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TREE-RING ANALYSIS OF SAMPLES FROM THE DESIGNATED HISTORIC WRECK SITE ‘THE DIAMOND’, CARDIGAN BAY
Introduction

This document is a technical archive report on the recovery and subsequent tree-ring analysis of samples taken from a wreck provisionally identified as the Diamond, located in Cardigan Bay and designated as an historic wreck under the provisions of the Protection of Wrecks Act 1973. This investigation and analysis were carried out under an excavation licence issued by Cadw: Welsh Historic Monuments, on behalf of the licensee, Ian Cundy of the Malvern Archaeological Diving Unit.

The aims of this study were to recover tree-ring samples for dating and possibly provenancing of timbers previously assessed as suitable for tree-ring dating (Nayling 2005).

Methodology

The site was dived on once by the author following limited excavation by Wessex Archaeology in 2004 (Nayling 2005). In addition to taking samples for species identification, exposed timbers were examined visually to assess their suitability for dendrochronological analysis. Most of the frames exposed in Trench 1 appeared to comprise quartered oak timbers with long tree ring sequences (c100 rings) making them potentially suitable for dendrochronological dating. The dendrochronological potential of the framing timbers was assessed as good. It was suggested that samples taken from multiple frames offered the potential to provide both dating and provenance for the timber used in the vessel’s construction. As a result, the licensee sought an excavation licence for the recovery of samples for tree-ring analysis.

In June 2006, the area in the vicinity of Trench 1 was re-excavated by members of the Malvern Archaeological Diving Unit and the author. A total of six samples were recovered over two days, using hand saws, from six different framing timbers assessed as suitable for tree-ring dating.

Prior to measurement, the samples were cleaned with razor blades to expose the fullest ring sequence. In the case of slice samples which comprised half or more of the complete cross-section of the parent tree, two radii were usually measured. The complete sequences of growth rings in the samples that were selected for dating purposes were measured to an accuracy of 0.01mm using a micro-computer based travelling stage. Cross-correlation algorithms (Baillie and Pilcher 1973; Munro 1984) were employed to search for positions where the ring sequences were highly correlated. The ring sequences were plotted electronically and exported to a computer graphics software package (Coreldraw™ v.8) to enable visual comparisons to be made between sequences at the positions indicated and, where these were satisfactory, new mean sequence was constructed from the synchronised sequences. The t-values reported below are derived from the original CROS algorithm (Baillie and Pilcher 1973). A t-value of 3.5 or over is usually indicative of a good match, although this is with the proviso that high t-values at the same relative or absolute position must be obtained from a range of independent sequences, and that satisfactory visual matching supports these positions.

All the measured sequences from this assemblage were compared with each other and those found to cross-match were combined to form a site master curve. The calculated site masters was tested against a range of reference chronologies from Britain, Europe and further afield to provide calendar dates for the ring-sequences, and identify a possible origin for the timber.

Results

A total of six samples were recovered for analysis. These are listed in Table 1 giving information on their nature and the results of analysis. Five of these samples cross-matched against each other exhibiting significant t-values between their ring-width series (Table 2), and close visual correspondence between their ring-width patterns. A 215-year ring width mean (NTD_T5) was calculated from the synchronised individual timber series and compared with oak ring-width means from Britain and Ireland without success. The mean was then compared with tree-ring chronologies available through the International Tree Ring Data Bank, and correlations found with tree-ring chronologies from the Great Lakes region of the Northern American continent (Table 3). These correlations indicate a date for the tree-ring mean of AD1614-AD1828 inclusive. The ring-width data for this mean are given in Table 4. The dating of individual timbers is indicated in Figure 1.
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Figure 1 Bar diagram of dated tree-ring sequences from individual timbers (see Table 1 for details)

Comment

The sampling exercise proved very successful with the efforts of a small dive team using SCUBA resulting in the recovery of six viable samples. Analysis resulted in a well-replicated, long site mean. This does not appear to be British, and initial results suggest that the timber comes from the northern part of the North American continent. It is hoped that communications with dendrochronologists working in this area will help to confirm and refine these findings. It should be stressed that dendrochronological analysis can not determine whether or not the timber was traded for shipbuilding at a site some distance from the growing site, or which species of oak is represented. The dating indicates that the timber must have been felled some time after AD 1828. How much later can not be determined as no sapwood, bark edge or heartwood/sapwood boundary was found on any of the samples.
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Table 1 Sample details from 2006 fieldwork at the ‘Diamond’ designated historic wreck site

	Sample
	Comments
	Conversion
	Dimensions
	Total Rings
	Average Ring Width (mm)
	Date Range

	ntd01
	Slice sample from heavily bored framing timber
	Quartered
	375 x 240
	172
	1.25
	AD 1614-AD 1785

	ntd02
	Slice sample from heavily bored framing timber
	Quartered
	375 x 240
	144
	1.41
	AD 1683-AD 1826

	ntd03
	Wedge sample
	Halved
	375 x 240
	151
	1.05
	undated

	ntd04
	Wedge sample
	Quartered
	375 x 240
	210
	1.24
	AD 1619-AD 1828

	ntd05
	Wedge sample
	Quartered
	375 x 240
	119
	1.21
	AD 1703-AD 1821

	ntd06
	Wedge sample
	Quartered
	375 x 240
	185
	1.30
	AD 1627-AD 1811


All samples were oak (Quercus spp.). No samples retained bark edge, sapwood or the heartwood sapwood boundary. No estimates of the felling date range of the individual timbers can be given therefore. As the origin of the timbers is not clear, a minimum number of sapwood rings cannot be applied.

Table 2    t-value matrix for cross-matched samples  

	Sample
	ntd02
	ntd04
	ntd05o
	ntd06

	ntd01
	3.96
	6.46
	4.40
	5.50

	ntd02   
	
	6.40
	4.52
	6.44

	ntd04   
	
	
	5.08
	7.96

	ntd05 
	
	
	
	5.71


Table 3    Correlations between the five timber, 215-year mean NYT_T5, and chronologies from the Great Lakes region of northern America. t-value matrix for cross-matched samples  

	ITRDB Chronology Code
	Description
	Date Start
	Date End
	t-value

	WI004   
	Bass Lake Peninsula - Standard Wisconsin, Mid USA (Ed Cook)
	AD 1595
	AD 1983
	5.21

	MI005   
	Cranbrook Institute - Standard Michigan, Mid USA (Ed Cook)
	AD 1581
	AD 1983
	5.67

	OH002   
	Stebbin's Gulch; Holden Arb. Standard Ohio, NE USA (Ed Cook)  
	AD 1612
	AD 1983
	5.73


Table 4    Tree-ring widths for the five timber, 215-year mean NYT_T5, dated to AD 1614-AD 1828 inclusive
	Date
	Mean Ring Width (mm)
	Number of Timber

	AD 1614
	 
	 
	 
	145
	131
	109
	127
	146
	168
	147
	 
	 
	 
	1
	1
	1
	1
	1
	2
	2

	-
	158
	140
	128
	150
	127
	140
	125
	152
	111
	126
	2
	2
	2
	2
	2
	2
	3
	3
	3
	3

	-
	148
	120
	108
	101
	84
	139
	164
	198
	189
	188
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	-
	143
	150
	175
	167
	126
	132
	178
	140
	136
	87
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AD 1651
	131
	174
	178
	130
	131
	181
	146
	144
	161
	157
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	-
	169
	161
	154
	89
	91
	136
	158
	202
	175
	146
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	-
	157
	152
	147
	144
	150
	126
	113
	128
	120
	128
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	-
	99
	110
	135
	148
	128
	177
	171
	169
	162
	154
	3
	3
	4
	4
	4
	4
	4
	4
	4
	4

	-
	135
	154
	150
	110
	147
	147
	125
	115
	140
	120
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AD 1701
	137
	139
	151
	118
	119
	134
	144
	139
	104
	131
	4
	4
	5
	5
	5
	5
	5
	5
	5
	5

	-
	113
	133
	128
	142
	141
	133
	133
	128
	141
	85
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	-
	99
	118
	104
	119
	135
	114
	140
	151
	159
	181
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	-
	136
	132
	112
	114
	112
	120
	140
	105
	92
	95
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	-
	93
	69
	75
	102
	116
	115
	117
	94
	114
	148
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AD 1751
	151
	133
	129
	154
	139
	191
	106
	139
	155
	129
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	-
	110
	123
	120
	130
	121
	154
	124
	139
	103
	110
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	-
	90
	122
	128
	129
	134
	148
	139
	131
	129
	126
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	-
	107
	118
	111
	115
	111
	132
	160
	111
	92
	111
	5
	5
	5
	5
	5
	4
	4
	4
	4
	4

	-
	93
	112
	111
	108
	105
	100
	118
	104
	96
	98
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AD 1801
	124
	91
	84
	112
	111
	89
	99
	117
	95
	116
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	-
	111
	122
	116
	114
	109
	121
	151
	115
	117
	86
	4
	3
	3
	3
	3
	3
	3
	3
	3
	3

	-
	100
	119
	105
	127
	100
	114
	169
	135
	 
	 
	3
	2
	2
	2
	2
	2
	1
	1
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