ANCIENT MONUMENTS LABORATORY

REPORT
3008

SERIES/No  CONTRACTOR

AUTHOJP. Jennifer Hillam Dec 1979
Tree-ring dating in London; The
Mermaid Theatresite (THE 79)
TITLE INTERIM REPORT



TREE=RING DATING I LONDUDL: THE wBRGALD THEATRE 3ITE (THET9)

Interim Repoxrt

by Jeanifer Hillam, December 1979.

In 1979, excavations at the site of the Mermaid
Theatre offered a further opportunity to examine oak timbers *
from a waterffont context in London. (Qther sites along the
north bank of the Thames, such as New Fresh Wharf, had
already produced large quantifies of wood which yielded much
information about the dating of the waterfront revetments
and about the timber itself (Hillam & Morgen, 1980).

There were se&eral objectives to the present
analysis; Primarily, it was hoped to provide accurate calendar
dates for the timbers; seoondly,to produce a tree-ring )
chronology which might extend ‘or consolidate other London 3
curves and so help in the dating of future timbers from the
london area. Finally, examination of the wood would add to
existing knowledge about the use of this important raw

materiael in the past.

The timber

Details of the size of the timbers and the way in
which they were cut are set out in Table 1. With the exception
of 241, all relate to the same reveted structure which was
dated architecturally, by a study of the carpentry, to the
late 13th-early 14th centuries. The timbers examined
dendrochronologically were base-plates; no substantial timbers
survived from the upper part of the structure. 241 was a

principal vertical pile which had been driven into the ground



at some unknown umedieval date. pll the timbers were considered
to be in their primary usage.
The trees used to produce the wood at this site

.

were immature ozks, probably less than 100 years of age when
felied: They had been roughly hewn into squared or

rectangular shapes. Usually the whole trunk was used (eg 90,
104), but sometimes it was first halved (eg 83%a) or quartered
(eg 106) before being shaped. This scems to depend on the ei;e
of the tree and has no relation to function ie whether the
timber was intended forxr a principal-, subsidiary- orx bracé—
base-plate. Such deductions, however, are limited by the
absence of the upper timbers for study.

The average width of the rings, mostly 2~3mm,
indicatea that the trees were fairly fast-grown, le grew
under favourable conditions. This ig in contrast to modern
British cakwoods on the steep slopea of the north and west,
where the poor soils, expoeu?e and lack of light due to

v
crowding all contribute to trees with narrow, sensitive rings.
Here, a tregrof simila? dimensions (diameter ¢ 0.25—0.50m)
wouid have up to QOO.annual rings. Instead, with fewer ;{
limiting factors, the tree-rings from the Mermaid Theatre site
weré wide and rather complacent. That mature oak timber from
slow—~grown trees was also available in medieval London is

known from sités such as Seal House where many fine quality

boards of this type have been found (Hillam & Morgan, 1980).
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The Mermaid Theatre chronoluopy

The samples were frozen and cleaned with a surform
plane so that the annusal rings could be identified and
measured under a low power binocular microscope. The ring

widths were recad off a digital panelmeter which was attached,
via é iineur transducer, to a travelling. stage supporting
the wood sample. The patterns of wide and narrow rings were
represented graphically on transparent Semi—logarithmic
recorder paper. (Crossdating is found by sliding one graph
over another and searching for the position of best fit. 1n
addition, & computer program is available (Baillie & Pilcher,
1973 ) which indicates pocsible crossmatching by calculating

the value of Student's 't* at each position of overlap

between two seta of data. A value higher than 3.5 is of

statistical significance but must always be checked visually,
ie by the first method, before the match is accepted. .

The samples had between 50 and 90 rings (Table

1) due to the fast growth of &oung trees mentioned above.

L 4
At one time it was thought that no sample with less than 100
rihgs could be reliably d;teé but work at Sheffield has done
much to disprove this (eg liillam & Morgan, 1979). Many houfé'
work: are spent in crossmatching such sequences, involving
numerous checks and qrogschecks before a match is accepted;
only a simplified account cen be given here.

Ali'the curves were compared with each other
visually and by computer. The results from a typicel computer
run are included in Table 2 where t-values between 98 and the
remaining Mermoid semples are given. In scveral cases, cross-—
matching seems poor but its existence has been verified by
other comparisons. By selecting those samples which agree well
and averaging together their riné widths, it was possible to

construct a working master curve for the site. The unmatched
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pamples and the chrounologies of publin and Germany (Hollstein,
1965). They varied from very high agreements to no match at
all (Table 2). Gerierally, if a curve matched well with Dublin,
it also matched with western Germany. Those that did not match,
matched pédrly with other Mermaid individuals, eg 90;
presumébly these had been exposed to more extreme local growth
conditions. it is an cncouraging sign for future tree-ring
work that an individual London curve with only 65 rings (see *
112, Table 2) will give t-values of 4.19 and 4.67 with
Germany and Dublin respectively. In a further example, the 
Mermaid curve (10%) agreed slighfly better with Germany and
Ireland than it did with the Merwaid sample, 98. These results
indicate that, for some periods at least, trees growing in

the area which extended from Ireland across to Germany, were

responding to a common climatic signal. Qften, especially in
the low-lying English regions, this signal may be obscured by

local site conditions (see Baillie, 1978, and Hillem & Ryder, .

1979, for further discussion). .

‘The datiné of 241 was not as obvious as that of
the mean bu£, considering that it represents only one sample
wheyeas thie mean is made up of 15, the crossdating was acceptable.
It éhowed a close agreement with the Seal House curve from
London (Morgan, forthcoming) but a surprisingly poor one with
the Mermaid mean over the 55 years of overlap. This suggests
that the timber for 241 and that for the other Mermaid samples
came from different woodlands.

The date ranges of the two Mermaid sequences are
AD 1143-1234 for the mean (I'igure 1) and AD 1116-1197 for 241
(Figure 1, Table 5). In order to equate these dates with the
felling dates or with construction dates, it is necessary to

examine the amount of supwood on each sample. Since the
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guantity of sapwood remains relatively constant, the number

of miesing sapwood rings can be estimated, provided that the

transition betweernn heartwood and sapwood is present. Many of

the Mermaid tiﬁbers do show this boundary (Figure 1), but its

date, éiven in Table 2, fluctuates over 14 years. This may be

accounted for by the fact that the heartwood-sapwood boundary

does not follow
tree but varies
on one side and
revetment could
probably were.
As

to cantain more

a single ring around the circumference of a
so that a trunk could have 15 sapwood rings b

28 on the other. Thus the timbers from the

have been felled at the same time and

the samples are wide-ringed, they are unlikely

than 30 years of sapwood and may have

considerably less. The outer rings of 94, 106 and 108 vary by

only one year and are probébly very close to the bhark edge,

giving a felling date of 1235 or just after. This would

necessitate THE

90 having 28 sapwood rings, o figure within

the limite of 3219 years given by Baillie (1&73) for the

amount of sapwood. In a waterfront situation, the felling -

date is very close to the construction date since seasoning:

of the timber would be unnecessary. Hence it can be

postulated that

and 124Q0.

the revetment was constructed between 1235

This mid-13th century date makes the Mermeaeid

structure the earliest back-braced revetment in the country

and, as such, is of national importance as well as being

extremely interesting from the point of view of London

archaeology. The discrepancy between the tree-ring date,

which must be regarded as the true date, and that given on

architectural grounds is not difficult to explain. The latter

derives from jlewett's study (1969) of carpentry in the Essex
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area. It is quite possible that the chase mortise wnd secret
notched half lap joint, by which the revetment was dated,

was in use for some 50 years in the London area prior to

its introduction in Essex.

The exact date of 241 is difficult to determine
because of the absence of the heartwood-sapwood transition;

there is no way of distinguishing how much, if any, heartwood

&

was removed during conversion of the timber. All that can be

said is that the tree must have been felled sometime after

.c 1215, It could easily be contemporary with the other

reveted structure or it could be up ta 25 years earlier; it
is unlikely to be later than the wmain revetment as this

would involve an unnecessary waste of timber.

Conclusion

The main aims of this study were to date thé
timbers at the Mermaid Theatre site, to contribute additional;
data which might serve to construct a tree-ring chronology
for the london area’anq tQ gather information about uses of
timber in thie medieval period. By closely dating the revete@

structure to 1235-1240, the first object has been achieved.

In éddi{ion, sample 241 has a terminus post gquem of 1215 and
méy be o% the same age as the malin revetment.

The absence of samples with more than 90 annual
rings was disa;bointing in that it prevented the construction

of & lengthy tree-ring chronology. Nevertheless, the



resulting 92 year long curve is Tirmly dated and extends
the London Seal ilouse sequence produced by Morgen (forth-
Coming) by 42 years. 1t may wlsc be useful in dating
unmatched_Londén timbers such as those from [lew Fresh wWharf.
The.similarity between the curves from Dublin, Germany and
the Mermaid is important, especially as the Mermaid sa@ples
did not look particularly suited to tree-ring dating, and
offers hope for future dendrochronology elsewhere in the
British Isles.

Pinally, more information about medieval timber
has been added to the wealth Ofvdata already accumulated from

examination of London's many timbers.
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Legends to {igures and tables

Figure 1: Block diagram illustrating the relative positions
of the Mermaid Theatre tree-ring curves. Arrows indicate the

earliest likely fellimg dates.

Figure.2: Matching tree-ring curves:; the Mermaid mean with
the corresponding section of the pPublin chronology. The
vertical scale is in indices. Additional vertical lines are

inecluded to aid visual comparison.

Table 1:; Details of the individual timbers; the sketches are - °

not drawn to scale.

Table 2: The first two columns represent the date span of

each sample and the date of the heartwood-sapwood transition
(H/S); absence of the latter is denoted by a plus sign against
the date of the sample's outer ring. The t-values are the
result of comparisons between the individual Mermaid curves-
snd a sequence from the same site (98), from western Germany

(Hollstein, 1965) and from Dublin (Baillie, 1977)
r

Table 3: Index values of the Mermaid Theatre tree-ring

chronology, AD 1143-123%4.

Table 4; The dating of (a) the Mermaid mean and (b) 241.
The:fefe;ence curves are Dublin (Baillie, 1977), Germany -
Munich area (Huber & Giertz-Siebenlist, 1969), Germany - west
of Rhine (Hollgtein, 1965), Hull - Chapel Lane (Hillam, 1979)

and London - Seal House (Morgan, forthcoming).

Table 5: Ring width values .in O.1mn of THE 241, covering the

period AD 1116-1197.
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NOs No.of Sapwood Avermge gketch Dimensions
rings rings width (mm) (mm )
8%a 56 = 2,71 f-? 270 x 140-150
es)
90 51 11 3.04 @ 260 x 240
92 62 - 1.58 @ 240 x 190
93 53 2 2.01 @ 190 x 160
94 60 4 3,14 @ 250 x 220=-250
98 76 16 3,05 @ 250 x 240
100 63 7 2.47 @ 230 x 140=190
101 61 - 2.88 2 230 x 110-120
e S
S *
102 60 4 3.57 @ r 260 x 260
103 63 15 2.41 @ 240 = 190
104 51 - 3.08 @ 250 x 220-260
106 90 17 2.86 @ 250 x 220
108 90 15 2.19 @ 260 230
./,
110 60 » 3.15 ﬁ{l:l’l"'{fl 270 x 190
\ RS
112 65 - 2.36 @ 24.5 170-190
541 82 - 1.85 @ 240 x 210



© NOe | Date span Date of t-value
(THBT9) (AD) H/s THE 98 Germany Dublin
83a 1148 - 1203 | 1203+ 3.36 0.00 0.00
90 1168 - 1218 1208 1.69 0.00 0.00
92 1144 - 1205 1205+ 4459 257 1.67
93 ‘ 1162 - 12j4 1213 5e31 3623 3.00
94 1166 - 1225 1222 5.14 2.93 2.05
98 1159 - 1234 1219 s 1.61 2.25
100 . 1158 - 1220 1214 5.14 2.86 1.49 "
101 1143 - 1203 1203+ 5.88 3.69 4.75
102 1165 - 1224 1221 4.89 2.69 4e17
1073 1165 = 1227 1213 4.03 4.27 4.29
104 1169 - 1219 1219+ . 0.17 0.00 0.00
106 1144 = 1233 1217 4.09 1.26 3.16
108 1145 - 1234 1220 4.51 3.90 2.59
110 1157 ~ 1216 1216+ 4.80 3.12 3.69
112 1149 - 1213 12134+ 4.96 4419 4.67
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Reference curve Mermaid mean Years of overlap
(AD 1143=-1234)

Dublin 5.10 92
Germany =~ Munich .3.46 92
.Ggrmahy ~- west of Rhine 4.17 92
n;ll -~ Chapel Lane 3.28 92
London - Seal House 2.41 51
Reference curve THE241 Years of overlap

(AD 1116~=1197)

publin 132 82
Germany - Munich ' : 2.72 82 )
Germany - west of Rhine 2.46 82
Hull - Chapel Lane ' 310 T2
London - Seal House 4.16 ' 78
London - THE mean = 121 55



Year

Ring width

0 1 2 3 4 5 6 7 8 9
1116 15 12 35 41
1120 32 25 35 43 38 36 26 22 19 18
113 | 25 27 25 33 20 24 22 24 25 28
1140 | B5- 55 28 25 24 19 19 16 20 18
1150 18 15 9 13 12 10 17 19 14 15
1160 22 24 21 25 24 18 9 7 7 6
1170 8 8 10 7 10 11 10 12 14 13
1180 10 9 10 9 8 10 16 13 16 12
1190 11 13 8 8 6 8 9 7
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