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Goldsmith Street, part of the Guildhall site in ~xeter, was 

excavated by John Collis in 1971 (Collis, 1972). Several of 

the medieval levels contained pits lined with boards of wood, 

sections of many of which were broue,ht to Sheffield for 

dendrochronological analysis. At that time, ring-width measure­

ment and attempts at crosB-matching produced few significant 

results and no dating, despite the good quality of much of the 

material; re-examination of the oak boards and matching of their 

patterns in 1978 has now enabled some of them to be dated by 

means of reference tree-ring material which has only become 

available in the last few years. This includes chronologies 

from Exeter itself (Hillam, 1979a), from Northern Ireland 

(Baillie, 1977a) and Dublin (Baillie, 1977b), and from south­

east England (Fletcher, 1977); in addition there are curves for 

several regions of Germany which are sometimes applicable in 

Britain (e.g. Hollstein, 19b5; Huber & Giertz-Siebenlist, 1969). 

The work by Hillam at Sheffield on oak timbers from Trichay Street 

in Exeter, an adjacent site some 70m to the south-west, proved 

that accurate dating was possible by excellent cross-matching 

with, in rarticular, the Dublin chronology (llillam, 1979a). 

Hitherto, no tree-ring work had been done in the South-west, 

and the relationships between Growth patterns were unknown. 

Thus the Goldsmith Street timbers offered an o]JDortunity to 

comp2re the gr~wth patterI1S fro~ tile two sites ~.nd to assess 
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their relationship in time, as well as to place an absolute time 

scale on the archaeological deposits of the Goldsmith Street site. 

A certain amount of dating has been possible and is described here; 

in addition tree-ring analysis of beech wood from the site has 

sug:ested the dendrochronological potential of this relHtively 

unknown timber in Sn~land. 

The Goldsmith Street timber 

Details of most of the sampled timbers from the site are given in 

Table 1, which includes both those with sufficient rinGS for 

measurement ond those that were too young. Hot included are 

a numbor of small radial boards all of similar dimensions, which hod 

extremely narrow or very few gro~th rin[s. Many of the boards 

appeared to have split longitudinally into smaller pieces since 

their use (which happens easily when they are thin), resulting in 

useless disjointed tree-ring sequences. 

Most of the sOMfles proved to be from good quality radial boards 

of oak (Quercus sp.) up to 270mm in width. Quality is shown in 

the quite narrow (1-2mm) but variable growth rings, indicating an 

origin in mature straight-grown oaks. A lurce group of such 

b08.rds C2,me froLl context 1,1-51+-12, a wood-lined well (F315fll. 

A few timbers ~ere quartered trunks hewn to n square cross-section 

from less mature trees, e.G. 35-~O-2 Band C, while another group 

resembled half a thick tancenticl board particulorly from the 

1,3-ljO aI''''', '" lGth century pit (F223). Fi,;.l illustrates the structure 
of oak and tile different conversion lnethodso 
;~i~ht ti!Jbcrs retnincd some outer SQPWOO~, the sig, Jlific~nce of 

which will be discussed leter. 

ts ~'/ell 8.["; t::e o~.k, L1ere ','las one r.":dii:~l bo.:-:r:! of hDzel (Corylus) 

Dnd three thin boards of beech (Faeus), t!18 rin~-width3 of which 
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were measured in a first attempt to assoss the potential of this 

species for tree-rinG datinG in Britnin. They came from a 

16th century pit (F228) with a number of o~k bo~rds. 

~rethods of tree-rine analysis 

Sample numbers can be rel~ted to the grid on which the site was 

excavated (Collis, 1972); the first two numbers indicate th. 

coordin&tes of a 2m square in the grid and represent the 

horizontal dimension, while the third is the layer number within 

the 2m square. Any subsequent number or letter simply gives the 

ovder of tree-ring examination. 

The still wet samples were sawn to a thin cross-section of about 

5-7cm, washed and deep-frozen; in this state, the surface could 

be cleanly cut with a plane (Stanley surform) while the wood is 

sup~orted in a vice. The clear annual rings were measured beneath 

a microscope (xlO), the wood being placed on a long travelling 

stage. As each ring is traversed, the distance is measured by 

an electronic device (linear transducer) and recorded on a 

digital panelmeter, to be transferred by hand to printed data 

sheets. The values are also plotted as a graph on semi-logarithmic 

recorder paper, for use in visual matCi)ing. 

Correlation by computer analysis supports and confirms any po~sible 

visual matches; the printout gives a Student's! value for each 

position of overlap between two curves. A match might be indicated 

by values in excess of 3.5, but must always be thoroughly checked 

by eye by overlaying the curves. Some examples of t values are 

given in Table 8; for more details, see 3ai11i8 ~ Pilcher (1973). 
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He suI ts on t'1e oal< board s 

Attempts to cross-match the oak ring-width curves Goon revealed 

severAl probable single tree groups i.e. several boards which were 

split from the same tree and thus have al~ost idelltical growth 

patterns. It is usual to average these initially into a mean 

curve representing one tree, in order not to bias further averages 

by their greater numbers. This applied to six boards (A-F) from 

context 49-36-6 (F217H, lining of a deep pit) which could be dated(Fig 2), 

and six from context 41-54-12 (A,E,F,B,J,S) which are represented 

by mean curve 2 and are not dated (uPger Fig. 3). One tree could 

produce many such boards, some of which were only lOmm thick; 

Fig. 1 gives so~e indicAtion of how they were split from the tree 

along the rays. The boards from 49-36-6 vAried considerably in 

thickness, while those from 41-54-12 were all very thin. 

Mean curves were calculated from each of the tree groups; these could 

then be compared with the other individuals. Many of the timbers 

produced rather short curves for potential dating, with less than 

100 rings, and indeed many of these still remain undated; it is 

essen tial however the. t they are examined. Such im:1a ture timber 

forms a la.rge proportion of ctrchaeolo!,;ical material, and has on a 

number of occasions praved extremely informative (e.g. Billam & 

110rgan, 1979). 

The presence within one excavated feature of boards both from the 

same tree and of unmatched boards with different growth rates 

sugCests either a variation in the original sources of material, 

or a certain amount of reUS8 0 Sufflclent 8a~ples were exa:fiined 

from context 41-54-12 to illustrate this Doint (Table 2). The 

grJu-p al ready men tio:n ed, 0 f 6 bOGrd s, came from a 810\':- Gro·,';n tree 

prab,·.bly more than 250 ye;;rs old and :nore than 300:::m in diameter 
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(based on board width). Loards Band P CO~B from a very slow­

grown but more sensitive tree Over 350nm in diameter. The very 

narrow rings of both these trees are indicative of the stress 

conditions under r~ich they ~rew, perhaps on higher altitude 

hill slopes or dense forest. In addition, there are 9 other 

boards of varying type used in this feature, of which two 

have been dated; four intlude large amounts of sapwood and 

suggest trees of the order of ~OO-120 years of age, perhaps 

250mm in diameter, and with greater average ring-widths. 

Resulting from the exalnination of the oak boards are three mean 

curves (formed by simple arithmetic averages of the i"dividuals), 

one of which has been dated absolutely, ~nd numerous short 

undated individual curves wlltch do not match each other or any 

reference material available. The reasons for this lack of 

correspondence in the growth patterns are not clear, although 

similar problems occur regularly on urban sites whsre extensive 

treG-ring wor]t is beillS carried out in nedieval le~els (e.g. 

York -Hillam, 1979b, and London - Hillam & ~iorGan, 1979). 

Possibilities include: 

1) Varied topography, leading to micro-environmental conditions 

and thus considerDblo variations in tree growth even within a 

2) The import of timber from other parts of Britain or ~estern 

and Korther!l ~uropc, Wllich beCnn!8 widosprend by the medieval 

period. 

3) The reuse of timber taken from dismantled otructures. This 

is clenrly the case ~ith the 11th clfitury ti~ber8 in menn curve 

1 \'Ihich were dil'<covered in much later contexts. 

Ti:nbcrs from a nu:abcr of Devon cruck-frt.med buildin3s ore :'lso 

currently being exn~ined (~organ, unpub), nnd they too are 
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extremely varied in Growth rate and are as yet undated. Otherwise, 

thD area is unknown dendrochronologically - no modern growth 

curve. have even been studied to ascertain over how wide an 

area cross-matching might be possible. 

A description of the three mean curves is accompanied by bloc~ 

diagrams illustrating the relationship of their components 

(Figs. 2-3) and tables listing the ring-width values (Tables 

5-7 ). 

Mean curve 1: this is based on 10 boards. It extends over 248 

years and details of the boards included in it are found in 

Table 4 and Fig. 2. The curve was absolutely dated by excellent 

matches with curves for Trichay Street in Exeter, Dublin and 

South-east England, for which the t values are given in Table 8. 

It spans the period AD 775 to 1022. The table lists 1 values 

also for matches between Trichay Street and the reference material, 

which introduces different relationships. Trichay Street shows 

an exceptional match with Dublin, particularly when its length 

is taken into consideration. It also shows a much better match 

with York than Goldsmith Street. It SDoms likely that the timbers 

on each site came from different sources. 

Compared to the other two @ean curves, moan curve 1 has a very 

variable growth rate and thus relatively high mean sensitivity 

(Table 3). 

Fig. 2 illustrates how tho fe111.lg dates of the individual timbers 

are ascertained. The amount of preserved sapwood is shown by 

hatching. Oak ,capwooc! maintnins a fcirly rcgulC'r width of 

about 20-30 years, clepcnding on tree D~C Ul1d avcr~IGe ring-wldtll, 

oud GO the :!Jresence of only one S{:I~i'lood rinc 31101,'/8 ::;n QstimLlte 

of the ~~:)roximate ye~r of fellillg to be I~ade. Tho dotted lines 

OT! ?ig. 2 indic2te the esti~1ntsu a::;o:'Llt of sD.~-":.'ood. 

30~rds 35-40-2 AID retnined 11 sopwood rines, and the very mature 

tree in which they or1cinated was probably felled around AD IO~O 



(the feature in which they were foun,l, F201, \'iDS uC1teu ('TchncG­

logically to the 15th century). Of the 49-36-6 group, only 

bODrd A has D tr~ce of sapwood which datos tile felling of the 

tree £lso' to around AD 1040. The wood in these two feDtures, 

F201 [mel F217H, is thus conte'''90r[-,ry "lmost to the ye8r. It 

should be noted 81so that AD 1040 wns the estimated felling 

date for timbers from F320 nnd FYI7 at Trich[lY Street (Hil1am, 

1979a) • 

Board 41-54-12 C has 19 sapwood rings nnd an estimated felling 

date of c. hD 1020. BODrd R from the 6amB context was 

probably felled after about AD 10~0; the 

minimum amount of missing wood is inciicated by an [3rroW', in., 

Fig. 2. These tilnbers may also be evidence of 

reuse,since the well in which they were found may date 

archaeologically to the 15-16th century; further evidence 

would be found if mean curve 2 could be dateu. 

Board 47-40-14 also Incked sapwood and the tree must have been 

cut after about AD 980 - it is impossible to estimate the 

auount of missing heartvlood and to determine hal',' soon after. 

Mean curve 1 thus comprises a series of timbers all from trees 

felled in tile first half of the 11th century, but found in 

much later contexts, the implications of which will be further 

discussed below. 

Mean curve 2; this curve of 167 years is calcuLated from the 

rins-widths of 6 boards from context 41-54-12, all af which 

probably originated in the same tree (see Fig. 3 upper and 

Table 6). The curve has a much lower average ring-width and 

mean sensitivity than curves 1 and 3 (Table 3); its less 

variable [rowth pattern is of the misleading type which ~ppears 

to match in several positions, none of which can be proved with 
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certainty. As a result the curve has not yet bonn dated. 

Mean curve 3: this curve is based on 6 boards, probably from 

4 trees, which were found in different contexts (Fig. 3 lower). 

BOe,rd8 4l-40-ljrnd 43-38-11 came froln the 82,lO8 tree, as do 

1,3-40-9 and 43-1,0-10. The two boards from 41-54-12 retain 

most of their sapwood, suggesting felling dates some 10-15 

years apart. Several other curves fro::; Lois same context 

demonstrated very similar growth trends suggesting contemporaneity, 

but certain cross-matching bas~d on year to yeer variations 

was not possible. 

Severol possible matches of this mean curve witll mean curve 1 

could hot be confirmed by reference back to the individuals, 

and it has thus proved impossible ns yet to dnte mean curve 3. 

The remaining curves which are not included in the three mean 

curves consist mainly of shorter seriea of less than 100 years 

from contexts 1,1-54-12 and the 1,3-1,0 arec.. No cross-Inatching 

could be found betwecn them or with reference data. Boards 

41-54-12 E/P (from the same tree) provided a lenGthy curve of 

ov~r 200 years, bfit the extremely narrow rings could not be 

resolved in places. Two 17th century tilnbers, 39-74-2 1 and 2, 

produced very suitable curves but gave only inconclusive matches 

with reference data. 

HillBm (1979a) also found nt TrichBY Street that two distinct 

groups of material were apparent - lneRD curve 1 closely resembles 

the Golds,!lith street ",ean curve 1 (dtstinz;uish',d as 'l'S 1 imd GS 1) 

and tile Dublin chrolloloCY, ~hile me:ln curve 2,b{lSed 011 n group 

of ~uch yourlGer ti~lJerD, is ~orG closely lil:ked to tile Gor~an 

referenco c::ronolo::;ics. 

a variety of sources for tIle tinber. 
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Results on the beech boards 

The three beech boards from the 43-40/42 area proved on 

examination to show very clear growth rinss which could be 

measured without difficulty. The only problem noted also in 

Germany (Hollstein, 1973a) was the occasional extremely narrow 

ring, barely present, which could not bp followed round on the 

thin boards as on a complete trunk section. The two examples 

here were located by ieference to the other sections. 

The almost identical growth patt~rns sugGest that all three 

boards originated in t~e same tree; board widths of 8-12cm 

indicate a tree over 25cm in diameter and probably in excess of 

100 years old. A mean curve of 76 ye2rs was calculated, the 

values for which are given in Table 9. 

9 Beech is not widely used as a building timber in Sngland; 

Salzman (1952) records its use as laths for plaster walls and 

boards for,fittings and arches, and several 13-14th century 

documents mention beech wood. As a tree, its natural distribution 
(Racldwm, 1976) 

in Britain is confined to the south, although today the planting 

of beech is widespread. A beech plank recently examined dendro-

chronologically from ~Ion~gate in Hull (Hillam, unpub) may have 

been imported. 

Beach wood has been studied dendrochronologically in Germany 

where it has proved poseible to establish a reference chronology 

back to 1684/1654 i" the Spessart/Slack Forest (Jazewitsch, 1953), 

and back to 1320 in the Saar and Moselle areas (Hollstein, 19730). 

The wood used for roofing 'slntes', as cleft boards 8nd 

ClS pilcs~ 

'rhe Germn!l beech ~as found to be Guit8blc for croos-deting over 
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than oak i.e. its erowth rate is mucll nlore r8Goonsive to 

climatic and environmental change, and figures in Table 10 

compare the Exeter beecb curve to the two published German 

sections. The rings are wider on averaCG nnd the mean 

sensitivity high in the Exeter sample. ~~an sensitivity of 

oak rarely exceeds 0.25. 

Partly for this reason, beech may prove difficult to cross­

date by the techniques used for oak; the CROS computer program 

(Baillie & Pilcher, 1973) may not be suited to the high mean 

sensitivity. Nor is any information available on the quality 

of cross-matclling to expect within and between regions, based 

on the study of modern trees. 

As a result, no certain dating was possible for the Exeter mean 

curve, compared to the German reference data and the Hull curve; 

however the floating curve may be useful for comparison with 

further beech material from the Exeter area and its establish­

ment has provided valuable experience in analysing this wood 

species and assessing its potential for the future. 

Discussion 

Results of tree-ring examination of the oak and beech boards 

from Goldsmith Street in Exeter have added further evidence to 

the information from Trichay Street (Hillam, 1979a) that timber 

was being used from a variety of sources. This is ~erhaps not 

surprising in view of Exeter's importance as a port. Timber may 

have been brought in from around the British coast, or carried 

from Western Europe. The main area of contact suggested by 

the pottery was France, and much of the timber could have 
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originated as barrel staves from the import of wine. Such 

transport would result in considerable difficulties in cross-

matching and dating the timbers from a site, as here. 

The dated mean curve 1 varies in the degree of similarity with 

reference chronologies, compared to Trichay Street mean curve 1, 

so closely linked to Dublin. The GS curve matches slightly better 

with South-east England and Germany, but hardly at all with 

York (Table 8). This also suggests that construction on the 

two sites involved the use of boards brought from unknown 

sources of both primary and exploited woodland, to account for 

the variable growth pattern and rates. 

Timber which could be absolutely dated proved to be much 

earlier than the contexts in which it was found - usually 11th 

century timber in 14-16th century contexts. Dating of pits and 

wells from the archaeological deposits is always difficult • 

. Later reuse of suitable timber is a possibility, assuming a good 
decades or even 

state of preservation after several/- centuries. The presence of 

many timbers out around AD 1040 could indicate the demolition 

and robbing of a major building on the site, ucing probably 

already ITaterlogged boards again for lining pits and wells. 

Despite the dating problems, the mean curve 1 has extended 

the Exeter tree-ring chronology back into the 8th century by 

some 35 years. 

Ac~no~led~e'lients: the 8llthor is ~rnteful to Jsnnifer ~illaln and 
John Collis for commenting on this report. 
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Fig. 1 Sketch diagram illustrvting the microscopic 

Fig. 2 

structure of oak \'Iood, with ee.ch annual ring consistine; 

of larL8 spring vessels and dense sumMer wood. Th~ tree 

trunk can be ol~ft(or later sawn)in a number of ways, 

often making use of the rays (which rUn from pith to 

bark) along which natural splitting occurs. These include 

thin radially split boards (A), thicker tuncential 

boards (B) or quartered trunks often used for beams (e). 

Tho outer zone of sapwood wvs often trirn~ed off, but its 

presence is vital to accurate dating of tho tree's felling. 

Individual curves included in mean curve 1, which 

extends froID AD 775 to 1022. Hatchillg indicates sapwood, 

dotted lines show the estimated amount of missing sapwood. 

Arrows and + give the earliost possible date the tree 

could have been felled, if no heartwood at all is missing. 

Individual curves inCluded in mean curve 2 (Upper) 

and meiJrl curve 3 (lower). 20th curves are undated and 

the scale is in arbitrary years. Hatching represents 

sapwood, dotted lines estimated sapwood. 
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EXETER GUILDHALL SI'rEj GOLDS;;ITH mnE'r 

, GS sample 
number 

35-40-2 A 

B 

C 

D 

39-74-2 1 

2 

3 

4 

39-80-9 

1/1-40-12 

41-54-12 A 

B 

c 

D 

E 

F 

No. of No.of Ave. Dimensions Sketch 
rings sapwood ring cm 

rings width 
mm 

248 10 1.09 26. 5x1. 5 ~lin)J1JJii1JlIJ 111l1ll11i same 
D 

60 12 2.0 9.5x9 same 
C 

1/5 2.13 10xl0 Rl 
181 ?edge 1. 05 23xl aTIjprtPllliIIIIIIJj) 

mYffJJJll1JJ)J1l[§ 122 1. 73 23x2.5 same 
4 

118 1. 97 26. 5xl. 5-2 I~ '....."... y~., . same 

3 

112 1.91 27xO.5-2 ,amIlIJll1lll11M 

116 1.68 22x2.5 WlM&11jJJJJJjjJ} 

-/:' . /. , 

54 1. 78 8.5x6 '" '.-",'-.,-

radius 10.5 

76 1.8 14xl pnrllJlfilllITlIlI 

84 0.92 7.5xl ~ 

200 0.71 14x2-3 -l~ = 

98 19 1.16 12xl-1. 5 ~i! ill. i: 'jl I" t-h. OJ.. 
~ .......... .J-

69 1.1/2 10xl. 5 . ~ aif:TI ';;JV r {JBt:~: _'L. 

135 0.91 12xl pl;gfhljJ 

101+ 0.81 8. 5xl. 5 I~ .~:;;;;~~ 

tree a, 

tree aE 

tree aE 

tree aE 



41- 5/1-12 cant 

G 46 1.89 8.5xl /;Jlifllrr:ffi 

H 106 0.86 9xl-1. 5 m-flllllJiJ 

J 89 0.91 8xl iJ11Hii/iJil 

K 59 1.87 11. 5xl-1. 5 lltiflItIImID 

L 71 15 1.06 7.5xl :fill11l/Hl1l 

M 56 1. 75 9.5xl fEtlbittW' 

N 95 15 1.08 10xl.5 .UllIW 

p 207 0.7 14x1. 5-2. 5 ~ 

Q 82 20 1.36 11x2-3 __ ¥~2 

R 130 0.95 14.5xl dllIT/ltNtIit1lli! 

s 86 0.84 7xl !l!fiii1I1i1J 

unmeasured: It4 8xl ilifIii.tf1ID complacent 

c.53 12.5xl-2 ~l) 

35 10xl-2 ~]jjfj@]ae wide rings 

55 9xl \1!lltffiiP complacen t with 
wide rings 

34 9xl ~ -
43-38-11 79 1. 78 14xl aillJfllilHffi . 

unmeasured 19 9x2 @1;[i{J pith with very 
wide rings 

1\3-40-9 2 B;:;;:;CH 76 1. 59 12xO.6-.8 CIILill!1lli3 

3 39 I 1.5/\ 13x/t ~\J . - .- '-".) , 



43-40-9 cant. 

unmeasured 

113-40-10 

43-40-11 

43-~0-19 

43-42-7 BE2CH 

43-42-8 1 

2 BEECH 

3 

unmeasured 

4.5-38-15 HAZEL 
unmeasured 

45-42-10 

47-40-1~ 

B 

C 

D 

F 

c.35 ? 

47 

58 25 

54 

44 

72 

47 

54 

c .If 7 

c.60 

63 

133 

103 

113 

126 

123 

73+ 

3 

8x4 

1. 57 8x4.5 

1.42 1~x4 

BJ!It£.--
/!, '. -1. 8 9x6 

1. 6~ 8xO. 5-1. 5 lflJ1/JllliJD' 
0.79 5.5x2.5 

1. 74 8xO.5-1 

1.07 6xl-2 

10x10 

14x1-4.5 

().86 5.5x2 

1.07 10x2 

fJFf[rfp 
~ 

arJIffjf!fllllJIJ C. 

1.3 17x1.5-3 ~ 

1.12 12x1 @liiIlil/lH/ll! 

1.25 14x3.5 

1.46 19x2 

1.16 16x2 

Table 1. Details of all the timbers examined dendrachrana1agical1y 



Boards: 

A,E,F,H,J,S 

B,P 

C,R 

D,G,K,L,I1,N,Q 

Extent in years/ 

date AD : 

167 

207 

I,D 85Lf - 1005 

(46-95) 

Average ring-width, mm: 

0.81 - 0.92 

0.7 

0.95 - 1.16 

1. 06 - 1. 89 

Table 2. The range in age and average ring-width of one group of 

material from context 41-54-12. 

Hean curve: Average ring-width,mm: Mean sensitivity: 

1 AD 775-1022 1.16 0.225 

2 0.84 0.136 

3 1. 60 0.190 

Table 3. Comparison of the everGlg e ring-rlid ths <lnd lIlenn sensi ti vi ty 

for each of the Golctslnith street mean Cllrves. 



GS sample 
number 

35-40-2 AID 

41- %-12 C 

R 

47-40-14 

119-36-6 A 

B 

c 

D 

E 

F 

no.of no.of 
rings sapwood 

rings 

248 11 

98 19 

130 

97 

133 3 

103 

113 

126 

123 

years 
spanned 
AD 

775-- 1022 

918 - 1015 

854 - 983 

859 - 955 

886,,- 1018 

912 - 1014 

901 - 1013 

880 - 1005 

882 - 1004 

73+ (c.900)937 - 1009 

estimated 
felling 
date 

c.l040 

c.l020 

post c.1010 

post c. 980 

c.1040 

f9.ble 4. ~)8tails of t~e inc:ividuD.l bo[--xds included in 1':0211 C~lrve 1 

which are absolutely dated o ~lle 6 boards fro~ context 49-36-6 

probably ell came fro~ the same tree nnd ti!~ estim.'ted felling date 



o 1 2 3 4 5 6 '1 3 9 boards 

AD '170 7.0 11.0 11.0 5.0 6.0 1 

780 8.0 9.0 9.0 13.0 12.0 8.0 10.0 8.0 12.0 6.0 1 

790 11.0 16.0 16.0 11.0 11.0 12.0 12.0 12.0 1'1.0 12.0 1 

800 13.0 10.0 14.0 10.0 12.0 13.0 11.0 9.0 15.0 13.0 1 

810 

820 

830 

840 

17.0 12.0 14.0 10.0 1'1.0 16.0 15.0 5.0 

4.0 5.0 8.0 8.0 7.0 '1.0 10.0 7.0 

5.0 '1.0 8.0 9~0 8.0 9.0 9.0 12.0 

8.0 '1.0 9.0 10.0 10.0 16.0 10.0 10.0 

5.0 5.0 

5.0 5.0 

7.0 10.0 

8.0 9.0 

1 

1 

1 

1 

850 10.0 8.0 13.0 11.0 12.0 13.0 9.0 10.0 11.0 12.5 3 

860 12.5 12.0 13.0 14.0 9.0 9.5 12.5 12.0 11.0 21.5 3 

870 10.5 12.0 1'1.0 13.5 8.5 11.5 14.0 11.0 8.5 19.0 3 

880 16.3 18.0 12.'1 18.5 14.0 14.5 19.0 20.2 21.0 12.6 6 

890 18.2 19.6 17.8 11.8 15.6 19.4 17.2 14.8 10.4 14.4 6 

900 19.2 16.8 16.2 14.5 16.0 15.5 18.3 15.3 11.7 7.8 7 

910 11.2 14.3 20.9 15.4 11.0 8.9 6.6 11.7 12.7 11.9 9 

920 11.7 11.1 12.5 13.7 14.1 16.5 13.1 16.7 11.9 13.5 9 

930 12.7 10.5 8.6 6.5 10.6 7.5 9.2 14.3 12.8 10.2 10 

940 9.1 6.4 6.0 5.7 9.9 11.4 10.9 12.9 11.6 10.2 10 

950 12.9 9.0 13.1 12.6 12.8 10.3 '1.7 12.0 12.5 10.7 9 

960 

970 

980 

990 

1000 

11.5 12.4 7.5 9.6 7.9 

13.0 8.7 10.0 8.1 5.1 

13.6 8.ll 

8.7 16.1 

18.5 lil.7 

15.2 14.5 8.2 

9.5 11.4 14.1 

20.4 19.4 20.1 

7.9 9.6 10.0 13.4 12.6 9 

8.2 10.0 13.7 7.6 12.2 9 

15.2 11.6 15.2 

14.1 10.4 13.4 

16.7 13.5 12.7 

12.5 

14.4 

13.5 

12.2 

17.7 

13.7 

8 

8 

5 

1010 10.8 10.6 11.4 13.8 10.2 12.0 7.5 10.0 9.5 7.0 1 

1020 3.0 7.0 7.0 1 

Table 5 Mean rine-width values (O.l~m) from A.D. '175 to 1022 for Mean 

Curve 1, based Gln 10 oak boards from the GS si teo 'L'he nu~ber of boards 

involved in each decade is given on the riGht. 



o 1 2 3 4 5 6 7 8 9 Boards 

0 8.0 9.0 9.0 7.0 7.5 8.5 7.5 7.5 7.0 2 

10 9.0 7.5 6.5 8.5 8.0 8.0 7.5 8.0 8.5 7.5 2 

20 7.5 7.0 10.0 8.0 5.5 6.0 6.5 8.5 7.5 8.5 2 

30 9.0 7.5 5.5 7.0 9.0 7.0 6.0 8.0 9.5 7 .• 5 2 

40 7.0 7.5 9.5 8.5 7.0( 7.0 6.5 8.0 8.5 9.0 2 

50 9.0 8.0 7.5 9.0 9.0 8.3 9.7 10.2 10.2 9.7 4 

60 8.2 8.7 10.2 12.2 8.5 11.0 12.0 10.0 11.0 11. 5 4 

70 9.5 10.2 7.5 8.5 10.5 8.7 10.2 8.7 8.2 10.0 6 

80 8.3 8.0 7.8 10.0 8.5 10.8 9.3 11.0 12.2 8.8 6 

90 6.7 6.8 7.2 8.0 7.8 8.0 8.3 8.7 8.2 6.8 6 

100 7.8 9.7 9.5 11.3 11.7 8.6 8.4 9.2 10.4 8.0 5 

110 9.2 10.6 9.6 10.0 9.0 10.4 9.0 11.6 9.8 8.4 5 

120 9.4 8.6 10.4 8.6 9.4 7.0 7.4 7.8 9.2 9.2 5 

190 8.0 8.8 8.8 8.2 9.0 9.8 7.2 6.2 5.3 5.7 3 

140 6.0 6.0 7.0 8.0 8.3 8.3 10.3 7.3 5.7 7.7 3 

150 7.0 8.3 7.0 7.3 9.7 8.0 7.0 6.7 7.7 10.0 3 

160 8.0 8.3 9.0 10.5 9.0 9.0 10.0 8.0 1 

Te.bl e 6 Hean rinG-width values 10.lmm) for the undated 167 year Mean 

Curve 2, based on 6 boards from the GS sits. The boards probably all came 

frOM the same OJk tree. 



o 1 2 3 4 5 6 7 8 9 bODrds 

0 40.0 33.0 39.0 32.0 46.5 36.5 39.0 38.5 36.5 
10 21.5 30.5 37.0 2i t .5 23.0 18.0 26.2 18.5 17.2 21.6 
20 12.7 13.7 16.2 13.3 16.0 16.0 16.2 10.5 10.0 13.5 
30 15.3 11.8 12.0 15.2 16.2 15.6 15.0 14.8 16.0 17.7 
40 12.8 11. 5 11. 3 15.0 23.2 16.3 16.8 18.0 12.5 9.2 

50 15.2 14.8 15.2 14.3 15.2 10.5 11.2 13.8 14.3 17.0 
60 18.4 14.6 16.2 11.0 13.0 11.2 11.0 13.2 11.2 12.2 

70 7.2 7.5 10.5 10.0 7.5 8.2 10.7 9.3 10.7 10.7 
80 14.7 9.3 7.7 - 8.3 6.0 6.5 7.0 7.5 11.0 12.5 

90 14.5 13.0 14.5 l il.O 15.5 14.5 15.0 17.0 22.0 19.0 

100 13.0 10.0 10.0 8.0 11.0 13.0 13.0 21.0 10.0 15.0 

Table 7. rean rin5-width vnlues (O.lmrn) for the undated 109 year 
~lean Curve 3 b8sed on 6 oak boards from the GS s1 te. 

2 

5 
6 

6 
6 

5 
4 
3 
2 
1 

1 



Guildhall Goldsmith st 

mean 1 775-1022 

compared to: 

Trichay St, Exeter 

811-1216 
(Hillern, 1979a) 

Dublin 

855-1306 
(Baillie, 1977b) 

Belfast 

1001-present 
(Baillie, 1977'1) 

Lloyds Bank 
Pavement ,York 

778-956 
(Horgan, unpub) 

South-east England 
(REF 6) 

780-1193 
(Fletcher, 1977) 

Germany west of Rhine 
(Trier) 

822-present 
(Hollstein, 1965) 

South Germany 
Olunich) 

832-present 

(Huber & Uiertz-Siobenlist, 
1969) 

t 

overlap in 
years 

6.70 

212 

5.12 

168 

no ovarlap 

0.48 

179 

3.53 

201 

2.02 

191 

Trichay st 

811-1216 

t 

overlap in 
years 

13.12 

362 

6.49 
216 

3.50 

145 

4.88 

383 

2.08 

394 

1.68 

384 

Table 8. Quality of cross-matching between the two Sxeter curves, from 

Goldsmith St and Trichay st, and reference curves from different parts of 

Western :;;urope. 



o 1 2 3 4 5 6 7 8 9 

0 27.0 25.0 1805 17.5 22.5 17.5 19.0 10.0 10.0 

10 16.5 13.5 33.5 3005 30.5 22.5 14.0 15.0 10.0 21.0 

20 6.0 12.5 16.0 28.0 13.5 16.5 5.5 5.0 9.5 9.0 

30 8.0 12.0 16.5 14.3 20.7 19.0 16.0 18.3 20;7 23.7 

40 33.3 23.3 28.0 8.7 13.7 13.7 19.3 25.7 17.3 21.3 

50 17.0 13.5 8.5 17.5 16.0 15.0 21. 5 24.5 8.5 13.0 

60 5.0 8.0 19.5 16.5 17.0 6.5 7.5 11.0 3.5 3.5 

70 7.5 8.5 15.0 n.o 19.5 21.0 20.0 

TGb1e 9. 10(,an ri.ng-wi.dth values (O.lr,m) for the undated '16 year' 

beech c)lronology, bosed on three boards from the GS si.te. 

boards 

2 

2 

2 

3 

3 

2 

2 

2 



Curve: 

Exeter Goldsmith 

Street, 16th century 

Germany 

1320-1543 

Germany 

1560-1780 

Average ring-width,mm: 

1. 59 

1.26 

0.81 

Mean sensitivity: 

0.365 

0.252 

0.407 

Table 10. Details of the Exeter beech mean curve compared to the two 

published sections of the German mean curve (Hollstein, 1973b ahd a 

reapectively). 



~-.. ~_-- EX-. GS 
~~15I,cc, [- -. .-_. - ------ - .. _"'C'o-c:c:c,o=-=,cc __ . 

co--'_60.,{ -"_ .-- _--'OO···~',"-~ 
~-2?-~7n '-"27 --? 5--' :'~-=---Z7i-=--:--Z::(-o-Z":-)=1 D~rr-7-r:f('---3 t'-1-"'-"----ir;-c 'r(;=, ,T - '-r:~~F:.f--~----=t7:oco::~ofi-.-:..-1-=-fO-='<-"'-'-

_.c-'Cc 1 3-' 41 n_- 19 22· 21~16.-14'-1 5 _-I 'D_H,-.'_" L 19_ 19 n _2 ~- 18. I ~.-:2] -21:-,2 ~E3 3- 29-: =--='1--)''--'-10'-'-'--6 15-;:'~ 9 '-, r,-=--, '----'--i:f=~f;lt o-,:,~-:,,-~---'.-=-----"."-'"'------'-' ---=-=--- __ -'--~ __ :.:~ _____ -::-~-="":'~:,:-_'~:'....:C:::~=-~~_:.:~.-

_. ___ fY. GS.- --.c:-- .--. ---- ··".:~~c'~~.2;:B~~C:;:;;:";i:._c ---3" 7t.~'-~-,---~-·----- - - - '. -- _._7'._.'-'-OC"~"':C._O --'~----.• -.----.-.--.--

_c-C".122 .-------- ----.-- . ... ... -
~s r,;>~',' .:!j-~4--'9-'~-,;f-2~c' 'c~fr:·~-·11c+~.,'"'_'2 0 '21 " ,;·,,,-1 \)-'Y~- 'r.f"1-,,--;'2 0"'1 F.'1a-'~ 
- . 23 212 ~23 -, 0 1916 lL ~:LfI,141 6.20 2 n'9 \ 5 20 20-'· 20 - 26"2S:~ ti-.c2L31~ ___ =-i 

- ---'---="2(\ - ~ (l 1 6-c--l1 -~tt:-4-~--~ 5- :~-d-o~~" -~':---'-:~-5::-?9;-::-lt j-O __ , ';"--2-4 "c ~ 9--'" -- 2 5=--' 7- - 7 -'l4-=--=--7,-,-o,-tJ=t1.=R 
16 ~ , 0 10' 8· ~ 14 HI __ tjO-.14: qco 1 (f::,lT 1 ~: 12:13, 17~ 4 1 C 9' .~8H-jCl U=14~tQ_-:--'c:o~------
,4TCP l1R--~-11·Fl-·T-~. 1;-~1r1r-l~~~3=\t-~.--15-?O~14'7 11 ..... - . 

__ EX, GS ... _-=-c,_c~__ __ _ .. 
~lr;-rO~~ --~--

~~-j~t}~~~;2 ;!: z~;;~~-={~~~~\q~~:~~~~~7~::~:-b ---?t~i~~~~-~-fi~~~~i::;~~fhTs~~~lWz~=-1~if:-~~~; 
=='~3 2'';'>:29,:1?~ 23:3Q··-R3.c2LlL3nn821b=?'l--- 2 ~T6E3 0 ':--2926,-27;;3 e2~~:;-.5!~-n~~lE:-~~~ 
=1 !;-T;>~r3-23 -;>t';,f~g'2-,=-~rl<'=p -, 7~1f 1 ,.-, :;--, 3-f'~1 .~-15-ii-=n~7-'!f'-'z;-'~-~ 

~=:-;c~_: __ ~ ~~~_~ ~ ~ ~--~~-2 _ ~ ~_~~{ :-~ ~ ~+i---·~~~-~~~-t2 ~~-~ 1~ ,--; '-'1 ~ --_~~_~ :0- ~ ~+ _~ _~ . ~_ ~(~~_-?}~~ 1~~1-l.~) ~;~~~~~-~-~--~~~:-

-'''':~·Ji,~~~G~=-.- .----~----~----- .. ~.- .. ~~- ~-".:::-==--=-=--=~ -
54- . ---=--- -

-I.-f-~:;:-r.-~~ 1 (' '1 5 - ,-~-- ;-r:-i-Z----2';'.=--;- ,--'0-(, ~~ (.-~'- ;~i~~ '1-:' ~ 21 ~-:> z--' ~ !.; ~ r: -, ~-~ ~t-- -;-3~R-"~0-ffJ-~~r-~-~------
___ ~.1~'-~i..~; 1~_=_~? __ 1?-=_1l.:.~2. lri)~3---~;,~8 70' 26,21 (3 ~~ ~5_1l, __ ,',~Jl-~=-t~~6~~t2~~~,~' 

, 'f 

n: Gf. '- --41-4;:-- 12 ------, ~ , ______ c __ :.=:,--;;--;0==-_',=,-0=.=;= __ . 

i'6 "-- . " ,,--- :-- -', 
(.(1 ~~-3r; 1~-41 " t.~-~'6' .. )-~/"i---Z~--)3 7".:"·7'1--~~:::-i5-~P,~"7 ;4"'" '~' g:;~o'_,_5"-\':':::':~~~r-2~:.O":"~~:~' 
,71n ":' fj 14 1~ '\5 is 17 2"; 22 ;;', 24 2t; 1:;' 13 ,r: 1~ 2,,-17_ 18_'::-_',9:--11 ~~ 9,,--,: 

'-:'O'1":"i3 19 ~? 1i,-~4 '15 F7--~r 13 1)'-'31(1' i1 '1"2 14 'I1--,C--=---3-'- "(-~9-=-7~"t-'-=~f=-:-'''';-' , ~ , 

Exn- Gf, 
4154 12G 
2 I) tl 

-----0--==---::-::.=:.=-=----'--'---_ .. 

16 1! 12 7 13 C' 11 {j fI (\ S 3 S ~ f; 6 (, ,oJ 13 5 9--= '_6:~ :l;::- 4'= :- (l 
f" -" 6 () 3 --:. :: ~ 7 --.,------'--.,-' 6 --~ I, li-'----'--'I,---' 4 i. 4'-' '5 '. - T---'--s-=---·=---l-:- ., 
5 4 5 '5 5 ). :) 4 It { .. , 4 ' (: n r; 6 ~ :5 'i ') ~ ... ;';' 6~'-' 4 5 

4 :~ '. l-t is'-'--) 5 '-/. It" 1,- ,r - t; 5 t. tj '} 7 [i S ) - S::------O-6-----i) 

7 6 ;- 1? oJ 8 () G 11 1 0 f) .., 6 9 1 n 1 2 1 2 11 1 (} ,- fl b--_ 7 'I; 
I 0 1 2 /I \ I, C 11 13 P" H - , , e, <) 9 1 e ' 9 7 9 - 0 - w- 7:~7--

., , 3 It 5 l. 5, ? <3 ~',', 6 " ?' ( 'j, 7 ;' 7 n n 13 5--,-9, H,' _',~{t __ '~J5 
,\ 1'(1 'l:r'---,-1-i1 -'Ij'-- l'i:"o'~-=---f,'-f\1"" -,);0 7 'A -12'--0-- F-.,"'-..::'jf-=-=----a=---==-g'----==--=---1'ij 

n: 
=-'-'--1~15,' .. 

,) 

__ (,9 , . _ 
-----'::~-1~--26 ~r,--~7'-~~ ~2 ;:7"~7-rr-"-T::;-~~-9' --:'11"--2/. 11-,3 ~(\ 

" _ 1 'I r. 1·/ 1 5 1 2 1 ~ 1 4 1 (. 1:1 ~ 3 1 ~ 1 [i 1 4 :) a 1 n '1 f! 
-- 'i ~.: 12' .~ 11 ~i'1f) 7' n '1;'--=--S~c'-li--·)--·/. 

-=-=- f:i~ G~·' ""_ --, ==-t-i'S r.-~ 2 (,--'--,----=---~~-==- _'--=-------O:=_---=--=-=:=:;' .,--'---------

=',:~' i~'(, _ -_~,--~, ,~. _co-,: 
~ 3 n'n-f3~~:19--:; ;'~;;f--;1~~~:;---7r.=Z·;'c:Tt=~r'7' ~2 ? n 1 ~ I" -117 ;> -:I , ~-lrc',Aif"-,~'c~ 
=,'~;-=1.L,:.C.6> i 4- 1_3' ~ ~)_~~~t~~~J ~~-,r:j-'~~ ~)Z~!:.~t:,~?;~J~~~S_: 1 ~ -14,17 1 ( 17 13 1,~,_11.: 
~-- -~ ,:-- -- (j ~;--'. --'-

c'[jfH.,~ ~-!tL(?, t~",~ ~='~-~' _'_-.:.-.~~:==~~- ---~_'O._'---'-_~=___ __ ,c-"-~:c:..... __ ,.=_"~_._ 

=:-:--o;~1 >1 ~. ~~~22: '2 ~.~';2 0 1 t)-F~J=~~'6_, ~ ::C_.2-l,=,::3 i ~19", 1'1 1 ~ - 21 ,~f\ --'?I? 2~' 31, 30 -? :L:.tIl-== f' ·So- 1 9,-'-t!'1 ,.,i -
.. - {\p ~ :'--'T 4- -flj-'c l' f'·-'r~'.c- F'--l'-3' 'fY;-C- '-f'..:;.-T'i=-~_.;7.'-'·-i 2 ''-'-/,-'---1 3 13- '1"1 - ~: ~- 1':)- " ~-, i-f 4'-- ? Tl-'----'-2 r.-"'~j-==-' 

~~:-=:tl 1 ~-~-t7 ---i3 17. 16-':'Y5-:--~r6' ~,=-- .. ::. 
-.,." rX--- r: I) - -----"""------- .. '---,,-----'-"--'---'---'--'-=--=-=-'---"-'.-'- ,-=,~,~ -----.'---

:===7r.-15t~--'12 e~--:=~::-:-~-~ ---- ,-, ,--=-,;,=;-:--- -~--:.== __ ,_ '-, . 
-----;,~ ~=. ------.,-' '---'---=--==------=-'::-:;;;-.;-=-.-:----=----=-::::---=--::~.~~'-=----,.-;- -- ----~ .. - -----_.-------

:::~:;:,~:--9-:~~,g'- < 3 _,' 5 1 1,_ f~ ,.")_ -'-; -- "r0 -~ to:-'- S--:-:7-- 7 - ~ ,11 1? 11 1" 6 12 (Y' -, 9 "-',-9 : -8 7 
-------;'-- .j----,~--- :' --~)'--/~7;" c_-~-- "1> :':-~- r=";'--'c:.n''--:.o: '-;. '\ ? ---- t. l. I.. 5 7 ?-'-i-S-- -'-'--1- 1 5 , 7 -, 

~~~f._~::--t~_'-'16:,:13Z.~24'.::-1L--·1~-t~,~~E~~'~~~A ,~i~~('-,:_~~_2~ 11 16 ":,,; ~~ 11 ,S '~,,~~-=-~-,-~o~,_, 

. -

~~~'-(,-~1,.5---:~!J-AQ::;,;9;_r~~1~~)3 '~'S:-j~==-~JS_,'tE'---15:-1'" 14 11 1~ 1~ 13 ~/. ~2:' 17 2'_,21'-=2;'o.:,,~-' 
;," -:,-:r-;-:-:--~-""'-:"'-------":'---~r:r-~-~--~-~~---'r-s-~-::-~_::;-c''1'':-'i,.- i7" 1~ :-,-~;, 15- ~f--1':\ '~)-'f7 ':~r.c,=-

~-~ 41~5_~ :~--<~i-':="-- '="'~-
=::':f'-~-'--' ----=------=-----'---'~, 

,""="=------'-::-.:CC'_-==-:-=-:=-- - . - ,---, " 

-, . .;:.~~~====-:;-:"" ~---
- -- ,- - ,-'- --------------- ---,-

c~:'_:"I~c_T2c~gIL-12TFT~ t\f~·EU-cn-~E'l 2iF25 ,3_'1; ~Q 18 1~' 12 VLY,'-ll 1S­
-_.- -~::.-- ~'r----::::=----r5 -~7'-----:-...,/:"~--.;-'y\:'-~;' -~ 7'---i[:'''- ';'='( -~'r.-::t.'. 0-'-1.,,\ ') r 7:::"'~---" 1--"'-7-

cc -ro 

H1Badnell
Text Box



- -- "5° 

li~1"' 1 Q 13'16 
~1~?15 614 

f; 1'(-"9 --- -g=_;o-~ 

'1'1 J'? 1.S3 15 19 1/1 14 1n ~ ~r. 17.13 11. ~(, 1t) 12 1~ 1~ 13 
---f,~-~.'i-2"11('--1)-"'~ ~2 ~(, ~r) 1/;--"-'-;---1,:' ~t.. ~,/) 

~::: -- \j S 
-Z;rT,r- - -, n 

4 7--~:..~_-"_ 
'--17-~--f---"15-1r; 14 11.-·lfr'-1~'-11-;(;\--=-5-1\-"6 1.'. 1r; 1n 17 1/~ 12 

_ ~_ ·-1 ~'-- ? ~ 1 r. 
~~-' -.-- -F.-~: - oj S . 

13 2~ 1~ 16 21 22 is 1"~ g 1 15 16 'n ~O 23 

2,Y -·W'-=7---·-R=--~- -

1 5~" " 6'~' 8 
'I>-n-rri 1 

- -------- - .. , --~ ~ 434<'_. ~.11 ________ -_~ = ___ ._.=':-;-:::o..:-__ ..-:=..::'~~~~-::::... -- .. S'jf 
--,(l ~:: 13 11 ::~ 1/. 
~-1T.-~~--" 16 11 ~"7 -'T--;TiZ'-- n-

" 13 10 15 11 1? 10 0 11 15~1Y 1'8 l~'1'1='41?::,c 
1r)---'-~-1;-i-5-?'~ 'ill -1-J--~5 1.1--13-1t..--·f, 1T:r1:='r'4---"--1j~'-------~--

lIt ~;l 14 
0_ C~ - --F-~.:-_o-:c-G!: 

,4~~(I __ -_,9-

J5_ 16 1 Q ;~ f) '_Z ____ _ 

---2:B. 10 16 ;~n 17 10 21. _2~ "1~ :>~~-23 F(--'ti-11 1~ ,S-'_1.~ 11 25_c 15 '8 21--1~'-13:;::1'u=-
=-=---"-:.:- : {---: ,--- l (I' 1"2 - - G ~-~--- I? r:-- ~ T-~ r, -1 4 1 ~ ::.0,--; ---'~ ." -ci-1":- ..,'--., ,.- 1"" - 7.2-=--, to:., (, 1"'7"-'----2 ~-~--t=,r_=_----,-----= 

-'-----Or: }~-::.-~~-S 
4342 -r.: .. 1 

-- - ;1 ... , ' 
10 1;; 12 1') 10 10: 

-- ---, ;', - ,., --- 1/ 1;Y :; - -~" 

9: ~ 5 0 6 ~ 
--F-~~ -- fi:;-

a t1 q 
r:-'-=- ;:, ---' ;, 

r> /)~, ~~ 

---_=-_. _____________ . ___ =---=---'-----_----'---"---==o--:;-~_"'__-____=_=__~ 

- ---:=:~~--:~--;--=~:- . 

-- --

_43(~L !1 .. ;~ 
~~--------. ----

; 1 J 7 r; !) 9 1 ~ ___ ~ 2 __ t~ :-'11-.1 2°'-.1 G 1 ~,,' 1 1·'1 "1.0"_':):- 8 __ 12_-16--~A4·~-o;:I tl:-:~1~~(~~.12~~=-~~-: 
- - --w---;- f1=-~)---=--Y\- :orl: -~-1-1--3-·-F--~ r--=~-,:--'-i- --rt"--- '[, --~-"i--- 1 t e--,,0 --i'7--"-{ -,--4-~:n-'v4j_-=rr_=r,_-f() - - .-

6 - (L_? , <) 
(----6" 

() _ ~ ~ - 9 '-7 _-~:- -9 --g __ --=-?-
- -------

/}PfP/!)/X ; iii/Ny l~!j)li/. (j/?WflJ (Z~/N-) fDA' /!V!)!V/j)l1'lL 
Tlf7&x:r f(;,(O'1 y('(})J/1/lij fl, 

(JITC.J'v7"rit; JIM/'Ll: NO'I 1110, C1' /Ji1/NUHt A'//\'F, Ii'liYr;-
i,//DIIIS) . 

H1Badnell
Text Box




