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Tree-vring dating of Roman timbers from 85t Peter’s Hill (PET’Bl) and
Sunlight Wharf (SUN’86), City of London

In 1983, samples from 17 oak foundation piles at 5t Peter®s Hill in the
City of London were examined. The excavation was at the west end of
Thames Gtreet, near Baynards Castle, a site which had already produced
timbers for dating from the Roman riverside wall (Morgan 17803 Sheldon &
Tyers 1983). The tree-ring analysis of the Bt Peter’s samples was
undertaken to determine the dates of the piles and hence the
relationship of the structure to other Roman remains in the vicinity,

such as the riverside wall.,

The oak timbers from Sunlight Wharf{ were excavated in 19846 from a
structure close to, and on a similar alignment to, the structure at 5t
Peter’s Hill represented by the foundation piles. It was hoped that
tree-ring analuysis, carried out in 1987, would determine whether or not

the two groups of samples were from the same structure.

Methods

The samples were examined following the method given by Hillam (1985).
Initially the ring widths along one radius only were measured, but
because the ring patterns were often short and because crossmatching
between the seguences sometimeé proved difficult, two radii psr sample
were occasionally measured, and the two sets of measurements averaged.
Since the analysis of the Ot Peter’s samples, it has become general
pelicy in the Sheffield Dendrochronology Laboratory to measure two radii
on all roundwood samples with lgss than about B8 rings in order to
improve the quality of crossmatching. When the Bunlight Wharf samples
were measured in 1987 therefore, two radii were measured on all the

roundwood gamples.

The St Peter’s ring sequences were compared together by superimposing
ong graph over another to lock for similarities in ring patterns. This
process was aided by a computer program (Baillie & Pilcher 1973) which
calculates the degree of correlation between two ring patterns for each
gosition of overlap. The significance of the potential match is then

tested by the Student t statistic. Values of t of 3.3 and above indicate



a match providing that the visual match is acceptable (Baillie 1982

82-5).

When a group of samples had been crossmatched, their ring widths were
averaged to produce a site master curve. Any unmatched curves were
tested against the master, and the process repeated until no more curves
could be matched with confidence. The site master, plus the individual
curves, were then compared against reference chronologies for the Roman

period (Table 1) to tru to achieve absolute dating.

The analysis of the Sunlight Wharf samples followed a similar pattern,
except that their master curve and the individual ring patterns were

tested firstly against the 5t Peter’s Hill tree-ring data.

Interpretation of the tree-ring dates to find the felling date of the
timbers was simplified by the presence of bark or bark edge on the
majority of the samples. Hence the date of the outer ring was usually
the date of felling, and examination of the completeness of the outer
ring gave the season of felling. For those timbers that had been dressed
and did not have complete sapwood, the sapwood allowance of 1@-35 rings
was used. Addition of this allowance to the date of the
heartwood-sapwood transition gives the 95% confidence limitz for the
probable period of felling (Hillam et al 1987). In the complete absence
of sapwood, the addition of 18 rings to the date of the outer ring gives

the probable terminus post quem for felling.

Results

St Peter’s Hill

The samples contained 5@ to 107 annual growth rings, although the
majoritu had between 5@ and 70 rings (Appendix A). All but four of the
samples (1361, 1345, 1535, 1534) had complete sapwood (Appendix B), and

aften bark was present. Most of the outer rings were not complete
indicating that the timbers had been felled in late spring or early
summer. (The widths of the incomplete rings were not measured, so that
in Appendix A the number of rings for summer—felled timbers is an
underestimate bu one year.) One of the timbers, 1307 was definitely

felled in winter or early spring, whilst the seasan of felling of 1297



was indeterminable. 1341 and 1365 were trimmed roundwood samples which

had 4 and 5 sapwood rings respectively, whilst 1535 and 1536 were split

from larager timbers and had onlu heartwood rings.

The inner rings of samples 1551, 1558 and 1567 were not measured because
of a band of very narrow rings. In addition 1551 had an injury mark on

the ring prior to the start of measurement.

Visual comparisons showed that many of the seguences crossmatched, and
that the narrow bands of rings mentioned above were contemporaru. A site
master curve was made from ten sequences, but was abandoned because it
was too complacent (that is, showed little variation in width from uear
to usar). At this stage, second radii were measured for three of the
samples (1297, 1307, 1349). A master of 1804 years in length was then
made from four samples (PETMEANZ: 1297M, 13@7M, 13&5, 13&69M). When

unmatched samples were tested against this curve, an additional three

samples were found to match (1304, 1477, 1551). These were added to ths

master curve to produce a new master of 124 years containing seven
seguences (PETMEAN3). A further five samples crossmatched this new
master (1358, 1347, 14467, 1558, 1569), and these were added to produce
PETMEAN4.

The 5t Peter's ring seguences and their masters were compared with dated
reference chronalogies (Table 1). Although matching with the individual
sequences was poor, the masters gave consistently good results,
particularly with other London chronologies, when they spannad the
period AD 121-294 (Table 2). The two worked timbers however were
earlier in date: the last measured ring of 1335 was 18 BC, whilst 15346
ended in AD ¥5. No dating was obtained for the roundwood sample 1361,

although it was probably contemporary with the other roundwood piles.

Examination of the tree-ring dates (Fig 13 Appendix 3) indicates that
mast of the seguences ended in AD 293, but that the spring vessels aof AD
294 were also present. The winter-felled timber, 1307, was felled AD
293/4, whilst 1297 ended in 294, and was felled in 294 or possibly 295.
The timbers were not felled at exactly the same time therefore, but they
could have been felled within a few weeks of esach other. Oak trees
produce spring wood in about April, and this production of large vessels

is completed by the end of May (Baillie 1982, Fig Z.1). In additian,
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formation of spring wood does not commence =simultanecusly avcund the
circumference of the tree, so that a sample could appear "winter-felled"
in ore section and "summer—-felled" in another. It is not necessary
therefore to paostulate a long period of storage or stockpiling for the
St Peter’s timbers, nor is it likely that they would have been seasoned

{eg Hollistein 1988;.

A5 neither aof the worked timbers had sapwand, estimation of exact
felling dates is impossible. 18335 must have besn felled after about §
BC, and 1526 after about AD 33.

SBunlight Wharf

Of the 13 samples from this site, 641 was rejected because its rings
were too narrow to count accurately, and 336 was a worked timber with
186 heartwood rings. The remainder wers roundwood samples with 40 to &9
rings {Appendix 1). These samples either had bark or appesred io have
bark adge, although the outer one or two rings had been damaged
pccasionally during excavation or sampling. The timbers had been felled
in winter or early spring. With the exception of 444, none of these
timbers had been trimmed. 444 had heen dressed, but bark edge was

present at some points on the circumference.

Several of the samples crossmatched (Fig 1i. A site master, SUNL, &9
years long, was constructed using data from 3531, 551B, 532, 534, 555,
337, and 338, (The ring width data of all the master curves are szet ouil
in Appendix D. The ring widih data from the individual samples are
stored at the Sheffield Dendrochronciogy Laboratory.? Although all the
othar unrmatched roundwond sequences appeared to match SBUNL, only the
matches with 343 and 642 were good enough to be accepted. The latter

curves were not incorporated into SUNI.

Comparison of the Sunlight Wharf master with those from St Peter’s Hill
shouwed that the ring patterns from the two sites were very similar. The
comparison between SUNL and PETMEAN4, for example, gave a t-value of 8.2
{(Fig 2). This agreement dates BUNMI to AD Z25-293. SUNML also gives a weak
agreement with the two German chronologies at this date, but the curve

is top late in date to match the other London chronplogies by which St




Peter®s was dated (Table Z). No reliable dating was found for the worked

timber, 534.

The two site masters, SUNL and PETMEAN4, were combined to give a
chronology which contains 19 samples and dates to AD 171-294 (Appendix
D).

The date of the outer rings of all the matched Sunlight samples except
558 is AD 293, so that the timbers were felled in AD 293/4, 558 ends in
AD 292, but the bark edge was only gueried for this sample so it taoo 1s

probably contemporaru.

Discussion
Relationship between the two sites

The roundwood timbers from St Peter’s Hill and Sunlight Wharf were
felled at roughly the same time, probablu in the spring of AD 294, The
onlu possible exception is PET 1297 which could have been felled a few

months later.

In phusical appearance the samples from the two sites are similar. They
mostly belong to the same age range of 50-70 years, and many have
zimilar dimensions. When the cross-sections are compared with the nakesd

eye, diagnostic ring patterns can be detected.

A matrix of t-values was obtained between all the roundwood ring
sequences (Table 4). Some of the highest t-values were in fact obtained
for comparisons between the two sites rather than within a single site,
for example, PET 1477 against SUN 351PB gives 7.4. (A matrix was also
obtained for single radius comparisons. This made little difference to
the results, except that the values were generallu lower.) It seems
likely therefore that the roundwood timbers are foundation piles from

the same structure, and that the timbers came from the same woodland.

The growth of PET 1331, 1558 and 15&9 was adversely affected at the same

time, as shown by the contemporary band of narrow rings. The date of the
damaged or injured ring on 1551 is AD 238, so0 it would seem that these

timbers suffered local damage at this time.



Relationship with other Roman structures

Figure 3 shows the temporal relationship betwssn 5t Peter’s/Sunlight and
agther ving seguences from dnd and Jrd century London sites. The two
worked timbers from St Peter’s were felled after about 8 2C and AD 35,
but, bhecause the number of missing heariwood rings is unknown, felling
could have been much later. The piles, felled in AD 294, represent the
latest structure from London dated by dendrochronclogy. The tisbers from
the Roman riverside wall, sampled at Paynards Castle, New Fresh Wharf
and the Tower of bLondon, were probably felled in the period AD 2535-78@
(Hillam & Morgan 19863 Sheldon & Tyers 17835, so that this structure is
garlier in date to the foundation piles at Gt Peters and Sunlight Wharf.
The third century guay at hNew Fresh Whart and Billingsgate Lerry Park
{Hillam 1987} and the structure at Chamberlains Wharf in Southwark

{Tyers pers comm) are also earlier in date.
Dendrochronological Implications

The study involved samples with relatively short ring sequences. It
becama apparent during the analysis of the 8t Peter’s samples that the
gquality of the crossmatching could be improved if ftwo sets of
measurenents were made along different radii. This has now become
general policy at Sheffield when shorter ring sequences are examined,

and certainly was successful with the Sunlight Wharf samples.

Examination of the gquality of agreement betuesen the master curves from
St Peter's Hill and the dated reference chronologies shows that it is
PETMEANS, the master containing seven sequences, which is most suitable
for absolute dating (Table Z). However PETMEAN4, with 1Z seguences, is
betier when compared with Sumrlight Wharf. PETMEAN4 gives a t-value of
2.2 with SUNL, whilst PETMEANZ gives only 3.8. For dating samples from
the same site therefore it is better to have a master curve containing
as many ring sequences ag possible. But for absolute dating with
reference chronologies, which are offen from different areas or even
different countries, such a master may rnot be ideal sinee it

incorporates a growth signal with too much loral inforpation.



Conciusion

Tree-ring analysis of samples from St Peter’s Hill and Sunlight Whart
shows that both groups of roundwood piles were felled between AD 293 and
295, and probably in the spring of 2%94. All aspects of the tuwo groups of
timbers are similar, and i1t is therefore suggested that the foundation
piles belong to the same structure, This structure is later in date than

the 3rd century gquay or the Roman riverside wall.
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Legends to Figures

Fig 1: Bar diagram showing the relative positions of the matching ring
sequences from Sunlight Wharf (SUN) and 5t Peter’s Hill (PET). Bapuocd
ie represented by hatching) any variation in the number of sapuwood rings
is ghown by vertical lines in the hatching., + — unmeasured rings present

an the sample.

Fig 2: Comparison of the Sunlight Wharf {(SUNI1) and 8t Peter’s Hill
{(PETMEAN4) master curves in their synchronous positions (t = 8.2). The

vertical scale is logarithmic,.

Fig 3: Temporal relationship of the Sunlight Wharf (SUN) and 5t Peter’s
Hill (PET) ring sequences to those from other sites in London. BC -
Baynards Castle; Tower — Tower of Londong NFW - Mew Fresh Wharf. Site
refarences are given in Table 1. The Chamberlains Whart data were

supplied by I Tyers,
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Fig 2: Comparison of the Sunlight Wharf (SUN1) and St Peter’s Hill
{PETMEAN4) master curves in their synchronous positions {4 = B.2Z). The

vertical scale is logarithmic.
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Fig 3: Temporal relationship of the& Sunlight Wharf (SUN) and St Peter’s

Hill (PET) ring sequences to those from other sites in London. BC -

Baunards Castle; Tower - Tower of Londony NFW - New Fresh Wharf. Site

references are given in Table 1. The Chamberlains Wharf data were

supplied by I Tyers.




Table 1

Details of dated reference chronologies used in this studu. ZDL -

Sheffield Dendrochronology Laboratory unpublished data.

chronology ' date
l.ondaons

Baynards Castle (Morgan 1988) A 148-255
Billingsgate {(Hiilam 1987) AD Di~-239
Chambarlains Whart (Tyers perese comm) AD 117-%31
City/Southwark (SDL/Tyers) F52RC-ADZSS
New Fresh Wharf (SBL) AD 176~241
Mew Fresh Wharf/Seal House (5DL) T3RC-ADL2AT
Peninsular House (Hillam 19784) Z5ZBC-AD7E
Pudding Lane {Hillam 198@) 176RC-ADBS
Roman London {(SDL) 159RC~AD171
Tower of London (5DL} AD 153-241
Germaniy

south (Becker 1981) I78RC-present
west {(Hollstein 1988} 70RERC~present
Iraland:

Tesorry (Paillie & Pilcher pers comm) AD 1-B94



Table 2

Bating 8t Peter’s Hill and Sunlight Wharf. t-values for comparisons
these sites and dated reference chroncologies, details of which ars given

in Table iI. # — overlap of 30 years or less.

chronology PETZ PET3 PET4 SUNI SUN/PET
London:

Baynards Castle 3.9 4.2 4.1 * 4.3
Billingsgate ja ) 5.3 3.1 # 4.5
Chamberlains Wharf 3.8 3.8 3.8 #* 3.3
Citu/Bouthwark 4.8 5.2 3.0 P 5.1
New Fresh Whart 5.3 5.4 5.3 * 5.1
Tower of london 4.3 4.3 3.8 3 3.4
Germany south 2 W2 3.4 J.4 3.7
fermany west 3.7 4.2 3.9 " o
Ireland Tesorry 4.3 4.1 3.8 1.9 3.2
BUN] 5.0 5.7 8.2 - -
Table J

Dating PETIS33 (end 18 RC) and 1336 {(end AD 25). t-values with dated

reference chronologies.

chronology 1535 15348
City/Souvthwark 5.0 5.8
New Fresh Wharf/Beal House 2.6 3.5
Peninsular House 3.3 4.5
Pudding Lane 4.1 .2
Roman London 4.3 5.1
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Table 4: Matrix of t-values for samples included in PETMEANAL and SUN1. All the Sunlight Wharf, plus

PET1297, 1307 and 1369, are the mean of two radii.

0.0 - indicates negative correlation.




Appendix A

Sample cross-sections: dimensions(mm) and orientation of rings

Page |
CONTEXT sE T
BUN343 238x185
SUNSE51 2280220
SUNS512 22Bx215
SUNSSZE 178x1468
SUNSS4 2Ppx 108
BUN3355 R PRl
SUNS54 270215
SUNS57 215x200
SUNS358 1953190
SUNG4G 188170
SUNGET 1662140
SUNGAZ 178168
SUN&44 1998x170
PET1277 22@x 1970
PET1384 22xzid
PET1387 230210
PET1358 24Ax239
PET1361 158120
PET1345 128120
PET1347 200 % 2006
PET134% 260x230
PET1447 2Ea110
PET1477 25@u2ld
PET1484 220140

foont




Appendix Alcont

Sample cross—sections: dimensions{mm) and orientation of rings
Page 2

CONTEXT e e
PET1535 1461118
PETi336 140120
PET1251 15901136
PET1358 Z4PrZ206
FET1362 2Rk 179
PET136% 188x 196




Details of the tree-ring samples from Sunlight Whar? (SUNM) and St
Peter’s Hill {PET).

CONTEXT ~ context number

ACCN - Museum of London accession numbesr, not available for 5t
Petar’s Hill

HINGS —~ total number of complete rings (incomplete outer rings are not
included, + - indicates the presence of unmeasured rings.

SAP - number of complete sapwood rings. Where this varies around the
rircumference, the maximum and minimum number is given.

WIDTH — average ving width (mm}




dopandix B

Details of treese-ring samples

Page 1
CONTEXT ACCN RINGS  S5AP WIDTH COHHENI ___________ fi?ii??
BUNS43 450 48 13 2.31 pithy mean 2 radii
BUNS51 G444 53 13-17 1.80 pith: mean 2 radii
SUNS51R 452 &2 16-21 1.52 pith: mean 2 radii
SUNS52 447 &5 17-19 1.19 piths mean 2 radii
SUNSS4 445 a9 20 1.27 pith; mean 2 radii
BUN3ES 444 35 i7-18 1.98 pith: mean Z radii
5UNS56 4531 104 - 1.7% worked timber
SUNS57 449 &b 16-18 1.48 pithy mean 2 radii
SUNSSH 453 44 Q-14 2.23 nith: mean 2 radii
SUNMG4B 4L 35 16 1.41 pithy mean 2 radii
SUNGLE L 443 - ues - rejected: narrow rings
BUN&L4Z 448 4h 18-23 1.55 pith; mean 2 raditi
SUN&44 441 39 i8 1,49 pith: mean 2 radii
PET1297 - 74 J1-33 1.14 nr pith; mean 2 radii
PET 1304 - 54 3 1.466 nr pith
PETI3G7 - 183 14-15 116 pith: mean & radii
PET1358 - b3 4 1.88 nr pith
PET1361 - 55 4 1,54 pith
PET134&3 - &7 3 1.0 nr pith
PET1347 - b1 2@ 1,642 ny pith
PET 1369 - &4 19-2b 1.46% pithy mean 2 radii
PET1447 - b 1) 19 1.71 pith
PETIATT - &5 ] 1.7@ nr pith
PET1484 - 539 17 .68 nr pith
PET1535 - 182 - 1.41 worked timber
PET1534 = +1@7 - 1.13 worked timber
PET1551 - +05 17 1.87 tree injured AD 238
PET1558 - +58 21 1,64 -
PET1562 - b4 21 1.47 pith

PET1349 - +54 i3 1.@8 -




Appendix €

Trae-ring results for Sunlight Whart (SUN) and St Poter's Hill (PET).

CONTEXT
ACCHN
RESULT

FELLED

I

f

I

context number

accession number, not available for St Peter’s Hill

date span of the ring sequences with the date of the heartwood
—sapwood transition given in brackets if present. All dates
arg AD unless stated otherwise. + — indicates the presence of
unmeasured rings.

date of felling. w - felled winter or early spring; 5 - falled
spring or early summer. 7 - bark edoe was not identified with
certainty when sample was measured. The terminus post quem

for feliing for PETI333 and PETIS36 is estimated using the

sapwood allowance of 19-35 rings (Hillam =t al 1987).



Apnpaendix G

Tree-ring dates

Page 1
CONTEXT ACCN REEBULT FELLED /06787
SUN543 450 254-293(281) 7 w 293747
5UNS51 444 241-293(277-81) w 2Z93/4
SUNS51EB 452 232-293(273-8) W Z93/4
SUNS52 447 22293 (2T75-7) w 293/47
5UN554 445 225-293(274) W LFE/47
SUNS55 44tk 2AF-LFI(ETE-T) w 293747
SUNSE4 451 - -
BUNS57 449 228-293(276-0) w 293/4
5UN358 453 B4T7-29T(279-84) -
SUN&4D L42 - -
SUNG41 443 - -
SUN&4AZ 448 248-E93(271-4617 w 293/47
SUN&4 4 441 - -
PETL297 - 221294 (2624 Z294/5
PET1304 - 2HP-EF3(ETL) 5 294
FET1367 - 191-293(2759-80) w 293/4
PET 1358 - 232-293(276@) 5 294
PET1361 - - -
PET13465 - 2IB-276(272) -
PET1347 - 23A3-293{274) s 294
PET1349 - Z30-293(268B-73) s 274
PET1447 - 235~-293(273) 5 204
PET1477 - 229-293{274) 5 294
PET1484 - 235293277 s 294
PET1535 - 119-18RC BEC+H
PET1534 - 8RBC-ADZS 35+
PET1351 - +239-223(275) 5 274
PET1558 - +244-293(273) 5 294
PET156Z - 230-293{273) s 294

PET13&9 - +240-293{281) s 294



Appendix D

Ring width data in units of @.02mm for the master curves mentioned in
the text. The number of samples per year is given to the right of the
ring widths. (Data from the individual samples are stored in the

Shetfisld Dendrochronology bLaboratory.?
Masters included are:

PETHEANZ, AD 191-294 - includes samples 1297M, 1387M, 1365, 13469M
PETHEANSI, AD 191-294 — PETMEANZ, 1384, 1477, 1531

PETHEAN4, AD 191-294 — PETHMEAME, 1350, 1347, 1447, 1558, 1549
SUN1, AD =225-5%3 331, 331B, 332, 534, 353, 337, 598
BUN/PET, AD 191-294 PETHEANS4, SUNL (17 samples)
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