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Until recently dendrochronolozgy was lititle used as a tool
for the dating of boats. The main reason was the dendrochronologist's
reluctance 10 derel with samples of unknown origin. Boats lnmowvm to
be locel, such as dugouts or the Zrigg or Ferriby boats themselves,
should, however, prove no more difficult to date than any other
timber from en archaeeological site. Tree-ring snalysis and the
radiocarbon method are often the only technigques applicable +to
the dating of boats (McGrail, 1978), so that even if they are
unprovenanced, dendrochronology may yield valuable informeticn,
The first attenpt to utilise tree-rings was around 1940,

when an oak post from the Sutton Hoo ship-buriel was exemizéd
(codwin, 1940). This produced poor results and so far remains
undated (Fletcher.1977). In Gerweny, the Bremen cog was successfully
danted, the year of construction being 1380 (Liese & Bauch,1965). Two
erperiments with Irish boat timbers nave also produced dates. The
remaing of a c¢linker-built boat fror the bed of the River
Blackwater, Co. Armagh, were dated to 1693%9 or later (Beillie,
1974), whilst a group of ship's timbers from the ﬁublin excavatians
were of iedieval age (Baillie,197£). Analysis of the Graveney boat
has provided a tentative date (Fletcner,1977). It is hoped that
this report will show that not only is cdendrochronology & useful
dating technigque, but that it cen also provide fufther informgtion

of interest to the boat archaeoclogist.

The Brigg 'raft!

1

t,ections of 10-15 cns. t.ickress were removed from nositionc
C2%, €36 and C46; thet is, the cixth cleat of the oak strelies 2,3

cnd@ 4. They were Lobelles §/1168, S/1169 e S/1170 respectively,
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A plen of the surviving boat can be seen in the latest excavation
report (McGrail,1975). Because of their waterlogged state, the
szmples were deep~frozen to provide a firmer surface on which to
viork., They were cleaned with a surform plane; whilet still frozen,
“his éave a smooth cross-section, on which the individusel annuel
rings were clearly visible.

The measuring equipment at Sheffield is adapted from the
Bannister tree-ring measuring apparatus (Bannister,1978). It consists
of a low power binoculer microscope over & travelling stage which
iz linked, wvia a linear tramsducer, to a digital voltitmeter. This
registers the width on a screen after each ring has been travereed
and is accurate to 0.1 of a millimetre. Three radii of every sample

vwere measured to ensure that the maximum number of rings wase

recorded. Since one ring is equivalent %o one year in an oak tree,

~—

the ring-widths for the most number of years were obtained. The
results are shown in Figure 1, which also indicates the position

of each radius in the original samﬁles. The ring-widthélwere plotted
ageinst sge on transparent semi-logarithmic recorder paper and a

mean curve constructed for each sample.

Figure 1 near here

Lesults

Visual comparison of the mean curves showed that they
matched extremely well and that (36 and (46 were almost identical.
The Felfast computer program (Beillie & Pilcher,1973) was used to
confirm the cross-matching. This comperes the data of two curves
and calculates the value of Jtudent's '4' for each position of
overlap. Thus, it gives svome idee of the degree of correlation.
any veaelue above 3.5 can be consridered = teinyg of possible

sig.ificance. “hn¢ rewnlits for 1..e Bri;g semples are shown below:
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sample c26 c46

C36 10.13 | 20.80

c46 9.37

“huie suggests thet €36 and C46 derive from the same tree, probably
opposite halves of the trunk., The matches with ¢26 slso give very
high 't' values, as would be expected if it was taken from a tree
Zrowing close to the (36/C46 tree. .o quantitative experimental

work has been done on this aspect of dendrochronology. It would

be difficult to generalise since the degrees of correletion between
redii tesken from the same tree varies so much from tree to tree,

Any deductions, therefore, must slways be rather subjective. It

is possible that one tree would have only produced two planks of
approximetely B metres in length, although again there are no forestry
tables to substantiate this. Thus, the base of the boat now-remaining
would have required not less than three trees, emphasing the

extreme wastefulness of this type of boat construction. BExemination

of camples from strakes 1 and 5 would give further information

about the number of trees ucsed.

Some inference wmay perhaps be made as to the origin of the
timber. The 'bost builders' must have had sccess to a stand of oak
trees; they needed several trees per boat and the timbers themselves,
narrow-ringed and so slow grown (see Table 1 and Appendix), suggest
8 degree of crowding from other trees. They probably chose the
nearect group of oeks - part of a mixed deciduous woodland maybe -
to the construction point, since it would be difficult to move such
large sections of timber over long distances.

A Brigg mean cﬁrve 0of 144 years wes nede, élthough the first
13 yecrs should be viewed with care because the rings of {46 were
gifficult to resolve at this point, Deing very narrow and faint
Lzee Fi.ure 1}. Tre vresence of cepwood on 26 =ad (36 helps in
2p s atating the a ¢ of the taio.., Tée cepgwood 1ings, which formed

iae living part of Loe tree, are recognissivle by thneir colour and
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structure. The number of rings-are, to o certein extent, constant
for a mature tree of about 150 years or older., No guantitative work
has yet been done on this in 3nglond, Irisn and German studies
sugszest that the oak has 32*39, 20% 6 or 25.0 years of sapwood
(zaillie,1974; Hollstein,1965; Huber,1967), although exceptions were
by no means rare. rrom observations of both Inglish and Irish trees,
the author would tend to agree with the firat value.¥ 9 represents
one stendard deviation from the mean vaelue, Since pample C46 was

cut very ﬁlose to the pith, the trees must have been at least 160
years 0ld, when felled. It is not possible to state in which season
the tree was felled because the szpwood is incomplete. It is generally
thought that winter wes the preferred time (McGrail,1976).

The radii of the trunks were roughly estimeted, the results

given in Figure 1 being the distarces between the pith and the
S,

-

heartwood-papwood transition. Great accuracy was not possibie
because the rings did not conform to the ideslised circles shown
in the'diagram. i,or was the amount of shrinkege teken iﬁto account.
The radii were similer for each ssmple. Assuming that C26 and ¢36/C46
belong to different trees, an average radius for both would be ¢.25
cms. plus 3 cms. sapwood allowencs., This gives a minimum dismeter
of 52 cms. for the ilrees.

The 'raft!' had been radiocsxton dested to 2543i?100 bp1

(ieGrail & Switsur,1975). Further dates, as yet unpublished, confirm

that the felling date for the trces lies between 2700 and 2500 bp

(iieGreail, personsal communication). Very iew tree-ring reference
curves ere evailable for this period, Brigg was cﬁmpared to an Iron
Age caronology from Central Burores, which is absolutely dated to
717 - 469 B¢ (iiollstein,1973), but no significaﬁt results were
found. It ie probable that i1 tue Brigg dates were calibrated, they

woo we olihitly oluer tnza this. Zurtier comparisouns with an

u—ia dates, . iven as bp, are o ~nlibrated, 4C oi svifies calender
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u- uolished curve from the north-east of Ireland again produced
no convineing results. When more regional chronologies are
available for bugland, then it maey e pousible tu cross-match the
Brigs curve and eventually obtain a calender date for the

construction of the ‘'raftt.

The Ferriby boats

The three boats from :.orth Ferriby were excavated many
! yeurs ago by B.V. Wright. Their history end excavation, with

detailed plans, can be found in.his guide book (wright,1976).
“erriby boat 3 is stored in Hull jiuseum, whilst boats 1 and 2 are
‘kept at the Nationel MNaritime lusewn with a view to restoration..
It was these two, the rost complete, that were used for the present
study. A section was taken from the keel plank of boat 1, at a
distance of 45 cms. from the bow erid; this was labelled S/ﬁgj2.
Boat 2 wes ssmpled on each side of the scarf. Both include%ﬁart of
a cleat and were numbered 5/3010 and S/3011, the former being from
the north element and the latter from the south element of the keel
plank.

The boasts had been conserved in s dry condition, after
sopking in glycerine and, in the case of bost 2, coating with an
exoxy resin, This mixture made the task of cleaning the samplés
tor anslysis an extremely difficult one, but measurable surfaces
were finally produced using a very sharp knife. Two radii were
reasured for §/3011 and $/3012, but because of the many cracks
around the cleat of 3/3010, conly one radius wees attempted here.
Results

The two ring curves from boat 2 matched almost perfectly
and geve a 'tt-volue of 11.12. It is assumed that only one tree wos
involved, on this evidence end because it ceems likely that two
- lves oF one trunk woulca bhe used t$¢ znhape the twq rarts of the

o2l planlk, The comaber orf rinygs Do esch redius, wiith a rou.h sketch,
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is chown in FPigure 2, 8/3010.had more rings beczuse of the unusual

Figure 2 near here

wey in winich it was cut. This will be discuessed in more detail
below. A mean curve of 227 years was pro@uced for vomt 2, whilst
boat 1 geve a sequence of 133 years. Sapwood was miesing from all
the samples, as was the pith, making it impossible to age the trees
with any accuracy. The boat 1 tree must have been at least 150 years
and thet of boat 2 at leest 250 yeare old, when felled; but both
could well have been considerably older.

The curves from the two boats were compared by computer. A
value of t+ = 5,25 was obtained at the position shown in Figure 2.
Visual comparison confirmed this result. The outside rings of each
bozt differ by less than ten years. Since the edges of the “planks
were probably trimmed close to the heartwood-sepwood transition, it
seems likely thet the boats were constructed at the szme time. Only
the presence of the complete sapwood could confirm this, but they
were certainly contemporary.

Radiocerbon measurements had slready given dates of ¢.3300 bp
for boat 1 and c¢.3500 bp for boat 2 (McGrail & Switsur,1975). Further
samples are being processed at the Cambridge radiccsrbon laboratory,
but thie results are as yet unavaileble. This left some uncertainty
as to whether the boats were of the seme ege., All thaet could be
eaid from the radiocerbon evidence was that they could have been
contemporary, if the dates were used with two stenderd devi@tion
limits. However, the new dendrochrornology resulte confirm this
conclusively.

The length of the radii were zgain estimated., Zoat 1 had a

L

oo Ligam Tadius of ZH cwe. Ui Zems. allowance for tne missing

N,

fpwood, giving o diameter U at least b6 cms,. - -mples 3/3010 end

../3\}"' Caew o very wanilos oo ‘sious, reinforecir,_ . ¢+ - ownption
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ttat they belong to two helves of the one tree. In both, the pith
is off~centre, resulting in a radius of 30-32 cme. at one side and
45 ecmse., on the other. A minipum ciemeter would, therefore, have
been 76 cms.. This would have been e large tree but not unususlly
so for an oask. Indeed, the diameter for an oak treé used in the
construction of the Blackfriar's ship is st least 2.3 m. (Marsden,
1977).

Examination of the cutting technigues employed in the
production of boets 2's, timber ¢an provide further information.
Semple S/3011 is cut in the anormal way (see also the disgram of the
Brigg eections). This makes maximum use of the halved tree trunk
with the minimum amount of effort, If the wood was sllowed to dry
out at =11, the plank edges would warp upwards towards the cleat

es shown in Figure 3 below. The opposite epplies to 3/3010: it
W

-

.=

Figure 3

8/3011 8/3010

would be far harder to workx and the amount of timber wasted would
be greater. The arrows in Figure 3 tshow the direction of warping.
It will be seen that, if allowed to dry, 5/3010 would waryp upwerds
away from the cleat. This may explsasin why the cracks around the
cleat, mentioned earlier, developed. The method of cutting gave
rise to stresses in this area which, wifh the passage of time,
produced the cracks. All this suggests that the seasoning time

was @t a minimum. poreover, the vest size of the timbers, in both
i srige e.¢ Ferriby boats, umase 1t likely thet they would be
Carved in their fresh conaitlion: they would be too hard, when dry,

to lmoe witn ease. The ron pleiilz would iave been used alinnst
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immeciately and the boat kept in a moist stmosphere sBo ms to
prevent the wood from drying out (ilcGrail,1976). way S/3010 was
cut in this manner will remain a mystery: was it intentionesl orx
wes it a misteke?

The dating of the Lorth Perriby boats in absoclute terms
is, at the moment,impossible because only floating tree-ring
chronologies are available for the date range, 3726 - 3112 bp,
which is the span obtained by taking two standard deviation limits
on the radiocarbon dates. Covering tanis period are egpences from
Zug~-Sumpf in Switzerland (Huber & Merz,1962), the Somerset Levels
(Morgen,1976,1978) and the rorth-east of Ireland (Pilcher et al,
1977). The last woﬁld provide the firmeet dating as it has been
partielly calibrated (Pearson et £1,1977); but this, as with the
two others, would mean cross-matching over a long distance. Computer
comparisons produced several 'significant! results of betdzén 3.00
and 4,00, but none that were convinecing visually. When attempting
to find correlations, for example between Ferriby and Ireland, a
single velue such as t = 3.7 is insufficient proof of cross-
matching., Indeed, over such a distence the real maetch could be as
Jow as t = 1.00.

Ae with Brigg, further advances in English dendrochronology
will have to be made before the Ferriby boats can be mbsolutely
dated. In conclusion, it can be szsid that both sites have produced
sensitive ring-curves, the values of whicb pre given in the Appendix
for use in the future. Once suitable reference chronologies
become evailable, they should be ideal for tree~-ring deting. This
rerort,; however, points the way to further work. Now that it is
known that boats 1 and 2 from Ferriby were contemporary, it would

be interesting to discover if this slso applies to boat 3.




mwes orences

Geillie M.G.L. 1973, A recently developed Irish tree~ring
chronology. 'I'ree Ring Bulletin, 33 15=23,

Beillie M.G.L. 1974, A tree-ring chronology for the dating of Irish
foat-jedievael timberas., Ulster Folklife, 20 1-23.

Naillie M.G.LI.. 1978, Ships timbers from the Dublin excavations., In
'Dendrochronology in Europe'!, I3ritish aArchaeological Reports,
0xford (forthcoming).

Baillie .G.L. end Pilcher J.R. 1973, A simple crossdating progranm
for tree-ring research. Tree Ring Bulletin, 33 T7-14.

Bannister B. 1978, Bannister Incremental Measuring Machine. In
t Instruments and Appearatus applicable to tree-ring anslysis?',
F.C, llenson and Co.,California.

Fletcher J.M. 1977, Tree-ring chronologies for the 6th to 16th
centuries of Southern end Zastern Englend. Journal of
Archaeclogicel Science, 4 335352,

Godwin H. 1940, Timber f£rom the Sutton Hoo ship-burial, Antigquaries
Journel, 20 200-201. - .

Hollstein E. 1965, Jahrringchronolozische Datierung wvon Eicﬁenholzern
ohne Waldkente. Sonderdruck szus Bonner Jashrbuch, 165 12-27.

Hollstein E.1973, Jahrringcurven der Hallstattzeit. Trierer
Zeitschrift, 36 37-55.

Yuber B. 1967, Secburg, Burgaschisee-sud - Dendrochronologie. Acta
Bernensia, 2 145-156.

Huber B., and lerz W. 1962, Jahrringchronologische Untersuchungen

- zur Baugespchichte der urnenfelderzeitlichen Siedlung Zug-Sumpf.
Germanis, 40 44-56. _

Iiese 1/, =2nd Bauch J, 1965, Das Alter der Bremer Kogse. Bremisches
Jahrbuch, 50 14-19.

MeGrail 5. 1975, The Brigg raft re-excavated. Lincolnshire History
and Axrchaeology, 10 5-13. ‘

MeGrail S. 1976, in 'Archaeology of the Boat' by B. Greenhill, 4.&C.
Bleck Itd., London, 234-249,

MeGrail 8. 1978, Dating ancient boats. In 'Dendrochronology in
Burope', British Archaeologiocal Reports, Oxford (forthcoming).

iicGrail S. and Switsur R. 1975, Early British boats and their

chronology. International Journel of pautical Archaeology

end Underwater Ex:lozstion, 2(2) 191-200.
vevsden . 1977, Celtic ships of -urope. Iu 'JSourcee and techniques
In boet archeecionry', edited . | ¢idrail, BaAR Supplementary

¢ adies 29, Cxiora, 281-788.




-10-

morgen R.A., 1976, in J.li, Coles end B.J., Orme 'The Meare Heath
Trackwvay: excavetion of a Bronze Age structure in the Somerset
Levels. Proc. of the Prehistoric Soc., 42 293-318,

Morgan R.A. 1978, Tree-ring studies ir. the Somerset Levels: Tinney's
Ground. The Somerset Levels Papers, 4 (forthcoming),

re.rson G.W,, Pilcher J.R., Baillie M.G.L. end Hillem J. 1977,

Absolute radiocarbon dating using a low altitude European
tree~ring celibration. Nature, 270 25-28.

Pilcher J.R., Hillam J., Baillie M.G.L. end Pearson G.W, 1977,
A long sub~fossil oalt tree-ring chronology from the north of
Ireland. Kew Phytologist, T79(3; T13-729.

Vright E.V, 1976, The horth Feriiby Boats, a guide book. Maritime

Monograephe and Repoxis 23, Nationael HMaritime [fuseum, London.

Table 1

Details of the six samples examined,

Figure 1

Block disgram of the Brigg timbers showing the relative positions
of the samples with their individusl radii. The rough sketch of the
eross—-sections illustrates their position in an idealised tree
trunlc., aAlso giveh is the length of the radii from pith:to the

heartwood-sapwood transition,

Fipure 2
Block diegrem for the two Ferriby boats. the cross-sections, in
their idealised circles, show the length of radius between pith and

heartwou&-sapwood transition. The di-ferent orientation of the two

"timbers from boat 2 cen be seen.

Pigure 3
Cross~sections of the Ferriby 2 samples showing the methods of
cutiing. 5/3011 is the more usual form. The arrows indicate the

sotential direction of warping.

LAppendix

fhe ring widths of the mean curves, in 0.1 mmns., ere given for

pfrigs, Ferriby 1 and Ferwibdby 2.




SAMPLE RADIUS
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FERRIBY

SAMPLE RADIUS

NO. NO.
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Table 1

Sample Number of Sapwood Average ring

number rings rings widths(mm. )
Brizg, €26 s5/1168 129 9 1.50
"Br s, C36 | 8/1169 134 12 1.26
Brigg, C46 s8/1170 133 - 1.14
Ferriby II 5/3010 227 - 1.32
Ferriby II 8/3011 171 - 1.37
Ferriby I 8/3012 133 - 1.01
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APFinDIX

Brigg mean curve

The mean of 5/1168, $/1169 and 3/1170. Values X 0.1 mms,

years!|Q 1 2 3 4 5 6 T 8 9
0 .41 27 22 12 16 1 16 11 8
10 {14 9 7 3 14 14 20 22 17 12
20 |20 19l 13 14 18 18 15 16 15 19
30 |13 12 12 11 14 9 1 12 12 14
40 |15 12 10 9 8 11 12 16 15 16
50 (14 20 17 12 11 14 17 12 15 14
60 7 6 6 10 14 13 14 12 7 12
70 |11 8 11 14 13 9 11 7 1 16
80 |14 14 16 11 15 16 17 13 7 12
90 |14 16 13 7 12 10 7 13 12 13
100 |10 11 14 13 11 9 8 11 9 ~.12
110 |13 11 13 14 18 11 8 1 11 14
120 {13 9 19 10 14 13 24 22 18 15
130 |18 22 16 10 15 21 20 18 15 14

140 14 15 11 15 10 15 - 14 9 11




o 8L DIX{ continued)

Terriby Il mean curve
The mean of §/3010 and $5/3011. Values X 0.1 mms.

¥y ars|0O 1 2 3 4 5 6 7 & 9
0 15 19 23 16 19 25 17 21 19
10 {12 1o 14 9 15 20 18 17 10 11
20 |16 14 17 15 10 14 18 12 8 12
30 9 6 9 6 9 14 17 25 22 17
40 |13 17 12 16 14 13 12 10 15 9
50 | 8 12 9 15 16 13 15 13 8 7
60 |10 16 14 14 17 15 8 10 13 11
70 |14 16 17 11 9 12 13 11 16 11
80 |14 12 17 13 14 9 9 10 9 14
g0 |12 12 13 11 9 14 14 14 13 14

100 12 12 8 10 15 17 15 16 14 12

110 {11 9 13 11 14 15 18 10 15 16

120 |17 13 12 11 14 17 12 11 16 13

130 |11 14 17 173 11 18 13 19 13 18

140 (16 12 17 18 16 18 10 15 22 17

150 |12 14 11 15 12 10 13 12 11 15

160 |12 14 14 20 13 18 20 19 16 14

1170 {20 16 21 15 23 13 14 19 23 15

180 |14 13 11 10 14 11 14 12 13 15

190 |12 12 14 20 14 15 11 11 11 14

200 ({17 12 9 14 11 12 8 10 8 T

210 | 6 5 9 10 9 6 9 7T 1 6

220 4 5 4 5 7 7 8 12
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APPE. . DiX(continued)

Ferriby I
Ring widths (X 0.1 mm) of 8/3012

years| 0 1 2 3 4 5 6 7 8 9
] 18 15 9 12 6 4 5 5 7
10 10 14 9 9 5 8 16 12 11 9
20 6 7 10 5 5 7 9 10 8 5
30 T 4 8 11 10 8 7 14 10 6
40 12 11 10 9 14 7 7 11 14 1"
50 8 6 8 6 4 6 8 5 4 8
60 10 8 6 9 T 6 5 4 6 8
70 6 T 9 12 10 13 14 20 25 20
80 16 17 18 18 14 18 26 18 17 16
e} 23 16 21 23 19 18 14 9 13 }1
100 8 8 1 10 14 17 13 12 12 14
110 |15 15 16 12 10 11 12 8 9 9
120 7 6 7 4 6 11 14 10 7 12

130 8 10 11 8




