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SUMMARY
1. Peter McElhinney provided 3 leather fragments for ZooMS analysis.
2. These samples were rinsed, extracted, and trypsinated, prior to MALDI-MS
being carried out.
3. All three samples returned a positive results, two to species level, one to
family level.
4. The two samples identified to species level were identified as cattle, the
remaining sample could only be identified as belonging to either Bovidae or
Cervidae families.
5. Some material remains unused, and can be returned to the original sender, if
required.
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FIGURES

FIGURE 1: SPECTRUM FOR 17581 (KEY PEAK - 2853)

FIGURE 2: SPECTRUM FOR 17582 (NOTE LACK OF HIGHER - MASS PEAKS)
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FIGURE 3: SPECTRUM FOR 17583 (KEY PEAK – 2853)
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DISCLAIMER
This report has been prepared on the basis of the information available at the date of
writing. BioArCh does not guarantee the accuracy or reliability of the information in
this publication. Readers are responsible for assessing the relevance and accuracy
of the content of this publication. BioArCh will not be liable for any loss, damage,
cost or expense incurred or arising by reason of any person using or relying on
information in this report.

Products may be identified by proprietary or trade names to help readers identify
particular types of products but this is not, and is not intended to be, an endorsement
or recommendation of any product or manufacturer referred to. Other products may
perform as well or better than those specifically referred to.

Extracted samples relating to this report will be stored at -20°C for six months from
the date that the report is sent. After this time, all extracted samples relating to this
report will be destroyed.
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Application for radiocarbon analys is dating of Gaelic Iris h cultural material
Project Outline
1.Res earch Aims and Objectives
This AHRC funded heritage project aims to contextualise sixteen wooden and leather museum
objects recovered during turf cutting activities from wetland sites in western Ulster. The objects are
stylistically considered to be of Gaelic Irish origin, but due to the non-specialist nature of their
recovery and a relatively slow rate of stylistic change reported in the region (Evans 1957; Earwood
1993), the estimated date ranges for some objects currently span some 1200 years (A.D.
400-1600)
This radiocarbon dating study is fundamental for supporting the following objectives:
• Establishment of more accurate production dates for a range of Gaelic Irish objects.
• Material analysis of the life ways of the non-noble Gaelic population in Ulster currently underrepresented in the material and historical record.
• Curation of a material culture for Late Medieval Gaelic Ulster to illustrate continuity between
currently disparate archaeological material traditions and folk traditions that follow.
• To aid a more nuanced understanding of these objects as a basis for future heritage and
environmental recovery projects
2. Res earch Background and Context
2.1 His torical context
The western region of Ulster, Ireland’s northernmost province, played host to a Gaelic
administration from the early Christian period until an abrupt decline in the early 17th century.
Increasing social unrest in the closing centuries of the Gaelic administration saw much of the nonnoble population in western Ulster transition to a pastoral lifestyle. The family units and livestock
known as ‘creaghts’ moved in the landscape to graze their animals, and increasingly, to avoid
persecution (Prendergast 1855; Simms 1986; Duffy et al. 2001). The large areas of bogland in
western Ulster, considered liminal land by contemporary standards, provided refuge for these
highly mobile population groups (Glasscock 2008). In keeping with Gaelic historiographical
traditions, the non-noble population are largely absent in Gaelic historical records, and much of
what we know of the creaghts is drawn from fleeting accounts by often hostile, non-native writers
(Edwards and O'Dowd 2003; Simms 2009). The creaghts were disbanded in the Early Modern
period with the vast majority settling, occasionally unwillingly, in newly established plantation towns
in western Ulster (Prendergast 1855; Russell and Prendergast 1874).
2.2 Focus of current project
Despite a persistent Gaelic culture existing in western Ulster for more than a millenium, very little
Late Medieval material evidence has been recovered by archaeologists working in the region
(Mallory and McNeill 1991; Barry 2000; Plunkett and Foley 2006). A body of objects recovered from
over two centuries of turf cutting activities in the region’s bogland, have found their way into
national museum collections in Ireland. In the absence of a relevant body of documentary evidence
and archaeologically excavated materials, this PhD revisits and technically analyses currently
uncontextualised museum objects as a means to understand the life ways of the undocumented
population in Late Medieval Ulster.
A series of surveys completed across national museums in Northern Ireland and the Republic of
Ireland identified six object types of likely medieval origin, all of which have wetland provenances in
western Ulster. Three examples of each of the six object types- methers, lossets, spades, scoops,
troughs, and shoes; considered to be consistent with historical descriptions of Ulster creaghts,
were identified and documented. The current research employs heritage science methodologies to
‘read’ the objects as user produced historical documents for Late Medieval Ulster.
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2.3 Wider heritage context
Events in the three centuries after the plantation of Ulster with English and Scottish settlers
including widespread social unrest, war, famine, and associated emigration events, eroded Gaelic
cultural memory within Ireland (Connolly 2008). Nineteenth century attempts to recover aspects of
Gaelic culture in Ireland have largely drawn on intangible heritage- language, literature, and music,
but have had limited success in part because of a lack of associated materiality (Evans 1940;
FitzSimon and Murphy 2004; McMahon 2008). Archaeological and folk collections within Irish
national museums fail to clearly demonstrate cultural continuity, stored and displayed as they are in
separate museums, and in geographically distant parts of the country (Bourke 2011; Ó Síocháin et
al. 2012). Absolute dating of the objects selected for this study will explore the material lineage
between Late Medieval user made objects, and ‘folk’ collections typically associated with the postGreat famine period in Ireland (after 1852). In so-doing the work seeks to re-make cultural links
between the recent historical, and the distant past.
In addition, the history of settlement in Gaelic Ulster is poorly understood (O'Keeffe 1996; Barry
2000). The recovery of a well contextualised material culture for the region will support analysis of
contemporary relationships between people, culture, and landscape in western Ulster.
Understanding the settlement of mobile populations groups in early modern planation Ulster has
implications for understanding native/settler cultural interactions that occur in this period, the native
Irish relationship with urban settlement, and the origins of the Irish Traveller as a distinct ethnic
group in the region. The research seeks to highlight an inspiring local history of landscape-based
making and self-sufficiency, and will support the development of cultural heritage and
environmental recovery projects moving forward.
2.4 Previous dating evidence
None of the objects included in this study have been absolutely dated. The current relative dating
applied to the objects is problematic as:
• A form of extreme archaism is noted in the region by archaeologists and folklorists (Evans 1957;
Earwood 1993), indicating a slow rate of stylistic change
• The objects are largely undecorated and lack the distinctive stylistic features necessary for
relative comparison
• The current relative dating for some objects spans a period in excess of 1000 years
• The objects included in this study are all isolated, chance finds with no clear stratigraphy
• There are no typologies for four of the six object types under study
• Stylistic comparisons fail to account for regional variation across the island of Ireland
A short critical summary of the relative dating for each object type can be found in appendix 3.
3. Reques ted analys es
3.1 S amples to be dated
This application seeks dates for sixteen samples collected from objects in national collections in
Ireland (appendix 1). This number includes thirteen wood samples comprising alder, ash, birch,
and oak, and three leather samples. The objects selected for further analysis are all in a good state
of preservation, but as the objects comprise a valued part of Irish national collections, only small
samples were permitted for collection. As such, AMS dates are required for these objects.
3.2 Quality As s urance
All samples were collected directly from the museum objects, following protocols designed to
prevent cross contamination. The precise location for each sample is noted in the 3D
photogrammetry models linked in appendix 2. Each sample was placed directly in a glass vial prior
to additional analyses at the University of Bradford.
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Wooden objects
In all cases an attempt was made to collect samples from the latest growth portion of the wood,
indicated by the growth ring direction visible in the transverse orientation. While in most cases
samples were collected from the most recent wood growth, in order to preserve the visual integrity
of some objects, samples were collected from previously fractured or damaged areas close to
areas of latest wood growth. Sub-samples for each of the wooden objects were examined using
SEM to characterise the associated wood species (appendix 2). As historical conservation records
for individual objects are not available, samples were tested for the presence of post-collection
contaminants using FTIR. Some of the wooden objects included in this study appear to have been
treated with petrochemical based preservatives, as indicated in table 1, and in the FTIR spectral
analysis linked in appendix 2.
Leather objects
Samples were collected from damaged or hidden areas to preserve the visual integrity of the
objects. Peptide mass fingerprinting (ZooMS) of the samples in underway at the University of York,
to identify the animal species from which the leather was produced. In the absence of conservation
documentation, FTIR was used to characterise the waxy appearance and handling for the leather
objects. In each case free fatty acids, including oleic and linoleic acid, were identified within the
FTIR spectra (linked in appendix 1). The presence of the free fatty acids likely relates to ‘fatty
spue’, which typically occurs due to displacement of fat components in the leather.
4. Interpretation and Pos s ible Is s ues
4.1 Pos s ible Is s ues
Given the burial and post-collection treatment history for the research objects, cellulose/collagen
extraction pre-treatment is recommended. Post-collection preservation treatment of some objects
has been identified through FTIR analysis. These objects may require additional pre-treatment to
avoid erroneous dating results. While the possibility exists that some of the objects were produced
from delayed use or reused wood, there is no clear evidence that such practices were prevalent in
medieval Ireland. Nevertheless, extremely early, or wide variations in the absolute dates across
each object type, will be interpreted with caution. To avoid time-width issues, the wood species for
each object has been identified, and samples have, where possible, been collected from the latest
growth portion identified in the object. The possibility exists that some objects are of post-medieval
origin. While the dates for these objects would be significantly less accurate as a result of a
variable post-medieval calibration curve, these dates will be an improvement on the current vague
relative dating for these objects.
4.2 Radiocarbon analys is within the context of the wider res earch project
Radiocarbon dating is a fundamental analytical component within a research project which seeks
to apply heritage science methodologies to ‘read’ objects as historical documents. The series of
analyses are designed to inform a narrative for the objects and to characterise the relationship
between objects and makers in the Late Medieval landscape. Additional analyses for the project
includes multispectral imaging to identify use wear, repair, and post collection alterations, wood
species identification using optical and scanning electron microscopy, leather species analysis
using ZooMS, and accretion and residue analysis using energy dispersive x-ray spectroscopy
(EDX), and FTIR/Raman spectroscopy. Radiocarbon dating is central to the success of the PhD,
as it underpins all of the described additional analyses, and supports the primary contextual
question of when the objects were made and used.
5. Fieldwork
While no new fieldwork is planned as part of this project, the successful doctoral thesis will
underpin proposed more extensive analysis of Gaelic Irish material culture.
6. Conclus ion and Impact
Radiocarbon dating analysis, will for the first time, establish a robust material lineage for the Late
Medieval period in western Ulster, and enable the local population to know their material past. The
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Appendix 3
E xis ting dating evidence explanatory notes
S pades
Iron shod wooden spades like the three examples included in the research have been stylistically
compared with partial remains from third and fourth century Romano-British contexts (Corder 1943;
Manning 1970), and with European depictions from the Late Medieval period (Hassall 1970).
Stylistically comparable spades are reported to have been in use in Ulster until the 19th century
(Gailey 1968). The leading specialists on these objects have noted that the current stylistic
interpretations are too vague, and that radio carbon dating is required to establish a baseline date
range for objects of this type (Gailey 1968; O'Sullivan 1972).
S hoes
The three shoes included in this research correspond with a typology established by A.T. Lucas
(1956). Shoe 229.1955, a type II shoe has parallels with shoes discovered at Ballinderry Crannog
II, Co.Offaly (Hencken et al. 1941) and Lagore Crannog, Co. Meath (Hencken et al. 1950), with
associated dates ranging from the 6th to the 10th centuries A.D.. Shoe 228.1955 corresponds to
Lucas type III, with comparative examples from Lagore Crannog, Co.Meath (Hencken et al. 1950)
and Crannog 61, Lough Gara, Co.Roscommon, indicating a date range from the 1st to 9th centuries
A.D.. A third type III shoe was discovered near a 7th century wooden trackway at Castletown Bog,
Lemanaghan, Co Offaly (O'Carroll and Whitaker 1999). No stratified example of Lucas type IV
shoe, like shoe SA1904.3 have been found, but stylistic comparisons are drawn with ‘pampootie’
shoes made and worn on the Aran Islands until the early 20th century (Lucas 1956). Thus, single
piece leather shoes of the types included in this research span a period from the early Christian
through to the modern period in rural Ireland (O'Rourke 1991).
Methers
Wooden methers of the type included in this study are considered to be of late medieval origin, but
only one example has undergone radiocarbon dating. The example from Ballymoney, Northern
Ireland, noted by Earwood (2008) indicates a date range of 15th to 17th century A.D.. Earwood
(2008) reports literary evidence of these objects being in use as late as the early 19th century.
S coops
Scoop 1.1945 and 217.1940 are stylistically comparable with examples discovered at Ballinderry
Crannog I and II, (Hencken et al. 1935; Hencken et al. 1941), and Lagore Crannog (Hencken et al.
1950) in Ireland. The crannog finds are estimated to range in date from between the 6th and 11th
centuries A.D.. Scoop 1981.274 is stylistically somewhat different, but is comparable with a ladle
type scoop from Cheese Bay, North Uist in Scotland (Close-Brooks 1984). The ladle is made from
either spruce or larch wood, both of which were not grown in the British Isles until the postmedieval period. Earwood (1993) suggests that the North Uist example is either imported, made
from driftwood, or of post-medieval origin.
Los s ets
The leading authority on domestic wooden objects in Britain and Ireland does not make a clear
distinction between troughs and flatter wooden vessels like the lossets included in this research
(Earwood 1993). Close-Brooks (1984) states that ‘One-piece wooden troughs of this simple
rectangular shape with two flat lug handles seem to have been in use over a very long period of
time’. Earwood notes that “this type of trough has a long history with examples from the late iron
Age to the present day”(1997). Examples of objects of similar type are found in pre-historic
contexts in Ireland and England (Coles et al. 1978; Raftery 1990), and in Scotland and Ireland
throughout the early Christian and medieval periods (Close-Brooks 1984; Earwood 1993). Many
lossets, like 1887.1 included in this study, ‘were found during the nineteenth century and are
unprovenanced. It is possible that some, at least, may be dated to the later medieval or postmedieval periods.’ (Earwood 1993)
TroughsAs with lossets, Earwood (1993) does not make a clear distinction between troughs and other
types a large wooden vessels. While Earwood seeks to make stylistic comparisons between
elongated troughs like those included in this research, and carbon dated prehistoric wooden
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Dear Dr Wilson,
I am pleased to tell you that the NRCF Panel has decided to award your proposal a grade of 7 and
full support for 16 AMS dates. This equates to a notional NERC/AHRC grant of £5520.
The panel commented as follows:
The panel felt that the materials to be analysed are somewhat disassociated from the proposal.
The materials under examination are rather ‘mundane’ domestic objects. Some materials might be
from the period, but others may predate the Medieval. There is a lack of joined up thinking in a
sense. Worked objects from bogs are of great importance however and the samples will be of
high interest. Without dates they float in no real narrative whatsoever. In this sense the project is
valuable. There are issues of conservation with materials such as these, but perhaps the laboratory
could comment on this with respect to leather and collagen. There is also a PhD student involved
and the impact assessment is well laid out. A grade of 7 was awarded.
Please get in touch with us when you are ready to submit samples for analysis.
You can submit sample forms online at: https://c14.arch.ox.ac.uk/database/
Please quote the NF number above when you submit samples.
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Prof. Tom Higham,
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Dear Dr Wilson
We have now completed the AMS dates for the samples you sent us from this project:
Ballinderry River, 54 39’45”N 6 33’10”W, Ireland
OxA-37970
287.1967
wood (Likely Quercus robur)

d13C = -27.07

397 ± 25 BP

Ballynakillew Mountain, 54 35’50”N 7 59’42”W, Ireland
OxA-37971
1969.678
wood (Betula pendula)

d13C = -27.45

245 ± 25 BP

Bellaghy, 54 45’57”N 6 37’25”W, Ireland
OxA-37972
67.1947
wood (Quercus robur)

d13C = -24.60

746 ± 26 BP

Clonmacfelimy Townland, 54 13’36”N 7 27’27”E , Ireland
OxA-37843
217.1940
wood (Alnus glutinosa)

d13C = -25.21

2785 ± 29 BP

Coolderry South Townland, 55 5’24”N 6 36’29”W, Ireland
OxA-37946
228.1955
other (Bovidea or Cervidae)
OxA-37947
229.1955
other (Bos Taurus)

d13C = -24.73
d13C = -24.84

624 ± 22 BP
1464 ± 23 BP

Copney Townland, 54 38’29”N 7 4’17”W, Ireland
OxA-37976
1.1945
wood (Alnus glutinosa)

d13C = -27.53

1550 ± 26 BP

Garvagh Townland, 54 59’8”N 6 42’3”W, Ireland
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OxA-X-2790-33
1904.3
other (Bos Taurus)
d13C = -24.91 2991 ± 24BP
This sample has a higher than usual CN atomic ratio compared with other samples of a similar
nature we have prepared (4.8). We plan to explore whether potential PEG contamination has been
completely removed by running another sample aliquot using a different pretreatment protocol.
Glashagh Townland, 55 6’48”N 8 15’25”W, Ireland
OxA-37844
1981.274
wood (Alnus glutinosa)

d13C = -25.88

2205 ± 29 BP

K illeeshil Townland, 54 29’8”N 6 56’34”E , Ireland
OxA-37845
51.1935
wood (Alnus glutinosa)

d13C = -24.83

2014 ± 27 BP

K illygordon Townland, 54 25’16”N 7 21’1”W, Ireland
OxA-37846
473.1932
wood (Alnus glutinosa)

d13C = -23.67

2068 ± 27 BP

K nockninny Townland, 54 13’34”N 7 34’27”W, Ireland
OxA-37974
1887.1
wood (Betula pendula)

d13C = -25.94

626 ± 25 BP

Moneyneena towland, 54 50’13”N 6 51’56”W, Ireland
OxA-37969
284.1967
wood (Quercus robur)

d13C = -25.55

914 ± 27 BP

Tullaghoge Townland, 54 36’18”N 6 43’10”W, Ireland
OxA-37847
WK285
wood (Alnus glutinosa)

d13C C= -26.51 2113 ± 28 BP

Tullyard Townland, 54 47’27”N 8 19’42”W, Ireland
OxA-37973
1938.9734
wood (Fraxinus excelsior)

d13C = -24.85

575 ± 26 BP

Tullyniskan Parish, 54 32’33”N 6 43’54”W, Ireland
OxA-37975
34.1953
wood (Betula pendula)

d13C = -26.16

474 ± 25 BP

The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using the half-life
of 5568 years. Isotopic fractionation has been corrected for using the measured d13C values
measured on the AMS. The quoted d13C values are measured independently on a stable isotope
mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical pretreatment,
target preparation and AMS measurement see Radiocarbon 52 (1) and Archaeometry 44 (3
Supplement 1): 1-149.
We would welcome feedback on the results since the dating of samples from peat bogs can be
challenging due to cross-linking humans with leather samples as well as absorption onto organic
remains. While we have attempted to apply the most reliable pretreatment chemistry to the
samples we would be open to feedback where relevant and would be interested in exploring more
robust preparative methods in cases where results might appear at odds with expectation. Further
to this, we have selected a small number of these samples for further investigation into possible
contamination and we will inform you of the findings.
The calibrated results are attached in an accompanying document. These have been generated
using the OxCal computer program (v4.3) of C. Bronk Ramsey, using the ‘IntCal13’ dataset
(Radiocarbon 55 (4), 2013).
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As you may know we publish dates measured at Oxford in a Datelist, which appears in the
journal Archaeometry. When you have had the chance to consider the results and perhaps after
you’ve published a paper on this, I wonder if you would be kind enough to send your brief
comments to me. In addition, if you could refer to the support received from the NERC-AHRC
National Radiocarbon Facility (NRCF) in any publications, that would be much appreciated.
Yours sincerely

Emma Henderson, Secretary to NRCF Archaeology, ORAU Administrator.
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Appendix 4: Wood Species Identification Reference Information
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All reference images in this appendix are from:
Schoch, W., Heller, I., Schweingruber, F. H. and Kienast, F. (2004) Wood
anatomy of central European Species. Birmensdorf, Eidgenössische
Forschungsanstalt WSL. www.woodanatomy.ch
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Appendix 5: Technical Report Spade HOYFM 284.1967
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Museum: Ulster Folk Museum

Accession Number: HOYFM 284:1967

Description: A poorly preserved shaft and badly
broken blade cut from a single piece of timber

Dimensions (cms): l.103.8, w. 9.0, d.2.9

Collection Notes: A poorly preserved shaft and badly broken blade cut from a single piece of
timber. The end of the shaft was provided with a tenon used to secure a handle in position; the
tenon is broken. The shaft is broken across at a point about 30.0 cm. above the shoulder level of the
blade, but the total length of the shaft, from shoulder level to the end of the tenon, appears to have
been 90.0 cm. The shaft is roughly rectangular in section, averaging 4.5 cm. wide and 2.5 cm. thick.
The blade is 2.5 cm. thick at shoulder level, and tapers to a sharp edge approximately 13.0 cm.
below the shoulders. Its mouth is irregular in profile, and both sides of the blade have been broken
off.
Nail holes remain on each side of the shaft, suggesting that a metal shoe was secured in position by
means of lateral straps, along the sides of the blade and the shoulders, and continued to a point at
least 4.0 cm. along the sides of the shaft. A depression on the surviving left edge of the blade may
have been caused by an imperfectly driven nail (Gailey 1968: 77).

Find context: Discovered during peat cutting in 1960, under 30 inches of peat at Seskinamada,
Moneyneany townland, County Derry.
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Technical Analysis
Documentation Images
Front

Back
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Documentation Images
Blade Front Detail

Blade Back Detail
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Documentation Images
Handle Top Detail Showing Tenon for Handle Cross Piece

Handle Detail Showing Repaired Break Mid-way Along Handle
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Reflected Infrared Images
Blade Front Detail

Blade Back Detail
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Object Sampling
Sampling Location Description: Sample was collected from a fragmentary area on the right side
of the spade blade marked point 1 in the image below. This area was selected to reduce the visual
impact of sampling on the object, while collecting wood from some of the latest growth wood,
determined through examination of the wood grain for this object. A 100mg sample was collected
from this location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Species inconclusive but likely Oak (Quercus Robur) or Ash (Fraxinus
excelsior)
Salient Features: Speices analysis of the wood used to produce spade HOYFM 284.1967 was
inconclusive, but a number of micro-features identified using Scanning Electron Microscopy
(SEM) suggest that the spade is made either from oak (Quercus robur) or ash (Fraxinus
excelsior). The channel at the centre of SEM image 1, is made up from a number of
longitudinally aligned vessel members. The debris like material visible within the vessel
members are known as tyloses; outgrowths that help the living tree to manage stresses associated
with drought or infection. These are found in only four native Irish tree species- ash (Fraxinus
excelsior), elder (Sambucus nigra), elm (Ulmus glabra), and oak (Quercus robur) (see appendix
4: 418). While this feature alone is not enough to make a positive species identification, the
transition from large pores in the early wood, to radially aligned smaller late wood pores shown
in SEM Images 2-4 is more consistent with oak or ash wood than with elder and elm. Based on
comparison between transverse reference images of oak and ash (Schoch et al. 2004: Quercus
robur L. and Fraxinus excelsior L. in appendix 4: 419) the distribution of the latewood pores in
SEM Images 2-4 is more dense than the solitary transverse distribution of pores found in ash late
wood.
The rays visible as light grey lines running from top to bottom of the transverse sections in SEM
Images 2-4 are consistent with the bi- and tri-sereate rays found in ash wood. Oak wood rays
range in width from unisereate to up to 30 cells wide, and these larger rays are typically visible
with the naked eye, appearing as dark ‘flecks’ on the wood surface. While it is possible that the
wider rays associated with oak are simply not present in the small wood sample collected from
this spade, the wide rays typical of oak wood were not visible on spade HOYFM 284.1967,
possibly due to these features being obscured on the weathered tangential object surfaces.
Ash and Oak wood were commonly used in the production of Irish medieval spades, and the
identification of Oak or Ash wood for this object is consistent with other archaeological spades
found on the island of Ireland.

S.E.M. Image 1: Radial section (centre) showing tyloses filled vessel members.

431

S.E.M. Image 2: Transverse section showing radially oriented late wood pores

S.E.M. Image 3: Transverse section showing transition from large tyloses filled earlywood pores
(image top), to smaller radially aligned late wood pores
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S.E.M. Image 4: Transverse section showing large tyloses filled early wood pores

S.E.M. Image 5
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for sample 284.1967.1 is broadly comparable to the reference
spectra for both Quercus robur (oak) and Fraxinus excelsior (ash). There are variations between
the intensity and distribution of some peaks in sample 284.1967.1 and the two wood reference
spectra, particularly in the region below about 1800cm-1. The majority of these variations relate
either to the amount of bound water in the samples from which the spectra are derived, or to
deterioration or loss of some of the main polymeric components; cellulose, hemicellulose, and
lignin, in sample 284.1967.1.
The increased intensity of the peak centred around 3340cm-1 on the spectrum for oak relates to OH stretching vibrations, and is due to the increased volume of bound water in the unseasoned
sample of oak wood used to produce the reference spectra. The band between 2960cm-1 and 2850
cm-1, present and consistent across all three spectra, relates to C-H stretching vibrations in methyl
and methylene groups (Pandey 1999: 1972; Pandey and Pitman 2003: 154; Genestar and Palou
2006: 988; Bodirlau and A. Teaca 2009: 98; Ciolacu et al. 2011: 16, 17; Emandi et al. 2011: 581).
The peak between 1736cm-1 and 1724cm-1 visible in the oak and ash reference spectra but not in
spectrum 284.1967.1 is assigned to unconjugated C=O stretching vibrations in the hemicellulose
xylan (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581).
The reduced intensity of the band, visible only as a subtle shoulder in the archaeological wood
spectrum, suggests a deterioration of the hemicellulose component of the wood on spade HOYFM
284.1967.
Variations between the shape and distribution of peaks between 1660cm-1 and 1590cm-1 on the
three spectra arise from the differing state of hydration of the three samples. The prominent band
at 1636cm-1, visible in the unseasoned oak reference spectrum relates to in-plane bending
vibrations of H-O-H from absorbed water molecules (Pandey and Pitman 2003: 154; Genestar and
Palou 2006: 988). This band decreases in intensity in samples with less bound water, revealing an
underlying peak at about 1590 cm-1 which corresponds to C=O stretching vibrations in the
benzene rings in lignin (Emandi et al. 2011: 581, 582). The loss of a band between 1380cm-1 and
1363 cm-1 which relates to C–H bending in cellulose and hemicelluloses indicates loss of the
holocellulose component in sample 284.1967 (Pandey and Pitman 2003: 154; Genestar and Palou
2006: 988; Emandi et al. 2011: 581). The band between 1328cm-1 and 1320cm-1 is increased in
intensity in the spectrum for sample 284.1967.1 although it is unclear why. This composite band
relates to both C–H stretching in cellulose, and to C1–O stretching in derivatives of syringyl
(Pandey and Pitman 2003: 154), the major phenylpropanoid present in hardwood lignin but absent
in that of softwoods.
Variation in the shape of spectra 284.1967.1 and that of the two wood reference spectra in the
region between 1265cm-1 and 1200cm-1 relates to changes in the lignin content of the wood. The
guaiacyl component of lignin has been shown to absorb near both 1268 and 1230 cm−1 and the
syringyl component to absorb at 1230 cm−1 only (Sarkanen et al. 1967: 572-575). The reduction
in intensity of the band near 1268cm-1 (visible only as a subtle shoulder in spectra 284.1967.1)
suggests a reduction in the guaiacyl component of the lignin in the archaeological wood sample. A
band centred between 1240 and 1230cm-1 in the two wood reference spectra appears as a series of
peaks in spectrum 284.1967.1. The appearance of a shoulder between 1270-1264 cm−1 and a peak
at 1223cm-1 in spectrum 284.1967.1 may be due to a decrease in the intensity of the band between
1240 and 1230 cm−1 as shown in the wood reference spectra, resulting from xylan degradation, as
this band results partially from C–O vibrations in xylan. (Pandey and Pitman 2003: 154). The
reduced intensity of the peak for C=O stretching vibrations in xylan between 1736-1724 cm-1,
supports this conclusion.
A number of additional sharp, but low intensity peaks at 1398, 924, 881 and 757 cm-1 are not
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visible in the Oak and Ash wood reference spectra, and may relate to trace bio-minerals in the
archaeological sample. The bio-mineral content of archaeological wood is often elevated as a
result of mineral by-products deposited during fungal deterioration (Hedges 1989: 137; Genestar
and Pons 2007: 333). There are no post-collection contaminants indicated in the FTIR spectrum
for spade 284.1967.

435

Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 284.1967.1 (blue), Quercus Robur (red), Fraxinus excelsior (green)

FTIR Spectrum: Fingerprint Region Sample 284.1967.1 (blue), Quercus Robur (red), Fraxinus
excelsior (green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for archaeological
wood samples. While the major elements detected at Site of Interest 1 were Carbon and Oxygen
(both present in the organic polymers in wood), the presence of localised concentrations of
Calcium and Aluminium at site of interest two, visible as bright white spots on the upper right
hand corner of the electron image, might suggest the presence of bio-minerals sequestered
during the life of the plant (Evans & Hodson 1995:161,162), or earth minerals embedded during
object use, or deposited in the burial environment.
The co-deposition of Calcium, Oxygen, and Sulphur at Site of Interest 2 might also suggest
deposition of calcium oxalate [CaC2O4(H2O)] or calcium sulphate dihydrate [(CaSO4 · 2 H2O)]
crystals in this area; both by-products of fungal deterioration of wood (Genestar and Palou
2006: 988; Genestar and Pons 2007: 333,337).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: C,O

Electron Image

C Ka1

O Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Na,O,S

Electron Image

C Ka1

O Ka1

Al Ka1

Ca Ka1

S Ka1
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RadioCarbon Dating
Idenification Number: OxA-37969

Mode: AMS

δ13C: -25.55

Date: 914 ± 27 BP, A.D. 1032-1185 (95.4%)

Description: Uncalibrated dates in radiocarbon years BP (Before Present - AD 1950) derived
using the half-life of 5568 years. Isotopic fractionation has been corrected for using the
measured 13C values measured on the AMS. The quoted 13C values are measured independently
on a stable isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the
chemical pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and
(Ramsey et al. 2002). The calibrated results (below) were generated using the OxCal computer
program (v4.3) of C. Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013. Spade
HOYFM284.1967 was radio carbon dated to 914 ± 27 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a discrete range from A.D. 1032-1185 (95.4%).

Calibration Curve
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Appendix 6: Technical Report Spade HOYFM 287.1967
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Museum: Ulster Folk Museum

Accession Number: HOYFM 287:1967

Description: Iron-shod wooden spade. The shaft
and wooden blade are cut from a single piece of
timber. There is a handle at the end of the shaft,
cut from the solid.
Dimensions (cms): l. 125.7, w. 19.5, d. 2.7

PME Notes: Object is a complete iron-shod wooden spade. The wooden component is cut from a
single piece of wood to form a semi-elliptical blade, a long shaft with a handle at the end. The
wood has likely been shaped by mens of carving, and the length of the object is oriented roughly
along the longitudinal grain of the wood, and the blade cut tangentially. The wedged shaped iron
shoe component appears to be formed by hammering the molten metal into the desired shape. The
hollowed upper portion of the shoe is fitted over the bottom edge, and part way up the sides of the
wooden blade, with metal straps extending around the upper edges, shoulders, and onto the
handle. The straps are fixed to the upper side of the blade and to the base of the shaft by means of
iron nails though holes in the strapping. The object is in a stable condition given its age and
provenance. The wooden component appears quite dry, with wear along the longitudinal grain of
the shaft, and cracking along and across the grain into a multitude of square and rectangular
surface pieces on the blade, and lower and upper parts of the shaft. These pieces do not appear to
be in danger of loss from the object surface. On one side of the wooden blade, a change in texture
and colour in the wood indicates possible historical repair of this area. A translucent material
resembling dried modern adhesive suggests that this repair may have occurred in recent years.
The wooden component is otherwise robust and almost entirely free from insect damage. The
metal shoe component is in good condition and is almost entirely free from active corrosion
products. As noted in the object museum registration card, a welding line near the base of the
shoe may indicate a historic repair or reinforcement of the shoe in this area. There is a crack in the
metal about midway along the elliptical edge that interfaces with the wooden component. This
could be a weakness form original manufacture, have occurred during use, or as a result of
corrosion of the metal in this area over the years. One of the lower nails along the strapping is
missing on one side. One surface of the blade has light grey accretions in patches overall which
may relate to historical use. There is a small spot of yellowing adhesive located about 3/4 way
from the top of one side of the shaft.
Find context: Object is believed to have been found in the Ballinderry River. The river follows
County Tyrone’s northern border with County Derry, rising in west in the hills west of
Cookstown, Co. Tyrone and flowing eastward into Lough Neagh.
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Technical Analysis
Documentation Images
Front

Back
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Documentation Images
Blade Detail Front

Blade Detail Rear
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Documentation Images
Handle Terminus Detail Front

Handle Terminus Detail Front
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Reflected Infrared Images
Blade detail front showing variation in IR response wood top vs bottom

Blade detail back showing variation in IR response wood top vs bottom
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Ultraviolet Induced Visible Fluorescence Images
Blade back (levels adjusted) showing yellow fluorescence along repair edge

Blade front (levels adjusted) showing yellow fluorescence along repair edge and on wood surface
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Object Sampling
Sampling Location: A small sample of wood was collected from location 1. This sample location
was selected due to the fragmentary nature of the wood in this area. The sample area is partially
obscured by the straps of the iron shoe component thereby reducing the visual impact of sampling
on the object. The sample location deliberately avoids the area of discoloured wood highlighted in
the IR images as this may be a historical or post-collection repair. The sample location is within a
region of the ‘youngest’ wood on this object, more likely to return a radiocarbon date
representative of the object production date. The target sample size was 100 mgs. A subsample
was prepared for wood identification using Scanning Electron Microscopy. The remainder of the
sample was submitted for 14C dating.

Object Sample Location:
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Inconclusive. Possibly Quercus robur
Salient Features: The wood collected from this spade appeared mineralised and in poor
condition, and wood species identification was inconclusive as a result. Attempts to section the
wood resulted in the sample crumbling indicating that the wood in this area of the spade has lost
structural integrity.
The dark colour of the wood is consistent with an elevated iron content, and the EDX analysis
(see below) has demonstrated that iron is present throughout the sample. Oak heartwood is
known to be abundant in tannins, polyphenolic biomolecules that react in the presence of iron
ions, or with iron oxide to produce iron tannin compounds, giving the wood a characteristic
blue/black colour (Scalbert 1992: 936; Cronyn 2003:249).
SEM images 1-3, showing what appears to be ray-vessel pitting, indicate that the spade is made
from hardwood. The distribution of enlarged oval or slit like pits are consistent with those found
in oak (Schoch et al. 2004: Quercus robur) but it is not possible to rule out other hardwood
species based on this feature alone. While the indistinct nature of the wood microstructure in this
sample precludes more detailed species identification for this object, the wooden components of
archaeological Irish spades appear to be commonly made from either oak (Quercus robur) or ash
(Fraxinus excelsior) wood. The ray-vessel pits are smaller and more numerous in ash wood
(Schoch et al. 2004: Fraxinus excelsior) than those visible in the SEM images 1-3, potentially
ruling out the other wood species commonly used in the production of archaeological wooden
spades in Ireland.

S.E.M. Back Scatter Electron Image 1
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S.E.M. Back Scatter Electron Image 2

S.E.M. Back Scatter Electron Image 3
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for sample 287.1967.1 is a close match for the oak (Quercus
robur) reference spectrum. There are some minor variations between the intensity of some peaks
in spectra 287.1967.1 and the Oak reference spectrum. The majority of these variations relate to
the state of hydration of the archaeological and reference wood samples, and to deterioration or
loss of some of the main polymeric components; cellulose, hemicellulose, and lignin, in the
archaeological wood sample.
The increased intensity of the peak centred around 3340cm-1 on the spectrum for Oak relates to
O-H stretching vibrations, and is due to the increased volume of bound water in the unseasoned
sample of oak wood used to produce the reference spectra (Pandey and Pitman 2003: 154;
Genestar and Palou 2006: 988; Emandi et al. 2011: 581).
The peak between 1736cm-1 and 1724cm-1 visible in the Oak reference spectrum but not in
spectrum 287.1967.1 is assigned to unconjugated C=O stretching vibrations in the hemicellulose
xylan (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581).
The reduced intensity of the band, visible only as a shoulder in the archaeological wood spectrum,
suggests a deterioration of the hemicellulose component of the wood on spade 287.1967.
The appearance of a peak between 1270-1264 cm−1 and a peak at 1223cm-1 in spectrum
287.1967.1 may be due to a decrease in the intensity of the band centred at 1243 cm−1 visible in
the undeteriorated wood reference spectra. The loss of intensity in this band in the archaeological
sample is thought to be due to degradation of the xylan hemicellulose component of the wood, as
this band derives partially from C–O vibrations in xylan. (Pandey and Pitman 2003: 154). The
reduced intensity of the peak for C=O stretching vibrations in xylan between 1736-1724 cm-1,
supports this conclusion.
A number of addition peaks visible at at 896cm-1 (this peak overlaps with a peak for in plane
bending of C–H in cellulose (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988;
Emandi et al. 2011: 581)), 794 cm-1, and 663cm-1 may relate to a combination of iron (III) oxide
and iron (III) oxide hydroxide, commonly known as rust. An orange colouration consistent with
rust was noted at the sample collection area, and may occurred as a result of contact between the
corroded iron and wood components of the spade.
There are no post-collection contaminants indicated in the FTIR spectrum for spade HOYFM
287.1967.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 287.1967.1 (blue), Quercus Robur (red), Iron (III) Oxide

FTIR Spectrum: Fingerprint Region Sample 287.1967.1 (blue), Quercus Robur (red), Iron (III)
Oxide
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The Carbon and Oxygen detected by EDX analysis is somewhat typical for wood
samples, although Sites of Interest (SOI) 1-5 are notable for their elevated iron content. Spade
HOYFM 287.1967 is recorded as having been recovered from the Ballinderry river. This river is
fed with iron rich streams from upland bog areas, and the blackened appearance of the spade
suggests that the iron from biogeochemical cycling of Fe in anaerobic conditions (Preston et al.
2014: e84169), has reacted with tannic acid naturally present in the wood to produce iron tannate
compounds with a characteristic blue black appearance.
Abrasion between the wooden and iron components of the spade present a second possible
explanation for the elevated iron content in the wood samples from spade 287.1967. An orangered colouration is visible in the object sampling images (above) which would support this
hypotheses.
The trace phosphorous and sulphur present at SOI 1 and 4 are consistent with that reported for
bacterially degraded wood submerged in water (Gelbrich et al. 2007,27-29; Preston et al. 2014:
e84169).
The presence of calcium and sulphur at SOI 1,3, and 4 may also indicate deposition of calcium
sulphate dihydrate [(CaSO4 · 2 H2O)] crystals in this area; a by-product of fungal deterioration of
wood (Genestar and Palou 2006: 988; Genestar and Pons 2007: 333,337).
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EDX Spectra

Site of Interest 1

Site of Interest 2

Site of Interest 3

Site of Interest 4

Site of Interest 5
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: C,Ca,Fe,O,P,S

Electron Image

C ka1

O ka1

S Ka1

Fe Ka1

P Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: C,Ca,Fe,O

Electron Image

C ka1

O ka1

Ca Ka1

Fe Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 3: C,Ca,Fe,O,S

Electron Image

C ka1

O ka1

Ca Ka1

Fe Ka1

S Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 4: C,Ca,Fe,Na,O,P,S

Electron Image
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 5: C,Ca,Fe,O

Electron Image

C ka1

O ka1

Ca Ka1
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RadioCarbon Dating
Idenification Number: OxA-37970

Mode: AMS

δ13C: 27.07

Date: 397 ± 25 BP, A.D. 1439-1521 (80.5%), A.D.
1591-1620 (14.9%), A.D. 1439-1620 (95.4%)

Notes: Uncalibrated dates in radiocarbon years BP (Before Present - AD 1950) derived using the
half-life of 5568 years. Isotopic fractionation has been corrected for using the measured δ13C
values measured on the AMS. The quoted δ13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002)
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Radiocarbon dating of the wood from spade HOYFM287.1967 returned an uncalibrated date of
397±25 BP. The IntCal13 calibration curve (Reimer et al. 2013) plateaus somewhat for the period
from 500-300 calBP, and as such the calibrated date range stretches from A.D. 1439-1620
(95.4%). The calibration curve is split into two main peaks with the earlier stretching from A.D.
1439-1521 (80.5%), and the latter from A.D. 1591-1620 (14.9%). While the later date range
cannot be ruled out the balance of probability suggests that the earlier date range A.D. 1439-1521
is more likely.

Calibration Curve
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Appendix 7: Technical Report Spade 1969.678
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National Museum of Ireland

Accession Number: 1969:678

Description: Two-sided iron-shod wooden
spade. The spade consists of a blade and part of
a shaft, which are cut from a single piece of
wood, with an iron shoe fitted to the blade to
form the working edge. The remainder of the
shaft is missing, having been broken off in
antiquity.
Dimensions (cms): overall l 58, w 16.5, d 3.4
wood l 50, w 15.5, d 3.4, metal 23.5, w 16.5, d
1.5

Collection Notes: Object is the lower section of an iron shod wood spade. The shaft and blade
are carved from one piece of wood, with a roughly quadrangular profile shaft, and a paddle
shaped blade with squared shoulders and a rounded bottom end. The metal shoe is ferrous and
has been shaped to fit over the rounded edge of the wooden blade. Two metal straps extend from
the shoe up the sides of the spade, and may at one time have continued across the shoulder and
up the lower sides of the shaft. Nail holes visible on the shoulder and lower sides of the shaft
support this idea.
Despite the obvious break of the shaft, the wooden component is in otherwise good condition.
The wood surface is cracked consistent with its age and use history, and has some rust transfer
from contact with the shoe component. It is unclear if the roughened texture of the metal on the
shoe relates to original production, or from corrosion pitting during use and burial. The shoe
appears free from active corrosion, and the good condition suggests conservation treatment of
the metal component.
Find context: Spade was found about one metre deep in a bog at Ballynakillew Mountain, Co.
Donegal.
When found, the spade was lying on the gravel at the bottom of the bog ("beneath the fourth
sod”).
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Technical Analysis
Documentation Images
Front

Back
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Documentation Images
Blade Front Detail

Blade Back Detail Showing Nail Holes Along Side of Handle
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Documentation Images
Detail Showing Tops of Spade Step

Detail Showing Break Mid-Way Along Handle
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Reflected Infrared Images
Front

Blade Back Detail
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Reflected Infrared Images
Proper Right

Proper Left

471

Object Sampling
Sampling Location Description: Sample was collected from a fragmentary area on the proper
right side of the spade blade marked point 1 in the image below. This area was selected to reduce
the visual impact of sampling on the object, while collecting wood from some of the latest
growth wood, determined through examination of the wood grain for this object. A 100mg
sample was collected from this location, a small subsample of which was used for wood species
identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Birch (Betula pendula)
Salient Features: Analysis of the wood collected from Spade 1969:678 indicates that the object is
made from Birch wood. The scalariform perforation plates visible in SEM images 1-3 are found
in only four native Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula), hazel
(Corylus avellana), and holly (Ilex aquifolium). The number of individual ‘bars’ that make up the
plate is specific to each species. Whereas the number of bars on hazel wood plates ranges from 510, the number on birch ranges from 10-25, alder from 10-20 or more, and holly from 15-20
(appendix 4: 420). The number of bars visible in SEM images 1-3 far exceeds the number
typically found in hazel wood. This narrows the species identification to either alder, birch, or
hazel.
The pore distribution pattern visible in the transverse section in SEM image 4 shows a sparse
scattering of solitary or radial multiples of 2-4 pores consistent with birch wood. SEM image 5
shows an example of the solitary and radial multiple pores visible in the transverse section. By
way of comparison, the pores are more densely packed in the transverse section of alder wood,
and in holly wood are distributed in long radial multiples and clusters. Please see the reference
images in appendix 4: 421 for more detail.

S.E.M. Image 1: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 2: Vessel Member with Sclariform Perforation Plate

S.E.M. Image 3: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 4: Transverse section showing distribution of vessels

S.E.M. Transverse Vessel Detail
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for sample 1969.678.1 is a close match for the Birch (Betula
pendula) reference spectrum. There are some minor variations between the intensity of some
peaks in spectra 1969.678.1 and the Birch reference spectrum. The majority of these variations
relate to deterioration or loss of some of the main polymeric components; cellulose, hemicellulose,
and lignin, in the archaeological wood sample.
The peak between 1736cm-1 and 1724cm-1 visible in the Birch reference spectrum but not in
spectrum 1969.678.1 is assigned to unconjugated C=O stretching vibrations in the hemicellulose
xylan (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581).
The reduced intensity of the band, visible only as a shoulder in the archaeological wood spectrum,
suggests a deterioration of the hemicellulose component of the wood on spade 1969.678.
The loss of intensity of the band between at 1370 cm-1 which relates to C–H bending in cellulose
and hemicelluloses indicates that some deterioration of the holocellulose component of the wood
on spade 1969.678 has occurred (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988;
Emandi et al. 2011: 581).
The appearance of a shoulder between 1270-1264 cm−1 and a peak at 1225cm-1 in spectrum
1969.678.1 may be due to a decrease in the intensity of the band at 1232 cm−1 visible in the
undeteriorated wood reference spectra. The loss of intensity in this band in the archaeological
sample is thought to be due to degradation of the xylan hemicellulose component of the wood, as
this band derives partially from C–O vibrations in xylan. (Pandey and Pitman 2003: 154). The
reduced intensity of the peak for C=O stretching vibrations in xylan between 1736-1724 cm-1,
supports this conclusion.
It is unclear why the intensity of the peak at 1121 cm-1 has increased in spectrum 1969.678. This
peak is assigned to C–O–C stretching in cellulose and hemicelluloses (Pandey and Pitman 2003:
154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581), and given the potential loss of
hemicellulose demonstrated at other points in the spectrum, one might also expect to see a
decrease rather than an increase in this peak.
Overall the reference spectrum for Betuala pendula is a close match for that of sample 1969.678.1.
There are no post-collection contaminants indicated in the FTIR spectrum for spade 1969.678.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 1969.678.1 (blue), Betula pendula (red)

FTIR Spectrum: Fingerprint Region Sample 1969.678.1 (blue), Betula pendula (red)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for archaeological wood
samples, although there are a number of features visible in the elemental maps for Site of Interest
(SOI) 1 and 2 that are worthy of discussion.
While the major elements detected at SOI 1 and 2 were Carbon and Oxygen (both present in the
organic polymers in wood), the concentrations of aluminium and silicon visible within the vessel
members at SOI 1 and 2 might suggest the presence of bio-minerals sequestered during the life of
the plant (Evans & Hodson 1995:169; Currie & Perrie 2007;1383,1384), or earth minerals
embedded during object use or deposited in the waterlogged burial environment.
It is suggested that ‘the role of silicon (silicic acid) is to aid the exclusion of [toxic] aluminium
from organisms' (Birchall 1992:59), and that co-deposition of silicon and aluminium may be a
mechanism to counteract the toxic effects of high concentrations of aluminium in the growth
environment (Evans & Hodson 1995:169)
The presence of iron in the sample may relate to the iron shoe that was in contact with the sample
area at one time, or could conceivably have been deposited in the burial environment.

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Al,C,Fe,O,S,Si

Electron Image
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Fe,K,O,S,Si

Electron Image
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RadioCarbon Dating
Idenification Number: OxA-37971

Mode: AMS

δ13C: -27.45

Date: 245 ± 25 BP, A.D. 1527-1553 (4.3%), A.D.
1633-1674 (62.8%), A.D. 1777-1800 (24.9%), A.D.
1941-present (3.3%) A.D. 1527-1800 (92.1%)

Description: Uncalibrated dates in radiocarbon years BP (Before Present - AD 1950) derived
using the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured
d13C values measured on the AMS. The quoted d13C values are measured independently on a
stable isotope mass spectrometer (to ~0:3 per mil relative to Vienna PDB). For details of the
chemical pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and
(Ramsey et al. 2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Spade 1969:678 was radiocarbon dated to 245 ±25 BP. The IntCal13 calibration curve for this
period (Reimer et al. 2013) is somewhat erratic, returning a calibrated date range from A.D.
1527-1941 (95.4%). The uncalibrated date 245 ±25 BP intersects the IntCal13 calibration curve
at 4 narrow and widely distributed points, the earliest A.D. 1527-1553 (4.3%) and latest A.D.
1941-present (3.3%) contributing a low combined probability of 7.6% to the wider 95.4% dating
probability. The later date of 1941-present (3.3%) can almost certainly be discounted as ironshod wooden spade production had transitioned from forge to mill production by the 19th
century. While the earlier range of A.D. 1527-1552 cannot be entirely discounted, there is a
higher probability (87.7%) that the wood sample from spade 1969:678 belongs to the central
calibrated range from A.D. 1633-1800.

Calibration Curve
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Appendix 8: Technical Report Losset 67.1967
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Armagh County Museum

Accession Number: 67.1947

Description: Large oval shaped wooden tray or
losset

Dimensions (cms):l. 73, w. 53, d. 6

Collection Notes: Museum display card reads, ‘Tray, wood. Bellaghy, County Tyrone. Found at “ a
depth of 12 turf in the bog. When the tray was first discovered the burnt circular hole was covered
with leather which appeared to be in good condition but soon rotted away”. Donor: Dr. Elliott.
(Weatherup, 1978:43). Armagh County Museum Archaeological Acquisitions 1935-1959. The Journal
of the Royal Society of Antiquaries of Ireland, 108, 43
Wood identification by Scannell (1980) reads “67-47: Oval tray with handles, Bellaghy Bog. Quercus
(oak)”.
A note from Dr. Caroline Earwood (2008) reads “67.47 Tray from Bellaghy, Co. Tyrone (Late Iron
Age?) Found during turf cutting 12 feet deep in the bog. Very similar to 52.47 but cracked in antiquity
and repaired through eight sets of holes either side of the crack. A hole was originally covered with
leather pinned in place: this is now missing. Length 730mm, width 514mm, depth 57mm.
Notes by PME: Large wooden tray or dish carved from a single piece of wood, but now in two pieces.
Large hole in base has a large scorch mark around it, and stitch holes around this appear to indicate
that it was patched at one time. Holes along break edges may have been made pre-collection and may
be evidence of traditional repair. Two lugs projecting undersides of handles on either side, but these
do not have holes through as with other examples of this type. Possible chemical pesticide treatment
based on smell.

Find context: Found at “ a depth of 12 turf in the bog, Bellaghy, county Tyrone. When the tray was
first discovered the oval hole therein was covered with leather which appeared to be in good condition
but soon rotted away (Weatherup 1978: 43)
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Technical Analysis
Documentation Images
Top

Bottom
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Documentation Images
Detail of hole surrounded by scorch mark

Macro Image showing large rays consistent with oak wood.
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Reflected Infrared Images
Side 1 Top

Side 1 Bottom
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Reflected Infrared Images
Side 2 Top

Side 2 Bottom
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Object Sampling
Sampling Location Description: Sample was collected from the inside edge of a crack on the
underside of the object, marked point 1 in the image below. While it would have been desirable for
radiocarbon dating purposes to collect the sample from the extremities of the newest growth wood
on the external edges of the losset, the area of damage on the internal edge of the object was
preferentially selected to reduce the visual impact of sampling. A 100mg sample was collected
from this location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Oak (Quercus Robur)
Salient Features: Prior wood identification carried out for this object (Scannel 1980) concluded
that it was made from oak (Quercus). Oak wood rays range in width from unisereate to up to 30
cells wide, and these larger rays are typically visible with the naked eye, appearing as dark
‘flecks’ on the wood surface (appendix 4: 419). The prominent rays visible in the macro
documentation images and highlighted in the reflected infrared images above support the prior
wood species identification.
The debris like material visible within the vessel members (SEM images 1,2 and 4) are known as
tyloses; outgrowths that help the living tree to manage stresses associated with drought or
infection (Pallardy 2010: 67). These are found in only four native Irish tree species- ash
(Fraxinus excelsior), elder (Sambucus nigra), elm (Ulmus glabra), and oak (Quercus robur) (see
appendix 4: 418). The rays in ash, elder, and elm range in width from 2-5 cells wide, and would
not be as prominent as those visible in this object. This confirms that the wood used to produce
losset 67.1947 is oak (Quercus robur).

S.E.M. Image 1: Transverse Detail showing Tyloses Filled Vessel
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S.E.M. Image 2: Transverse section showing tradition from large tyloses filled vessel in early
wood, to smaller vessels in late wood

S.E.M. Image 3: Disrupted vessel member (upper edge of sample)
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S.E.M. Image 4: Tyloses Filled Vessel Members
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

Description: The FTIR spectrum for the wood sample collected from losses 67.1947 is broadly
comparable with that of a Quercus robur reference spectrum (excluding the potential postcollection contaminant described below). Variations between the the archaeological and reference
wood spectra relate primarily to the amount of bound water in the samples from which the spectra
are derived, and to deterioration or loss of some of the main polymeric components; hemicellulose
and lignin.
The increased intensity of the peak centred around 3340cm-1 on the spectrum for oak relates to OH stretching vibrations, and is due to the increased volume of bound water in the unseasoned
sample of oak wood used to produce the reference spectra. The peak at 1732cm-1 visible in the
oak reference spectrum but not in spectrum 67.1947.1 is assigned to unconjugated C=O stretching
vibrations in the hemicellulose xylan (Pandey and Pitman 2003: 154; Genestar and Palou 2006:
988; Emandi et al. 2011: 581). The reduced intensity of the band, visible only as a subtle shoulder
in the archaeological wood spectrum, suggests a deterioration of the hemicellulose component of
the wood on losses 67.1947.
A band centred around 1240 cm-1 in the oak wood reference spectrum appears as two separate
peaks at 1266 cm−1 and 1222cm-1 in spectrum 67.1947.1. This may be due to a decrease in the
intensity of the band at 1240cm-1 as shown in the wood reference spectra, resulting from xylan
degradation, as this band results partially from C–O vibrations in xylan. (Pandey and Pitman 2003:
154). The reduced intensity of the peak for C=O stretching vibrations in xylan between 1736-1724
cm-1, supports this conclusion.
There are a number of sharp peaks between 2970 and 2840 cm-1, and at 1458 and 1377 cm-1 for
the spectrum form losset 67.1947 that do not appear in the oak reference spectrum. These peaks
relate to C-H stretching vibrations, and their presence indicates that the wood contains an alkane
based contaminant. While the collection treatment history for objects from the Armagh County
Museum is not fully documented, it is possible that the object has been treated with a
petrochemical based preservative, and a strong chemical smell was noted when examining this
object. Wood preservation treatments using petroleum are noted as being in use in Europe in the
early 20th century (Unger et al. 2001:4), despite their value as pesticides being called into
question. The reference spectrum for kerosene, which consists predominantly of C6H14
(Mohammadian et al. 2013: 235) is shown here for purposes of comparison.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 67.1947.1 (blue), Quercus robur (red) Kerosene (green)

FTIR Spectrum: Fingerprint Region Sample 67.1947.1 (blue), Quercus robur (red) Kerosene
(green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: While the major elements detected at site of interest one and two were carbon and
oxygen (both constituents of the major organic polymers in wood), the presence of localised
concentrations of calcium, silicon, and iron at site of interest two, visible as bright white spots on
the upper right hand corner of the electron image, might suggest mineral deposits from the burial
environment. Alternatively, given the sample location on the underside of the losset, these
localised concentrations may relate to dirt or grit that became embedded in the wood on the
underside of the object during use.
The co-deposition of calcium and oxygen visible at SOI1 might also indicate calcium oxalate
[CaC2O4(H2O)] crystals in this area; a by-product of fungal deterioration of wood (Genestar and
Palou 2006: 988; Genestar and Pons 2007: 333,337). The presence of trace amounts of chlorine
and potassium in the sample may relate to the object burial conditions.
Localised deposition of silicon at both SOI 1 and 2 might indicate that dirt or grit (silica [SiO2] for
example) have been embedded at the sample location on the underside of the object either during
its use life, or during burial. Alternatively, some plants are known to sequester silica in vivo (as
silicic acid [Si(OH)4] from the surrounding soil) to alleviate abnormalities of growth,
development, and reproduction (Currie and Perry 2007: 1383,1384).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Al,C,Ca,Cl,K,O,S,Si,Zn
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Cl,O,S,Si,Zn

Electron Image
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RadioCarbon Dating
Idenification Number: OxA-37972

Mode: AMS

δ13C: -24.60

Date: 746 ± 26 BP, A.D. 1224-1288 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950)
using the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured
d13C values measured on the AMS. The quoted d13C values are measured independently on a
stable isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et
al. 2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Losset 67.1947 was radio carbon dated to 746 ± 26 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a discrete range from A.D. 1224-1288 (95.4%).
The sample location for this object was not collected from the ‘newest’ wood growth for this
object, but from wood produced at an earlier time. A calculation based on the projected
longitudinally aligned orientation of the object within the living tree from which it was carved,
the object maximum width (57cm), and an approximated growth rate of 1.5-2 cm circumference
per year (RFS 2015), indicate that it was possible to carve the losset from a 90-120 year old oak
tree. Assuming that the losset was carved from a tree of approximate diameter to the object
widest point, the date of production for the object could exceed the stated radiocarbon date range
by approximately 100 years

Calibration Curve
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Appendix 9: Technical Report Losset 1887.1
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National Museum of Ireland

Accession Number: 1887.1

Description: Wooden tray, brown, formed all
from one piece, irregular oblong, shallow
rounded at angles, long horizontal handle at
and parallel to extremities. Condition fair.

Dimensions (cms): l 91.5, w 52.5, d 8.7

Collection Notes: Wooden tray, brown, formed all from one piece, irregular oblong, shallow
rounded at angles, long horizontal handle at and parallel to extremities. Condition fair.
Notes by PME: Overall robust and good condition, loss of handle section at one end with
exposed fresh wood, some insect damage, hessian patch repair on underside of handle loss, top
surface darkened and dirty, likely post collection dirt.

Find context: Found beneath the peat near Knockninny, about 10 miles from Enniskillen.
Knockninny townland, Kinawley, Co. Fermanagh
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Technical Analysis
Documentation Images
Top

Bottom
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Documentation Images
Proper Left (inverted)

Proper Right (inverted)
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Reflected Infrared Images
Top

Bottom
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Ultraviolet Induced Visible Fluorescence Images
Top

Bottom
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Ultraviolet Induced Visible Fluorescence Images
Endgrain Left

Side Right
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Object Sampling
Sampling Location Description: Sample was collected from within a crack on the underside of the
object, marked point 1 in the image below. While it would have been desirable for radiocarbon
dating purposes to collect the sample from the extremities of the newest growth wood on the
external edges of the losset, the fragmented area on the underside of the object was preferentially
selected to reduce the visual impact of sampling. A 100mg sample was collected from this
location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Birch (Betula pendula)
Salient Features: Analysis of the wood collected from losset 1887.1 indicates that the object is
made from birch wood. The scalariform perforation plates visible in SEM images 1-3 are found
in only four native Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula), hazel
(Corylus avellana), and holly (Ilex aquifolium). The number of individual ‘bars’ that make up
the plate is specific to each species. Whereas the number of bars on hazel wood plates ranges
from 5-10, the number on birch ranges from 10-25, alder from 10-20 or more, and holly from 1520 (appendix 4: 420). The number of bars visible in SEM images 1-3 far exceeds the number
typically found in hazel wood. This narrows the species identification to either alder, birch, or
hazel.
The pore distribution pattern visible in the transverse section in SEM images 4 and 5 show a
relatively sparse scattering of solitary or radial multiples of 2-4 pores consistent with birch
wood. By way of comparison, the pores are more densely packed in the transverse section of
alder wood, and in holly wood are distributed in long radial multiples and clusters. Please see the
reference images in appendix 4: 421 for more detail.
The ray-vessel pits visible in SEM images 2 and 3 are also somewhat smaller and more
numerous than might be expected for alder, and are more consistent with those of birch wood
(appendix 4: 421).

S.E.M. Image 1: Detail showing Sclariform Perforation Plate
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S.E.M. Image 2: Detail showing damaged Sclariform Perforation Plate

S.E.M. Image 3: Tangential section showing multiple vessel members with scalariform
perforation plates
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S.E.M. Image 4: Transverse Section

S.E.M. Image 5: Transverse Section
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for sample 1887.1 is a close match for the birch (Betula pendula)
reference spectrum (excluding the potential post-collection contaminant described below). There
are some minor variations between the intensity of some peaks in spectra 1887.1 and the birch
reference spectrum. The majority of these variations relate to deterioration or loss of some of the
main polymeric components; cellulose, hemicellulose, and lignin, in the archaeological wood
sample.
The peak at 1736cm-1 visible in the birch reference spectrum but not in spectrum 1887.1.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced intensity
of the band, visible only as a shoulder in the archaeological wood spectrum, suggests a
deterioration of the hemicellulose component of the wood on losset 1887.1.
The loss of intensity of the band at 1372 cm-1 on the archaeological wood spectrum (which relates
to C–H bending in cellulose and hemicelluloses) indicates that some deterioration of the
holocellulose component of the wood on losset 1887.1 has occurred (Pandey and Pitman 2003:
154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581).
A band centred around 1232 cm-1 in the birch wood reference spectrum appears as two separate
peaks at 1265 cm−1 and 1223cm-1 in spectrum 1887.1.1. The appearance of the two peaks may be
due to a decrease in the intensity the composite band at 1232cm-1 in the wood reference spectra,
resulting from xylan degradation, as this band results partially from C–O vibrations in xylan.
(Pandey and Pitman 2003: 154). The reduced intensity of the peak for C=O stretching vibrations in
xylan at 1736 cm-1, supports this conclusion.
A peak at at 1030cm-1 in spectrum 1887.1.1 arises from C-O stretching in cellulose and
hemicelluloses (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011:
581) The reduction in intensity of the peak at at 1030cm-1 relative to the birch reference indicates
that the holocellulose content of the wood is reduced. A loss of polysaccharides in waterlogged
wood can contribute to a relative increase in lignin content, and in one study the lignin content was
found to have increased from an average of 25% in fresh wood, to 45% in waterlogged
archaeological wood (Traoré et al. 2016:69,70).
There are a number of sharp peaks between 2955 and 2850 cm-1, and at 1458 and 1378 cm-1 for
the spectrum from losset 1887.1 that do not appear in the birch reference spectrum. These peaks
relate to C-H stretching vibrations, and their presence indicates that the wood contains an alkane
based contaminant. While the collection treatment history for this object is not fully documented, it
is possible that the object has been treated with a petrochemical based preservative. Wood
preservation treatments using petroleum are noted as being in use in Europe in the early 20th
century (Unger et al. 2001:4), despite their value as pesticides being called into question. The
reference spectrum for kerosene, which consists predominantly of C6H14 (Mohammadian et al.
2013: 235) is shown here for purposes of comparison with a largely alkane based petrochemical.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 1887.1.1 (blue), Betula pendula (red) Kerosene (green)

FTIR Spectrum: Fingerprint Region Sample 1887.1.1 (blue), Betula pendula (red) Kerosene
(green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for archaeological
wood samples, although there are a number of features visible in the elemental maps for Site of
Interest (SOI) 1 and 2 that are worthy of discussion.
While the major elements detected at SOI 1 and 2 were carbon and oxygen (both present as
constituents of the major organic polymers in wood), the presence of localised concentrations of
silicon visible in the upper left hand corner of SOI1 and the lower left hand corner of SOI2 might
indicate that dirt or grit (SiO2 [silica] for example) have been embedded in the underside of the
object either during its use life, or during burial. While some plants are known to sequester silica
in vivo (as silicic acid [Si(OH)4]from the surrounding soil) to alleviate abnormalities of growth,
development, and reproduction (Currie & Perrie 2007;1383,1384), the distribution at SOI1 and 2
does not appear to follow the morphology of the plant tissue as would be expected in this case.
The apparent co-deposition of calcium and sulphur at SOI 2 may indicate the presence of calcium
sulphate dihydrate [(CaSO4 · 2 H2O)] crystals in this area; a by-product of fungal deterioration of
wood (Genestar and Palou 2006: 988; Genestar and Pons 2007: 333,337).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: C,O,S,Si

Electron Image
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517

Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: C,Ca,Cl,O,S,Si

Electron Image

C Ka1

O Ka1

Ca Ka1

Si Ka1

S Ka1
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RadioCarbon Dating
Idenification Number: OxA-37974

Mode: AMS

δ13C: -25.94

Date: 626 ± 25 BP, A.D. 1290-1330 (37.8%), A.D.
1338-1398 (57.6%), A.D. 1290-1398 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Losset 1887.1 was radio carbon dated to 626 ± 25 BP. Calibration using the IntCal13 calibration
curve (Reimer et al. 2013) returned a date range from A.D. 1290-1398 (95.4%).
The sample location for this object was not collected from the ‘newest’ wood growth for this
object, but from wood produced at an earlier time. A calculation based on the sample location
within the projected longitudinally aligned orientation of the object within the living tree from
which it was carved, the object maximum width (52.5cm), and an approximated growth rate of 1.52 cm circumference per year (RFS 2015), indicate that it was possible to carve the losset from a
160-210 year old birch tree. Assuming that the losset was carved from a tree of approximate
diameter to the object widest point, the date of production for the object could exceed the stated
radiocarbon date range by approximately 170 years.
Calibration Curve
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Appendix 10: Technical Report Losset 1938.9734
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National Museum of Ireland

Accession Number: 1938.9734

Description: Wooden Tray

Dimensions (cms): l 60, w 34.5, d 9.6

Collection Notes: Object is described as made from Ash (Fraxinus)
Notes by PME: Object is an oval shaped tray, carved from a single piece of wood. The tray is
carved such that it has a raised rim around the outside, and handles projecting from each of the
short ends. The long axis of the tray is carved in the longitudinal direction of the tree, such that
the the transverse grain is clearly visible on the short ends of the object (including on the interior
raised rim sections). The tray is in reasonably good condition, but is warped, and as such has split
in several locations. The rim has separated from the base at one of the short ends of the wood. A
long crack (c. 29 cm) runs from the opposite end along the middle of the tray, and a shorter crack
runs from 3/4 way across the same end for c. 11m. Part of the rim has been lost in the region
between these two cracks. The rim is also cracked and has separated along the same short edge,
but on the opposite side to the long cracks previously described. All cracks are currently stable.
The upper surface of the tray is darkened- likely as a result of museum dirt- when compared with
the lighter coloured underside. There is a cloudy white fluorescence corresponding with a whitish
discolouration at one end of the interior rim. Good visible transverse grain may aid species
identification.
Find context: Found at a depth of about 4 feet in bog, Tullyard townland, Co. Donegal. Found by
workers involved in a peat development scheme. Find is reported in the Derry Journal October
31st, 1938.
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Technical Analysis
Documentation Images
Top

Bottom
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Documentation Images
Proper Left (inverted)

Proper Right (inverted)
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Documentation Images
End Grain Detail

End Grain Detail
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Documentation Images
End Grain Macro Image

Grain like Debris Embedded on Object Edge
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Reflected Infrared Images
Top

Bottom
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Ultraviolet Induced Visible Fluorescence Images
Top

Bottom
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Ultraviolet Induced Visible Fluorescence Images
Endgrain Left

Endgrain Right
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Object Sampling
Sampling Location Description: Sample was collected from the inside broken edge of a crack in
the object base, marked point 1 in the image below. While it would have been desirable for
radiocarbon dating purposes to collect the sample from the extremities of the newest growth wood
on the external edges of the losset, the fragmented area on the inside broken edge of the object was
preferentially selected to reduce the visual impact of sampling. A 100mg sample was collected
from this location, a small subsample of which was used for wood species identification.
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Sample Location Before
No before sampling image was taken for this object

Sample Location After
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Wood Species Identification
Species Identification: Ash (Fraxinus excelsior). Confirms prior museum wood I.D.
Salient Features: The museum notes for this object indicate that it is carved from ash (Fraxinus
excelsior) wood. The debris like material visible within the vessel members (SEM images 1-4) are
known as tyloses; outgrowths that help the living tree to manage stresses associated with drought
or infection (Pallardy 2010: 67). These are found in only four native Irish tree species- ash
(Fraxinus excelsior), elder (Sambucus nigra), elm (Ulmus glabra), and oak (Quercus robur) (see
appendix 4: 418). The large early wood pores visible in transverse sections in SEM images 3 and
4 are consistent with Fraxinus excelsior, Quercus robur, and Ulmus campestris, but are not
present in Sambucus nigra (appendix 4: 418), ruling our elder as a possibe wood source for losset
1938.9734. The rays of oak wood range from uniseriate to 30 cells wide, and are visible to the
naked eye, appearing as ‘flecks’ on the tangential surfaces of the wood. The absence of visible
rays on losset 1938.9734 rules out Quercus robur as a wood source for this object. The ray
structures visible in the tangential section in SEM image 5 show bi- and tri-seriate rays consistent
with Fraxinus excelsior. Ulmus campestris rays are generally 4-5 cells wide, and are much longer
(30-60 cells high) than those visible in SEM image 5 (appendix 4: 419). In addition, the tangential
bands of latewood pores characteristic of Ulmus campestris were not observed in the SEM
transverse section images.
Close visual examination of the end grain for losset 1938.9734 (visible in the macro
documentation image above), appears to indicate early wood vessel clustering in the lighter
coloured wood at the growth ring boundary. The larger holes visible on the transverse surface
most likely relate to splits in the rays in the wood as a result of stresses introduced through drying
of the waterlogged archaeological object. These stresses are otherwise evident in the planer
deformations for this object.
All of the above observations support the prior museum species identification of Fraxinus
excelsior for this object.
S.E.M. Image 1: Fragmented Section showing groups of Vessel Members
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S.E.M. Image 2: Tangential Section Detail showing Vessel Members

S.E.M. Image 3: Fragmented Transverse Section showing Large Vessels in Early Wood
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S.E.M. Image 4: Transverse Section showing Large Vessels in Early Wood

S.E.M. Image 5: Tangential Section showing bi- and tri-sereate ray cell clusters (centre)
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum 1938.9734.1 is a close match for the ash (Fraxinus excelsior)
reference spectrum. While there are some variations between the intensity and position of some
peaks in the two spectra, the majority of these variations relate to deterioration or loss of some of
the main polymeric components; cellulose, hemicellulose, and lignin, in the archaeological wood
sample.
The peak at 1736cm-1 visible in the ash reference spectrum but not in spectrum 1938.9734.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced
intensity of the band, visible only as a shoulder in the archaeological wood spectrum, suggests a
deterioration of the hemicellulose component of the wood on losset 1938.9734.
The loss of intensity of the band at 1371 cm-1 on the archaeological wood spectrum (which
relates to C–H bending in cellulose and hemicelluloses) indicates that some deterioration of the
holocellulose component of the wood on losset 1938.9734 has occurred (Pandey and Pitman
2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581).
The reduction in intensity of the peak at at 1032cm-1 relative to the ash reference spectrum, has
revealed an otherwise partially obscured peak at 1120cm-1 which is assigned to C-H vibrations
in lignin, and is typical for syringyl lignin units found in hardwoods (Traoré et al. 2016:65). The
peak at 1032cm-1 arises from C-O stretching in cellulose and hemicelluloses (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581), and the loss of
intensity suggests a loss of the cellulose and hemicellulose components in the wood sample.
Similar changes in intensity of this band have been observed in other archaeological wood
spectra included in this research. A loss of polysaccharides in waterlogged wood can contribute
to a relative increase in lignin content, and in one study the lignin content was found to have
increased from an average of 25% in fresh wood, to 45% in waterlogged archaeological wood
(Traoré et al. 2016:69,70).
Despite the changes in intensity and position of some bands, the ash wood reference spectrum is
a reasonably close match for the spectrum derived from losset 1938.9734. No post-postcollection contaminants are indicated in the FTIR spectrum for this object.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 1938.9734.1 (blue), Fraxinus excelsior (red)

FTIR Spectrum: Fingerprint Region Sample 1938.9734.1 (blue), Fraxinus excelsior (red)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for archaeological
wood samples, although there are a number of features visible in the elemental maps for Site of
Interest (SOI) 1 and 2 that are worthy of discussion.
While the major elements detected at SOI 1 and 2 were carbon and oxygen (both present as
constituents of the major organic polymers in wood),the co-deposition of calcium and sulphur at
SOI 1 and 2 may indicate the presence of calcium sulphate dihydrate [(CaSO4 · 2 H2O)] crystals in
this area; a by-product of fungal deterioration of wood (Genestar and Palou 2006: 988; Genestar
and Pons 2007: 333,337).
A trace amount of bromine is noted at SOI1. While it is possible that the bromine detected here
relates to post-collection fumigation of the object with methyl bromide (CH3Br) (CAMEO 2017:
Methyl bromide), there is no history of methyl bromide fumigation at the National Museum of
Ireland Archaeology. Alternatively, the bromine in the sample may be related to the burial
environment for this object, as humification processes occurring in peat bogs are considered to
promote bromine accumulation in humic acids (Zaccone et al. 2008:26).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Br,C,Ca,O,S

Electron Image
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: C,Ca,O,S

Electron Image
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RadioCarbon Dating
Idenification Number: OxA-37973

Mode: AMS

δ13C: -24.85

Date: 575 ± 26 BP, A.D. 1305-1364 (61.1%),
A.D. 1384-1418 (34.3%), A.D. 1305-1418
(95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950)
using the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured
d13C values measured on the AMS. The quoted d13C values are measured independently on a
stable isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et
al. 2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Losset 1938.9734 was radio carbon dated to 575 ± 26 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a date range from A.D. 1305-1418 (95.4%).
The sample for this object was not collected from the ‘newest’ wood growth, but from wood
produced at an earlier period in the life of the tree. A calculation based on the sample location
within the projected longitudinally aligned orientation of the object within the living tree from
which it was carved, the object maximum width (34.5cm), and an approximated growth rate of
1.5-2 cm circumference per year (RFS 2015), indicate that it was possible to carve the losset from
a 50-70 year old ash tree. Assuming that the losset was carved from a tree of approximate
diameter to the object widest point, the date of production for the object could exceed the stated
radiocarbon date range by approximately 50 years.
Calibration Curve
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Appendix 11: Technical Report Trough 51.1935
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Armagh County Museum

Accession Number: 51.1935

Description: Large oval shaped wooden bowl.

Dimensions (cms): l. 69, w. 34, d 24

Collection Notes: Museum display card reads “Wooden oval shaped dish found at Killeeshil, Co.
Tyrone’. Bowls//Dishes with Triangular Handles:
Dish with triangular handles (one broken off) with circular hole. Dish badly damaged at one end.
Length c500mm, width c300mm, depth c25mm. (Weatherup 1982:66,70; Earwoood 1993:67).
Weatherup 1982 (illustration on p.66) description “51-35Dish; wooden; oval-shaped; total length
68.5; length of bowl 58.4; max.width 35.5; depth 20.3; flat and pointed handle with vertical hole,
other handle mostly missing from damaged end. Found at Killeshal, countyTyrone. Formerly in the
Robinson Collection at Roughan, county Tyrone. See Ulster Gazette 7th May 1859
From Ulster Gazette 7th May 1859: A wooden trough or ark- Another of those ancient vessels,
wrought out of solid timber, and raised from a peat moss in Killishall, County of Tyrone, is now in
the possession of Counsellor Tennison. We understand that when found it was soft, and of a pulpy
consistence; but when dried, shrunk considerably. It is about 2 feet in length, 1 foot wide, and 7
inches in depth. It is furnished with two small projecting and perforated handles at each extremity,
evidently for the purpose of running a rope through for the convenience of carriage. From the marks
retained we may, perhaps, conclude that it had been scooped or chiselled out with a stone celt, and is
durability preserved by the antiseptic property of the peat (A wooden trough or ark 1859:2).
From Earwood 1993:67 “The group of bowls from Ardgour included the fragmentary remains of a
wooden bowl or dish with a flat, horizontal handle which is approximately triangular in shape. This
vessel, and others of similar style, must therefore be dated to the first few centuries AD… Dishes
with the same distinctive handle have been found at Killeshall, Co.Tyrone (Weatherup 1982, 66 and
70) and from below a trackway of unknown date in Coolnagun, Co.Westmeath (Lucas 1971, 2357).”
Wood identification by Scannell (1980) reads “51-35: Oval dish, from Killeshal, Tyrone, Corylus
(hazel)”
Note from Caroline Earwood reads: Dishes and bowls of this type with distinctive triangular handles
have been dated to the late Iron Age by their direct association with loop handled bowls… Both
types have been found together in Scotland. (Earwood 1989:40; Earwood 1990:80-84; Earwood
1993, 66-67).
Dish from Killeshall, Co. Tyrone (Late Iron Age)
PME notes: Large oval shaped wooden vessel with handles projecting from each of two short sides
at time of production. One handle has now been partially lost. All carved from one piece. Dark
patina overall. Chemical smell indicates pesticide treatment likely.

Find context: Found in a bog at Killeeshil, County Tyrone
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Technical Analysis
Documentation Images
Top

Bottom
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Documentation Images
Proper Right

Proper Left
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Documentation Images
Detail showing flat handle and notched rim

Detail showing underside of flat handle
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Reflected Infrared Images
Object interior showing possible scorch marks

Detail of potential scorch marks
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Reflected Infrared Images
3/4 Right

3/4 Left
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Object Sampling
Sampling Location Description: Sample was collected from the edge of a large crack on the
underside of the vessel, marked point 1 in the image below. This area was selected to reduce the
visual impact of sampling on the object, while collecting wood from some of the latest growth wood,
determined through examination of the wood grain for this object. A 100mg sample was collected
from this location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Alder (Alnus glutinosa)
Salient Features: A prior wood species analysis for this object Scannell (1980), identifies the object
as having been made from hazel wood. Analysis of the wood collected from trough 51.1935 in the
course of this research indicates that the object is made from alder wood. The scalariform
perforation plates visible in SEM images 1-3 are found in only four native Irish wood species- alder
(Alnus glutinosa), birch (Betuala pendula), hazel (Corylus avellana), and holly (Ilex aquifolium).
The number of individual ‘bars’ that make up the plate is specific to each species. Whereas the
number of bars on hazel wood plates ranges from 5-10, the number on birch ranges from 10-25,
alder from 10-20 or more, and holly from 15-20 (appendix 4: 420). The number of bars visible in
SEM images 1-3 far exceeds the number typically found in hazel wood. This narrows the species
identification to either alder, birch, or hazel.
The pore distribution pattern visible in the transverse sections in SEM images 5-7 show relatively
densely packed pores in radial multiples and in groups. By way of comparison, the pores are more
sparse in the transverse section of birch wood, and in holly wood are distributed in long radial
multiples and clusters. Please see the reference images in appendix 4: 421 for more detail.

S.E.M. Image 1: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 2: Vessel Member with Sclariform Perforation Plate

S.E.M. Image 3: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 4: Vessel Member with Sclariform Perforation Plate

S.E.M. Image 5: Transverse Section showing dense pore distribution
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S.E.M. Image 6: Transverse Section showing dense pore distribution

S.E.M. Image 7: Transverse Section showing dense pore distribution
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the wood sample collected from trough 51.1935 is broadly
comparable with that of a Alnus glutinosa reference spectrum (excluding the potential postcollection contaminant described below). Variations between the the archaeological and reference
wood spectra relate primarily to the amount of bound water in the samples from which the spectra
are derived, and to deterioration or loss of some of the main polymeric components; hemicellulose
and lignin.
The peak at 1732cm-1 visible in the alder reference spectrum but not in spectrum 51.1935.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and Pitman
2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced intensity of the
band, visible only as a subtle shoulder in the archaeological wood spectrum, suggests a deterioration
of the hemicellulose component of the wood on trough 51.1935.
A band centred around 1235 cm-1 in the alder wood reference spectrum appears as two separate
peaks at 1264 cm−1 and 1220cm-1 in spectrum 51.1935.1. This may be due to a decrease in the
intensity of the band at 1235cm-1 as shown in the wood reference spectra, resulting from xylan
degradation, as this band results partially from C–O vibrations in xylan. (Pandey and Pitman 2003:
154). The reduced intensity of the peak for C=O stretching vibrations in xylan between 1736-1724
cm-1, supports this conclusion.
There are a number of sharp peaks between 2970 and 2840 cm-1, and at 1458 and 1377 cm-1 for the
spectrum form trough 51.1935 that do not appear in the alder reference spectrum. These peaks relate
to C-H stretching vibrations, and their presence indicates that the wood contains an alkane based
contaminant. While the collection treatment history for objects from the Armagh County Museum is
not fully documented, it is possible that the object has been treated with a petrochemical based
preservative, and a strong chemical smell was noted when examining this object. Wood preservation
treatments using petroleum are noted as being in use in Europe in the early 20th century (Unger et
al. 2001:4), despite their value as pesticides being called into question. The reference spectrum for
kerosene, which consists predominantly of C6H14 (Mohammadian et al. 2013: 235) is shown here
for purposes of comparison.
There are a number of additional peaks at 3523 and 3400 cm-1, and more intense peaks at 1111 and
669 cm-1 visible in spectrum 51.1935.1. These peaks correlate with those for calcium sulphate
( (CaSO4), otherwise known as gypsum), and a by-product of fungal deterioration of wood (Genestar
and Palou 2006: 988; Genestar and Pons 2007: 333,337). The co-deposition of calcium and sulphur
at SEM EDX Site of Interest 2 (below) confirms the presence of calcium sulphate dihydrate
[(CaSO4 · 2 H2O)] crystals in the sample indicating that the wood in through 51.1935 has undergone
fungal deterioration.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1 No. Of Scans: 64

Resolution: 4 cm-1

FTIR Spectrum: Sample FTIR Spectrum: Sample 51.1935.1 (blue), Alnus glutinosa (red), Kerosene
(green), Gypsum (CaSO4) (pink)

FTIR Spectrum: Fingerprint Region Sample 51.1935.1 (blue), Alnus glutinosa (red), Kerosene
(green), Gypsum (CaSO4) (pink)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for archaeological wood
samples, although there are a number of features visible in the elemental maps for Site of Interest
(SOI) 1 and 2 that are worthy of discussion.
While the major elements detected at site of interest one and two were Carbon and Oxygen (both
present in the organic polymers in wood), Calcium, Sulphur, Chlorine and Sodium are also present
throughout the sample. The overlapping concentrations of Calcium and Sulphur at SOI 2 suggest
that these elements are co-deposited in the sample, and indicates the presence of Calcium Sulphate
dihydrate [(CaSO4 · 2 H2O)] crystals in this area; a by-product of fungal deterioration of wood
(Genestar and Palou 2006: 988; Genestar and Pons 2007: 333,337).
While no equivalent co-deposition of sodium and chlorine was visible in the SEM EDX mapping,
this does not rule out the presence of sodium chloride in the sample. A low concentration of sodium
chloride in the sample may not have been clearly visible in the EDX maps. Sodium and other other
salts have been demonstrated to occur in the presence of gypsum in buried archaeological wood
(Blanchette et al. 1994:62), and it is possible that sodium chloride from the object burial
environment has accumulated in trough 51.1935 following the development of calcium sulphate
crystals in the wood. Sodium chloride is transparent to IR radiation in the mid-IR region, and would
therefore not be expected to show up in the FTIR spectrum collected from trough 51.1935.

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1 C,Ca,Cl,Na,O,S

Electron Image

C Ka1

O Ka1

Ca Ka1

S Ka1

Cl Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: C,Ca,Cl,Na,O,S

Electron Image

C Ka1

O Ka1

Ca Ka1

S Ka1

Cl Ka1
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RadioCarbon Dating
Idenification Number: OxA-37845

Mode: AMS

δ13C: -24.83

Date: 2014 ± 27 BP, 91-70 B.C. (4.0%), 61 B.CA.D. 59 (91.4%), 91 B.C.-A.D. 59 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C. Bronk
Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Trough 51.1935 was radio carbon dated to 2014 ± 27 BP. Calibration using the IntCal13 calibration
curve (Reimer et al. 2013) returned a date range from 91 B.C. to A.D. 59 (95.4%).
The sample for this object was not collected from the ‘newest’ wood growth, but from wood
produced at an earlier period in the life of the tree. A calculation based on the sample location within
the projected longitudinally aligned orientation of the object within the living tree from which it was
carved, the object maximum width (34cm), and an approximated growth rate of 1.5-2 cm
circumference per year (RFS 2015), indicate that it was possible to carve the trough from a 120-160
year old alder tree. Assuming that the trough was carved from a tree of approximate diameter to the
object widest point, the date of production for the object could exceed the stated radiocarbon date
range by approximately 50-70 years.
Calibration Curve
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Appendix 12: Technical Report Trough BELUM.A. 473.1932
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Ulster Museum

Accession Number: BELUM.A.473.1932

Description: Large oval shaped wooden bowl.

Dimensions (cms): l. 48 (inc. handles) w. 26.5
d. 14.4

Collection Notes: None
PME notes: Object is an oblong shaped deep wooden trough with projecting handles at each end.
The projecting handles each have a round hole drilled trough. Carving marks visible overall.
Rusted metal barb projecting from rim near one of the handles. Small scorch mark visible on
trough interior. No insect damage.

Find context: Found in a bog at Killygordon townland, County Tyrone
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Technical Analysis
Documentation Images
Top

Bottom
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Documentation Images
Proper Right

Proper Left
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Documentation Images
End 1

End 2
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Documentation Images
Detail showing possible scorch mark on vessel interior

Detail showing metal barb in rim above handle

568

Reflected Infrared Images
Interior showing possible scorch marks in lower left of image

Underside
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Reflected Infrared Images
Left

Right
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Reflected Infrared Images
End 2

End1
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Object Sampling
Sampling Location Description: Sample was collected from the edge of a large crack on the
underside of the vessel, marked point 1 in the image below. This area was selected to reduce the
visual impact of sampling on the object, while collecting wood from some of the latest growth
wood, determined through examination of the wood grain for this object. A 100mg sample was
collected from this location, a small subsample of which was used for wood species identification.
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Sample Location Before
No before sampling image was taken for this object

Sample Location After
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Wood Species Identification
Species Identification: Alder (Alnus glutinosa)
Salient Features: Analysis of the wood collected from trough 473.1932 indicates that the object is
made from alder wood. The partial scalariform perforation plates visible in SEM images 1-4 are
found in only four native Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula),
hazel (Corylus avellana), and holly (Ilex aquifolium). The number of individual ‘bars’ that make
up the plate is specific to each species. Whereas the number of bars on hazel wood plates ranges
from 5-10, the number on birch ranges from 10-25, alder from 10-20 or more, and holly from 1520 (appendix 4: 420). The number of bars visible in SEM images 1-4 far exceeds the number
typically found in hazel wood. This narrows the species identification to either alder, birch, or
hazel.
The nature of the sample collected from trough 473.1932 did not include a wide enough transverse
section to understand the pore distribution with the sample (SEM Images 5-7), but the pores are
somewhat larger than would be expected for holly wood, and the size and grouping of the pores is
more consistent with those observed for alder and birch (appendix 4: 421).
The individual pits visible in the ray vessel pitting in SEM images 1,3 and 4 are somewhat larger
and less numerous than those typically observed for birch wood and are more consistent with
alder. Please see the reference images in appendix 4: 421 for more detail.

S.E.M. Image 1: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 2: Partial Sclariform Perforation Plate

S.E.M. Image 3: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 4: Partial Sclariform Perforation Plate with Pitted Vessel Wall

S.E.M. Image 5: 3/4 view of transverse section
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S.E.M. Image 6: Transverse Section

S.E.M. Image 7: Transverse Section detail

577

Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: Description: The FTIR spectrum for the wood sample collected from trough
473.1932 is broadly comparable with that of an Alnus glutinosa reference spectrum. Variations
between the archaeological and reference wood spectra relate primarily to the amount of bound
water in the samples from which the spectra are derived, and to deterioration or loss of some of
the main polymeric components; cellulose, hemicellulose and lignin.
Some peaks in spectrum 473.1932.1 are not as well defined as they are in the alder reference
spectrum, and spectrum 473.1932.1 includes a number of peaks that are absent from the
reference sample, all of which suggests that sample 473.1932 may have incorporated both wood
and a small amount of attached surface bark (discussed below).
The peak at 1732cm-1 visible in the alder reference spectrum but not in spectrum 473.1932.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced
intensity of the band, visible only as a subtle shoulder in the archaeological wood spectrum,
suggests a deterioration of the hemicellulose component of the wood on trough 473.1932.
Additional peaks at 2939 and 2882 cm-1 and at 923 and 850 cm-1 indicate the presence of bark
on the wood sample from trough 473.1932. These peaks correspond closely with those of
glycerol (C3H8O3); one component of suberin, a protective cell-wall macromolecule present in
the periderm of many higher plants (Graça 2015:1,2). A range of additional complex molecules
present in the periderm and secondary phloem in mature trees including pectin, tannins, nonpolymeric lipids, and polysaccharides (Toman et al. 1975:111; Vane et al. 2006:14), may account
for the noisy and somewhat indistinct nature of the spectrum below 1800cm-1.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

FTIR Spectrum: Sample 473.1932 (blue), Alnus glutinosa (red), Glycerol (green)

FTIR Spectrum: Fingerprint Region Sample 473.1932.1 (blue), Alnus glutinosa (red), Glycerol
(green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: Many of the elements detected by EDX analysis are somewhat typical for
archaeological wood samples, although there are a number of features visible in the elemental
maps for Site of Interest (SOI) 1 and 2 that are worthy of discussion.
The rich elemental composition detected at SOI 1, incorporating Al,Ca,Cl,Fe,K,Mg,Na,O,S,Si, but
not carbon, suggests that the wood at this point on the sample was obscured with burial dirt. The
elemental mapping for SOI 1appears to indicate co-deposition of magnesium and oxygen in some
areas, and silicon and oxygen at others, indicating the presence of periclase (MgO) and quartz
(SiO4) minerals respectively.
The presence of localised concentrations of oxygen with calcium, aluminium, and magnesium at
SOI 2, visible as bright white spots on the lower left hand corner of the image, might also suggest
embedded mineral deposits from the burial environment- the calcium in this case present in the
form of Portlandite (Ca(OH)2). Alternatively, but somewhat less likely based on interpretation of
the electron image for SOI2, the combined presence of localised concentrations of calcium and
oxygen may indicate deposition of calcium oxalate crystals in this area; a by-product of fungal
deterioration of wood (Genestar and Palou 2006: 988; Genestar and Pons 2007: 333,337).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1 Al,Ca,Cl,Fe,K,Mg,Na,O,S,Si

Electron Image
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Cl,Fe,K,Mg,Na,O,S,Si

Electron Image
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O Ka1

Ca Ka1

Si Ka1

Mg Ka1
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RadioCarbon Dating
Idenification Number: OxA-37846

Mode: AMS

δ13C: -23.67

Date: 2068 ± 27 BP, 171-20 B.C. (92.9%), 12-1 B.C.
(2.5%), 171 B.C.- A.D. 1 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Trough 473.1932 was radio carbon dated to 2068 ± 27 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a date range from 171-1 B.C (95.4%).
The bark material fixed to the object surface on this object next to the point at which the
radiocarbon dating sample was collected, suggests that the wood sample was collected from the
outermost xylem tissue in the living tree. As such, no further adjustment of the calibrated
radiocarbon date is necessary.
A calculation based on the projected longitudinally aligned orientation of the object within the
living tree from which it was carved, the object maximum width (34cm), and an approximated
growth rate of 1.5-2 cm circumference per year (RFS 2015), indicate that it was possible to carve
the trough from a 80-110 year old alder tree.
Calibration Curve
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National Museum of Ireland

Accession Number: WK285

Description: Large trough or dish

Dimensions (cms): l 68, w c. 42 cm, c 23 cm

Collection Notes: An unusually large and deep trough or dish, seemingly formed from willow;
form oblong with angles rounded off. Portion of one end broken away; at the other remains a small
roundish projecting ear or handle, which is pierced with a circular aperture. Condition poor; a large
portion of the bottom (which was flat) gone. Length 24 1/2 inches; width 15 1/2; internal depth 6
PME notes: Object is a large wooden trough, likely carved from a single piece of wood, but now in
three pieces. The trough is split in two about midway along its length. One of these two pieces has
lost a smaller section (c. 30 x 13 cm). The trough has a carved loop at one end, and likely had a
second carved loop at its other end. These may have been used to carry or suspend the vessel. The
vessel was carved from a large piece of wood- likely a tree trunk using an adze or similar sharp
tool, with the longitudinal grain aligned along the long axis of the vessel. The wood has a dark
patina and is extremely dirty, but in abraded areas the wood has a reddish-brown appearance.
The vessel is in relatively poor condition. It is broken in three parts, and has a paper lining over its
two ends, and along part of the underside and inside, presumably as apart of a historical
conservation treatment to prevent the object from breaking into parts. The paper lining has failed
to hold the object together, but has protected the exposed surfaces from museum dirt. The object
may have undergone some more recent loss of wood from around the rim, based on the fresh
colour of wood exposed in this area. There is no clear evidence of insect damage on the vessel.
The object has a bag a fragments attached, including a number of c. 3cm sq. wood pieces suitable
for wood identification and possible additional analysis.

Find context: Museum notes record object as found near Tullahogue, Co. Tyrone, and presented by
presented by the Rev. Dr. Porter.
A note in the Proceedings of the Royal Irish Academy (Haughton 1853:424) likely relates to
trough WK285, based on the object description, donor name, and find location (a short distance
from Tullaghoge, Co.Tyrone). The note reads as follows:
The Secretary read the following extracts from a letter from the Rev. T. H. Porter, accompanying
the donation of a very large wooden vessel to the Museum of the Academy:--"It was found some
months since, at a considerable depth in a peat bog at Gortagowan, in this parish of Desartcreat
[Desertcreat], county of Tyrone, the same bog in which three former wooden articles, which I had
the pleasure of sending up to the Museum, were found. It lay bottom uppermost, and was much
shattered by the diggers in taking it out. But it is remarkable that it had been split in different
places before it was submerged; as is plain from the several slips of hard wood, with holes for
pegs, found with it; one of which is now attached where it was originally put on. The poor owners
must have had it a long time in use, and must have valued it highly. A long slender pole,
apparently of willow, or some other pliable wood, was found near it, but much damaged. Within it
was a quantity of dark brown stuff, of which I have a sample; it seems to be merely the finer parts
of the peat, filtered in by the water”
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Technical Analysis
Documentation Images
Top

Side
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Documentation Images
End 1

End 2
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Documentation Images
Scorch mark on exterior of vessel

Drip mark on exterior of vessel
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Reflected Infrared Images
Interior view of section 1

Exterior side of section 1 showing scorch mark on rim
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Reflected Infrared Images
Left

Right
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Object Sampling
Sampling Location Description: Sample was collected from the edge of a break edge on the
underside of the vessel, marked point 1 in the image below. This area was selected to reduce the
visual impact of sampling on the object, while collecting wood from some of the latest growth wood,
determined through examination of the wood grain for this object. A 100mg sample was collected
from this location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Alder (Alnus glutinosa)
Salient Features: Analysis of the wood collected from trough WK285 indicates that the object is
made from alder wood. The scalariform perforation plates visible in SEM images 1-3 are found
in only four native Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula), hazel
(Corylus avellana), and holly (Ilex aquifolium). The number of individual ‘bars’ that make up the
plate is specific to each species. Whereas the number of bars on hazel wood plates ranges from 510, the number on birch ranges from 10-25, alder from 10-20 or more, and holly from 15-20
(appendix 4: 420). The number of bars visible in SEM images 1-3 far exceeds the number
typically found in hazel wood. This narrows the species identification to either alder, birch, or
hazel.
The pore distribution pattern visible in the transverse sections in SEM images 4-7 show relatively
densely packed pores in radial multiples and in groups, diagnostic of alder. By way of
comparison, the pores are more sparse in the transverse section of birch wood, and in holly wood
are distributed in long radial multiples and clusters. Please see the reference images in appendix
4:421 for more detail.

S.E.M. Image 1: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 2: Sclariform Perforation Plate

S.E.M. Image 3: 2 x Sclariform Perforation Plates
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S.E.M. Image 4: Transverse Section

S.E.M. Image 5: Transverse Section
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S.E.M. Image 6: Transverse Section

S.E.M. Image 7: Transverse Section detail
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the wood sample collected from trough WK285 is broadly
comparable with that of an Alnus glutinosa reference spectrum. Variations between the the
archaeological and reference wood spectra relate primarily to the amount of bound water in the
samples from which the spectra are derived, and to deterioration or loss of some of the main
polymeric components; cellulose, hemicellulose and lignin.
The peak at 1735cm-1 visible in the alder reference spectrum but not in spectrum WK285.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced
intensity of the band, visible only as a subtle shoulder in the archaeological wood spectrum,
suggests a deterioration of the hemicellulose component of the wood on trough WK285.
A band centred around 1235 cm-1 in the alder wood reference spectrum appears as two separate
peaks at 1266 cm−1 and 1220cm-1 in spectrum WK285.1. This may be due to a decrease in the
intensity of the band at 1235cm-1 as shown in the wood reference spectra, resulting from xylan
degradation, as this band results partially from C–O vibrations in xylan. (Pandey and Pitman
2003: 154). The reduced intensity of the peak for C=O stretching vibrations in xylan between
1736-1724 cm-1, supports this conclusion.
A peak at at 1030cm-1 in spectrum WK285.1 arises from C-O stretching in cellulose and
hemicelluloses (Pandey and Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al.
2011: 581) The reduction in intensity of the peak at at 1027cm-1 relative to the shoulder at
1120cm-1, and relative to the corresponding peaks on the alder reference spectrum, indicates that
the holocellulose content of the wood is reduced.
The spectrum is an otherwise close match for that of the alder reference spectrum. No postcollection contaminants are indicated in the FTIR spectrum for this object.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

FTIR Spectrum: Sample WK285.1 (blue), Alnus glutinosa (red)

FTIR Spectrum: Fingerprint Region Sample WK285.1 (blue), Alnus glutinosa (red)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected EDX analysis are what might be expedite for a wooden object
recovery from burial. While the major elements detected at site of interest one were Carbon and
Oxygen (both present in the organic polymers in wood), a number of additional elements were
detected at SOI 1 and 2 that are worthy of discussion.
In addition to carbon and oxygen, Ca, Cl, S and Si were elementally mapped at SOI 1. The
combined presence of calcium and sulphur at SOI 1 might indicate the presence of Calcium Sulphate
dihydrate [(CaSO4 · 2 H2O)] crystals in this area; a by-product of fungal deterioration of wood
(Genestar and Palou 2006: 988; Genestar and Pons 2007: 333,337). Calcium and sulphur were also
mapped at SOI 2 potentially indicating the presence of Calcium Sulphate dihydrate [(CaSO4 · 2
H2O)] crystals in this area; although there was no indication of calcium sulphate in the FTIR
spectrum for this object.
Alternatively, given the sample location on the underside of the object, the Ca, Cl, S and Si
identified at SOI 1 and 2 may relate ingrained dirt from the objects use-life, or to minerals from the
burial environment for trough WK285.

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1 Al,Ca,Cl,Fe,K,Mg,Na,O,S,Si

Electron Image

C Ka1

O Ka1

Ca Ka1

Cl Ka1

S Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Cl,Fe,K,Mg,Na,O,S,Si

Electron Image

C Ka1

O Ka1

Ca Ka1

S Ka1
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RadioCarbon Dating
Idenification Number: OxA-37847

Mode: AMS

δ13C: -26.51

Date: 2113 ± 28 BP, 203-50 B.C. (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset Reimer et al. 2013.
Trough WK285 was radio carbon dated to 2113 ± 28 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a date range from 203-50 B.C. Estimations of the
diameter of the tree from which trough WK285 was carved suggest that the tree could have had an
additional 20-30 years of growth after the point at which the radiocarbon dating sample was
produced in the living tree, before the tree was felled. This increases the potential date range for
this object to the period between 183-20 B.C.
A calculation based on the projected longitudinally aligned orientation of the object within the
living tree from which it was carved, the object maximum width, and an approximated growth rate
of 1.5-2 cm circumference per year (RFS 2015), indicate that it was possible to carve the trough
from a 60-90 year old alder tree.
Calibration Curve
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Appendix 14: Technical Report Bailer 1.1945
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Armagh County Museum

Accession Number: 1.1945

Description: Wooden; leaf-shaped; cut from solid

Dimensions (cms): length 48.2 (including handle);
max. width 21.5; depth 9.5.

Collection Notes: Museum display card reads, ‘Wooden utensil, Copney, County Tyrone. This
rather unusual boat shaped wooden utensil was found in the White Bog at Copney near the village
of Carrickmore. Its actual purpose is somewhat perplexing. It is scoop-like in character and its
depth somewhat suggestive of a ladle. Found at about five feet below the surface level by Mr.
Hugh Hall. Donor: Rev. C.W. Noble, M.A.
Object is reported in (Paterson 1946:47) “1-45 Vessel; wooden; scoop-shaped; cut from solid;
length 48.2 (including handle); max. width 21.5; depth 9.5. From White Bog, Copney townland,
near Carrickmore, county Tyrone. See UJA 9 (1946), 47. Donor: Rev. C. W. Noble, Carrickmore,
county Tyrone” and (Weatherup 1978:43) “This rather unusual boat-shaped wooden utensil was
found in the White Bog at Copney, near the village of Carrickmore. It was discovered by Mr.
Hugh Hall of Mullanmore at a depth of five feet below surface level, and by him presented to the
Rev. C. W. Noble, M.A., who later deposited it in Armagh Museum. Its actual purpose is
somewhat perplexing. It is scoop-like in character, and its depth somewhat suggestive of a ladle.
Handled dishes have been found from time to time, but those that I have notes of are circular or
oval in shape, and only akin to the Copney utensil in that they are carved from solid blocks of
wood.” Weatherup includes two line drawings of the object- top down and proper left elevations.
Notes by Caroline Earwood (2008), “7th to 10th centuries AD. Found about 5 feet below the
surface of the bog. This appears to be a rough out i.e. shaped but incomplete, intended to be a
scoop. It is 482 mm long including the handle with a maximum width of 215mm and is 95mm
deep. It is comparable to finished scoops from the Ballinderry and Lagore crannogs as well as from
a stray find from North Uist, Scotland (Earwood 1993:116,117, fig. 80) and is likely therefore to
be from late 1st millennium AD
Notes by PME: Leaf shaped wooden object with bowl like depression and projecting handle, and is
carved from a single piece of wood. Looks like a scoop or ladle. Could this have been a serving
vessel, possibly with hot contents? Object appears in good condition but has been painted overall
(apart for the handle) with a yellow/cream coloured coating. No mention is made of the painted
coating in (Paterson 1946:47) or (Weatherup 1978:43), suggestive of more recent application. The
wood underneath appears red brown in colour (based on chips in the paint layer, and on the colour
of the handle). Smell indicates chemical pesticide treatment.

Find context: Found at about five feet below the surface level in the White Bog at Copney near the
village of Carrickmore, County Tyrone
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Technical Analysis
Documentation Images
Top

Bottom
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Documentation Images
Proper Left

Proper Right
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Documentation Images
Front

Back
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Reflected Infrared Images
Top

Bottom
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Reflected Infrared Images
Proper Right

Proper Left
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Reflected Infrared Images
Proper Front

Back
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Ultraviolet Induced Visible Fluorescence Images
Top

Bottom
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Object Sampling
Sampling Location Description: Sample was collected from an abraded area on the underside of
the object handle marked point 1 in the image below. This area was selected to reduce the visual
impact of sampling on the object, while collecting wood from an unpainted part of the object. A
100mg sample was collected from this location, a small subsample of which was used for wood
species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Alder (Alnus glutinosa). Confirms prior wood I.D in museum notes by
Scannell (1980) “1:45 Scoop with handles, from White Bog, Copney. Alnus (alder)”.
Salient Features: Analysis of the wood collected from bailer 1.1945 indicates that the object is
made from alder wood. The scalariform perforation plates visible in SEM images 4 and 5 are
found in only four native Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula),
hazel (Corylus avellana), and holly (Ilex aquifolium). The number of individual ‘bars’ that make
up the plate is specific to each species. Whereas the number of bars on hazel wood plates ranges
from 5-10, the number on birch ranges from 10-25, alder from 10-20 or more, and holly from 1520 (appendix 4: 420). The number of bars visible in SEM images 1-3 far exceeds the number
typically found in hazel wood. This narrows the species identification to either alder, birch, or
hazel.
The pore distribution pattern visible in the transverse sections in SEM images 1-3 show relatively
densely packed pores in radial multiples and in groups, diagnostic of alder. By way of comparison,
the pores are more sparse in the transverse section of birch wood, and in holly wood are distributed
in long radial multiples and clusters. Please see the reference images in appendix 4: 421 for more
detail.

S.E.M. Image 1: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 2: Transverse Section

S.E.M. Image 3: Transverse Section
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S.E.M. Image 4: Vessel member with Sclariform Perforation Plate

S.E.M. Vessel member with Sclariform Perforation Plate
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the wood sample collected from bailer 1.1945 is broadly
comparable with that of a Alnus glutinosa reference spectrum (excluding the potential postcollection contaminant described below). Variations between the the archaeological and
reference wood spectra otherwise relate primarily to the amount of bound water in the samples
from which the spectra are derived, and to deterioration or loss of some of the main polymeric
components; hemicellulose and lignin.
The peak at 1734cm-1 visible in the alder reference spectrum but not in spectrum 1.1945.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced
intensity of the band, visible only as a subtle shoulder in the archaeological wood spectrum,
suggests a deterioration of the hemicellulose component of the wood on bailer 1.1945.
A band centred around 1235 cm-1 in the alder wood reference spectrum appears as two separate
peaks at 1265 cm−1 and 1221cm-1 in spectrum 1.1945.1. This may be due to a decrease in the
intensity of the band at 1235cm-1 as shown in the wood reference spectra, resulting from xylan
degradation, as this band results partially from C–O vibrations in xylan. (Pandey and Pitman
2003: 154). The reduced intensity of the peak for C=O stretching vibrations in xylan between
1736-1724 cm-1, supports this conclusion.
There are a number of sharp peaks between 2970 and 2850 cm-1, and at 1458 and 1377 cm-1 for
the spectrum form bailer 1.1945 that do not appear in the alder reference spectrum. These peaks
relate to C-H stretching vibrations, and their presence indicates that the wood contains an alkane
based contaminant. While the collection treatment history for objects from the Armagh County
Museum is not fully documented, it is possible that the object has been treated with a
petrochemical based preservative, and a strong chemical smell was noted when examining this
object. Wood preservation treatments using petroleum are noted as being in use in Europe in the
early 20th century (Unger et al. 2001:4), despite their value as pesticides being called into
question. The reference spectrum for kerosene, which consists predominantly of C6H14
(Mohammadian et al. 2013: 235) is shown here for purposes of comparison.
A small flake of the yellow coating from bailer 1.1945 was analysed using FTIR. The coating is
a close match for a reference spectrum (©Nicodom 2009) for ‘Oil Ground’ a surface preparation
used for oil painting (see below). An additional sharp peak at 1738cm-1 in the spectrum from the
yellow coating may relate to an additional, possibly mineral, pigment. It is most likely that the
coating was added post collection, although its purpose is unclear.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 1.1945.1 (blue), Alnus glutinosa (red), Kerosene (green)

FTIR Spectrum: Fingerprint Region Sample 1.1945.1 (blue), Alnus glutinosa (red), Kerosene
(green)
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample of Yellow Coating from bailer 1.1945 (grey), Oil ground reference (red)

FTIR Spectrum: Fingerprint Region Sample of Yellow Coating from bailer 1.1945 (grey), Oil
ground reference (red)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: Many of the elements detected by EDX analysis are somewhat typical for
archaeological wood samples, although there are a number of features visible in the elemental maps
for Site of Interest (SOI) 1 and 2 that are worthy of discussion.
The combined presence of calcium and sulphur at SOI 1 might indicate the presence of Calcium
Sulphate dihydrate [(CaSO4 · 2 H2O)] crystals in this area; a by-product of fungal deterioration of
wood (Genestar and Palou 2006: 988; Genestar and Pons 2007: 333,337). Calcium and sulphur were
also mapped at SOI 2 potentially indicating the presence of Calcium Sulphate dihydrate [(CaSO4 · 2
H2O)] crystals in this area; although there was no indication of calcium sulphate in the FTIR
spectrum for this object. A localised distribution of silicon was detected at SOI 1, and in combination
with a corresponding localised distribution of oxygen may indicate the presence of quartz (SiO2)
within the sample. Trace amounts of Cl, Fe, K, Na were detected at SOI 1.
In addition to carbon and oxygen, trace amounts of Al,Ca,Cl,Fe,K,Na,O and S were detected at SOI
2. The elemental mapping indicates that these emblems are dispersed throughout the sample in small
amounts, and may therefor relate to a mixture of minerals and salts from the burial environment.

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Al,C,Ca,Cl,Fe,K,Na,O,S,Si

Electron Image
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Cl,Fe,K,Na,O,S

Electron Image
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RadioCarbon Dating
Idenification Number: OxA-37976

Mode: AMS

δ13C: -27.53

Date: 1550 ± 26 BP, A.D. 425-568 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C. Bronk
Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Bailer 1.1945 was radio carbon dated to 1550 ± 26 BP. Calibration using the IntCal13 calibration
curve (Reimer et al. 2013) returned a date range from A.D. 425-568 (95.4%).
The sample location for bailer 1.1945 was influenced by the requirement to avoid the yellow coating
applied over much of the object surface, and to reduce the visual impact of sampling on the object.
As such the sample was collected from the underside of the object handle. A calculation based on
the location of the sample in the living tree from which bailer 1.1945 was carved, and a growth rate
of 1.5-2cm circumference growth per year (RFS 2015), indicates that the object was carved from a
50-70 year old tree trunk. It is estimated that an additional 5-10 years of growth occurred in the tree
after the point at which the wood for sample 1.1945 was laid down in the living tree. This small
adjustment shifts the production date range for this object to a period between A.D. 430 and 578.

Calibration Curve
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Appendix 15: Technical Report Bailer BELUM.A.217.1940
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Ulster Museum

Accession Number: BELUM.A.217.1940

Description: Ladle or scoop rough out

Dimensions (cms): l. 41, w. 16.5, d.8.4

Collection Notes: None
Notes by PME:Leaf shaped wooden rough out with projecting handle carved from single piece
of wood. Carved so that transverse section visible at each of short ends. No insect damage
visible. No chemical treatment smell present.

Find context: Found in a bog at Clonmacfelimy townland, Co. Fermanagh.
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Technical Analysis
Documentation Images
Top
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Documentation Images
Proper Left

Proper Right
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Documentation Images
Front

Back
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Reflected Infrared Images
Top

Bottom
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Reflected Infrared Images
Proper Left (inverted)

Proper Right
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Reflected Infrared Images
Front

Back
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Ultraviolet Induced Visible Fluorescence Images
Top

Bottom
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Ultraviolet Induced Visible Fluorescence Images
Proper Right (inverted)

Proper Left (inverted)
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Object Sampling
Sampling Location Description: Sample was collected from along the edge of an existing crack on
the underside of the object handle marked point 1 in the image below. This area was selected to
reduce the visual impact of sampling on the object, while collecting wood from the outermost edge
of the ‘newest’ growth within the object based on the grain direction. A 100mg sample was
collected from this location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Alder (Alnus glutinosa)
Analysis of the wood collected from bailer 217.1940 indicates that the object is made from alder
wood. The scalariform perforation plates visible in SEM images 1-3 are found in only four native
Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula), hazel (Corylus avellana), and
holly (Ilex aquifolium). The number of individual ‘bars’ that make up the plate is specific to each
species. Whereas the number of bars on hazel wood plates ranges from 5-10, the number on birch
ranges from 10-25, alder from 10-20 or more, and holly from 15-20 (appendix 4: 420). The number
of bars visible in SEM images 1-3 far exceeds the number typically found in hazel wood. This
narrows the species identification to either alder, birch, or hazel.
The pore distribution pattern visible in the transverse sections in SEM images 4 and 5 show
relatively densely packed pores in radial multiples and in groups, diagnostic of alder. By way of
comparison, the pores are more sparse in the transverse section of birch wood, and in holly wood
are distributed in long radial multiples and clusters. Please see the reference images in appendix 4:
421 for more detail.

S.E.M. Image 1: Vessel Member with Sclariform Perforation Plate
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S.E.M. Image 2: Vessel Members with Sclariform Perforation Plate

S.E.M. Image 3: Vessel Member with Sclariform Perforation Plate

640

S.E.M. Image 4: Transverse section

S.E.M. Image 5: Transverse section
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: Description: Description: The FTIR spectrum for the wood sample collected from
bailer rough out 217.1940 is broadly comparable with that of the Alnus glutinosa reference
spectrum. Variations between the the archaeological and reference wood spectra relate primarily to
the amount of bound water in the samples from which the spectra are derived, and to deterioration
or loss of some of the main polymeric components; cellulose, hemicellulose and lignin.
Some peaks in spectrum 217.1940.1 are not as well defined as they are in the alder reference
spectrum, and spectrum 217.1940.1 includes a number of peaks that are absent from the reference
sample, all of which suggests that sample 217.1940 may have incorporated both wood and a small
amount of attached surface bark (discussed below).
The peak at 1734cm-1 visible in the alder reference spectrum but not in spectrum 217.1940.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced intensity
of the band, visible only as a subtle shoulder in the archaeological wood spectrum, suggests a
deterioration of the hemicellulose component of the wood on bailer 217.1940.
Additional peaks at 2936 and 2883 cm-1 and at 922 and 850 cm-1 indicate the presence of bark on
the wood sample from bailer rough out 217.1940. These peaks correspond closely with those of
glycerol (C3H8O3); one component of suberin, a protective cell-wall macromolecule present in the
periderm of many higher plants (Graça 2015:1,2). A reference spectrum for glycerol is compared
with the spectrum for sample 217.1940 below.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectrum: Sample 217.1940.1 (blue), Alnus glutinosa (red), glycerol (green)

FTIR Spectrum: Fingerprint Region Sample 217.1940.1 (blue), Alnus glutinosa (red), glycerol
(green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: Many of the elements detected by EDX analysis are somewhat typical for
archaeological wood samples, although there are a number of features visible in the elemental maps
for Site of Interest (SOI) 1 and 2 that are worthy of discussion.
The rich elemental composition detected at SOI 1, incorporating Al, C,Ca,Cl,Fe,K,Mg,Na,O,S,Si,
suggests that the wood at this point on the sample was obscured with burial dirt. The elemental
mapping for SOI 1 appears to indicate co-deposition of magnesium and oxygen in some areas, and
silicon and oxygen at others, indicating the presence of periclase (MgO) and quartz (SiO2) minerals
respectively. Calcium is also present across SOI 1, but does not appear to be locally concentrated as
with the magnesium and silicon. The mineral content at SOI 1 suggests that it is an area of
embedded burial dirt on the sample.
Part of SOI 2 has a similar elemental mapping profile, with Al,C,Ca,Cl,K,Mg,Na,O,S,Si all detected
in this area. Localised concentrations of aluminium, silicon, and calcium on the right of the map for
SOI 2 suggest the presence of earth minerals in this area, also most likely relating to burial dirt.

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Al, C,Ca,Cl,Fe,K,Mg,Na,O,S,Si

Electron Image
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Ca Ka1

Mg Ka1

Si Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Cl,K,Mg,Na,O,S,Si

Electron Image

C Ka1

O Ka1

Al Ka1

Ca Ka1

Si Ka1
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RadioCarbon Dating
Idenification Number: OxA-37843

Mode: AMS

δ13C: -25.21

Date: 2785 ± 29 BP, 1006-889 B.C. (85.0%), 881846 B.C. (10.4%), 1006-846 B.C. (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C. Bronk
Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Bailer rough out 217.1940 was radio carbon dated to 2785 ± 29 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a date range from 1006-846 B.C. (95.4%).

Calibration Curve
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Appendix 16: Technical Report Bailer 1981.274
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National Museum of Ireland

Accession Number: 1981:274

Description: Handled wooden bowl

Dimensions (cms): l c.36, w c.22, d c.6.5

Collection Notes: None, other than find location described below.
Notes by PME: Carved wooden bowl with handle. Object appears to have been carved from a
single piece of wood. Cut marks visible at junction of handle and bowl, may be from original
production. In three pieces. Handle is one piece, broken off where it meets bowl, bowl is split into
two pieces of approximately equal size, along grain, midway across bowl. Rim of one section has a
piece broken off, placed in its loss location without fixative. The wood appears somewhat fibrous,
with grain interrupted by knots in the wood. Vegetal material attached to interior and exterior bowl
surface likely from burial. Friable material present in tissue wrapping a mixture of wood fragments
and vegetal remains
Find context: Found in bog, 3.5 ft deep at Glasagh townland, Tullaghobegly, Kilmacrenan, Co.
Donegal.
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Technical Analysis
Documentation Images
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Documentation Images
Proper Left

Proper Right
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Documentation Images
Front

Back

653

Documentation Images
Front

Back
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Reflected Infrared Images
Handle (Section C) Proper Left (inverted)

Handle (Section C) Top
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Reflected Infrared Images
Bowl (Section A) Top

Bowl (Section A) Bottom
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Reflected Infrared Images
Bowl (Section B) Top

Bowl (Section B) Bottom

657

Ultraviolet Induced Visible Fluorescence Images
Bowl Top, Handle Proper Right

Bowl Bottom, Handle Proper Left
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Ultraviolet Induced Visible Fluorescence Images
Bowl Bottom, Handle Top

Bowl Bottom Handle Bottom
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Object Sampling
Sampling Location Description: Sample was collected from the inside broken edge close to the
front of bailer section 1981.274 A, marked point 1 in the image below. This area was selected to
reduce the visual impact of sampling on the object, while collecting wood from the outermost
edge of the ‘newest’ growth within the object based on the grain direction. A 100mg sample was
collected from this location, a small subsample of which was used for wood species identification.
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Sample Location Before

Sample Location After
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Wood Species Identification
Species Identification: Alder (Alnus glutinosa)
Salient Features: Analysis of the wood collected from bailer 1981.274 indicates that the object is
made from alder wood. The scalariform perforation plates visible in SEM images 1-3 are found in
only four native Irish wood species- alder (Alnus glutinosa), birch (Betuala pendula), hazel
(Corylus avellana), and holly (Ilex aquifolium). The number of individual ‘bars’ that make up the
plate is specific to each species. Whereas the number of bars on hazel wood plates ranges from 510, the number on birch ranges from 10-25, alder from 10-20 or more, and holly from 15-20
(appendix 4: 420). The number of bars visible in SEM images 1-3 far exceeds the number
typically found in hazel wood. This narrows the species identification to either alder, birch, or
hazel.
The pore distribution pattern visible in the transverse sections in SEM images 4 and 5 show
relatively densely packed pores in radial multiples and in groups, diagnostic of alder. By way of
comparison, the pores are more sparse in the transverse section of birch wood, and in holly wood
are distributed in long radial multiples and clusters. Please see the reference images in appendix 4:
421 for more detail.

S.E.M. Image 1: Radial Section showing Vessel Members with Sclariform Perforation Plates
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S.E.M. Image 2: Detail of Sclariform Perforation Plate

S.E.M. Image 3: Radial Section showing Vessel Members with Sclariform Perforation Plates
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S.E.M. Image 4: Transverse Section

S.E.M. Image 5: Transverse Section
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the wood sample collected from bailer 1981.274 is broadly
comparable with that of an Alnus glutinosa reference spectrum. Variations between the the
archaeological and reference wood spectra relate primarily to the amount of bound water in the
samples from which the spectra are derived, and to deterioration or loss of some of the main
polymeric components; cellulose, hemicellulose and lignin.
The peak at 1735cm-1 visible in the alder reference spectrum but not in spectrum WK285.1 is
assigned to unconjugated C=O stretching vibrations in the hemicellulose xylan (Pandey and
Pitman 2003: 154; Genestar and Palou 2006: 988; Emandi et al. 2011: 581). The reduced
intensity of the band, visible only as a subtle shoulder in the archaeological wood spectrum,
suggests a deterioration of the hemicellulose component of the wood on trough WK285.
A band centred around 1235 cm-1 in the alder wood reference spectrum appears as two separate
peaks at 1265 cm−1 and 1220cm-1 in spectrum 1981.274.1. This may be due to a decrease in the
intensity of the band at 1235cm-1 as shown in the wood reference spectra, resulting from xylan
degradation, as this band results partially from C–O vibrations in xylan. (Pandey and Pitman
2003: 154). The reduced intensity of the peak for C=O stretching vibrations in xylan between
1736-1724 cm-1, supports this conclusion.
Two peaks at 2918 and 2850 cm-1 in spectrum 1981.274 relate to C-H stretching vibrations in
the sample. Where an acyclic hydrocarbon is present (e.g. through post-collection contamination)
these peaks are strong, and are accompanied by confirmative peaks at 1458 and 1377 cm-1 (see
FTIR section in appendices 8, 11 and 14), but these peaks are absent in spectrum 1981.274.1.
The presence of the small peaks at 2918 and 2850 cm-1 might suggest a decrease in the
crystallinity of the cellulose component of the wood (Ciolacu et al. 2011:17) as a result of acid
hydrolysis.
The spectrum is an otherwise close match for that of the alder reference spectrum. No postcollection contaminants are indicated in the FTIR spectrum for this object.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

FTIR Spectrum: Sample 1981.274.1 (blue), Alnus glutinosa (red)

FTIR Spectrum: Fingerprint Region Sample 1981.274.1 (blue), Alnus glutinosa (red)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for wood samples, with
the major elements in cellulose, hemicellulose and lignin- Carbon and Oxygen- present throughout
SOI 1 and 2.
In addition, sulphur was detected across SOI 1 and 2. Sulphur compounds have been reported as
accumulating in waterlogged wood on the sea bed, and are deposited in anoxic environments when
bacteria metabolising organic debris reduce sulphate ions to hydrogen sulphide. The dissolved
hydrogen sulphide can, in turn, react with reduced sulphur components in the wood (Sandström et
al. 2005:14167). If left untreated the sulphur compounds can slowly oxidise in air to form sulphuric
acid (H2SO4). This in turn can lead to acid hydrolysis of cellulose (Sandström et al. 2005:14165),
and the peaks at 2918 and 2850 cm-1 in the FTIR spectrum above may suggest that some
deterioration of the cellulose in the wood has already occurred. The presence of sulphur compounds
in the wood is consistent with the small amount of information regarding the object’s discovery.
The bailer was found 3.5 feet deep in a bog within a short distance of the Atlantic coast.
pH testing of the wood for bailer 1981.274 was not completed as part of this research, but is
recommended for this object. De-acidification may be necessary to ensure the objects longterm
preservation.

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: C,O,S

Electron Image
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O Ka1

S Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: C,O,S

Electron Image

C Ka1

O Ka1

S Ka1
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RadioCarbon Dating
Idenification Number: OxA-37844

Mode: AMS

δ13C: -25.88

Date: 2205 ± 29 BP, 369-197 B.C. (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950)
using the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured
d13C values measured on the AMS. The quoted d13C values are measured independently on a
stable isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et
al. 2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Bailer 1981.274 was radio carbon dated to 2205 ± 29 BP. Calibration using the IntCal13
calibration curve (Reimer et al. 2013) returned a date range from 369-197 B.C. (95.4%).
The wood grain in bailer 1981.274 has an unusual orientation, and appears to have been carved
diagonally across the longitudinal orientation of living tree from which it is made. Given the
orientation, it is possible that the handle of the bailer is carved from a branch which would have
projected from the main body of the living tree. The broken condition of the object adds
complexity to estimations of the sample location within the living tree, but the sample location
appears to be located amongst the most recently produced xylem tissue in the living tree. As
such, no further adjustment of the production date range for this object is necessary.

Calibration Curve
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Appendix 17: Technical Report Shoe BELUM.A. 228.1955
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Ulster Museum

Accession Number: BELUM.A.228.1955

Description: Leather Shoe

Dimensions (cms): l. 16, w. 7, d. 2

Collection Notes: None, other than find location described below.
Notes by PME: Small leather shoe, possibly a child’s shoe. Appears to have been made from more
than one piece of leather, with seams stitched with leather thong. Possible mould present on shoe
upper but not on sole. Possible leather treatment indicated by smell. Small loose fragment
available inside shoe.

Find context: Found in Cooldaragh Bog South, Coolderry South townland, County Londonderry
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Technical Analysis
Documentation Images
Upper proper right

Upper proper left
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Documentation Images
Underside proper right

Underside proper left
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Documentation Images
Underside endview toe

Underside endview heel
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Documentation Images
Upper endview toe

Upper endview heel
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Documentation Macro Images
Detail showing fibrous nature of attached surface dirt

Detail showing surface dirt/mould at heal seam
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Documentation Macro Images
Detail showing possible mould growth on sole

Detail showing attached vegetal material on sole
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Reflected Infrared Images
Upper

Underside
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Ultraviolet Induced Visible Fluorescence Images
Upper

Underside
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Object Sampling
Sampling Location Description: Radiocarbon dating sample was collected from the edge of a hole
on the underside of the shoe at the point marked ‘1’ in the image below. A 100mg sample was
collected from this location, a small subsample of which was used for Zoological Mass
Spectrometry (ZooMS) leather species identification. Please see before and after sample images
below for more detail.
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Sample Location Before

Sample Location After
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Leather Species Identification
Leather Species Identification: Inconclusive speices, Bovidae or Cervidae family
The leather from shoe 228.1955 was identified to the family level only, as no species diagnostic
larger mass peptides were detected during the ZooMS analysis.
The lower mass peptides visible at 1105, 1208, and 1427 m/z, vin the 800-4000 m/z mass spectrum
below are common to a range of Bovidae and Cervidae species (Collins and Spindler 2018:4).
The 2000-3000 m/z mass spectrum is included below to demonstrate the almost complete lack of
higher mass peptides in the sample consistent with deterioration of the collagen component of the
leather.

Species Peptide Comparison Table after (Collins and Spindler 2018:4)
Species

Peptides

Impala

1105

1180

1196

1427

1550

2883

-

3033

Sheep

1105

1180

1196

1427

1580

2883

3017

3033

Goat

1105

1180

1196

1427

1580

2883

3077

3093

Gazelle

1105

1180

1196

1427

1550

-

3017

3033

1105

1192

1208

1427

1580

2883

3043

3059

1105

1192

1208

1427

1580

2853

3017

3033

1105

1192

1208

1455

1580

2883

3059

3075

Common
Duiker
Cattle
Water
Buffalo
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Mass spectrum for leather sample 228.1955, 800-4000 m/z

Mass spectrum for leather sample 228.1955, 2000-3000 m/z
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the leather sample collected from shoe 228.1955 is complex,
but is broadly comparable to the cow leather spectrum shown below.
FTIR analysis of the leather from shoe 228.1955 confirms deterioration of the collagen component
in the leather. The amide A band (~3300cm-1), and amide I (~ 1650cm-1) and II (~1550cm-1)
peaks in the spectrum for shoe 228.1955 are all reduced in comparison with the cow leather
reference spectrum. The reduction in intensity of the amide A band indicates a reduction in
hydrogen bonding between N-H and C=O groups of adjacent collagen chains (Fan 2005: 51;
Haines 2006a: 6; Sendrea et al. 2016: 33; Vyskočilová et al. 2019: 3) consistent with denaturation
of the protein secondary and tertiary structure. The amide I peak derives primarily from C=O
stretching vibrations in the collagen primary structure (Fan 2005: 51; Sendrea et al. 2016: 33), and
the reduction in intensity of this band may indicate that partial oxidative decarboxylation (loss of
the carboxyl groups) of some amino acids has occurred (Florian 2006: 45). The amide II peak is
partially derived from N-H bending vibrations (Fan 2005: 51; Sendrea et al. 2016: 33), and the
reduction in intensity in this band in spectrum 228.1955 is suggestive of deamination (loss of the
amine groups) of some amino acids (Florian 2006: 45). The chemical degradation of some
collagen amino acids is supported by the lack of larger mass peptides detected during ZooMS
analysis.
In addition to the reduced intensity of the Amide A, I, and II peaks described above, a number of
additional peaks in the spectrum for shoe 228.1955 suggest that the material may contain a postcollection contaminant. Peaks at at 1735, 1463, 1376, 1173 and 720 cm-1 correspond with those in
a lanolin wax reference sample. A range of historical leather conservation treatments including
'Guildhall Leather Dressing’, ‘British Museum Leather Dressing’ (BMLD) and ‘Pliantine’, are
based on lanolin, with varying quantities of other wax or oil constituents (Kite and Thomson 2006:
247; NAUTARCH 2019). An additional widely used historical leather treatment involved the use
of Bavon ABP (a mix of alkylated succinic acid and mineral oils) and lanolin (Kite and Thomson
2006: 248). While no conservation record was available for this object, it is possible that shoe
228.1955 was treated with a lanolin based consolidant or dressing. The UV induced visible
fluorescence images for shoe 228.1955 show a white fluorescence in some areas of the shoe,
including in the area where the leather sample was collected, which may indicate the presence of
residual surface wax.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

FTIR Spectra: Sample 228.1955.1 (blue), Cow leather reference (red) Lanolin reference (green)

FTIR Spectrum: Fingerprint Region Sample 1981.274.1 (blue), Alnus glutinosa (red)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for protein based
samples, with the major elements in collagen- Carbon and Oxygen - present throughout Site of
Interest (SOI) 1 and 2. While Nitrogen is present in the amino group of all amino acids and is within
the detectable range of elements using SEM EDX, Nitrogen was not detected during SEM EDX
analysis. It is possible that the total % mass of Nitrogen in collagen is too low (<10%) to be detected
through SEM EDX analysis.
‘Lighter’ elements with atomic numbers between 4 and 10 can be detected by EDX, but the low
energy X rays from these elements are subject to strong absorption by the specimen. In addition, the
electrons involved in generating the X-rays are also the valence electrons involved in the chemical
bonding of the element, and as such, the shapes and positions of the peaks for these elements may
change in different compounds (MyScope 2014).
The localised distribution of silicon throughout SOI 1 and 2 may relate to earth minerals embedded
in the leather either during the object lifetime, or in the burial environment. The leather sample was
collected from an area on the underside of the shoe 228.1955, broadly in alignment with the heel of
the wearers foot, and as such would have been a prominent point of contact between the shoe and the
ground. Co-deposition of silicon and oxygen for example might relate to Silicon dioxide (SiO2)
embedded in the leather; commonly found in nature as the mineral quartz. The aluminium detected
across SOI 2 may also be interpreted in this way, in combination with the silicon for example as
aluminium silicate-based minerals such as kaolinite (Al2Si2O5(OH)4) found in clay in parts of
western Ulster (Doff 2009 12,13).
The distribution of aluminium and sulphur throughout SOI 1 and 2 may also be interpreted as
potential evidence of tawing using alum sulphate salts X Al (SO4)2·12H2O (Covington 2009:
267,268; Elnaggar et al. 2017: 1-3), where X is a monovalent cation such as potassium or
ammonium. While trace amounts of potassium were detected at SOI 2, it is unlikely that alum tawing
would be appropriate for leather shoes, as leather treated in this way is known to revert to a condition
similar to rawhide upon rewetting (Reed 1972:62-65).
Alternatively the sulphur at SOI 1 and 2 might be interpreted as relating to sulphur compounds from
reducing bacteria occasionally found in waterlogged leather from anoxic environments (Karsten et
al. 2018: 12), or to the development of sulphuric acid (H2SO4) in the leather as a result of sulphur
dioxide (SO2) air pollution from the Modern period post-collection atmosphere (Florian 2006: 51;
Thomson 2006: 112).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: C,Ca,Na,O,S,Si

Electron Image

C Ka1

O Ka1

S Ka1

Na Ka1

Si Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Na,O,S,Si

Electron Image

C Ka1

O Ka1

S Ka1

Si Ka1

Na Ka1
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RadioCarbon Dating
Identification Number: OxA-37946

Mode: AMS

δ13C: -24.73

Date: 624 ± 22 BP, A.D. 1291- 1330 (37.6%), A.D.
1339-1398 (57.8%), A.D. 1291-1398 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C.
Bronk Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Shoe 228.1955 was radio carbon dated to 624 ± 22 BP. Calibration using the IntCal13 calibration
curve (Reimer et al. 2013) returned a date range from A.D. 1291-1398 (95.4%).

Calibration Curve
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Appendix 18: Technical Report Shoe BELUM.A. 229.1955
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Ulster Museum

Accession Number: BELUM.A.229.1955

Description: Leather Shoe

Dimensions (cms):l. 24.8 w. 11.4 d. 4.5

Collection Notes: None, other than find location described below.
Notes by PME: Leather shoe formed from one piece of leather and stitched at toe and heel with
leather thong. Decorative trim near bottom end of shoe opening. Two holes either side of opening
may indicate additional fastening tie in this area. Some possible mould spots on upper surfaces but
not on sole. Sole is somewhat blackened in appearance compared with upper leather. Hole in heel
section of sole likely indicates use wear. Leather treatment likely based on smell.

Find context: Found in Cooldaragh Bog South, Coolderry South townland, County Londonderry
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Technical Analysis
Documentation Images
Upper right

Upper left
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Documentation Images
Upper right side

Upper left side

696

Documentation Images
Upper endview toe

Upper endview heel

697

Documentation Images
Underside right

Underside left

698

Documentation Macro Images
Detail showing binding at toe with surface dirt

Detail showing ingrained plant and mineral material on sole of shoe
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Ultraviolet Induced Visible Fluorescence Images
Upper

Underside

700

Reflected Infrared Images
Upper

Underside
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Object Sampling
Sampling Location Description: Radiocarbon dating sample was collected from the edge of a hole
on the underside of the shoe at the point marked ‘1’ in the image below. A 100mg sample was
collected from this location, a small subsample of which was used for Zoological Mass
Spectrometry (ZooMS) leather species identification. Please see before an after sample images
below for more detail.

702

Sample Location Before

Sample Location After
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Leather Species Identification
Leather Species Identification: Cattle (Bos Tauraus)
The leather from shoe 229.1955 was identified as cattle leather based on the presence of peptides
of corresponding mass to those in the table below (Collins and Spindler 2018:4). While the lower
mass peptides, visible as peaks at 1105, 1192, 1427, and 3033 in the 800-400 m/z mass spectrum
below, are common to a range of mammalian collagen, the presence of the peptide with m/z 2853
is unique to cattle. The 2853 peak can be seen more clearly in the 2750-3050 m/z mass spectrum
below.

Species Peptide Comparison Table after (Collins and Spindler 2018:4)
Species

Peptide m/z

Impala

1105

1180

1196

1427

1550

2883

-

3033

Sheep

1105

1180

1196

1427

1580

2883

3017

3033

Goat

1105

1180

1196

1427

1580

2883

3077

3093

Gazelle*

1105

1180

1196

1427

1550

-

3017

3033

1105

1192

1208

1427

1580

2883

3043

3059

1105

1192

1208

1427

1580

2853

3017

3033

1105

1192

1208

1455

1580

2883

3059

3075

Common
Duiker
Cattle
Water
Buffalo
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Mass spectrum for leather sample 229.1955, 800-4000 m/z

Mass spectrum for leather sample 229.1955, 2800-3050 m/z
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the leather sample collected from shoe 229.1955 is complex,
but is broadly comparable to the cow leather spectrum shown below.
FTIR analysis of the leather from shoe 229.1955 indicates that some deterioration of the collagen
component in the leather has occurred. The amide A band (~3300cm-1), and amide I (~ 1650cm-1)
and II (~1550cm-1) peaks in the spectrum for shoe 228.1955 are all reduced in comparison with the
cow leather reference spectrum. The reduction in intensity of the amide A band indicates a reduction
in hydrogen bonding between N-H and C=O groups of adjacent collagen chains (Fan 2005: 51;
Haines 2006a: 6; Sendrea et al. 2016: 33; Vyskočilová et al. 2019: 3) consistent with denaturation of
the protein secondary and tertiary structure. The amide I peak derives primarily from C=O stretching
vibrations in the collagen primary structure (Fan 2005: 51; Sendrea et al. 2016: 33), and the
reduction in intensity of this band may indicate that partial oxidative decarboxylation (loss of the
carboxyl groups) of some amino acids has occurred (Florian 2006: 45). The amide II peak is
partially derived from N-H bending vibrations (Fan 2005: 51; Sendrea et al. 2016: 33), and the
reduction in intensity in this band in spectrum 228.1955 is suggestive of deamination (loss of the
amine groups) of some amino acids (Florian 2006: 45).
In addition to the reduced intensity of the Amide A, I, and II peaks described above, a number of
additional peaks in the spectrum for shoe 229.1955 suggest that the material may contain a postcollection contaminant. Peaks at at 1735, 1463, 1376, 1176 and 720 cm-1 correspond with those in a
lanolin wax reference sample. A range of historical leather conservation treatments including
'Guildhall Leather Dressing’, ‘British Museum Leather Dressing’ (BMLD) and ‘Pliantine’, are
based on lanolin, with varying quantities of other wax or oil constituents (Kite and Thomson 2006:
247; NAUTARCH 2019). An additional widely used historical leather treatment involved the use of
Bavon ABP (a mix of alkylated succinic acid and mineral oils) and lanolin (Kite and Thomson 2006:
248). While no conservation record was available for this object, it is possible that shoe 229.1955
was treated with a lanolin based consolidant or dressing. The UV induced visible fluorescence
images for shoe 229.1955 show a white fluorescence in some areas of the shoe, including in the area
where the leather sample was collected, which may indicate the presence of residual surface wax.
While some additional peaks are consistent with those for lanolin wax, indicating that the leather has
undergone a similar conservation surface treatment to that identified for shoe 228.1955, there are a
number of additional unexplained peaks in the region below 1800cm-1. As noted by Florian (2006:
50), leather is a complex mixture made up from ‘collagen… tannins… organic and mineral acids,
salts and sulphur compounds’. In addition to post-collection contaminants such as those from
conservation treatments, leather may also contain chemicals transferred from the wearer and
environment during use and burial, all of which may have contributed to the complexity of the
chemistry, and the FTIR spectrum for this object. While it is clear that the leather sample from shoe
229.1955 contains additional peaks, it has not been possible to characterise the associated additional
material using FTIR analysis.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65

Mode: ATR

Range: 4000-600 cm-1

Resolution: 4 cm-1

No. Of Scans: 64

FTIR Spectra: Sample 229.1955 (blue), Cow leather (red), Lanolin wax (green)

FTIR Spectrum: Fingerprint Region Sample 229.1955 (blue), Cow leather (red), Lanolin wax
(green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for protein based
samples, with the major elements in collagen- Carbon and Oxygen - present throughout Site of
Interest (SOI) 1 and 2. While Nitrogen is present in the amino group of all amino acids and is
within the detectable range of elements using SEM EDX, Nitrogen was not detected during SEM
EDX analysis. It is possible that the total % mass of Nitrogen in collagen is too low (<10%) to be
detected through SEM EDX analysis.
‘Lighter’ elements with atomic numbers between 4 and 10 can be detected by EDX, but the low
energy X rays from these elements are subject to strong absorption by the specimen. In addition,
the electrons involved in generating the X-rays are also the valence electrons involved in
the chemical bonding of the element, and as such, the shapes and positions of the peaks for these
elements may change in different compounds (MyScope 2014).
The localised distribution of silicon throughout SOI 1 and 2 may relate to earth minerals embedded
in the leather either during the object lifetime, or in the burial environment. The leather sample
was collected from an area on the underside of the shoe 228.1955, broadly in alignment with the
heel of the wearers foot, and as such would have been a prominent point of contact between the
shoe and the ground. Co-deposition of silicon and oxygen for example might relate to Silicon
dioxide (SiO2) embedded in the leather; commonly found in nature as the mineral quartz. The
aluminium detected across SOI 2 may also be interpreted in this way, in combination with the
silicon for example as aluminium silicate based minerals such as kaolinite (Al2Si2O5(OH)4) found
in clay in parts of western Ulster (Doff 2009 12,13).
The distribution of aluminium and sulphur throughout SOI 1 and 2 may also be interpreted as
potential evidence of tawing using alum sulphate salts X Al (SO4)2·12H2O (Covington 2009:
267,268; Elnaggar et al. 2017: 1-3), where X is a monovalent cation such as potassium or
ammonium. It is unlikely that alum tawing would be appropriate for leather shoes however, as
alum tawed hide is known to revert to a condition similar to rawhide upon rewetting (Reed
1972:62-65).Alternatively the sulphur at SOI 1 and 2 might be interpreted as relating to sulphur
compounds from reducing bacteria occasionally found in waterlogged leather from anoxic
environments (Karsten et al. 2018: 12), or to the development of sulphuric acid (H2SO4) in the
leather as a result of sulphur dioxide (SO2) air pollution from the Modern period, post-collection
atmosphere (Thomson 2006: 112).

EDX Spectra

Site of Interest 1

Site of Interest 2

708

Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Al,C,Ca,Na,O,S,Si

Electron Image

C Ka1

O Ka1

S Ka1

Al Ka1

Si Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Na,O,S,Si

Electron Image

C Ka1

O Ka1

S Ka1

Si Ka1

Na Ka1
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RadioCarbon Dating
Identification Number: OxA-37947

Mode: AMS

δ13C: -24.84

Date: 1464 ± 23 BP, A.D. 558-644 (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C. Bronk
Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Shoe 229.1955 was radio carbon dated to 1464 ± 23 BP. Calibration using the IntCal13 calibration
curve (Reimer et al. 2013) returned a date range from A.D. 558-644 (95.4%).

Calibration Curve

711

References
Brock, F., Higham, T., Ditchfield, P. and Ramsey, C. B. (2010) Current Pretreatment Methods for
AMS Radiocarbon Dating at the Oxford Radiocarbon Accelerator Unit (Orau). Radiocarbon 52 (1),
103-112.
Collins, M. A. and Spindler, L. (2018) Zooarchaeology by Mass Spectrometry (ZooMS) report,
Gaelic Recovery Leather Shoes. York: University of York.
Covington, A. D. (2009) Tanning Chemistry: The Science of Leather. Royal Society of Chemistry.
Doff, D. H. (2009) A clay mineralogy of Ireland. Irish Journal of Earth Sciences 27, 11-14.
Elnaggar, A., Leona, M., Nevin, A. and Heywood, A. (2017) The Characterization of Vegetable
Tannins and Colouring Agents in Ancient Egyptian Leather from the Collection of the
Metropolitan Museum of Art. Archaeometry 59 (1), 133-147.
Fan, Q. (2005) Chemical Testing of Textiles. Taylor & Francis.
Karsten, A., Graham, K., Jones, J., Mould, Q. and Walton Rogers, P. (2018) Waterlogged Organic
Artefacts: Guidelines on their Recovery, Analysis and Conservation. Swindon: Historic England.

https://historicengland.org.uk/images-books/publications/waterlogged-organicartefacts/heag260-waterlogged-organic-artefacts/ Accessed 03.05.19.

Kite, M. and Thomson, R. (2006) Conservation of Leather and Related Materials. Elsevier
Butterworth-Heinemann.
MyScope (2014) Quantitative EDS X-ray microanalysis using SEM. University of Sydney.
https://myscope.training/legacy/analysis/eds/quantitative/ Accessed 31.05.19.
NAUTARCH (2019) Leather Conservation. Department of Anthropology, Texas A&M University.
http://nautarch.tamu.edu/CRL/conservationmanual/File7.htm#contentarea Accessed 29.05.19.
Ramsey, C. B., Higham, T. F. G., Owen, D. C., Pike, A. W. G. and Hedges, R. E. M. (2002)
Radiocarbon Dates from the Oxford Ams System: Archaeometry Datelist 31. Archaeometry 44
(s1), 1-150.
Reed, R. (1972) Ancient Skins, Parchments and Leathers. Seminar Press.
Reimer, P. J., Bard, E., Bayliss, A., Beck, J. W., Blackwell, P. G., Ramsey, C. B., Buck, C. E., Cheng, H.,
Edwards, R. L., Friedrich, M., Grootes, P. M., Guilderson, T. P., Haflidason, H., Hajdas, I., Hatté, C.,
Heaton, T. J., Hoffmann, D. L., Hogg, A. G., Hughen, K. A., Kaiser, K. F., Kromer, B., Manning, S. W.,
Niu, M., Reimer, R. W., Richards, D. A., Scott, E. M., Southon, J. R., Staff, R. A., Turney, C. S. M. and
van der Plicht, J. (2016) IntCal13 and Marine13 Radiocarbon Age Calibration Curves 0–50,000
Years cal BP. Radiocarbon 55 (4), 1869-1887.
Sendrea, C., Carsote, C., Badea, E., Adam, A. R., Niculescu, M. and Iovu, H. (2016) Non-invasive
characterization of collagen-based materials by NMR-mouse and ATR-FTIR. Scientific bulletin 78
(3), 27-38.
Thomson, R. (2006) Leather. In May, E. and Jones, M. (editors) Conservation Science: Heritage
Materials. Cambridge: Royal Society of Chemistry. 92-120.
Vyskočilová, G., Ebersbach, M., Kopecká, R., Prokeš, L. and Příhoda, J. (2019) Model study of the
leather degradation by oxidation and hydrolysis. Heritage Science 7 (1), 26.

712

Appendix 19: Technical Report Shoe SA 1904:3
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National Museum of Ireland

Accession Number: SA 1904:3

Description: Leather Shoe

Dimensions (cms): l. 20, w. 7.4, d. 5.2

Collection Notes: Leather shoe. Pampootie, gathered at toe by a leather lace. Originally joined down
back, 8 1/4 x 2 1/2 inches. Lucas type 4.
Notes by PME: Pampootie style shoe made from single piece of leather, bunched around lower part
of foot, and fastened to upper by means of a leather thong passed through holes in the upper. Holes
in leather at the ball and heel of sole. Binding at heal is open and lost. Leather is somewhat hardened
suggestive of consolidation.

Find context:Found in bog near Garvagh, Co Derry
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Technical Analysis
Documentation Images
Upper

Underside

715

Documentation Images
Upper toe

Upper heel

716

Documentation Images
Upper left

Upper right

717

Documentation Macro Images
Interior surface texture

Detail showing crusty accretion near the heel of the shoe

718

Reflected Infrared Images
Upper

Underside
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Ultraviolet Induced Visible Fluorescence Images
Upper

Underside
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Object Sampling
Sampling Location Description: Radiocarbon dating sample was collected from the edge of a hole
on the underside of the shoe at the point marked ‘1’ in the image below. This area broadly
corresponds to the location of the ball of the wearers foot. A 100mg sample was collected from this
location, a small subsample of which was used for Zoological Mass Spectrometry (ZooMS) leather
species identification. Please see before an after sample images below for more detail.
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Sample Location Before

Sample Location After
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Leather Species Identification
Leather Species Identification: Cattle (Bos Tauraus)
The leather from shoe SA1904.3 was identified as cattle leather based on the presence of peptides of
corresponding mass to those in the table below (Collins and Spindler 2018:4). While the lower mass
peptides, visible as peaks at 1105, 1192, 1427, and 3033 in the 800-4000 m/z mass spectrum below,
are common to a range of mammalian collagen, the presence of the peptide with m/z 2853 is unique
to cattle. The 2853 peak can be seen more clearly in the 2750-3050 m/z mass spectrum below.

Species Peptide Comparison Table after (Collins and Spindler 2018:4)
Species

Peptide m/z

Impala

1105

1180

1196

1427

1550

2883

-

3033

Sheep

1105

1180

1196

1427

1580

2883

3017

3033

Goat

1105

1180

1196

1427

1580

2883

3077

3093

Gazelle*

1105

1180

1196

1427

1550

-

3017

3033

1105

1192

1208

1427

1580

2883

3043

3059

1105

1192

1208

1427

1580

2853

3017

3033

1105

1192

1208

1455

1580

2883

3059

3075

Common
Duiker
Cattle
Water
Buffalo
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Mass spectrum for leather sample SA1904.3, 800-4000 m/z

Mass spectrum for leather sample SA1904.3, 2750-3050 m/z
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

Description: The FTIR spectrum for the leather sample collected from shoe SA1904.3 is complex,
but is broadly comparable to the cow leather spectrum shown below. Sendrea et al. (2016: 33) have
shown that while superficially similar, the FTIR spectra for tanned and untanned animal hide show
subtle variations in the position of the Amide A, I, and II bands. These bands are shifted to lower
wave number in untanned hide than in vegetable tanned leathers.
The Amide A band (derived from N-H stretching (Fan 2005: 51; Sendrea et al. 2016:
33 ;Vyskočilová et al. 2019: 3)) for shoe SA1904.3 is centred around 3290 cm-1, while in the cow
leather sample is centred around 3300cm-1. The Amide I band (derived from C=O stretching
vibrations (Fan 2005: 51; Sendrea et al. 2016: 33)) at 1649cm-1 in the cow leather reference is
shifted to 1630cm-1 in the spectrum for shoe SA1904.3. The Amide II band (N-H bending and C-N
stretching vibrations (Fan 2005: 51; Sendrea et al. 2016: 33)) in the cow leather reference sample is
centred around 1549cm-1 and in the spectrum for shoe SA1904.3 is shifted toward 1534 cm-1. The
shift in the Amide A band between tanned and untanned material has been attributed to disruption of
hydrogen bonding or prevalence of weaker hydrogen bonding in the untanned material, and the shift
in the Amide I and II bands is attributed to the ability of collagen-tannin complex in the vegetable
tanned leather to form stronger hydrogen bonding (Sendrea et al. 2016: 33). The shift in these bands
suggests that the leather in shoe SA1904.3 is untanned.
The Amide III band centred around 1243 cm-1 in the spectrum for shoe SA1904.3 is at a slightly
higher frequency than the corresponding cow leather peak at 1236cm-1, but is of limited use for the
extraction of information relating to protein structure due to the complex nature of the associated
side chains and hydrogen bonding (Sendrea et al. 2016: 33).
The peak around 1740 cm-1 on the cow leather reference sample and absent on the spectrum for
shoe SA1904.3 may relate to the carboxyl (-COOH) functional group in leather which has been
exposed to acids or to heating (Fan 2005: 51).
A number of additional peaks present in the spectrum for shoe SA1904.3, but absent in the cow
leather reference spectrum, correspond with those for Poly Ethylene Glycol (PEG) 300, a
consolidant used in he conservation of both embrittled and waterlogged leather (Kite and Thomson
2006: 248; NAUTARCH 2019). Subtle peaks at 2866,1453, 1349, 936, and 884 cm-1 in spectrum
SA1904.3.1 correspond with those for PEG 300. It is suggested therefore that shoe SA.1904.3 has
undergone conservation using a low molecular weight Poly Ethylene Glycol treatment.
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Fourier Transform Infrared Spectroscopy (FTIR)
Instrument: Perkin Elmer 65
Range: 4000-600 cm-1

Mode: ATR
No. Of Scans: 64

Resolution: 4 cm-1

FTIR Spectrum: Sample SA1904.3.1 (blue), Cow leather (red), Poly Ethylene Glycol (PEG) 300
(green)

FTIR Spectrum: Fingerprint Region Sample SA1904.3.1 (blue), Cow leather (red), Poly Ethylene
Glycol (PEG) 300 (green)
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Energy-dispersive X-ray spectroscopy (EDX)
Instrument: Oxford Instruments X-SIGHT
Description: The elements detected by EDX analysis are somewhat typical for protein based samples,
with the major elements in collagen- Carbon and Oxygen - present throughout Site of Interest (SOI) 1
and 2. While Nitrogen is present in the amino group of all amino acids, and is within the detectable
range of elements using SEM EDS, the total % mass of Nitrogen in collagen is too low (<10%) to be
detected through SEM EDX analysis.
The localised distribution of silicon throughout SOI 1 and 2 may relate to earth minerals embedded in
the leather either during the object lifetime, or in the burial environment. The leather sample was
collected from an area on the underside of the shoe 1904.3, broadly in alignment with the ball of the
wearers foot, and as such would have been a prominent point of contact between the shoe and the
ground. Co-deposition of silicon and oxygen for example might relate to Silicon dioxide (SiO2)
embedded in the leather; commonly found in nature as the mineral quartz. The aluminium detected
across SOI 2 may also be interpreted in this way, in combination with the silicon for example as
aluminium silicate based minerals such as kaolinite (Al2Si2O5(OH)4) found in clay in parts of
western Ulster (Doff 2009 12,13).
While the position of the Amide A, I and II bands in then FTIR spectrum suggests that the leather
from shoe SA1904.3 was untanned at the time of burial, the distribution of aluminium and sulphur
throughout SOI 1 and 2 may be interpreted as potential evidence of tawing using alum sulphate salts
X Al (SO4)2·12H2O (Covington 2009: 267,268; Elnaggar et al. 2017: 1-3), where X is a
monovalent cation such as potassium or ammonium. While trace amounts of potassium were detected
at SOI 2, it is unlikely that alum tawing would be appropriate for leather shoes, as leather treated in
this way is known to revert to a condition similar to rawhide upon rewetting (Reed 1972:62-65).
Alternatively the sulphur at SOI 1 and 2 might be interpreted as relating to sulphur compounds from
reducing bacteria occasionally found in waterlogged leather from anoxic environments (Karsten et al.
2018: 12), or to the development of sulphuric acid (H2SO4) in the leather as a result of sulphur
dioxide (SO2) air pollution from the Modern period, post-collection atmosphere (Thomson 2006:
112).

EDX Spectra

Site of Interest 1

Site of Interest 2
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 1: Al,C,Ca,Na,O,S,Si

Electron Image

C Ka1

O Ka1

S Ka1

Al Ka1

Si Ka1
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Energy-dispersive X-ray spectroscopy (EDX) Elemental Mapping
Site of Interest 2: Al,C,Ca,Na,O,S,Si

Electron Image

C Ka1

O Ka1

S Ka1

Si Ka1

Na Ka1
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RadioCarbon Dating
Identification Number: OxA-X-2790-33

Mode: AMS

δ13C: -24.91

Date: 2991 ± 24BP, 1286-1126 B.C. (95.4%)

Description: The dates are uncalibrated in radiocarbon years BP (Before Present - AD 1950) using
the half-life of 5568 years. Isotopic fractionation has been corrected for using the measured d13C
values measured on the AMS. The quoted d13C values are measured independently on a stable
isotope mass spectrometer (to ~0:3 per mil relative to VPDB). For details of the chemical
pretreatment, target preparation and AMS measurement see (Brock et al. 2010) and (Ramsey et al.
2002).
The calibrated results (below) were generated using the OxCal computer program (v4.3) of C. Bronk
Ramsey, using the ‘IntCal13’ dataset (Reimer et al. 2013).
Shoe SA 1904.3 was radio carbon dated to 2991 ± 24 BP. Calibration using the IntCal13 calibration
curve (Reimer et al. 2013) returned a date range from 1286-1126 B.C. (95.4%).
This sample has a higher than usual CN atomic ratio (4.8) compared with other samples of a similar
nature prepared by the Oxford lab. Additional analysis (running another sample aliquot using a
different pretreatment protocol) is required to ensure that potential PEG contamination has been
completely removed.

Calibration Curve
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Appendix 20: Guide to Born Digital Files
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Guide to born digital files
In addition to the appendices included in this document, a large body of ‘born
digital’ data was generated over the course of the research process. This
includes:


Documentation images from the museum surveys



Multispectral images of the 15 objects included in the study



Structure from motion photogrammetry capture images, and model files.



Scanning electron images for the wood and leather samples



SEM EDX elemental mapping data and image files



FTIR spectra

These files are presented in electronic format on the attached USB key
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