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SUMMARY

D endmochronobgialanalss w as undertaken on 13 ofthe 15 core sam pks obtained
from the fire cruck ttusses of ths bam . Thi analysis produced two ste chronobges.The
first sie chronobgy, com prengnihe sam pks fiom tussesA ,B,C ,and D ,hasan overall
Ength 0f214 rings, dated as spannig the yearsAD 1313-1526 . hierpretaton ofthe
sapwoodn thessamplasoul diggest that som e ofthe tin bers oftussesA and B
were f£led 11 the Bte AD 1450sorearky AD 1460s,whik som e ofthe tin bers of ttusses
C and D have an egin ated f£ling date 1ange of AD 1537-62.The second ste
chronobgy, com prieng two sam pks from truss A, has an overall ength 0£110 rngsbut
cannotbe dated. Tw o furtherm easured sam pks rem ah ungrouped and undated.
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INTRODUCTION

Thegrad&listedl2Churclsteet Ea 1ange of om er shop unisnear the centre of
DronfielFiy) theskeingbuitofcoursed mibbE calm easures sandstone w ih sone
and W ekh shte mofing. The sie w as the suibgct ofa program m e of archaso bgial
gurvey and recordihgby W est Yorkshie A rchasobgralServies 013) and Professor
David Hey (unpublshed) hasundertaken a subsantalam ount ofdocum entary research
on the buidihg and is sunmoundihgsw hith orm s the bass of the badkground hiform aton
bebw .

These untshad been converted t© comm erciluse fiom what are beleved to be a seres
ofearly ssventeenth-century outbuitlihgs bebngng to anow bst arm house, Butem ers
Fam ,whih good jist o the w est ofthe bam where there Enow a am allcarpark.These
outbuilihgs contah fire ulthetht cruck ttusses Fgs 2 and 3), the trusses supporthg a
shgk purth wofwhih ako retahs om e windbaceFherd sl setwo-bay, three-
sorey unt at the east end ofthe range, but thi appears to contah only rebtivel m odem
softw ood tin bers. There £no diaton that these builihgsw ere everused as dom estc
accom m odaton, athough allofthem have been sibect to aterations undertaken 1 the
eghteenth, nheteenth, and tw entieth centures.

The rdge-pEces, purins, and w allphtes of the bam extend beyond the extant fire
tmsses suggesting the orgnalbuiting m ay have been bnger, and i BpossbE that there
w ere once further trusses at etherend before the present ggbk w alk rephoed them .
There Bako apossbilty that the front and rear sone-buik outerw alk them seies
rephoe orghnal tin ber-fram 1g.

E Eako beleved, on the basks of souictural and carpentry evidence that the bam m ay
haveéoeernbuik h two sages, possbl t© adapt o the sbpe ofthe ground, athoudgh the
order of congructon cannotbe determ hed.The two tusses at the wegem end here
desonated trusses A and B) are ata bw er Evelthan the three trusses, C ,D ,and E, to the
eastermd Iradditibhetieedm softtusesA and B are haled nito the easem
Boes ofthe cruck bldes, w hereas the other tebeam s are haled nito the west Boes. The
dEance betw een ttusses B and C & shorter than 1 the otherbays, sucoestng there m ay
have been a divisbn orbreak here,and tuss C £ the only one to bear carpenters’m arks,
whih are chieled hto the northem cmck bbde and nto the tedeam and colbr i the
form ofRom an num erak.

SAMPLING

Sam plhg and analysis by dendrochronobgy ofthe tin bers to the m an shgk-gory ange
of7-12ChurclstrestererequestbgBob Haw ks, Englih H ertage D esonaton
Advier. ThEprogram m e ofanalyss w as undertaken to provile hdependent datihg
evience Prthe orghal congructon ofthe builihg and the date ofany reused tin bers,
orany tin bers subsequently nserted . Ew ashoped that thi hifom aton woull hfom
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1Epais and conservaton phns or the buibdhg whith & currently undergoing converson
to dom estic accom m odaton.

Thus, from the tin bers avaibbk, a totalof15 sam pksw as obtaihed by coring. Each
samplwasgivenhecodeDRN-C (foRramfed,ste €) and numbered 01-15 (Tabk
1).These ssmpkswere distribuwsedualagposs ot thn the buiihg, kg hto
accournthesuitabilfthe i mbe e tree-1ring analyse. T this regect 1 should perhaps
be noted that the bam presented tin bers w ih varebk num bers of rings. The tin bersof
trussE, and the eastend 1 general, w ere derived from slohtly astergrown trees and thus
had bw ernum bers of rings. C onsequently m any of the tin bers 1 ths area were
unsuiabk ortee-rhg analse.

The bcatbns ofthese ssm pEsw ere recorded at the tin e of sam plng on a draw higm ade
by EHen M insand Co Ltd Chartered A rcdhiects and Surveyors, and provied by English
H eriage . These draw higs are reproduced here 1 Foure 2 and Foures 4a—e.D eaikofthe
sampksare given 1 Tabk 1.1 thisTabk, as 1 the draw 1gs, the trusses have been
identifas@dto E fiom westto east ©lbw g the schem a ofthe Eden M iins’ pkns,

w th hdvidual tin bers then beng further dentified on a north—south bask as approprate.

ANALYSIS AND RESULTS

Eaclofthel5 sampleaesbtainddonthef 1 vaudk tussesw as prepared by sandig and
polthihg. Ewas seen at thistin e that two sam pEs, fiom the colbrsoftrusesC and D,
had too few rings PDrelEbE dathg, and so they w ere regcted from thisprogramm e of
analss. The annualgrow th ring w dihs ofthe r=m ahig 13 sam pEsw ere, how ever,

m eagured, the data ofthese m eagurem ents beig given at the end ofthE report. The data
ofthe 13 m easured sam pksw ere then com pared w th each otherby the Liton/Zanhodin
gouphg procedure (see Appendi), albw g tw o groups of crossm atthihg ssm pes to be
omed.

The analsk nivly reauled 1 the product ionfonesub-groulf i veampl efsrom
tmsses A and B and a second aub-group of bur sam pkes fiom ttusesC and D .Both aub-
groups dated hidependently very w elland i spie ofthe shortperpd ofoverbp betw een
them @EFg5) they ako cossm atthed well Because ofthe satisfactory hdependent dating
ofeach sub-goup, the nhe consduent sam pksw ere com bied at their ndiated offset
posibnsto ©m a shgk ste chronobgy D RN C SQ 01, thi havihg an overall Ength of
214 rings.Sie chronobgy D RN CSQ 01 was then com pared to an extensie corpus of
reference m ateral oroak. Thi hdiated a conssent and repeated m atch w th a num ber
ofreference chronobgeswhen the date ofisfirsfngdD 1313andthedatefitbst
m easured ring 8AD 1526.The evidence HrthiEdathg Egien n Tabk 2.

The s=cond group com pries tw o sam pks, these crossm atchihg w ih each otheras
shown h Fgure 6.The two sam pEksw ere com bied at their hdiated offset posions to
m DRN CSQ 02, thi ste chrono bgy having an overall Ength o£f110 rngs.Sie
chronoldoBRNCSQ02 wasalsoompared to an extensie corpus of reference m ateral
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oroak, but there wasno conclisie crossm atthig at any posion and tmust, at Bast
orthe m om ent, rem ath undated.

SitehronologiRECSQ01 andDRNCSQ 02 were then com pared to the two

rem ahihg m easired but ungrouped sam pEs, but there w asno further satefactory cross-
m atchg. The tw o ungrouped sam pksw ere thencomparedndividuadthyefutbrps
ofreference data, but acah there w asno satisfactory crossm atching and these two must,
therefore, ako rem ah undated . Th analsk Esumm arised 1 Tabk 3.

INTERPRETATION

Analsiby dendrodhmonobgy ofthe tin bers 0of 7-12 Church Street hasproduced two
sitehronologThefirsttehronbgy com priesnie ofthe 13 sam pksm easured, is
214 ringsdated as spannig the yearsAD 1313-152&loweveralthoughesrine

sam pEeshave m ed a shgk sie chronobgy, nterpretaton ofthe sapw ood on them
hdiates that,asm ay be seen fiom Tabk 1 and Foure 5, tin bers oftw o dgthct phasesof
fellamgtobe foundrthe shgk-gory rangaeherkeindg the orderof80-100 years
difference betw een them .

Earterfeling phase - tmisses A and B

ThiphaseffellimgepresentoydampkesDRN C01,C04,C05,C06,and C07,all
these sam pksbeig fiom the tin bers assocated w ih ttusses A and B.Two ofthese

sam pEes,DRN -C 04 and C05,have Bstm easured ring dates of AD 1454 and AD 1451
respectiely.Both these sam pEsare derived from tin berswhih have com pEte sspw ood
on them ,m eanihg that they both have the bst ring produced by the source tree before
w as £led.H ow ever, because ofthe soft and fiagik nature ofthspart ofthe tin ber, am all
amountsfsgowood, between 5-10mm ,were bstf ronthesampleil corhg denoted
by bwercase t’'1h TabE 1 and Fg 5). 1 such cimum sances  Epossbk, based on the
grow th characterites, to estn ate how m any sspw ood rings the bst portonsm ththave
containddboth these cases the bss suggested that the tw o tin bers represented were
feled 1 the B2 AD 1450sorearly AD 1460s.

The rehtie posibn ofthe heartw ood /sspw ood boundary on the other three sam pksof
this eartergroup DRN -C01,C06,and C07 (Tabk 1;Fg5), 8auch that £ Ehohiy kel
that the tin bers they represent w ere ako £lked at about the sam e tin e, and that allfie
timbemzrecutmsparbfa sngk epiode offellinghelat®D 1450rear1db
1460s.

laterfeling phase - tusses C and D
Thiphaseffell imrpresentydmpksDRN €09,C10,C11,and C12
representig all our cruck bldes of trusses C and D .N one ofthese sam pEs retah

com pkte sspwood, orare from tin bersw ih com pkte sspw ood on them ,and t & thus
notpossbk t© provile an exact £lng date.The Hursm pksdo,how ever, retan som e
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sapw ood or at kast the heartw ood /sapw ood boundary, thsbehg at a very sim ibr
relatpeoeitismmddatenalfiousamplefabk 1;Fg5),and hdiatie ofa shgk
phase of £ling.

Theaveraglatefthéheartwood/sapwbodndaryn thesfoutatemampl eisdD
1522 .Addng to thi the kely 95% probabi litimifetrheamountofsapwoodhese
tin bersm ghthave had, 15-40 rings, woul gie them an estin ated £lihg date range of
AD 1537-62.

Undated ste duonobgy DRNCQ 02

The s=cond sie chronobgy D RN CSQ 02, com pries ssam pEsD RN -C02 and DRN -C03,
and £110 rhgs bng.ThE sie chronobgy cannotbe conclisivel dated .Both sam pEsare
fiom the tinbersoftrussA ;the south bhdeandcol laespct ivelherd ssome
dsutbance t© the grow th rigs ofboth sam pks, athouch i &notpartoubriy
pronouncedhichmayhavaf fectadebiiy ofthese two sampksto date. &
therefore rem ahs a possbilty that these tw o sam pEs represent a different £ling date to
the othertw o dentified, but ckarly th cannotbeprovedendochronol ogiaradalyy
such supposizon woul =l okl on soucturalevidence.

Undated sampEs

Two finméasuredanpks, DRN -C08 and C15, rem ah ungouped and undated.A s
m ay be noted fiom Tabk 1,both these havefewringsdhencevereconsidered
bordertne as to thetr suiabilty Or successiildating.

DISCUSSION AND CONCLUSION

Tw o phases of f£ling have been dentified from the dated tin bers ofthe shgk-gorey
ranganearl jghaseatng to the hie AD 1450sorearly AD 1460s,and a Bterphase
havirsmestimatédlddate range ofAD 1537-62.G ien that these phases ako
represent dEcreet groups of tin bers, w th the earlerdate ound only am ongst the

tin bers assocated w ih trusses A and B, and the hterdate only am ongst the tin bers of
trusses C and D, 1 & kel that these represent the approxin ate constructon dates or
these portons ofthe buiing.

Assuchthecree-rdagimhowsshaslthoughdoui idd ni tsresent sone-buik
formaydateothesarlgeventadmwent uryactualy has isorgn nearerto the

m ddk part ofthe fiffteenth century, w ih a furtherphase of consructon n the m d-
sikteenth century. Thus thE shgk-gorey rande appears t be of som ew hat greater
antguiy than & ndiated h the It descrption. The resuts obtahned i this analss ako
suppotthest ructunale rpret athicdnh ishgk-gorey rancge wasbuik h two gadges.

Theoveraditoss-matchetweethe fie sam pks from the earlerphase woul
sugest that athough these tin bers w ere probably derived from a shgk w oodbnd
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sourcalthougheindividusEsse renot grow g partoubrly cbse t© each other
and are possbl fiom different sends ofw oodlnd. The overall cross atching betw een
the oursam pks from the Bterphase, howeveryoul duggeshatheseimbemzre
probabigrivddonm shgk woodbnd,w th these treesbeig cbsely adimcent to each
other.

I & kel that the woodnd sources Drboth earlerand hterdated tin bersw as rehtiel
bcalbr, athough com pared w ih reference data orallparts ofEngbnd, the hthest Bvek
ofsm ibriy betw een the sie chronobgy and the reference chronobgies are ound
predom hantl w ih sies 1 D etbyshie W ih three other stes 11 D ronfeHd produchg
notabl hoh tvalies) and the sunoundig countes.

Thelackftimbemsmitalfbeanal y€EirentussE, and hence the difference 1 grow th

charactericdmpsreditthosassocated w ih the other trusses, coull sonify that
theyepresemtadditiofhald phase but this cannotbe proven.
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Figure I: Map to show the location of Dronfield (top) and 7—12 Church Street (bottom) ©
Crown Copyright and database right 2014. All rights reserved. Ordnance Survey Licence

number 100024900
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Figure 2: Simplified ground floor plan of 7—12 Church Street to show layout of the building
and the position of the cruck truss (after Elden Minns & Co Ltd, Surveyors)
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Figure 3: Views of trusses A, B, and C (top), truss D (middle), and truss E (bottom)
(photographs Robert Howard)
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Truss A

North

Truss C

South

Figure 4a-c: Representative drawings of the trusses to locate the sampled timbers (after Elden

Minns & Co Ltd, Surveyors)
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Figure 4d-e: Representative drawings of the trusses to locate the sampled timbers (after Elden

Minns & Co Ltd, Surveyors)
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DATA OF MEASURED SAMPLES

Measurements h 0 01lmm unis

DRN -C01A 122
111 105151 187 230 98 131 92 98 128 242 202 234 136 218 160 159 237 185 226
221 220 254 181 253 258 157 171 203 171 221 194 239192 182 185 178 151 209 171
176 189148 131 101 127 98 70 84 171 157 178 135 148 113 116 126 106 103 139
75123 57 70 96103 129 59 71 71 79 90101 153 179126 109 85 73 170
190 164 84 114 117 140 121 145 105 122 136 178 153 173 145 155 107 81 82 111
110120 115143 175 137 91131102 90187 125175124 72 81111 1195 128 147
88 118
DRN -C01B 122
113128 179 200 221 91 134 87 105 123 245 203 239 132 225 179 145 248 189 207
221 231 239 182 246 239 157 177 189 178 221 207 242 202 154 189 190 145 195 189
156 192 143 127 103 108 110 73 81 179150 153 114 143 110 109 129 108 106 148
73127 75 68 95102 135 73 79 89 70 93 93 149 145121117 85 76 162
204 156 89129132128 128 134 101 118 114 163 146 166 143 150 105 84 82 95
125117106 134 175 159 75 146 101 103 191 134 171 100 60 78 92 112 121 159
88 123
DRN -C02A 98
147 274 248 292 359 300 373 378 395 328 387 375 368 314 337 247 245 308 282 241
213 269 264 204 209 184 120 95 84 73 89 75137 126 88 83 100 82 96 104
84 52103 120104 96159143 84 73 73 79 66 86 73 79132128 56 59
67 75 66 80 57 75 53 82 50123 93 78 128 154 135 160 151 158 231 215
162 206 156 127 158 113 130 128 82 90 166 143 116 161 165 157 154 138
DRN C02B 98
141 276 242 289 363 299 356 380 387 328 396 371 333 312 332 248 259 342 266 225
213 276 262 227 233 214 136 90 75 78 85 78 125132 89 80 97 93 95 95
85 56 104 115107 95150148 90 69 72 71 67 95 76 71128 120 57 67
71 68 65 81 64 64 64 67 76108 92 67 137 155 138 153 154 145 253 212
165197 157 123 158 106 128 135 80 84 174 143 125 159 157 159 150 144
DRN -C03A 90
250 175 194 228 202 183 167 157 142 117 132 92 96 90 94 85 87 82 77 57
32 41 58 82101100 98108 89 99 80 91 92 97 91121181110 70 85
114 116 108 168 207 250 196 219 170 225 162 148 165 129 109 146 112 118 137 115
87 99 75 56 62 59 53 81 70 65 95 85 87 89 72 93 75 96 103 105
117112 92 110 105 91 123 114 104 137
DRN -C03B 90
252 191 206 242 206 174 169 165 116 96 125 91 91 85 82 80 76 97 70 54
31 39 74 96 116117 95123 96 110 67 79 95103 94 107 167 102 71 78
121 104 120 161 191 232 176 192 164 228 166 154 167 143 112 139 141 98 143 115
100 100 67 57 61 62 60 81 70 66 94 91 81 80 85 82 81 90 90 92
118 114 91116 104 92 127114 93 134
DRN -C04A 100
266 287 160 204 323 184 157 212 162 142 159 160 148 125 159 162 110 120 124 145
97 116 157 127 144 78 93 98 96 132 104 123 132 111 120 105 110 93 85 87
95 85 82 95 64 92 75 99109121 112107 100 84 S0 98 81102 64 63
53 35 51 43 59 56 73 73103 78 97 76 92132135132 140 168 110 146
154 153 132 131 106 148 175 121 159 176 161 104 141 145 135 154 170 140 148 166
DRN -C04B 100
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277 295 164 203 326 175 156 214 184 146 161 171 139 128 160 152 116 118 129 141
103 118 151 128 132 73 110 98 91 129100 123 133 114 113 102 100 92 83 87
101 92 87 86 81 86 88 99121 126 98118 95 85 83101 78 104 61 63

39 42 42 54 46 66 86 71105 75 96 79100128 137 137 153 162 109 151

160 153 132129112 142 182 117 165 178 154 100 149 142 143 148 175 139 148 165
DRN -CO05A 70

128 113 198 167 456 222 104 95 104 104 112 86 100 91 83 82 94 103 135 107

80 98132114 132 96 84 85 90 75100 99 89 89 84 85115 75110 103

88 96 95 97 82 76 78 86 78 81 81 66 85 91 64 67 82 60 92130

95115 153 145 115 101 109 151 122 185
DRN -C05B 70

130 115194 166 455 226 100 101 105 92 112 96 98 96 83 93 89 98 132 107

92 91126115144 88 82 82 93 68 99 99 82 92 82 85118 71116 101

82101 90 96 77 76 88 78 74 75 96 66 79 88 62 73 76 71 80 132

116 114 141 130 114 100 110 141 123 185
DRN -C06A 107

475 478 526 437 347 396 514 474 543 350 275 193 358 207 167 250 128 230 263 213
224 178 215 209 225 198 204 174 179 137 196 142 175 200 199 132 151 145 112 96
126 156 137153 78 67 81 117 168 157 150 135 83 110 124 104 89 112 100 114

89 80 57 78115 74 81 71 59 52 54 83 112 78 93 68 116 100 100 95
110121 98123 78 90 84 115 98 111 90 131 84 84 96 96 93 105101 S0

96 110 109 71 54 115 153
DRN -C06B 107

470 425 509 424 424 393 532 463 507 418 267 199 343 221 176 240 123 225 258 217
221 182 211 215 234 196 207 172 177 139 200 140 187 205 198 131 153 153 106 91
126 153139160 78 62 73 120 164 160 139129 78 104 132100 90 117 82 129

78 81 69 72 93 76 81 68 51 58 55 80123 87 88 65128 103 105 S0

99132102 106 82 98 88119104 98 108 131 98 79 86 112 93 100 103 84

93116 106 65 66 117 153
DRN -CO7A 84

79 72 67 88 189 217 289 371 324 307 198 362 330 200 203 495 283 331 311 369
204 221 293 268 224 341 264 321 156 250 242 229 295 179 176 231 203 317 233 342
281 217 223 153 207 164 187 140 198 220 161 186 174 243 182 287 194 253 181 196
111 129 212 128 116 207 109 138 143 140 152 200 75 243 200 124 206 148 238 169
173 156 196 209
DRN -CO7B 84

77 68 59102 182 212 294 376 322 313 193 362 323 205 208 494 287 319 298 379
207 232 305 260 214 341 275 323 156 253 260 218 300 185 176 219 203 318 239 339
285 214 223 146 209 159 191 135 189 224 153 181 178 242 190 278 196 268 174 203
114 137 201 140 133 209 104 131 146 138 153 195 78 240 208 125 205 154 233 173
171 169 193 206
DRN -C08A 42

369 395 424 383 485 468 378 282 295 243 200 210 187 167 185 178 164 103 162 135
153 350 482 463 335 292 185 360 282 331 195 248 270 338 178 145 145 299 330 267
250 410
DRN -C08B 42

373 415 467 432 489 444 352 282 294 262 200 206 183 153 188 167 171 129 143 145
160 346 496 458 343 271 250 307 292 278 244 256 251 353 178 145 143 307 337 270
257 398
DRN -C09A 105

595 614 412 314 665 491 350 625 446 559 512 450 396 343 313 328 389 260 229 206
226 170 209 150 220 207 168 190 246 222 187 242 213 245 223 200 209 185 181 235
255212 141 171 243 221 200 184 206 209 205 200 262 203 215174 170 193 171 306
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230190 175 191 203 284 204 256 240 187 168 248 184 146 162 150 154 139 149 156
264 150178 177 114 115 134 128 122 141 160 117 151 168 246 238 181 98 129 141
128 141 138 150 127

DRN -C09B 105

617 614 397 325 682 505 355 625 453 571 517 478 360 326 292 337 393 253 231 229
198 165 204 140 217 210 168 195 273 221 182 237 214 243 226 195 218 171 203 221
233 200 142 181 206 231 177 204 209 199 209 201 273 203 195 178 190 189 211 278
225184 187 184 215 268 203 256 241 197 188 234 190 141 161 162 146 132 160 154
262 161 150184 112 104 133 121 132159 131 112 128 174 206 239 167 102 128 133
140 140 132 159 131

DRN -C10A 108

513 387 293 383 434 327 460 362 363 332 415 486 450 285 323 335 245 226 253 307
237 304 122 203 126 160 214 214 233 175 207 198 328 292 298 198 189 189 240 351
256 257 248 276 300 234 237 252 212 221 260 289 265 309 254 246 264 176 321 218
257 221 180 179 259 259 284 243 261 203 287 271 192 229 175 178 169 222 265 290
241 231 284 202 202 184 171 148 203 223 225 259 325 261 250 284 228 185 137 238
179 212 233 180 268 255 181 310

DRN -C10B 108

532409 290 349 442 320 468 359 356 327 422 500 431 289 316 342 253 220 264 310
245281 132 212 135 131 213 217 220 179 195 201 345 293 270 217 195 201 229 339
265 253 244 277 309 227 237 250 203 228 242 292 281 295 263 252 250 189 316 228
232 216 181 187 256 240 268 262 240 196 278 268 196 221 174 187 162 216 263 311
245 243 288 197 203 195 169 162 191 219 225 252 331 275 257 289 222 184 159 216
175 210 237 180 275 234 195 319

DRN -C12A 86

279 230 318 310 305 213 188 164 346 260 294 245 196 210 236 262 316 217 303 314
405 316 253 267 229 278 318 340 348 410 278 317 240 235 332 254 365 306 234 243
210 203 317 309 270 191 334 375 228 321 196 302 296 300 281 325 206 186 292 211
209212 192 176 267 276 168 192 256 281 200 181 178 148 170 240 187 184 174 160
240 167 137 201 190 252

DRN -C12B 86

272 239311 307 310 200 185 170 350 256 298 246 197 210 221 289 304 229 285 336
379 322 244 260 210 269 332 326 356 409 281 318 259 241 340 242 350 306 230 280
201 200 321 301 269 200 328 370 231 318 203 301 303 295 271 329 208 182 300 198
216 214 217 154 239 283 182 178 258 274 207 176 179 146 174 231 193 178 176 164
229 149 159 194 185 243

DRN -C13A 92

501 497 432 374 316 186 295 300 181 228 314 217 171 196 275 323 295 307 271 239
232339368 365 273 207 289 267 237 264 226 207 251 229 275 260 290 304 231 228
176 370 332 257 248 240 215 331 255 342 300 230 256 374 225 209 245 254 225 266
204 228 317 237 280 347 265 187 190 168 175 200 230 190 238 276 250 153 184 218
262 258 260 221 190 209 209 206 184 142 158 226

DRN -C13B 92

497 499 456 367 330 198 283 307 176 230 321 221 161 203 269 330 303 296 264 235
232 322 359 365 259 225 301 254 260 262 220 207 246 226 268 253 306 293 245 233
184 370 329 254 255 251 215 343 252 334 312 222 257 366 237 201 253 259 227 259
201 220 326 227 289 339 263 189 196 168 175 200 233 206 218 271 259 140 196 223
256 262 259 218 186 198 206 217 181 157 159 217

DRN -C15A 44

432 378 321 352 349 314 242 235 284 284 265 242 207 242 278 235114 63 42 68
107 96 78 122117 86 107 103 132 103 110 110 107 126 146 94 92 103 149 114
151 109 267 225

DRN -C15B 44
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423 372 318 359 347 309 220 266 275 300 261 248 204 251 268 237 94 63 49 82
106 135 95128 121 80 99103 128 92 106 112 92 164 129 96 100 103 154 118
142 135 254 228
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APPENDIX: TREE-RING DATING

The Principles of Tree-Ring Dating

Tree-rihg datihg, or dendrochronobgy as  Eknown, EdiEcussed 11 som e detailn the
Labomtory’sM onograph, An EastM dbndsM agerTree-R g Chionobgy and tsuses for
datihg VemaaibrBuithg (axton and Liton 1988) and D endiodionobgy:Guiehes an
Producihg and hiterpretig DendiodionobgialDates (Engl Hdritad98) Herewe wil
gie the bare outlhes. Each yearan oak tree grow s an extra ring on the outsde of is
trunk and all isbranches just iste isbark. The w dth oft h ismmual ring depends broel
on the w eather durhg the grow 1ig season, aboutApr itloOc tober, and possbl ako on
the w eather during the previbus year. G ood grow Tig seasons gie rie o rehtiel w de
1gs, Poor ones to very nanow rhgs and averace ones o rhtiel averacge ring w dths.
Sice the clin ate & =0 varBbk fiom year to year, ain ost random -Ike, the w dthsofthese
rigsw llako gppear random -tke 11 sequence, refecting the seasons. ThE & istated ©
Figumel where, Drexam pk, the w dest rings appear at iregubr ntervak. The E the
key o datihhg by tree rings, or rather, by therw dths. Records ofthe average ring w dths
oroaks, one oreach year orthe Bs£1000yearsrm ore, are avaibbk ordifferent
areas. These are caled m ager chronobges. Because ofthe random -Ike nature ofthese
sequences ofw dths, there susuall only one posion atwhth a ssquence of ring w dths
flom a sam pk ofoak tinberw th at kast 70 rngsw illm atch am aser. Thiw lldate the
tin berand, 11 partiuhbr, the st ring.

Tthe bark £ sfllon the sam pE, as h Fogure A1, then the date ofthe Bt ringw illbe the
dateffeldgofithe oak from whith twasaut. There Emuch evidence that h m edeval
tin es caks cut dow n Hrbuidihg purposesw ereused ain ost inm edately, usually w ithh
the yearoreo Rackham 1976). Hence fhark Epresenton ssveralm ah tinbers h a
builihg, none ofwhih gppear reused orare hter heertons, and fthey allhave the sam e
date Prthetr bt ring, then w e can be quie confdent that thi & the date of consructon
or soon affer. Ethere Bno bark on the sam pk, then w e have to m ake an estin ate ofthe
felhg date;how this sdone Eexphihed bebw .

The Practice of Tree-Ring Dating at the Nottingham Tree-Ring Dating
Laboratory

I.  Inspecting the Building and Sampling the Timbers. Togetherw ih a buidhg
hioren the tin bers 11 a buidihg are igpected o try o engure that those sam pkd are
notreusedr Bter heertons. Sam plg ah ost alv ays done by corihg nito the tin ber,
whih has the great advantage that we can sam pk 1 st tin bers and those jidged best
to gie the date of consaucton, orphase ofconstructiifome rasm ore than one i the
buidig. The tinbers to be sam pkd are ako higpected to s=e how m any rings they have.
W e nom all bok ortim bersw ih at kast 70 rngs, and prefermby more. W ih Ewer
rngs than this, 50 Hrexam pk, sequences ofw dthsbecom e diffout to m atch to aungue
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posion w thh am aser ssquence ofrngw dths and o are dificuk o date [Liton and
Zanhodin 1991). The cross-secton ofthe raffer shown h Foure A2 hasabout 120 rigs;
about0ofwhiclkresapwood ingsthe Ioghterringson the outstde. Sin ibrdy the core
has istover100 rigsw th a ew sapw ood rings.

To ensurtehawe argettinhedateftheéouitingasawhok,orthe whok ofaphase
ofconsoucton fthere Em ore than one, about 8-10 sam pks perphase are usually t@ken.
Sometimewe takamanymore gspecialfhg congructon B com plated. O ne reason
forakimgmanysampleisthatygenerabme wililto gie adate. There maybe
m any reasons w hy a partoubr sequence ofring w dths fiom a sam pk oftin ber ik to
gie a date even though others fiom the sam e builihg do. Forexam pk, a partoubr tree
m ay have grown i an odd ecobgialnithe, so odd ihdeed that the w dths of s rings

w ere determ hed by factors other than the baalcln ate! T such ciroum sances tw illbe
mpossbE to date a tinber from  thE tree ushg the m ager sequence whose w dths, we
can asaum e, w ere predom hantl detemm hed by the bcalclin ate atthe tin e.

Sam plhg & done by coring nto the tinberw th a holbw corerattached to an ekctac drill
andusualfiyon teuteringsw ards tow ardsw here the centie ofthe tiee, the pih, &
jidoged o be. An fligoaton ofa core Eshown h Foure A2; . Eabout 150mm bng and
10mm dimeter. Great care hasto be @ken to ensure that as Ew aspossbk ofthe
outeringse bsth corng. Thi can be diftuk as these outer rings are often very soft
(e2e bebw on sspwood). Each sam pk Bgiveacode whith dentfesuniuely whih
ti ber + com es from ,whih builihg + & from and where the buitihg £ bcated. For
exam pk,CRO A 06 Ethe sikth core taken from the fistbuiihg @) sam pkd by the
LaboratamnygropweHishom here tcame fiom i thatbuilihgw fllbe shown 1 the
sam plng records and draw igs. N o sructuraldam age Edone to any tin bers by coring,
nordoes tweaken them .

D urhg the hial hgection ofthe builhg and is tin bers the dendrochronobgistm ay
com e to the conclison that, as faras can be Jidged, none ofthe tin bers have suffcent
ringgsthemfodatimpmrposesidn ay advie agpist sam plhg to save further

unw arranted expense.

A lsam plhg by the Laboratory £ underzken according to current H eath and Safety
Standardihe Labomtory’s dendrochrono bgits are hiqured.
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Figure A2: Cross-section of a rafter, showing sapwood rings in the left-hand corner, the arrow
points to the heartwood/sapwood boundary (H/S); and a core with sapwood; again the arrow
is pointing to the H/S. The core is about the size of a pencil

¥

Figure A3: Measuring ring widths under a microscope. The microscope is fixed while the
sample is on a moving platform. The total sequence of widths is measured twice to ensure
that an error has not been made. This type of apparatus is needed to process a large
number of samples on a regular basis
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2. Measuring Ring Widths. Each core & sanded down w ih a bek sanderushg
medium-gmiapernndtherf inishsdhandy ih fourgade-gripaper. The rigs are
then ckarly visbk and differentiated fiom each otherw th a resuk very m uch ke that
shownirFigreA2 . The core Bthen m ountedonamovabk tabk bebw am trogwope
and the ring-w dthsm easured hdviually from the memm ost ring to the outerm ost. The
w dths are autom atially recorded h a com puter fik as they are m easured (eee FgA3).

3.  Cross-Matching and Dating the Samples. Because ofthe factorsbestes the bcal
clin ate whih m ay determ he the annualw dthsofa tree’s rings, no tw o sequences ofring
widthromdiffereakgrowirgtthesametin e are exactl atke FgA4). Tdeed,
the sequencesm ay notbe exactl alke even when the tires are grow hig nearto each
otherConsequently, 1 the Laboratory w e do not attem pt to m atch two sequencesof
rmgw dths by eye, orgraphtally, orby any othersubjectmethod hstead, + Edone
obgctrel (B gatsdally) on a com puterby a process caled crossm atchig. The output
from the com putertelsus the extentofcorrelathehweetiwosamplsequences

w dths or, fw e are datihg, betw een a sam pk sequence ofw dths and the m agter, at each
rehtie poston ofone to the other (ffeets). The extent of the conehtton atan offset B
detem ned by the tvalie defined 1 ain ost any ntroductory book on gatets). That
of fewtitlhe maximum tvalie am ong the t-valuetalthe offeetsw ilbe the best
canddate Drdathg one sequence rehtie to the other. Fone ofthese samager
chronobgy, then thisw illdat e heot he rExperin ents carred out 11 the pastw th
sequences from oaks ofknown date suggest that a tvalie ofat kast 4 5, and preferably at
East 50, Busualy adequate orthe datihg to be accepted w ih reagonabk confdence
Laxton and Liton 1988 ;Laxton etall988;Howard etal1984-1995).

Thi & fusrated 1 Fgure A5 w ih tin bers from one ofthe mofsof Lincoh C athedral
Here bursequencesofrngwidt h&IN-C040,5,08 and45, have been crossm atched

w 1h each other. The ringw dths them se¥eshave been om ited 1 the bardagram ,as &
usual, but the offsets at whith they best crossm atch each otherare shown;eg the
sequencefringidthsfC 08 m atthes the sequence ofrngw dthsofC45 bestwhen
EBataposion garthg 20 rags afferthe fist ringfC45 ,andsimi 1l afidthe others. The
actualtvaliesbetw een the Purat these offeets ofbest conebtons are h the m atrik.
Thusattheoffsef+20 ringtshezvalie between C45 and C08 56 and Bthe
maxinum und betw een these tw o am ong allthe postbns ofone sequence r=htie t©
the other.

T & sendard practice 1 our Laboratory fist to crossm atch asm any aspossbk ofthe
ring-widehuencefthesampleign builhg and then © om an average from them .
Thi averace B cled a ste sequence of the builig benhg dated and & fusoated 1 Foure
A5. The fith barat the bottom Ea ste sequence Hra mwofat Lincoh Cathedraland &
consucted fiom the m atthihg sequences of the ur tin bers. The ste sequence w dth
oreach year & the average ofthe w dths ireachoft hesampl eequenceswhih hasa

w dth orthatyear. Thush FgAS fthe w dths shown are 08mm ©rC45,02mm or
C08,07mm DrCO05,and 03mm HOrC04,then the conesponding w dth ofthe ste
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sequence E the averace ofthese, 0 55mm . The actualsequence ofw dthsofthEs ste
sequencestorenhn thecomputerThe reason Or creathg ste sequences sthat £ B
usualy easer to date an average s=quence ofrngw dthsw th am ager sequence than £ &
to date the hd¥viualcom ponent sam pE sequences separately.

Thestraight fomeddnod of crossm atthig severalsam pE sequencesw th each other
one ata tin e calkd the tn axin altvalie’m ethod. The actualm ethod of cross-

m atchhg a group of sequences of ring-w dthsused 1 the ILaboratory iivoles groupihg
and averagng the ring-w dth sequencesand £ calkd the Liton-Zahodh G roupihg
Procedure’. Esam odiftaton ofthe srathtforw ard m ethod and w as successi
devebped and teged 11 the Laboratory and hasbeen publshed (Liton and Zahodi
1991 ;Iaxton etallos8s).

4.  Estimating the Felling Date. Asm entbned above, fthe bark Epresenton a

sam pE, then the date of s bt ring & the date ofthe llng of istree (Orthe Bst ullyear
bebre f£lhg, fiwas £lked 1 the fict three m onths ofthe ©lbw hg cakndaryear,
before any new grow th had sarted, but thE Enot too in portant a consteraton h m ost
cases) . The actualbark m ay notbe present on a tin ber 11 a builhg, thouch the
dendmchronobgist who & sam plng can offen see fiom  is surface that ondy the bark &

m Eshg. h these cases the date ofthe bt ring & sll the date of f£ling.

Quiteftenome fthoughotal bftheoridcElnuter rigs are m Eshgon a tin ber. The
outeringm an oak, caled sspw ood rings, are usualy Tohter than the Tner rings, the
heartwoodndsoarerelatieaky oideni fForexam pk, sspwood can be seen 1
the comerofthe afferand at the outerend ofthe core h Foure A2, both hdiated by
arrowsM ore In portantly Or dendrochronobgy, the sspw ood E rehtiel soft and so
IBbE to heectattack and wearand tear. The buibler, thereore, m ay rem ove som e ofthe
sapwood oprecisélsge rrasons. N everthekss, fat kast som e ofthe sgpw ood rings
arelefdna smpk,we w ilknow thatnottoo m any rings have been bst shcee £ling
that the date ofthe bt ringon the sampk Eonl a w yearsbefore the date ofthe
orghalbst ring on the tree, and =0 to the date of £ling.

Variowstimatesréoeemade andusedorthe average num berofssgpw ood rings 1
m ature oak trees Engleh Hertage 1998). A iy conservative range Bbetween 15 and
50 and that thishoHs ©r95% ofm ature oaks. Thism eans, of course, that haanall
numbermfcaseshereoullie fewetharn 5and m ore than 50 sspw ood rigs. For
examplehecor&€RO-A06 hasonlP sspwood rings and som e have obvbusl been
bstovertn e - ether they w ere rem oved orghall by the carpenter and or they rotted
aw ay 1 the builihg and ortheywerebst 1 the coring. E Bnotknown exactl how

m any sspw ood rgs are m Eshg, but ushg the above rancge the Laboratory woutl

eddn ate between am iiinum of6 (=159) and amaxinum of4l =50-9). Ethe bstring
0fCRO-A06 hasbeendated t© 1500, say, then the estin ated £llhg-date rance Prthe
tree from whith 1 cam e orghally woull be between 1506 and 1541 . The Labomatory
useghiesstimafexsapwoodmreasfEnglalwherethasno pror nformaton. £
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ako uses twhen dealngw ih sam pEesw th very m any rings, about 120 to the Bst

heartw ood ring. But i otherarras of Engknd where the ILaboratory has acaum ubted a
num berofsm pkesw th com pkte sgpw ood, that 1 sno sapwod bst shce £ling, other
estn ates 1 phce ofthe conservative range of15 t© 50 are used. h the EastM dbnds
Laxton etal2001) and the east to the south down to Kent (Pearson 1995) where thas
sam pEd extensivel 11 the past, the Labomatory uses the horterestm ate 0f15 to 35
sapw ood rigs 1 95% ofm ature oaks grow g h these parts. Shice the ssmpE CRO A 06
comesf roma house 1 Cropw ellBhop 1 the EastM dEnds, a better estin ate of

sapw ood rigs bt shee £llhg Bbetween am iinum of6 &15-9) and 26 =35-9) and
the £lingw out be estim ated ®© have taken phce betw een 1506 and 1526, a shorter
periodhairefored ak boards quie often com e fiom the Bakt regbn and 1 these
cases the 95% confdence In is orsspwood are 9 t© 36 Howard etall992,56).

Even m ore precie egtn ates ofthe £lihg date and range can offen be obtahed ushng
know Edcee ofa particubr case and hifom aton gathered at the tin e of sam plng. For
exam pk, at the tin e of sam plhg the dendrochronobgistm ay have noted that the tin ber
from whih the core of Foure A2 was taken stillhad com pkte sapw ood but that som e of
the soft sgpw ood rngsw ere bt 1 coring. By m easuring ntothet imbetthedeptlof
sapw ood bst, say 20mm |, a reasonabk estn ate can be m ade of the num ber of sspw ood
rhgs bst, say 12 t© 15 rgs 1 ths case. Byaddihgon 12 to 15 years to the date ofthe
bt rng on the sam pk a good toht estn ate orthe range ofthe £lhg date can be
obtathed,whih &offen better than the 15 to 35 years Bterw e wout have estim ated

w thout thi cbservaton. I the exam pk, the £lihg Enow estin ated t© have taken phce
between AD 1512 and 1515,whih Emuch m ore precie than w thout ths extra

hifom aton.

Even fallthe sspw ood rings are m Eshg on a sam pk, butnone ofthe heartw ood rings
arethemnestimabé&thefell ing-ratess possbE by addig on the ullcom pln ent
of, say, 15 to 35 years to the date ofthe st heartw ood ring (caled the heartw ood/

sepw ood boundary or transion ring and denoted H A) . Forumately £ 5 offen easy ora
trahed dendrochronobgit to dentdfy thisboundary on a tinber. Fa tim berdoesnot
have isheartw ood /sapw ood boundary, then ondy a postquem date or flihg EpossbkE.

5. Estimating the Date of Construction. Asm There Ea consterab® body of
evilence colected by dendrochrono bgits over the years that oak tin bersused 1
buidihgsw ere not seasoned 1 m edevalorearl m odem tin es Englsh H ertace 1998;

M ies1997,50-5). Hence, provided that allthe sam pEs 1 a buidig have estn ated
felling-adatedsroadliyagreemstw ih each other, so that they appear t have
beenfellada goup,then thi dhoull give an accurate estin ate ofthe perbd when the
structure w asbuik, or soon affer Laxton etal2001, g 8;34-5,where Sssochted groups
of fellngs’ are dBcussed 1 detadl) . How ever, fthere & any evidence of sorage beore
use, or fthere ®evidence the oak cam e fiom dbroad (g Baltt boards), then some

albw ance has to be m ade brths.
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6.  Master Chronological Sequences. Ul atel, to date a sequence of rigw dths, or
a ste s=quence, w e need am ager ssquence ofdated rngw dthsw ih whith © cross-
match 1,aM agerChronobgy. To congzuct such a sequence we have to sartw ih a
sequence ofw dthsw hose dates are known and thism eansbegimig w th a ssquence
fiom an oak tree whose date of £ling sknown. I Fgure A6 such a sequence 8SHE-T,
whith cam e fiom a tree 1 Sherw ood Forestwhih wasbbwn down h a recent gke.

A fler this other sequences w hith crossm atch w ih tare added and gradually the
sequence B bushed back 1 tin e’ as faras the age of sam pksw llalbw . ThEprocess B
illustrafadiu®s . W e have am ager chronobgial sequence ofw dths or
NottinghdmsandEasM dbndsoak reach yearfriom AD 882 to 1981. EE
descrbed 1 great detailh Lexton and Liton (1988), but the com ponents i contaiis are
shownherdanthef ormofabardagram . Ascan be ssen, £ swellreplated 1 that or
each year h the perpd there are severalsam pE sequences having w dths or that year.
The m ager & the average ofthese. ThiEm ager can now be used to date oak fiom the
areandfronmthesurmmdingreawherethecl imatdeyvergimitaothattirhelast
Midland€he ILabomtory hasako congructedm ager HrKent (Laxton and Liton
1989). The m ethod the Labomatory uses to congauct am aster sequence, such as the East
M dbnds and Kent, & com pEtel obgctie and uses the Liton-Z anhodin groupig
procedure [axton etall988). O ther Booratores and hdiduak have constructed

m agers brotherareas and have m ade them availallewelasthese m agers, bcal
dated) ste chronobgescan beusedodatethebuildifige nearby. The
Laboratory has hundreds of these sie sequences firom m any parts ofEngbnd and W aks
coverng m any short perbds.

7. Ring-Width Indices. Tree-rhgdathg can be done by crossm atchg the rig

w dths them s=es, as descrbed above. H ow ever, 1 & advantageous to m odify the w dihs
first. Because different trees grow  at different 1ates and because a young oak grow s 1 a
diferent w ay from an oHeroak, Inespectize ofthe clin ate, the w dths are first
sendardized before any m atthigbetw een them Eattem pted. These sandard w dths
are known as ring-w dth hdies and w ere first used h dendrochronobgy by Baille and
Pither (1973). The exact om they take Bexphied h thispaperand 1 the appendix of
Laxton and Liton (1988) and & fugoated 1 the graphs 1 Fogure A7. Here ring-w dths
areplottedérticahnbfpraclyeavnfgowth. h the upperssquence of @), the
cenerally bBroe early grow th affter 1810 & very apparent as & the an aler bter grow th fiom
about 1900 onw ardsw hen the tree Bm aturing. A sin ibrphenom enon can be observed
11 the bw er s=quence of @) gartihg 11 1835. T both the w dths are ako changhg rpdl,
flom yearto year. The peaks are the w de rings and the troughs are the narrow rings
correspondiogoodand poorgow g seasonspespect ivEis/tw o conespondig
sequence of Baille-Pither hdiesare pbtted 11 ) where the differences 1 the nm ature
and m ature grow ths have been rem oved and only the rapdly changing peaks and troughs
r=m at, that are assocated w ih the com m on clin atc sonal. Thism akes crossm atchhg
easer.

© ENGLEH HERTAGE 28 55 -2014



f-value/offset Matrix

C45 Cco8 Co5 Co4
C45 +20 +37 +47
Co8 5.6 +17 +27
Co05 5.2 10.4 +10
Co04 5.9 3.7 5.1

Bar Diagram

[ | | [ | [ | | [ [ I I
0 10 20 30 40 50 60 70 80 90 100 110

C45 :

cos 1
+20

Co5

+37

Co4

+47
SITE SEQUENCE

Figure A5: Cross-matching of four sequences from a Lincoln Cathedral roof and the formation
of a site sequence from them

The bardagram represents these sequencesw thout the rings them sedes. The Ength ofthe bar
EBproportonalto the num berofrings 1 the sequence. Here the our ssquences are setat
rehtie postons (Offsets) t each otheratw hith they have m axinum conehton asm eagured by
the tvalies.The tvalie offeet m atrik contahs the m axinum tvaliesbebw the dBgonaland the
offsets above t. Thus, the m aximum t=valie between C 08 and C 45 occurs at the offset of + 20
rgs and the tvalie Bthen 56.The ste sequence & com posed of the average ofthe
correspdigw dths, as israted w th one w dth.
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Figure A7 (a): The raw ring-widths of two samples, THO-AO| and THO-B05, whose felling
dates are known

Here the ring w dths are pbtied verttall, one Dreach year, o that peaks represent w de rigs
and trouchs narrow ones. N otie the grow th-rends 1 each ;on average the earler rngs ofthe
young tree are w der than the Bterones ofthe oHer tree 11 both sequences

Figure A7 (b): The Baillie-Pilcher indices of the above widths

The gow th trends have been rem oved com pEetely
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ENGLISH HERITAGE RESEARCH AND THE HISTORIC ENVIRONMENT

English Heritage undertakes and commissions research into the historic
environment, and the issues that affect its condition and survival, in order to
provide the understanding necessary for informed policy and decision making, for
the protection and sustainable management of the resource, and to promote the
widest access, appreciation and enjoyment of our heritage. Much of this work is
conceived and implemented in the context of the National Heritage Protection
Plan. For more information on the NHPP please go to http://www.english-heritage.
org.uk/professional/protection/national-heritage-protection-plan/.

The Heritage Protection Department provides English Heritage with this capacity
in the fields of building history, archaeology, archaeological science, imaging

and visualisation, landscape history, and remote sensing. It brings together four
teams with complementary investigative, analytical and technical skills to provide
integrated applied research expertise across the range of the historic environment.
These are:

* Intervention and Analysis (including Archaeology Projects, Archives,
Environmental Studies, Archaeological Conservation and Technology,
and Scientific Dating)

* Assessment (including Archaeological and Architectural Investigation,
the Blue Plaques Team and the Survey of London)

* Imaging and Visualisation (including Technical Survey, Graphics
and Photography)
* Remote Sensing (including Mapping, Photogrammetry and Geophysics)

The Heritage Protection Department undertakes a wide range of investigative
and analytical projects, and provides quality assurance and management support
for externally-commissioned research. We aim for innovative work of the highest
quality which will set agendas and standards for the historic environment sector.
In support of this, and to build capacity and promote best practice in the sector,
we also publish guidance and provide advice and training. We support community
engagement and build this in to our projects and programmes wherever possible.

We make the results of our work available through the Research Report Series,
and through journal publications and monographs. Our newsletter Research News,
which appears twice a year, aims to keep our partners within and outside English
Heritage up-to-date with our projects and activities.

A full list of Research Reports, with abstracts and information on how to obtain
copies, may be found on www.english-heritage.org.uk/researchreports
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