartwood- 
sapwood transition lies in a similar position in all 
of them, indicating felling in the same year (the 
vertical dotted line in Figure 1). 

The remaining three tree-ring sequences matched 
nei,ther with rthose mentioned or  each other; the 

tree-ring sequences are likely to preclude absolute 
dating. 

The Ncw Frssh Wharf oak timbers thus providcd 
a record of tree growth patterns over 262 years as 
well as detsmining relationships bztwcen individual 
timbers. 

Seal House 
The 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 could not be recorded 
on this occasion, several timbers were collected and 
examined; subsequent building operations revealed 

Fig. 3: The west German oak chronology, built up by Hollstein, between 1050 and 1172 c 

axonometric plan6 shows that all three (timbers 190, 
212 and 213) are vertical piles immediately behind 
the quayfront beams, which are only found at the 
west end of Alrea 111, and are thus thought to serve 
some special function perhaps of supporting a four- 
bay building or crane on the edge of the quay. The 
tree-ring evidence con'firms that they are not con- 
temporary 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 re-used 
timbers inserted at a later date. A C14 date deter- 
mined on timber 213 a t  AID 320+70 'CHAR 1421) 
tends to confirm this. The quality and length of their 

6 Schofield & Miller, op. cif. Fig. 3. 
7 Schofield, op. cit. fn. I .  

a further 20m of the front and showed it to be 
similar in construction to that at New Fresh Wharf 
with horizontal beams, scattered piles and braces8. 

Four out of five timbers provided long tree-ring 1 
sequences of up to 294 years, the oldest having some 
sapwood remaining. The three without sapwood 
(751 and 752, si'll-beams, and 753, a third-row S 
beam) matched well together, giving an average 
curve of 244 years; subsequent comparison with 
the 262 year New Fresh Wharf curve showed that 
both groups of timber had come from the same 
forest, for their growth patterns were almost identical 
(Fig. 2). However, in the absence of sapwood, it 
was impossible to prove that the two sections of 

8 J. Schofield. "Seal House," London Archurol 2 no. 15 
(1976) 401. 

9 Fletcher, op. cit. 



waterfront were built in the same yesr; the key lies 
with timber 693 which is much slower-grown, and 
its growth pattern does not match well. It is tenta- 
tively plac-d in the best visual position in Fig. I, 
which suggests that the two groups of timber were 
felled at the same timc. 

The correspondence of the New Fresh Wharf 
and Seal House curves (computer comparison gives 
Student's t=9.96) allowed the averaging of all nine 
trez-ring sequences involved into a 282 year mean 
curve. 
Dating of the Roman waterfront 

The next stage was to attempt to apply calendar 
dates to each growth ring of the trees involved, 

in the tree-ring sequence can be accurate to within 
several decades. 

The waterfront curve was first compared to that 
for the Custom House timbers established by Flet- 
cher9 but only slight agreement could be found 
betwem the two, and it may be concluded that 
while they alre probably of similar date, the sources 
of timber may be widely different. A tentatively 
dated mean curve exists for a well at Wederath in 
Belgiumlo covering the period AD 39-245 (while 
a complete reference curve has been established 
back to before 700 BC in Germany, a definite tree- 
ring link in the fourth century AD is proving difficult, 
and the absolute dating is based on the recorded 

:ompared to the growth pattern of timber 441 (Waterfront 111) and 497D (Waterfront 11). 

to find out the date of their felling. The presence 
of sapwood, at least on the New Firesh Wharf tim- 
bers, allows an accuracy in dating of about +5 

I years; there is no evidence of seasoning (distortion, 
dryness cracks), so it may be assumed that the wood 

I was worked in a g r e x  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 compamred to refer- 
cnce curves of the same period from other areas, 
or to floating or dated curves from the same area. 
If no correspondence is found by these means, or 
if dubious dating requires further confirmation, C14 
dating of several wood samples from known intervals 

10 E. Hollstein. "Dendrochronologische Datierung von 
Holzern aus Wederath (Belginum)," Trierer Zeit- 
schrift 35 (1972) 123-5. 

construction date of the Cologne bridge in AD 310; 
it may therefore vary by several yearsll. The data 
of the reference curve has not yet been published), 
and a possibsle matdh between the two (t=4.08) 
may place the final ring of the New Ffresh Wharf/ 
Seal House curve in AD 151, or thereabouts, thus 
spanning the approximate period 135 BC to AD 150. 
With a small allowance for possible missing sap- 
wood, the absolute date for the timbers may be 
AD 155k5, which corresponds to the date of 
AD 150- l80 based on archaeological evidence. 
However, it must be emphasised that this date can 
only be confirmed by comparison with the full 
German data and with further contemporary wood 

11 E. Hollstein, "Jahrringchronologien aus vorromischer 
und romischer Zeit," Germania 45 (1 967) 70-84. 
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Fig. 4: Block diagram vhowing the calendar years spanned by each timber of the three Seal 
House waterfronts with estimated construction dates an the right, based on sapwood remains 

on several timbers. 

from the London area. Fletcher,ls and showed exceptional dating quali- 
In the meantime, several radiocarbon samples )ties; they showed almost identical growth patterns 

have been cut from the timbers to provide a check to the Ckrman reference curvet6 between 1019 and 
on the dating of this waterfront and that at Custom 1193 (Fig. 3 and 4). 
House. Four samples come from 50 year intervals A further seven timbers from this waterfront 
(as shown by brackets at the base of Fig. 1) of could be dated by means of the German curve, 
the tree-ring sequence; knowing the time intecrvals and the years spanned by each are ~hown in Fig. 4. 
between each sample and between the samples and Two of the horizontal planks (387 E and D) came 
the date of felling, it will be possible to estimate from the same tree, but otherwise there was enor- 
a much more accurate date for the waterfront than mous variety in average ring-width and sensitivity, 
for one C14 date alone on wood of unknown age'?. suggesting that the timbers came from various 

Complete details of the wood samples and the Sources. TWO had some sapwood remaining; on one 
tree-ring curve will be published when the c14 (568) it is possible that the outermost annual ring 
results are available. is preserved, which represents the year in which 

the tree was felled. The calendar year for this ring The Medieval Waterfronts is 1219. However, the felling date of the timbers 
Three sucoessive waterfronts of twelfth and thir- for Waterfront 111 is given as 1220 5 to allow 

teenth century date were excavated at Seal for the possibility that this is not the case. All nine 
House:13 the latest being the southernmost and best timbers appear to be oontemporary, despite the loss 
preserved. These provided many fine oak timbers of sapwood and up to 30 heartwood rings during 
for dendrochronological analysis which enabled two manufacture. 
of the waterfronts  to be dated closely and the third Waterfront IH to within decades. t 

The second waterfront, dated archaeologically to 
Waterfront 111 the late twelfth or early thirteenth century, was 

This latest waterfront, dated archaeolosicall~ to damaged and robbed, but probably consisted of 
the early or mid-'chifieenth century, consisted of oak planking slotted into vertical timbers.17 Sec- - 
sill-beams holding horizontal planks and supported tions of 10 timbers were collected, including several 
by ldiagonal braces.'l"eventeen of the timbers wide planks with up to 184 growth rings. Four of 
were 'examined, consis~ting of vertical posts, planks the timbers had some sapwood remaining. 
and braces. Two timbers (441 and 478) from an Again five of the )timbers oould be dated by 
associated drain had already been examined by means o fthe German reference curve (Fig. 4); the 

12 J. M. Fletcher & R. Switsur. "North Elmham: the 14 Schofield, ibid. diagram on p. 56. 
datinq," Current Archaeol 4, 1 (1973) 25-28. 15 Details kindly supplied. 
c. Ferguson$ B. Huber H. E. ''Deter- 16 E. Hollstein. "Jahrringchronologische Datierung von 
minat~on of the age of Swiss Lake Dwellings," Eichenholzern ohne Waldkante," Bonner Johrbuch 165 
Zeitschrifl fur Ncrturforschung 21 A (1966) 1173-1 177. (1965) 12-27. 

13 Schofield, op. cif .  f n  I .  17 Schofield, op. cif .  fn. I diagram on p. 55. 
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ring-width curve for one (497D) is shown in Fig. 
3 in its synchronous position. The final rings of 
each (timber cluster in date between 1135 and 1145, 
and the two with sapwood remnants suggest that 
the felling date and the year of construction of the 
waterfront can be 'estimated at 1160 i: 5. 
Waterfront I 

The northernmost waterfront had been demol- 
ished but sufficient remained to indic$te sill-beam 
construction with vertical boards, dating to the 
mid twelfth century!18 Seven sampled timbers in- 
cluded planks and the sill-beam, with up to 225 
rings, but only lone young example retained some 
sapwood. 

Therefore, despite dating three of the timbers 
@Fig. 4), 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 
the complete sapwood zone, the timbers must have 
been felled after about 1125, probably soon after 
judging from the number of rings, the decreasing 
ring-widths and the date of Waterfront 11. 

Finally, a stray twelfth century timber (629 in 
Fig. 4) was also examined and dated; with its final 
ring formed in 1054, it must have been felled after 
c. 1080. 
Discussion 

Eight corresponding tree-ring curves from indi- 

18 Schofield ibid. diagram on p. 55. 
19 Hollstein, op. cit. f n  16. 
20 H .  Huber, & V. Giertz-Siebenlis't. "Unsere .tausend- 

jahrige Eichenchronologie durchschnittlich 57 (10-150) 

vidual timbers of all three waterfronts were aver- 
aged 'to provide a mean curve spanning the period 
AD 950 to 1193. The mean curve shows excellent 
agreement with the west German refierence curvelg 
(t=5.90), with the south German reference curve2" 
(t=7.76) and with a London curve derived froim 
Westminster Abbey chests" (t=8.50), thus provid- 
ing additional cormbor~ation of the tree growth pa't- 
tern over this period. 

While conditions of growth must have been very 
similar both in south and west Germany and in 
south-east England over ;these centuries, there are 
significant differences in isolated years, when a 
wide ring in one curve may be replaced by a nar- 
row ring in another. The two most obvious differ- 
ences are in 1117, when the German curves show 
a wide or average ring and the English curves a 
narrower ring, and in the 1160's when a very deep 
trough (5 years of very slow growth) in the Ger- 
man curves is much reduced in the English curves. 

However, the otherwise close correspondence be- 
tween the growth patterns of oak in Germany and 
in England, and the absolute dating of the Seal 
House waterfronts as a result, is encouraging since 
it enables us to hope for equally good c~oss-da~ting 
in other periods and the quicker construction of ,an 
English reference curve extending back into Roman 
and prehistoric contexts. 

fach belegt," Sitz. Osterr. Akad. Wiss. 1178 (1969) 
37-42. 

21 Details kindly supplied by Dr. J. M. Fletcher of 
Oxford. 

xcavation xcavation or 
City, by Museum of London. Department of Urban 

Archaeology. A series of long term excavations. Enquiries 
to Brian Hobley, Chief Urban Archaeologist, DUA, 71 
Basinghall Street, E.C.2. (01-606 1933/4/5). For informa- 
tion on post-excavation work, contact Penny MacCon- 
noran at this address. 

h Fulham, by Fulham Archaeological Rescue Group. 
Lsie Neolithic si:e, Lygon Almhouses, Fulham 

Palace Road, S.W.6. (Saturdays only). Enquiries to Keith 
Whitehouse, 56 Tamworth Street, S.W.6. (01-385 6038). 

Hammersmith, by Fulham Archaeological Rescue Group. 
"11 types of work and finds: Neolithic, Roman and later. 

Tuesdavs and Thursdavs, 7-10 mm.. St. Peter's Church 
Hall, ~ a r n a  Road, s .w.~.  contact: K. Whitehouse, 56 Tam- 
worth Street, S.W.6 (01-385 6038). 

Inner London Borouehs. bv the Inner London Unit. 
Several rescue sites in i a r ious  areas. Enquiries to Irene 
Schwab (01-242 6620). 

Kingston, by Kingston - upon - Thames Archaeological 
Society. Rescue sites in the town centre. Enquiries to 
Marion Smith, Kingston Museum, Fairfield Road, Kings- 
ston. (01-546 5385). 

North-Ea8t Greater London, by Passmore Edwards 
Museum. Enquiries to Pat Wilkinson, Passmore Edwards 
Museum, Romford Road, E.15. (01-534 4545). 

Putney, by Wandsworth Historical Society. Two acre 
site at  junction of Felsham Road and High Street lies on 
Roman and medieval settlements. Alternate weekends. En- 
quiries to Nicholas Farrant, 7 Coalecroft Road, S.W.15. 
(01-788 0015). 

Shadwell, by Inner London Archaeological Unit. En- 
quiries to Irene Schwab (01-242 6620). 

Southwark, by Southwark and Lambeth Archaeological 
Excavation Committee. Several sites from the Roman 
period onwards. Enquiries to Harvey Sheldon, S.L.A.E.C.. 
Montague Chambers, Montague Close, S.E.1. (01-407 
1989). 

Surrey, by Surrey Archaeological Society. Enquiries to 
David Bird, Field Officer S.A.S., Castle Arch, Guildford, 
Surrey. (0483-32454). 

GENERAL EXCAVATIONS 
T h e  Council for Br~t ish  Archaeology produces a monthly 

Calendar of Excuvationr f rom March to September, with 
an extra issue i n  November and a f ind issue in January 
sunzmarising the nzain results o f  fieldwork. T h e  Calendar 
gives derails of extra-mural courses, summer schools, train- 
ing excavations and ~ i t e s  where volunteers are needed. T h e  
annual subscription ir £2.50. post-free, which should be 
mude payahle t o  C.B.A , 7 Murylebone Road, N.W.I. 


