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Dendrochronological analysis of the Roman timbers from IFriar

S'tree't; 1 » DroitWiCh' )

Jennifer Hillam,
Sheffield University,
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The 1975 excavations at Friar Street, Site 1, in Droitwich,
uncovered numerous waterlogged oak timbers from context 262, These
either formed paxrt of a pit lining or were supersitructure thrown
into that pit. It was suggested that the pit, dated archaeologicelly
+o the 18t or 2nd centuries AD, had some connection with the
Droitwich saltmworking. This industry, although active long before,
was greatly expanded by the Romans and caused 1argé demands to be
mede on the local forest timber.

MTree-ring enalysis of the oak timbers was undertaken <o
provide relative, end if possible absolute, dating for the site. The
samples were sent to Sheffield, where the work was supported by the
DoE. This report covers the examination of all the Rbman timbers,
including those analysed in 1977 by Mrs Ruth Morgan.

As & dating teéhnique, dendrochronology ie deceptively
simple. It relies on the fact that every year a tree produces s new
ennual ring, ‘the width of which is controlled by environmentsl
factors, suqh a8 climate and soil typei Thus, trees growing undexr
similay conditions in the same geogrephical ares will ghow similaw
ratterns of wide and narrow rings. These can be represented graph-
jcally by plotting the measured ring-widths ageinst time in years.
Contemporary ring plots are ctoaématched eithexr visually or with
the aid of a computer program. A tree~ring chronology is constructed
by overlapping magtching curves from the presen£ day back in time,
each ring being equivalent to a calender year. The chronology ecan
then he used to compere samples of unknowa age: when the poéitioﬁ
of best fit between the two curves is found,; the outer year of the

sample is reed off from the reference curve in calender “Veaxrs. It



is dAifficult to define the geographical areas over which crossg-
dating is possible. Usually the further the distance, the weaker
the match but correlations over very long distences are beginning
0 be found in the British Isles, as will be demonstrated below.
Oak has been used extensively by dendrochronologista in
}temperate Burope. It is a Llong lived tree, often attaining 200
years of age. Because of its hardness, it was commonly used as a
building timbex ana 80 is preserved in standing buildings and in
waterlogged archacologicel sites. For these reasons it is possible
to construct long chronologies using oak timbers. It also has the
sedvantage in that each ring really does equsl one year unlike e.g.
conifers, which frequently have missing or double rings. In cross—
section, the annual bands show up clearly because of the contrast
between the large vessels of spring wood and the small cells of the
pummer wood. Measurement is thus possible using only e low-pawer
binoculer microscope. Finally, the outer portion of an oczk is of a
differenﬁ colouxr and stiructure to the inside. It is called sapwood
and represents the living part of the tree. As the tree grows and
produces new wood, the oldexr sapwood dies and iz strengthened with
lignin, being now known as heartwood. The number of sapwood rings
is relsatively constant. Provided that the hearitwood-sapwood
trangition has been preserved, it is possible to deduce the smount

of sapwood and so obtain a very close approximsestion to the Ffelling

da‘te.

Method
Any large samples were split and sawn into smaller sections
5-10 cme thickness. ’ :
af . A ~ Most of them, however, were thin plonks. Grest care had
to be taken with these %o avoid any bresksge, which would heve
destroyved the tree=ying record. The samples were déepﬁfrozen'to

harden the wood. The cross—gections were cleaned, whilst still

frozen, with a surform plane. This gave a smooth surface on which



the individusl rings wvere clearly visible.

The rings were measured on a travelling stage which was
connected, via a linear transducer, to a digital voltmeter. The
latter flashed up the ring~width, in 0;1 mas. , after each complete
ring had been traversed. The value was recorded and, after all the
xings had been scammed; the widths were plotted on transparent
semi~logarithmic recorder paper. Crossmatching was attempted,
fivrest visually by éliding one graph over another and ‘then, if

LY

necepsary, using a compubter program.

Results and Discussion

The deteils of all the Roman samples; except for two small
stakas examined by Ruth Morgan, are given in Table 1. 106 and 112
were found in the ashy fill of the pit and were considered %o he
superstructure, whilst the remaining timbers formed part of the
pit lining. 106/112 end 137/138 are both means of two ssmples
which had been split from the same tree; These, together with 139,
were mespured by Ruth Morgen. Table 1 also gives the average ring
widths and a rough sketch of the samples. The widths vary from
1.0% to 2.48 mmg., making the timber ideal for dendrochronology.
It suggests that slow grown osks were being selected; a situation _
that would be expected if the timber was being taken from . nearby
woodland. Here narrow rings would be formed as a result of shading
and competition from other trees. After felling, the trunks were
radielly split into thin planks, a method which produces ﬁany
boards from one section of tree #runk. It is unlikely that the
wood would have been seaponed. Timber was usually felled when
required and used almost immediately (Holletein,1965).

Visual comparison of the graphs showed that much of the
wood did come from the same tree. There'arﬁho standard criteris
for establishing which samples derive frbm the same tree. An

almost perfect match, plus similarities between the timpbers,



usually signifies that they were cut from one tree. With the
Droitwich samples it was relativeiy gimple as the pieces of wood
wvere identical: many of them could be crossmetched before
measurement. This is generally only possible with osk when desling
with one tree. It was estimated that four or five trees were
represented by the samples examined; 139 and 154 couid be from the
same or different trees(Figure 1).

The coq&itﬁents of each tree were neaned. The five trees
themagelves cropsmatched and their relative positions are showyn in
Figure 1. "Pree 1! is made up of 159, 160, 164, 165, 166 and 168.
It will be noted that 168 has only 34 rings. This would have been
impossible to match if the other samples had been from different
trees. However, it shows that such samples should not be ignored
by dendrochronologists since; in certain situetions, they can be
dated. 137, 138, 170, 171, 174 and 175 were called f+4tree 2, whilst
trees 3, 4, 5 are represented by 106/112, 139 and 154 respectively.
The felling date of trees | and 2 are identical. Some of the tree 2
components did not contain their outer rings e.g. 170 had c.46
vears g%??fﬁ%k1ﬁémﬁgggng%rates the difficulty of estimating the
felling date if there is‘no remgining sapwood. 139 shows this in
practice; there is no way of knowing when it was felled. 154 shows.
a possible transition from heartwood éo sapwood, making it likely
that i% has the seme felling date as trees 1 end 2. That would
necessitate it having 25 years of missing sspwood which falls within
the limits of 32% 9, s figure derived for the number of sapwood
rings (Baillie,1973)a Tree % sppeers to have its Full comglement
of gespwood so that it must have been felled 26 years léter than
the remaining samples. Thus, the pit lining predates the 'super-
structure' by 26 years.

Trees 1 and 2 were cut down sometime after spring, but
before winter, since only the spring wood is present in the last

ring. This contrasts with the modern method which is to Pell



t¢imber during winiter. It seems that pummer felling was commoner

in the pest than was once believed as other examples have been
found (Hollstein,1965). Because none of the samples consisted of

a complete radius (from pith to outer sapwood), no sccurate
deductions could be made as to the size of trees used at Droitwich.
At a rough estimate,; they must have been at least 40 cms., in
dismeter.

The crossmétching between the five “trees was confirmed by
the Belfast computer program (Baillie and Pilcher,1973). This
compares two sets of ring width data and calculates the wvalue of
Student's 't' for each position of overlap. Any wvalue grester than
%.5 can be considered as.being of possible gignificence, whist
eeZ: T.5 would indicate a high level of correlation. Some of the

Droitwich bt-values are illustrated below:

Tree 2 Tree 1 137/138 154 139
106/112 5.23 3.05 3.06 4.26 -
Tree 2 - 4.59 10.55 4665 4.81

The high value of 10.55 results from a comparison between some
components of tree 2 and 137/138, which is itself part of that tree.
Another point of interest here is that when the originegl
five samples were examined, no crossmatching could be found
between 139, 1064112 and 137/138. Since the computer comparison
between 106/112 and 137/138 gave a t-value of only 3.06 this is
not surprising. Only when fTurther samples were éxémined aid matching
become possible. It demonstrates the necessity of anal}sing the
maximum number 0f available samples from any one site and nmay
explain why some sites, with only 3 or 4 timbers, have produced few
resulis.
A floating mean curve was constructed by eversging the

ring width data of the 5 trees. It contained all the samples vnder



< ~ {Table 3)
investigetion and had 185 ring?k The curve was dated to 1950% 70bp

by radiocarbon measurement. The semple for asnalysis (HAR-2263) was
taken from the 20 outer years of 112 by Ruth Morgan (Figure 1)e

The date given is a temporaxy one; it could alter by up to 50

veare. After calibration, the date becomes AD 70 (Ralph et 8l,1973),
but this figure must be taken as approximate.

The Droitwich curve was compared, usging the ecomputer, with
absolutely-dated oﬁronologies from Wederath, Belgium (Hollstein,
1972) and Saarland, Germany (Hollstein, 1974). The former showed
no indication of crossmatching but the latter gave a t-value of
possible significance. However, becsuse of the long distance between
Droitwich esnd Saarleand, it was felt that further proof wase necessary
before the match could be accepted with confidence. No other dated
reference cuxves are available for the Roman period, but there are
several floating chronologies; in particular, the London Waterfront
Bequence (Morganrand S%@field,1978), dated by rediocarbon to c.
1-%00 AD, and a northern Irish curve (Hillam end Baillie,
unpublished), dated to c¢. BC100 - ADT700 by rxadiocarbon (Pilcher et
al,1977). Droitwich m;tched with both of these;, giving t = 5.14
with London end 3.89 with Ireland (Figure 2). In order to obtain
an absolute date for Droitwich, a link must be found between these
sequences and the Sasrland curve. At present, this looks possible

?g}nce the matches cennot be accepted with complete confidence, no-
absolute date will yet be given. When further confirmation is

found, dendrochronology will have provided a very accurate date

for the Droitwich timbers.

Summary
All the samples were found to match, including those
neasured by Ruth Morgan in 1977. 4 or 5 tirees, whilch had been

felled during summer, were used to produce the planks exsmived,.

Ae several samples had preserved their full complement of sapwoodi



s e

some felling dates could be determined: the 'superstructure', 106
and 112, were cut 26 years later th;n the timber forming the pit
lining. A mean curve of 155 years was consiructed. Although it
crospmatched with floating chronologies from London and the north
of Ireland, it remains undated at the present, except foxr a radio~
carbon date of <. AD 70, The possibility of a match with a dated

German curve is an encouraging sign thayéhe Droitwich +timber mey

shortly be absolutely dated.
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Table 1

Details of timber samples

Sample No. of Sapwood Average ring Sketch Dimensions
no. ringe rings widths (mms) {cms)

*106/112 159 27 2.34 a=suniy) %:g:g:g : ;z
®1757 /138 93 - 1.52 emsupl! 2,0=3.0 x 13
#139 71 - 1.03 Sy 4.5 x 8
154 52 -1 1.65 @w 2.0-3.0 x 8.5
159 53 15 1.97 pa===Al 0.5-2.5 x 10
160 52 13 2.13 2.0 = 10
164 13 14 1.59 <EEFEELY)  0.5-2.0 x 11
165 55 14 2.08 TR 0.25-2.0 x 11
166 63 13 1.85 CEEREFEEED) 1.5 = 11
168 34 12 2.48 TR 0.5~2.0 x 8
170 86 - 1.47 Ns:is2RRM 1.5 x 12
171 79 17 1.26 AT 2.5 x 8-9
174 67 16 1.46 ST 1.5 x 10
175 (A 1 1.5 m 2.0 x 8

# pamples measured by Mrs Ruth Morgan.

LLAPRE a0 A .

e I Tt Ak [ b R AR g A Re Rk A oL AR b AT AT YT AT e p ke ey



Table 2

Sample no. Tree no, Years spanned* Felling dete”
159 1 107 = 159 | 160
160 ( 108 - 159 160
164 1 87 ~ 159 160
165 1 105 ~ 159 160
166 1 97 - 159 160
168 1 126 = 159 160
137/138 2 17 = 110 160
170 > 26 - 111 160
171 2 81 - 159 160
174 2 93 - 159 160
175 2 72 = 142 160
106/112 3 27 - 185 186
139 ' 4 1 - 71 ?
154 5 83 - 134 1607

Mean - 1-=- 185 -

¥ Secale used in these two columns is en arbitrargéne,uﬁtil the
Droitwich chronology can be absolutely“dated; see also Pigure 1.
The +tree number is the convention used to show which samples

belong +to the same tree.

(where the Vtotalf' sapwood is present, the incomplete last yeax is
not measured, giving a discrepancy of one yesxr between the years

spenned and the felling date.)



Table 3

Droitwich Roman Mean Curve

vears 0 1 2 3 4 5 6 7 8 9 n

0 8 12 9 11 12 14 12 9 9 1
10 11 10 9 12 10 12 14 15 17 16 2
20 15 17 16 15 22 135 16 14 11 11 2
30 14 17 13 12 11 14 19 1T 1T 19 3
40 21 15 23 21 20 21 23 24 14 14 3
50 15 14 17 20 19 18 21 19 18 27 3
60 20 22 18 20 18 16 19 18 17 16 3
70 19 16 20 19 18 15 17 20 19 16 2
80 19 19 18 15 17 15 16 18 10 14 3
90 7T 15 14 12 15 16 13 14 13 15 4
100 16 13 11 11 18 15 17T 16 15 14 4
110 12 20 17 14 15 29 19 17 15 18 4
120 20 17 13 16 24 18 14 17 16 19 4
130 17 12 11 18 16 19 21 18 18 21 3
140 20 19 18, 22 21 17 17 23 18 12 3
150 21 17 18 15 16 19 14 16 19 18 3
160 17 17 15 13 12 13 20 12 15 18 9
170 1 11 16 12 13 20 .15 14 19 18 i
180 13 11 12 12 12 18

The floating chronology is made up of 5 trees (16 samples). The
mean ring widths are given in 0.1 mms.. Tt represents the number

of trees pexr decade.



Figure 1

Tree Sample
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" Block diagram showing relative positions of the matching samples.
Wevy line signifies sspwood years; arrowe - felling years H/S -
heartwood/sapwood transition. The radiocarbon'sample.(1950j:70bp) is

represented by the block on 106/112.



Pigure 2

Scale
i | H
. 0 50 100 years
London Waterfront
% T
i) Droitwich
i ]
1 T i |
t = 3,89 c. T0 AD
L N, Ireland
i o \
¥ ) F
¢. 100BC - 7O0AD

Block diagram to show positionag of crossmatches between Droitwich

and floating chronoclogies from London snd Ireland. ALl dates given

are approximate, being radiocarbon measurements which have been

roughly calibrated. The suthor is grateful to Mrs Ruth Morgan for

meking evailable her London data.




