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Summary 

Tree-ring analysis was carried out on 26 oak samples 
from the Museum site. Thirteen were from the earliest 
timber building, dated archaeologically to AD 75, and 
thirteen were from piles which had been driven into a 
disused well of about AD 90-100. Eight timbers from the 
original construction were dated, producing a short 
master curve, 33BC- AD62. The timbers were felled after 
AD61 and probably before AD 98. The well timbers, 
however, proved difficult to date with poor crossmatch
ing between the individual ring sequences, even though 
many of them had bark or bark edge. Two of the timbers 
were dated, one firmly and the other tentatively. The 
former had a felling date of about AD 72-73, suggesting 
that felling was contemporary with the original 
construction of the fortress. 

Author's address :-

Department of Archaeology and Prehistory 
University of Sheffield 
Sheffield 
S.Yorks S10 2TN 

~ Historic Buildings and Monuments Commission for England 



1983-5 

Introduction 

l ,_,~~ 

" -. ," "'-- - .- .,"'-

'.l' -':hought 

._ . .c 
'.J; 

cor;"::;.-;:,-·uctiDn ~,t -the lE':;lGTl3.Y·Y fO-r-·t-f-·ESS, the -:S2cond QY'OUp of 

The1:-! W2Y'E- from oak ciles tl.lhich had been d"f'iven into B. well (1.1.1211 

2. ·;::·TDne the oi12"3, were complete stems with 

re-used~ 

The dendroch~onological work was undertaken to provide precise 

da.tes "for' the- tWG C'hases~ t .. )hil st the establishment of the 

ror~ress 15 though~ on historical a~d archaeological grounds to 

78. beel1 robbed at this 

f~r the C39rlecn fo~·t~ess 



A secDGdaru reason foy· the Caerleon stud~~ was that it offered 

therefoy·e rlad the potenti.='tl of or·oducing -d. tree-·('ing chronology 

from a non-London aream 

Methods -----

The samples were frozen for at least 48 hours. The 

c~"'oss-sectiQns were then cleaned~ whilst still frozen, with a 

SUf"'fOi"m plane which leaves the boundaries of the rings clear lid 

visible" The annual rings were measured on a travelling stage 

connected to -d.n Apple II microcomputer u..!hich automatically 

records the tLiidths 3.fter each r-·ing has been traversed (Hill am 

1985b", Fig 4) .. \.Jsually only one set of measurements u.1as made per 

sample'i' but \.i.lhere crossmatching proved difficult, a second set 

was made along a diffe-!~·ent 1"2.dius .. The two sets of measurements 

were then o.\/eraged (these ring sequences ay--e labelled M in 

Appendix 0). 

The ring seqLlences Wei"€? plotted as gra.phs, knol..iJn as tree-ring 

curves~ on tre,nsparent serrii-logarithmic paper to facilitate 

comparison between the ring patterns (Eck~.tein et a1 1984)" As 

l..L!ell as the m.anual COITlpa.Y'lson of onE' graph u..dth another", a 



compu~e~ progr2m ruas used as an aid to crossmatching. The 

similarity i:!ehveen two CUr--ves at each position of overlap, the 

~~esults- bein;~ ei<or"'essed <""'.5 values of Stu.dent~:::::· to' Values of 3.5 

or atEJ.'..,.'e r-Epf-esent .::<. mat'::h pr'ovided that the visual match 

l~Jhen a group of cl...w'-ves cross-match" their ring widths are 

averaged to produce a sitE master CUr-'ve a.gainst which any 

unmatched sequences are tested. The master curve is also used 

for-· compari~.o.ns with dated reference curves since masters are 

usuallhl easier to d.:3,te than individual sequencesQ 

Once calendar years have been aSigned to the ring sequences., it 

is necessary to interpret the tree-ring dates,. Where bark or 

bark edge is present., the date of the outer mea.sured ring 

represents the yeat-· in which the- timber was felled .. In its 

absence" the amount of missing wood must be estimated .. The 

Pt'"'esence of sapwood makes this pY"-ocess more precise since the 

number of oak sapwood rings in the British Isles is relatively 

constant at 10-55 rings (This range represents 95% confidence 

limits; for further details, see Hillam et al 1986). If this 

sapwood estirnate is added to the date of the heartwood-sapwood 

transition. the likely felling date range is obtained. ~~here 

sapwood is absent" the felling date is quoted i3.S a terminus post 

:::3 



ReSLtlts 
--~-~-

Timbers from the original construction 

:3amDles 21..- 30 2.no 31 were rejected p,->ior to measureli!ent as 

the!,,} had le-::;s than 4!Zt "rings" The rerrid.inder had 44-88 rings 

tAopendi;< A)~ Sa.mples 25 and 29 h20 9 and 1 ill sapwood rIngs 

, .... espectivelld'f whilst the heartwood-sapwood transition ITIa.y be 

present at the outer corner of 20. 

The cuy-·ves from ~·eVEn timbers (20<; 23~ 

cross-matched to give a total sequence of 95 years (Fig 1; Table 

1), and their ring widths were averaged to produce a master 

curve, Caerleon 1 ... J...Jhen the unmatched curves were tested against 

this, 2~ was also found to match (! = 4 .. 7)'1 but 22 and 32 remain 

undated. .. 25 was incorpora.ted into the master to give a final 

master eu"rve, Caer leon3 {Appendi}~ D). 

Ca.erleon3 WB.S compar""ed with all the available dated reference 

chronologies covering the Roman pe·('-iod.. details of which are 

given in Appendi}~ Cc Relatively hiqh ~-values were obtained when 

the master dated to 33BC-AD62 <Table 2). The Caerleon 

chy-·onology matched particularly well with ctrf'onologies froIT! 

London (City-Southwark - Tyers, pers comm) and from 

{'-Jalton-le-Da.le in Lancashire (Groves~ in prep) .. These results 

were confirnled when the visual matching Ij.Jas checked (eg Fig 2). 

The end dates of th2 ring sequence·3 vary fi-· ... om AD 34 for 23 to 

AD 62 foY' ?-9 (Appendi~< E,)~ The date of the hea'r"'twood- sapl.!lood 

b".a.nsitiDns of 25 and 29 is AD 53, and t~je possible sapwood 
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The da.te::::. for 

would become AD 62-i07 if the sapwood tra.nsi.tion wa!::· not 

present on 20)_ 

Timbers from well 2 

Since most of the sa.mples had Sapt.JoDo and bark edge, a.ll of 

them wei"2 included for-· lfte2-.surement~ Sample 2, hOI..!.Jever,! was 

rejected becau~-e its rings l..vet""·e ver!J. narrow and could not be 

measured with accuracl....l" The Qute"f' r--ings of some of the other 

samples (eg I,ll) liH::-re also ver~ narrow sa that the outer rings 

had to be counted rather- than measured to avoid distorting the 

accuracy of the ring ·record ... The nar}''''ow ''''ings often made it 

difficult to determine in which season the timbers were felled, 

but in most cases the outer ring l.!.la."!::_ complete indicating that 

the b ..... -ees were felled in winter or early spring ... (Details of the 

samples and the results are given in Appendices A and B, whilst 

the ring width data a·('E' listed in Appendi}~ D)., 

The samples appeared more suitable for tree-ring dating than 

the group from the or"'iginal const";·"uction: many had bark edge, 

and they tended to have more rings. However~ attempts to 

ci ..... GssITIatch the ti· .... ee-r"'"ing cu.rvE'S met with little success,.. There 

l.!Ja~- certainly no similarity bebJ..!een the curves wh(?n the various 

5 



, 
bark edges we) ..... e aligned 3-=:. wDuld be e;{pected if the timber ha.d 

been felled 3.t the same timE' from the- same area,. Second radii 

!J..IF\,,'e measured on sample-=. \.Liith the longest "('inq sequences (!,,!, ~, 

7~ 8" 9 2nd 13)~ but thet'e 'JJas still no a.ppar'ent fTiatching, either 

vi'::;ualll,d Dr :flhen the computer pr"'ogram was used. 

The curves were next tested aqainst the master Caerleon3 but 

there we,--e no obvious hiqh correlations.. ~~Jhen they we-r'e 

compared with other reference chronologies, ~ and 13 showed 

r .... elatively high t-values with some of thE ch'r"'onologies (Table 3). 

There is no doubt about the dating of '2-~ its rings cover the 

period 47HC-AD72 and it matches well the chronologies from 

London~ j'"1ancetter and ~·Jalton-le-Dale (Fig 2), although the match 

with Caerleon3 is weak <t = 3,,3) .. Bar"'k edge is present but there 

could be a measur--ement err"'or of +/-1 ring in the outer few 

rings beca.use of the narrotLIness of the ringsz Timber 9 

therefore was felled, probably in winter or early spring, in AD 

72/3 +/- 1~ 

The dating of l:::> is less secure. It gives t-values over 3.5 with 

Droitwich, southern Germany and two ctw'onologies from London 

when its rings cover the period 24P.C-AD32 (Table 3). It matches 

the master Cae,--leon3 and timber 9 with t-values of 3.3 and 3.4 

respectively SO~ although the corr"'elations are not particularly 

high~ they d_re consistently greater than 2 .. 5, and may indicate 

that the sequence da.tes to 24BC-AD32. However further proof is 

needed before this result can be accepted without r--eservation, 

especially as the -r"'ing sequence is relatively short (56 rings) .. If 
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t~o cOT!,,:::.iste'lt ('esults wer·e found fot-· thE ·remaining timbe"! .... sc 

Discussion .--.- .. ~------.--

The pr-·obable felling da.1:e range of AD 62-97 for the timbers 

from the original con~.truction is consistent with historical and 

e .. Y'chaeclogic.:\l evidence which suggests a construction date of 

about AD 74-78. Despite their lack of precision" the tree-ring 

results show tha.t the timbers could not have been F-emoved from 

the for ..... tress at Usk;- which was built ar""'ound AD 55~ since they 

l.lJere still gr·olL!ing in AD 62. 

The well timbers at-·e dated on archaeological grounds to about 

t\D 90-100~ Timber- 9 was in fact felled in AD 71/2 - 73/4, which 

s.uqqe·::=.ts that it is contempora:r""Y with the building of the 

to-rtress .. It is possible that the well timber-s were cut at that 

time and stored,. to be used later as infilling of the well.. <If 

the datin'~ of 13 is correct, the timber was felled in AD 37-40/1, 

which would imply some form of stockpiling for over 30 years .. ) 

The lack of correlation between the individual well sequences, 

and between the well sequences and thE" master Caerleon3, is 

interesting .. It suggests that the well timbers either came from 

different sources or from trees which were responding to 

different local conditions of qro1J..lth~ It seems u.nlikely that the 

two gt-·ClUPS of timbErs f·r~om Caet"'leon CcHTle from the same 
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fo'(' the Roman timbers at Ca'~'lisle where difficult~ in 

CY'OS-SITI-3:tchinq l.ilas probably due to timbers tein';J Dr-ought from 

differ .... ent SDurces (Baillie per-os comIT!).. Timber-' transpo·(-t has a.lso 

been identified at t·Jaltor-le-D2.le lllhere tirTibers of fir (Abies 

alba) W2'r""'e identified TroIT! a 1.1.Iell (Groves in prep)~ These ITILlst 

have been impo"i,,·ted f";"om the Continent~ a.lthough theTe is no 

indication from ttje tree-r'ings that the Caet-·leon timbers were 

by' ought from abro2.d. 

The Caerleon ,t'ings sequences obtained fr .... OITi this study are not 

'ler'Y long (33BC-f\D62 for Caerleon3; 47:BC-AD72 for timber ~~ but 

they could form the basis for dating future timbers from the 

Caerleon e}~cavations and, in view of the somewhat sur!=:rrising 

results from the well timbers, furthe-(' work would be worthwhile" 

Conclusion -------

The timbers for .... the original building of Ca.erleon fortress were 

probably felled in the period AD 62-97, indicating that they 

could not have been taken froIT! the fortress at Usk,. The one 

timber from well 2 that was firmly dated was felled in AD 71/2 

to 73/4 at a time when it is thought the Caerleon fortress was 

built" The remaining well timbers do not appear to match ea.ch 

other or the refeY-'ence chr-onoloqies" e}~cept for 13 which is 

tentatively dated to 24:BC-AD32~ The lack of dating is surprising 

since mosT of the timbe'(-s had bark edge and did not a.ppear to 

have been re-used~ If available .. further .... timbers should be 
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timbe'(' in the Roman period .. 

The Sheffield Dendrochronology Laboratory is funded by the 

Hi5tO';~'ic Buildings and i"1onuments CommissiDn for England .. I am 

also g"'-'ateful to colleaiJues at Belfast and Nottingham for making 

ava.ilable unpu.blished data~ and to David Zienkielllicz for providing 

information about the ~.amples" 
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TIMBERS FROM ORIGINAL 
CONSTRUCTION 

28 
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" 
80 100 

Fig 1: Bar diagram showing the relative poslclons of the dated Caerleon ring sequences. 
White bar - ~eartwood rings; hatching - sapwood; BE - bark edge; HS - heartwood-sapwood 
transition. . 
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Fig 2: Matching tree-ring curves. The matches between Caerleon3, timber 9 

and the Walton-le-Dale ch:::-onology a::-e illustrated. 71:_e vertical scale is 

logarithmic, and the widths a:::-e in units of C.02mm. 



Table 1: Matrix of t-values for the ring sequences from the 

original construction. 

20 23 24 26 27 28 29 

20 

23 5.1 

24 7.2 5.9 

26 4.8 4.5 3.6 

27 3.2 3.8 4.8 2.7 

28 6.4 4.5 4.5 3.1 2.6 

29 4.0 4.0 7.6 4.5 4.8 3.6 

Table 2: Dating the timbers from the original construction. 

l-values between Caerleon3, 33BC-AD62, and dated reference 

chronologies (see Appendix C for details of the chronologies). 

chronology 

Alcester 

Carlisle 

Droitwich, Friar Street 

Germany, south 

Germany, west 

Ireland, Mill Lough 

London, City-Southwark 

London, Swan Lane 

Mancetter 

Nantwich 

Walton-Ie-Dale 

t-value 

2.3 

2.5 

3.1 

1.8 

3.0 

3.0 

5.8 

3.5 

3.3 

2.9 

7.4 



Table 3: Dating well timber 2, 47BC-AD72. i-values are also 

given for the tentative dating of timber 13 to 24BC-AD32. 

t-value 
chronology 9 13 

Alcester 2.9 2.5 

Caerleon3 3.3 3.3 

Carlisle 3.5 1.9 

Droitwich, Friar Street 2.6 3.6 

Germany, south 1.5 3.6 

Germany, west 3.2 3.3 

Ireland, Mill Lough 3.8 1.4 

London, City-Southwark 5.0 3.8 

London, Swan Lane 3.4 3.6 

Mancetter 4.7 2.9 

Nantwich 1.8 1.8 

Walton-le-Dale 6.1 3.2 



APPENDIX A 

(ii) timbers f',---OITI the- oY'iginctl construction 

Tn~Ip.ER - timbe",. number 

RINGS - total number 1"ings 

SAPWOOD - number of sapwood rings 

P,V L~nDTH - average r-·ing width in mIT! 

SIZE - ma}~imum dimensions of the cros~·-section In mm 

+ _ indicates the presence of rings which could not be 
measured accurately 

Sketches of the Cr .... OSs-sections 2" .... e not or"'awn to scale; the 
shading on the sketches represent sa.pwood 



~·JELL 2 T n1B':CH~J 

Report: SM1PLE DETilILS 

TI~1BER RIN6S EAP('lOOD AV WIDTH f3IZf:~ 

.----~-~--- --_._------ ------------ -------------- ------------------------

1 1:?l, 17-21 1.33 185 :< 16'-' -a 
2 170 1 ::j::; ~ ~.: 

5 1+2 1 ,- 2~ 16 18:5 14!i) -e _0 " 

(o 1:.13 39 1.45 155 :.: Il,~l 
. ~ 

7 59+ 30+ 1. 56 12:') ~{ t1C~ -e 
B 79 31 0.71 115 ~.: B5 

-f!!Jfj-9 119 29 0.79 16::) :-: 120 

10 70 20 1. l.8 175 }( 90 

-6l~ 11 '+0+ 15+ 2. 14 130 :.~ 1 H1 

j .,. 55 23-- l,0 1.72 170 :-{ 150 .-13 56+ 26+ 1. 09 135 :.: 125 -

l.4 3'+ 17-3'<· 1. 17 105 H 90 • 17 5 /+ 1. 58 18,,] }-~ 13~:) --eJ) 



PRIMARY CONSTRUCTION TIMBERS 

HepOY't, E,,\MPLE DETA I LS 

TIMBER RINGS SAPWOOD AV WIDTH SIZE 
-------- -_._---- --------- ----------- -----------------------

1m,) ~.: 150 -e 
13ul ~.: 10 -.. ---~ 

20 64 71 2.08 

21 

125 ~·t 110 -~ 
1 '+0 ~.: 80 .... _-W§ 

....•. -. 
.,~ . ..:... fJ2 (1.96 

5S 

175 :.( 115 -fJfJ e 18D ~.: 14') 

165 :.( 120-W 

15:1 :.: 11':5 .- ... -~ 

l't5 }{ 115--(B 
170 ~{ 13(1 ~ 
19(1 :.~ b5 -D> 
19(1 :.: 65 ~ 

59 1.79 

25 58 9 1.76 

71 1. 71 

27 52 1. fJ3 

~::8 76 1. 0fJ 

29 fJ8 10 1. 36 

31 

1. 91 135 :.: 95 -{D 



APPENDIX B ---------

Results ----"" 

(1) well 2 timbers 

timber-s from the original cDnstruction 

Unless bark edl~e is pr""-esent>; felling date ranges are calculated 
using the sapwoDd estima.te of 10-55 rings .. This represents the 
95/: confidence limits for the number of oak ~.apwood rings in the 
British I:::.les (Hillam et al 1986L 



('.IEL.L. 2 TIMBER" 

Repoy't: RE"UL. TS 

T I r'1BER RESUI_T Cor·ji"IENT 
------ ------------_._- ------------------------ --------------------------

1 undB.ted ltJinter 

.-', .,::. rejected r i nq~? ton narrOlLI 

5 undated winter 

b undated ?bark edge 

"7 undated 10--12 rinqs to bark 

B undatf:d near bay' k edqe 

9 i,7BC ,- AD7::2 '?error in outer 6 rinqs 

Hl undC!,ted ?LUinter 

11 undated <:\bout 15 r i nqs t'o ba.Y'k 

j .") 
,L undated lJJ,inter knottll 

13 ?24BC - AD32 5-8 rinDs to bark 

14 undated winter 

17 undated 



PRIMARY CONSTRUCTION TIMBERS 

Report: RESULTS 

FELL.ED CO~11'1ENT 

------ -------------- ------------------------- ---------------------------

2Vl 21BC - AD43 7AD52-97/after 53 

21 re.ipcted less than 40 rings 

.-,.-, 

.,:.. .. :.. undated 

23 21BC -- AD34 after AD 4/, 

21 BC .. - ,\D38 af ter AD/,8 

25 AD /,--61. AD 62--107 

26 after /"D65 

27 6BC -- AD46 after AD56 

28 33BC - AD',] after AD53 

29 26£.C - AD62 AD 62-·1Q17 

31Z! re,jected less ttlan 40 rings 

rejected less than 40 rings 

3'C' undated 



APPENDIX C 

Alcesi:er. ~ .. Ja.T·ttJickshiy'e (Ba.illie \:Ie"("s comm) 

184:BC-AD95 

Car li~.le (Baillie p~:rs comm) 
247BC-AD9~ 

Drci twich", Fria~'" St .. "'eet (SDL) 
141BC-AD4-4 

5erman:~; sDuth <Becker 1 '=fBi) 

370:BC-present 

Ge"('many: west (Hollstein 1980) 
700EC-pr--e"::;:.ent 

Ireland". tiill Lough (Eaillie t"'. Pilcher pers comm) 
13BC-AD390 

London~ City-Southwa't'"'k (Tyers pel"'s comm) 

252EC-AD255 

London" Swa.n Lane (SDL) 
56BC-AD169 

Mancetter"l Wartl11ckshire (SDL) 

139:BC-AD33 

Nantwich'l Che-3-hit-'e (Simpson pers comm) 

134HC-AD132 

\<Jalton-le-Dale, Lancashire (SOU 
235BC-AD119 



Ping !..!1idth date,,, ~~Ji,jth-::; In unit·-;:, CT i2L02mm 2[-'2 listed fDr ,3,11 the 
:~easured samoles and for the master cLlrve, Caerleon3K 

F - felled 

Fhi felled winb?r'"' Or" early sprinq 

;'1 after the timber" nUITiber~ indicates ,3t least two radii 
h3,ve been measu.red 

The figures on the 'f-"ight of the Cae't'leon3 ring width::). show the 
number of sample';; pe)'--- year .. 
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Ul 130 133 !02 7° ~·8 C:L -".-' 60 
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111 - 92 75 38 49 51 75 73 75 53 25 

121 18 29 42 35 
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77 
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1 12 82 96 

133 145 149 

69 106 99 



r:." .' __ " ." 

.~-; ':1 " ;oi '7 " '::1 :::' ,: .. " 
--c' , , ,'-=, F: "~, .::" . , ", ., , . ' .. , ; ". 

, 1 ;:j 
-

~d " -4 1 " I ~. 1 1. u <' '":.:I -, " 

- " " - '--' 
, '.--, , 

;:; :2 
. .. 

3 
.. 

'" "3 i7, 1 C-' " ~:, :2 1 -'.z, ,~, .-', --.' 
. " ""- .. '-=' " _L ~, 

- ,S . 3 :2 :~~ ~J it :::3 -, , .. ::. ""7 t.! . "}- 1 . ~, 
. 

1 0 3 w ~ .,: .. 

" C} 35 ., -;l )' 2 '-1':', i~~, ~: ~: j ::1 2 i+ ~:/ 2~::' 

II ~3 1 E -·l··~· ~~·8 
. ~, E: 2i\ 1 "7 1 :J 1 1 1 ~j ---' -'-

... 1 1 1 -,? 1 ~1 

COMMEN-~ - PITH - HS45 - ?c· 

MEAN RING WIDTH IN MM = 1.45445783 

C F"'lrE F~ i.._ t:-=:: ,e) r...!! 
.I:=: ~:~b t:::~ R"7M 
59 

j -- 1 07 82 1 ~}- 1 lAc) 21B 253 191 1 t")2 234 2~'26 

1 1 ,- titS 11;::0 " 1° i .. 7 127 1 (j5 71 LL 8[,] 57 .J ; " w "::J ww 

;:,: 1 -- 71 73 8S 7q 9 i+ 60 68 64 1 01 66 

::3 1 ... 9:2 ::,9 ("\ ' 7 -<-{. Lt-8 :36 50 5 1 A·4 49 5!'~ .J 

i+ 1 .- 39 38 "i- i:L 2:-:; :;;~ 1 24 15 14 1 8 -'" '--'''---' 

5 1 ,- 2i+ 1 4 :;;-~fZl 1 6 15 1 ,-, Hl 1 0 8 ~~ 

COMMENT -- PITH -- HS30 -- PLUS C 10-12 TO BE 

t1EAN ['UNCi WIDTH IN t1f"! -' 1 .. 56:271186 



1 5 :-:i 9:~ ~3 6 3~" 4(-~ L!. ~~: )'::i -;"8 1 l1::, 1 i:. 1. 

1 o. -' l ~0ii 9 if) 60 7 :? 6 , :} 9 it 9 ::j --1 ;5 :J ,,:~ J ,~ 

.2 1 ". J q ;?7 
... 1 ,") L 3~, 

.- 1 -7.-1 -I-X 3 4 5 6 ,. ".- '-' L ".-."-' ,-_.,._, 

:3 1 ,- ~3 i , X3 t ~~:7 
,", -', 2 7 1 8 3 F: 3:1 5 2 

c, " " 

"I- i 2[-3 ~~8 ~~~8 24 :::~ 1 1 6 i 8 36 '-:<0 
":""<-1 26 

c 1 -, i 2:) :2 4 Lj. 
--' ~ 1 30 L~2 27 r, 1 26 2(:2' L 

t, 1 ,. 1 C) 1 -, , 4 1 7 1 :) .-,.~', 1 '" 1 6 1 4 1 2 
' •• _J 1-." { L ...:. . ...:... ,~ 

7 1 
. . -:. 1 9 1 4· i ~ ~ 5 20 1 0 9 1 0 1 5 

Cor'1r1ENT .•. PITH - f,NOT AT YRS 9-10 - EHROHS IN LAST FEW HINGS - HS42 

···':l-9 - !\lR UC' 
i .. ' l_ 

~1EAN RING oJIDTH IN r1M - .707088608 

C "", E R Il_ F' c> t-.l 
CAER9tri 
1.19 

1. - 3~'t 45 3C, .' 31 5'+ 37 40 45 35 33 

1 1 .-,.-, 29 25 31 ""-..:.... 
--;,...., 
..:... ; 40 34 35 39 37 

21 - 411 39 37 31 27 51 26 47 37 33 

31 35 35 26 31 35 35 27 S!.~ 43 26 

1+1 .. 43 L~ 7 2L~ 35 49 55 38 50 69 47 

51 - 25 45 73 52 26 L~3 33 31 27 20 

61 -- 45 60 33 '+0 69 53 85 51 64 36 

71 -- 69 53 118 119 85 56 36 55 - 35 33 

B1 - 35 46 31 46 49 42 45 56 68 54 

91 -- 56 35 32 38 53 28 26 35 311l 22 

101 -- 30 '>1 26 23 23 28 21 26 29 24 

111 .-:,.-, 18 11 14 ..:....:... 19 15 8 11 12 

COMMENT" NR PITH -- HS91-101 - ?EHRORS IN LAST FEW RINGS 

MEAN RING WIDTH IN MM - .786218487 



<:::-. J<':''iu £::: R L_ E~~ 'C-:::}! ~'..l 

,t.,::::~ t-'-=-"'l;, iF~~ IF • .:". ::t 0 
/0 

:1. 1 ::'0 1 ~-:i 1 1 v1 9i~ t?'S '+ f14 ~j .t{. LJA ~:J,j 
'_lc.J 

1 , --"0 ~ 9 90 -717< 69 Bf-j- t l?J3 S 1 26 41 
" '--''---' --' i L' 

:? 1 :-! r~~ :J .. ~~, 1 , 6 J "'I"--:' J. 013 Be? 65 6 i t 8~1 1 09 
~-' ..:.. 

3 
, 1 . ; :3 Rc;. 

~ , -,70 87 it :~:: '3 :::: ,S9 69 8 l , 1S 

":~I' 1 _. 9{~, 1 !ZJ L~ 8tl C? 1 6 "7 B9 69 4!J 74 8L~ 

" 1 --' - 75 78 8~· 75 6 -; ~) 7 8 i 62 8 1 9 1. 

, 1 - 7':" 24 1 :i c::' 23 if 1 !~9 88 74 77 44 

CO~lt'lENT -- HSSI - 61-2 COULD BE ONE - F ?W 

MEAN RING WIDTH IN MM - 1.47171429 

CAERL_EON 
C",,"E R :I. :I. 
40 

:l _. 156 143 128 111 103 129 143 109 204 170 

l1 - 227 200 147 157 121 134 152 167 131 148 

21 -- 112 '13 102 129 110 153 121 93 48 71 

31 - L~5 3'"' ~ 43 34 30 21 13 18 13 1't 

COt1MENT -_. PITH - HS26 - PLUS C15 TO BE 

MEAN RING WIDTH IN MM = 2.1375 



------------------------------- ----------

J -- 1 :) ~3 1 !)ic' \L _~I i ::;:: 1 fJr 1 5 b 1 Lt 7 1 ~:;0 1 [1-6 1 0 Lf 1 f+B 

1 1 
, 1 :) 7 it· 75 Ow ; G~:-::' 1 ijj !~1 It2 ]!t 2-'-+ 24 ,'- '.-1\.-' 

.-:. 1 2flJ 2E:; .-.,.--, :: 1 .-,r,: 
:~.l;4· -'-\-,,:: . 39 )' 4 ·48 ...:-..:. ..:~-' 

.L 0 1 ~ " :30 '=:3 1. -; if t.: 7 1 DJ3 9itJ tJ ;:3 36 co ,~ -! -, 

.. :":" 1 ::/1" 1 &., :L :3 1 4 ; .-:. 1 4 1 t3 37 5 ::;:: 86 " .. c. 

5 1 i ' ~ 262 3~W 322 -·/.f7iL 
0"":' ~-'!I.-' '-! 

NR PITH - HS16- 33 (KNOT) - FW 

MEAN RING WIDTH IN MM - 1.72036364 

C(',E_ Ri_EC>t"-! 
C,"'>E 1'-<: ~ 31"-1 ~ 

56 

:I. - 119 f35 131 89 61 67 115 97 65 36 

1 1 - L~8 1+2 46 4'"' L 75 89 48 5 'c· 32 37 

21 - 'n 
~'" 43 41 1+2 37 61 53 49 75 73 

31 .- f33 63 76 69 71 59 41Z! 53 4,7 4 c ' .J 

-'>1 - 5~1 61 L,,2 60 40 49 25 45 LflZ! 31 

51 - 26 26 17 15 12 f3 

COMMENT - NR PITH - HS31Z! - PLUS 5-8 TO BE 

MEAN RING WIDTH IN MM = 1.1Z!8535714 



'C aJ~1i E::: ~:::;;:: L __ }::::~ c) \l'--J 

c::: d;c~ IE=: F~~ ~t .. ~-
:.'.~4 

1 i 

:::"1 

-.,--..
i .' 117 70 

/, --1 ,._---

1 1 20 

31 6~ 82 70 105 

PIT~~ - HSl--18 - FW 

MEAN RING WIDT~ IN MM 1.16882353 

tl:::::::l~l!E: R l_ E'- C> H'-l 
c::: ~-6g ~:=:: if-< :1. -y 

• 
~j 4 

1. --- 9L~ Sir 71+ LI-? 61 36 40 

11 -- 45 39 ItL Sit 32 38 3~ 

21 - 30 'tS 26 19 16 2"3 14 

31 - 48 35 101 119 58 32 106 

ld - 202 175 156 128 96 108 132 

51 - 88 138 139 105 

C(WIl"1ENT -- NR PITH 

MEAN RING WIDTH IN MM - 1.58148148 

E32 69 s:? 

51 

53 53 

21 24 

21 19 

156 301 

120 110 

'" . ....! .! 

78 

32 

36 

:;::6 

330 

139 



<=: a~~:~ib E~: f-;;-~ L __ E= CJI ~' .... ~ 
{::; I"'t IE::::.: F~ ~2 0 

:I. -- 2 l j·8 ~~: 1 9 :::::::':::0 

1 :I. - 1. ,::.0 2lE ~"2 1 9 

:;~:: 1 ElO:<.::. 98 i ~":t 

. .:, 1 9 J. C;,1.1 :3/;· 

",:~ 
, 5 0) 7t') hEi , 

::, -- "'1 CJ ~ 0 5 6 
~ • ...-l .... ~ -, '..-' 

L 1 --, 4(? t-,6 '+8 \ •• J 

27E.: 

1 2:2 

I.! 9 

"'i 3 

l:i3 

60 

70 

COt'lt'lENT - LAST RIWi --

\"'1Ep,l\.I FUt,G i-JIDTH IN t1t1 

CAE:RLEC>N 
'C::i~'!J.~E R::;::::2:M 
8-' " 
:i. 61 50 62 48 

11 - 53 6b 38 40 

:::, 1 -- 71 49 35 36 

31 - 43 60 68 58 

1.f 1 --- 78 48 38 31 

51 - 59 4-9 31 47 

61 - 34 32 33 26 

71 - 25 36 30 36 

Ul - 26 21 

COMMEt~T --- NEAR PITH 

~lEAN RING I-JIDTH IN MM 

25 i.~ :2 1 ~5 1 Bl:> 1 C;·'8 1 (/3 1 97 

t il-8 1 ~3b l :5 8 1 1 a 1 [') 1 8-' ,~ ~ 

-l"~' 69 7~5 1 1 1 " 4 92 -' 

7~J 1 ([Jfo 7' ,0 82 93 b2 

5 it) 5 1 30 f+ Lj. ~'7 38 

7 1 68 5 1 5 1 72 6tl 

H" ,~ 

-- 2.080'1'375 

74 86 67 84 64 38 

53 99 109 115 75 9'~ 

'+0 28 38 Lf7 34 3'c, 
~ 

51 36 62 73 82 b0 

'+0 39 34 4-c, 
~ 40 45 

43 35 36 52 36 28 

46 37 30 48 35 31 

26 :;-~8 34 28 25 25 

- ~1EAN OF ,-, 
" RADII 

.957804878 

/ 



c~ Ff-:J-d F~~ F~ ~.-::?: -_3 
:j5 

:!. 1 67 1 --:,-1 
.c. ,-_, 

-, 1 ~ "7 .-:' 1 6!£ " 

:? i 4::"; L" 1 

::3 1 -- .<:"1 
, 38 

{j. t ::i 1 62 

=:1 i ~ 31lJ ·~::-8 

t.,l;) 

1 C) 

7 ~-~~ 

.-:; 

5 ~i 

5 1 

1 1. 0 1 to: -'1 J. 1 i, 1 3::::~ '--' ~.1 

.fi - 77 {-,.-', =,8 70 7 .>-~ 

, 
.c 4- ~l 5 :3 7 b 

30 £!-3 ~3F] e,Q 

4'~1 
-10 ' -, 30 ... .1'_.' .Ltd 

L 1 8·4 ,0 

MEAN RING WIDTH IN MM ~ 1.40254546 

CAElF<LEO·i ..... 
1(::;: ~~'il E R::;;;:: L-I_ 

C.O 
~ , 

1. ~ 110 138 113 109 127 109 139 

1 1 ~ 106 190 248 117 161 1:22 121 

."',-1 -- 7!21 1 r:: .-, 196 116 62 104 117 .,:: .i _J...;: 

31 96 53 l:J7 44 78 113 104 

!'f 1 -- 3f3 58 48 3S 26 35 24 

51 ~ 33 45 1+2 6 L} 60 73 56 

CCWlt-1ENT -

MEAN RING WIDTH IN MM = 1.79220339 

1 35 1 1 9 1 09 

:58 "', 1 29 ~-

65 ~-:')0 60 

<' ~~) 1 OFJ 6 1 

25 23 28 

152 163 17 Lf 

90 37 40 

141 66 74 

81 6S 68 

26 19 27 

77 68 

\ 



123 1 i217 i os J .... .! __ . 124 63 

1. 1 97 1 1 \/) 1. """""]-, t :2 ;:; , 
~29 c,· - 1 0 6 t:;'2 93 6~~~ .. _' ,. 

.. ::' 1 8 li. 8,S 7 D :~, t3 .3~? f+ (:) 4- D "7 6 c 9 1 ((Yi , -" 

-~ , 9Ql C? ,S 
,_ .. , 

4 , --';-1 1 /1 
.. / 1 1. L;. -,7 4 8 l~ 7 8 72 , '--J~J 

·':1· 1 i v~12 :~::2 90 t37 7" ,~) c -, ::;:: :.35 7 1 'f3 37 

5 1 ._- ~) 1 ~j 0 , ·7 L~ <=1 9 ·~i· 8 ':J .i~. 75 7~.~· 

COMMENT - NR PITH -- l_AS·r 9 RINGS SAPWOOD 

MEAN RING WIDTH IN I~M = 1.75724138 

C~"'E: RI __ F'C>N 
C 1" __ E R :;-,,: <"> 
71 

:[ - 180 150 1::::9 172 18~, 174 171 149 175 176 

11 - 170 116 129 162 150 122 193 190 106 99 

21 -- 128 U8 95 66 90 87 78 112 87 80 

31 - 7'+ 93 74 50 58 ,1,,6 61 -,.-;, 
, k 63 58 

if 1 -- 71:.) 60 66 73 42 50 66 43 25 36 

c , 
-' > 

- 39 :~'6 31 18 45 39 ~+5 32 50 4::) 

61 _. 31 ld 3~~~ 50 38 43 47 32 57 43 

71 -- 52 

COMMENT -

IvlEAN f<ING OlIDTH IN Mj'1 = 1. 71~,'95775 



1 - 10~~ 117 108 Al 56 118 181 1':~4 ISS 142 

1bJ 181 159 132 16~ 1~~ 85 94 82 93 

MEAN RING WIDTH IN MM - 1.82653846 

'C~!~!1~E RIL_.i:=:::C>N 

C,e"r=: r-~::;:: :£:3 
'7L , v 

:I. .- HE 79 r~~i 96 73 ";c - -, 103 

1 1 _. 80 66 60 3L~ 28 36 4'-' L 

,,::: i 70 :-:,9 52 84 108 58 '+0 

:::-51 -. '+/+ 49 ~,9 L~ 7 7-' d 75 30 

ld ._. 3.:'.1 51 5~~ -, 44 59 '+8 71 

51 -. 50 ::::9 -:':11 41 5-1 
~ 3 Lt 38 

'~'J 1 .- 18 14 21 23 27 '--;.-1 
L~ 33 

71 L~0 41 --;:.-:, 
~L 3'-., 33 -45 

CCWIMENT - NR PITH 

MEAN RING WIDTH IN MM - 1.07894737 

128 

61 

:=j0 

41 

87 

36 

42 

-'1-7 

" i 

95 

113 

59 

68 

76 

~n 

25 

9(3 

68 

71 

9"-

37 

80 

45 

2[3 

32 



· '.:": 

... '--j ---: 

i ( 

H,· 

-~ ./ -- ~ 
,!::: 

P i'--, C? -,;' -.~, C) , , ~'j .{ ,-: 
:' 

" 

, 
" 

:. ,~ " .. "":,' J i· C> --7; c.' 8 -,' ' .. -' 

"',.; 
.-.' --'- 1 " c;' J ,!, "~, 1. -:' (;:; 1. 

, .-:' ,:c, C.;. , ,-

11~t /;2 

H'- F: j .,::. i .' '~. ,b]. 

.: .'_.' .-' i_ 

"', ,~--. 

C) ? /~) 
" .J 

'7 .,/ I' q 

, i £3 E3 0 

9 L'; l~. 

ij i---' L, -;' 

-, , 

6 

•. C) 

~lC' 
i ' ... ! 

J 

6 -.~ •..•. 

6 fi:) 

1 fJf3 ~~vJ8 11 8 

i:::~:~~ 1:.35 11-,7 



MASTER CHRONOLOGY 

c; "''' r::: 10< L E: 0 I'''' 
C ........ EF<LEC)N3 

-------------------------------------_._----
l'lASTER STURED IN FILE CALLED CilEF'L.EClN3 
********************.~****************** 

CAEF<L.EClN 
CAEliLEClN3 
95 

102 79 85 96 73 ~'r::::, 

"J,_' 103 1.T? 98 8°' ' .. ' 
113 110 140 1.26 1 10 1 :';7 1.39 1 r}r} 131 136 
1.30 131 97 154 176 92 106 100 107 B3 
53 C'r::" 

... J .. J 7'1 102 130 101 76 B9 1l.7 1.04 
71 95 88 63 63 4'? 69 8El 82 74 
80 61. ::i4 6 t -,) ~56 39 42 50 '":t'1::: 

,_\ ... J 37 
23 77 

'-\'.:' 
7= __ \...J 49 46 63 67 T" '-' 65 .69 

134 76 56 6"'} =~ 
.J.,~ 64 7':·\ 70 83 7~j 

65 53 41 67 48 :36 4~5 46 59 52 
40 49 62 !54 47 ., 

.: 
., 
..:: 

.-, 
"' 2 1 

MASTER DATES TU 33BC-AD62 

1 
3 
6 
7 
8 
8 
13 
7 
.-, 
. .::. 

1 1 1 1 1 1 3 3 3 
.~~ 

' .. ' " " " 6 6 6 6 6 
6 (, (, (, 6 6 7 7 7 
7 7 7 7 7 B 8 8 B 
F.I F.I F.I 13 F.I B F.I 13 B 
B 8 8 B 8 B 8 8 8 
El 8 8 13 13 13 7 7 7 
{, {, .6 {, 6 4 4 :s ~ 

" ~, 2 2 ., ::! ~ 2 2 2 ..:: . .::. .: 


