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Part II. Construction (continued) 
 

Chapter 4. The Queen Mary Harp 

 
This chapter presents and discusses details of the construction of the Queen Mary 

harp not covered in the Part I of this dissertation, and not previously examined in 

Loomis (2010).413 This includes the decorative work and materials analyses, as well 

as signs of wear, repair, and modification not already discussed. Measured cross-

sections of the harp are also presented. The chapter is divided into three sections, one 

devoted to each frame member.  

 

 
Forepillar 

 

The primary focus of this section is the decorative work of the forepillar. The 

methods of workmanship and the pigments used are examined, and the style of the 

decorative work and the motifs used are discussed in the context of identifying its 

age and place of origin. The summary at the end of this chapter compares and 

contrasts the different styles of decorative work on this harp as a whole, and 

discusses the possible implications for the estimated age of the harp. 

 

This chapter section also takes a brief look at the pattern of wood grain in the 

forepillar, which was first discussed in Loomis (2010).414 This is an important feature 

of its construction and relates to the following discussion of the joinery, which is 

examined in the context of ascertaining if the forepillar is original. Measured cross-

sections of the forepillar are presented at the end of the chapter section.  

 

 

  

 
                                                
413 Loomis, Structural Breaks and Repairs, 43 – 73. 
414 ibid., 57 – 58. 
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The following section examines the decorative work of the forepillar in detail, and 

places it in the context of time and location of construction.  

 

 

Decorative work 

 

The forepillar of the Queen Mary harp is extensively covered in carved and incised 

decorative work. This is discussed and illustrated by Bell (1880), Drummond (in 

Anderson, 1881), and in extensive detail by Armstrong (1904).415 Figures 4.1 and 4.2 

present an overall view of the forepillar as shown from the right and left sides, and 

the front, respectively. The two ends of the rounded T-section are carved in the shape 

of matching zoomorphic heads, with intricate foliaceous designs and interlace carved 

in low relief extending behind them. The middle third of the T-section is 

predominantly free of decorative carving, with just a single strip of incised interlace 

running down its centre. This is embellished with a line of silver bosses. Below the 

T-section, the flat sides of the forepillar are decorated in incised plant-scrolls, and 

each end of the forepillar has a roundel containing a beast. The inside curve of the 

forepillar is decorated with incised interlace, as shown in figure 4.3. Figure 4.5 

shows the low relief carving on the T-section as viewed from the front.  

 

 

 

 

Figure 4.1 (overleaf): the Queen Mary harp forepillar, right side (left) and left side 
(right). The forepillar has a rounded T-section with plant-scrolls and interlace 
carved in low relief, and matching zoomorphic heads at each end. The front of the T-
section is embellished with a line of metal bosses. Below the T-section, the flat sides 
of the forepillar are decorated with incised plant-scrolls and a roundel at each end, 
containing a beast. 

                                                
415 Bell, "Notice of Two Ancient Harps and Targets," 17, 19 – 23. Anderson, Ancient Scottish 
Weapons, 123 – 25 and Plate XLIX. Armstrong, Irish and Highland Harps, 172 – 73, and 
Plate IX. 
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Figure 4.3: photographs of the inner curve of the Queen Mary harp forepillar, 
showing the incised decorative work. At the lower end of the forepillar there is a 
geometric interlace, in the mid-section a twisted pair of bands, and in the upper 
section a geometric design with a central key pattern. 
 

 

As can be seen in figure 4.1, and in figure 4.5 (below), each zoomorphic head has its 

own motif of trailing decorative plant-scrolls. The two sides of the forepillar also 

each have a slightly different plant-scroll motif running up the flat area just below the 

T-section. In figure 4.4, which shows the bass end of the forepillar, a cross appears to 
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be sprouting from the plant-scroll. There is also a similar cross on the other side of 

the forepillar. These crosses are first noted by Armstrong (1904), who speculates 

(considering the crosses also present on the soundbox) that the Queen Mary harp 

could have been made for a cleric.416  

 

 

 
Figure 4.4: decorative work at the bass end of the Queen Mary harp forepillar. The 
zoomorphic head and plant-scrolls on the T-section are carved in low relief, and the 
plant-scrolls on the flat sides of the forepillar are incised. Note the cross sprouting 
from the plant-scroll on the side. 
 

 

The forepillar has traces of red pigment on the T-section, and traces of other 

pigmentation (which now appears brown) highlighting the incised decorative work 

on the sides and inside curve (see figure 4.3). As can be seen in the photographs of 

the T-section in figures 4.5, and 4.6, the traces of red pigment are in and around the 
                                                
416 Armstrong, Irish and Highland Harps, 175, 180. 
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carved plant-scrolls, and in the crevices on the zoomorphic head, including a dot of 

pigment in the nail hole in the center of the eye. The pigments on the forepillar have 

been noted by Armstrong (1904) and are indicated in his diagram of its decorative 

work.417 They are discussed later in this chapter section, following the discussion of 

the style of decorative work. 

                                                
417 Armstrong, Irish and Highland Harps, 176 and Plate IX. 
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Figures 4.7 – 4.10 show the beasts depicted in each of the forepillar roundels. These 

figures are incised and finely detailed. On the left side of the forepillar, the upper 

roundel contains a griffin (figure 4.7), and the lower roundel contains a wyvern 

(figure 4.8). On the right side of the forepillar, the upper roundel contains a lion 

(figure 4.9). The centre of this roundel has been hollowed out, possibly (as 

Armstrong notes) to hold a mounted crystal or stone.418 The lower roundel on the 

right side of the forepillar contains a curious scene with an equine creature, identified 

as a unicorn by Sanger and Kinnaird (1992), apparently feeding a fish to a two footed 

creature identified by Chadwick as a lindworm (figure 4.10).419 

 

 

 
Figure 4.7: roundel on the Queen Mary harp forepillar, upper left side. This roundel 
is incised with the figure of a griffin. 

                                                
418 ibid., 175. 
419 Sanger and Kinnaird identify the equine figure as a unicorn based on the cloven hooves 
and the small horn, which is on the end of the snout rather than the forehead. Sanger and 
Kinnaird, Tree of Strings, 59 – 61. Simon Chadwick, "Unicorns," Simon Chadwick News and 
Blog, 11 November, 2010, http://clarsach.scot/2010/11/unicorns.html. 
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Figure 4.8: roundel on the Queen Mary harp forepillar, lower left side. This roundel 
is incised with the figure of a wyvern. 
 

 

 
Figure 4.9: roundel on the Queen Mary harp forepillar, upper right side. This 
roundel is incised with the figure of a lion. The centre of the roundel has been carved 
out, probably to accommodate a mounted crystal or stone.420 
                                                
420 Armstrong, Irish and Highland Harps, 175. 
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Figure 4.10: roundel on the Queen Mary harp forepillar, lower right side. This 
roundel is incised with a unicorn, apparently feeding a fish to a two-footed monster 
that may be a lindworm. 
 

 

The Queen Mary harp has two distinct styles of decorative work, one of which is 

entirely confined to the neck and soundbox. The other, which has been shown in the 

above set of figures, is primarily confined to the forepillar. These two contrasting 

styles can be seen in the photograph of the harp in figure 4.2. It is important to note 

that the style of decorative work on the forepillar is also found in two places on the 

soundbox, in the area above the eyebrows, as shown in figure 4.11, below, and on the 

foot of the soundbox, as shown in figure 4.12. The area above the soundbox 

eyebrows has a foliaceous motif that is similar to that found on the forepillar. The 

hound's head carved onto the foot has eyes, lips, and mouth in the same style as those 

on the wyvern in one of the forepillar roundels. 
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Figure 4.11: carved and incised decorative work at the treble end of the Queen Mary 
harp soundbox, above the eyebrows. Note the similarity to the decorative work on the 
forepillar (inset). The foliaceous motif arrowed is a palmette (see discussion below). 

 

 

 

 
Figure 4.12: comparison of the hound's head on the foot of the Queen Mary harp 
and the wyvern's head on the forepillar (inset). Note the similarity in style of eyes, 
lips, and particularly the teeth. 
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The style of decorative work on the Queen Mary harp forepillar (and above the 

soundbox eyebrows) has been identified by Steer and Bannerman (1977) as that used 

by the late medieval West Highland monumental stone carvers.421 The authors write: 

 

"What does seem to tip the balance in favour of a Scottish origin for the 
Queen Mary harp at least, is the foliaceous decoration on the fore-pillar 
and upper part of the soundbox, which, in its use of scrolls incorporating 
palmette and split-palmette motifs, is strikingly similar to the work of the 
West Highland carvers. In particular, the spiral arrangement of clusters of 
split-palmette leaves on the fore-pillar is one of the characteristic patterns 
of the Iona school of monumental sculpture, but as far as we are aware 
has no parallel in Irish art of the period."422 

 
 
The palmette motif Steer and Bannerman refer to can be seen in figure 4.11. 

Additionally, the similarity in foliaceous style that Steer and Bannerman note is 

particularly in reference to the foliaceous vine-like motif they identify as the "plant-

scroll" and to the style of leaf commonly employed in this motif, which they refer to 

elsewhere as the "three-lobed formal leaf".423 These elements are among the primary 

distinguishing features of the late Medieval West Highland style of carving.424 An 

example of the three-lobed formal leaf is shown in figure 4.13, which is a detail of 

the Abbot MacKinnon cross shaft on the island of Iona. 

 

 

                                                
421 K. A. Steer and J. W. M. Bannerman, Late Medieval Monumental Sculpture in the West 
Highlands (Edinburgh: HMSO Press, 1977), 185. 
422 ibid. 
423 ibid., 15. 
424 ibid. 
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Figure 4.13: detail of the Abbot MacKinnon cross shaft (Iona Abbey Site Museum, 
Historic Scotland) showing the "three-lobed formal leaf" typical of late medieval 
West Highland sculpture. 
 
 

Steer and Bannerman note that the plant-scroll motif may appear with a single stem, 

or as an intertwined pair, but may also be developed as an elaborate foliaceous 

interlace involving a number of stems, consistent with the decorative work on the 

Queen Mary harp.425 They also point out in the passage quoted above that the 

particular spiral foliaceous motif used on the forepillar of this harp identifiably 

belongs to the Iona school of carving, i.e. the particular style of carving employed for 

monumental art by artisans working on the island of Iona in the inner Hebrides.426  

 

An example of a spiral plant-scroll motif is shown in the photograph of the upper 

portion of the Abbot MacKinnon cross shaft in figure 4.14. In this figure the cross 

shaft is juxtaposed with a photograph of a portion of the Queen Mary harp forepillar. 

Note the close similarity in the motifs used on the harp forepillar and the cross shaft. 

 

 

                                                
425 ibid. 
426 ibid., 15 – 17. 
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Figure 4.14: detail of decorative carving on the forepillar of the Queen Mary harp 
(left), and on the Abbot MacKinnon cross shaft on Iona (right).  

 

 

The Abbot MacKinnon cross shaft is the surviving fragment of a free-standing cross 

on Iona, now kept at the Iona Abbey Site Museum, administered by Historic 

Scotland. The shaft bears a Latin inscription that reads (in translation): 

 

"This is the cross of Lachlanus MacKinnon and of his son Iohannes, 
Abbot of Iona, made in the year of Our Lord 1489."427 

 

John MacKinnon was abbot of the Columban monastery on Iona from 1467 to circa 

1499.428 Although at present Iona may seem remote, during the medieval period it 

was an important Christian pilgrimage site and a major centre for ecclesiastical 

learning, as well as a vibrant centre for artistic craftsmanship, as evidenced by the 

                                                
427 ibid., 110. 
428 ibid., 112. 
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many surviving examples in stone.429 A number of other stone carvings identifiably 

belonging to the Iona school also have similarities to the style of decorative work on 

the Queen Mary harp forepillar, but the similarity to the motif on the Abbot 

MacKinnon cross is particularly close. This does not necessarily imply a direct 

connection with the forepillar of the Queen Mary harp, although it is a possibility. It 

does, however, point to a likely point of origin of the forepillar on the island of Iona, 

in the late 15th century.  

 

The abbacy of John MacKinnon, coincides with a period of building and restoration 

at Iona Abbey.430 Given the crosses incorporated in the decorative work on the 

forepillar (as well as on the rest of the harp), and the time period and location to 

which the style of decorative work appears to belong, it is interesting to speculate 

that the forepillar might have been commissioned during Abbot MacKinnon's tenure, 

perhaps as a restoration to an existing instrument (if the forepillar is not original), 

during a period of general restoration at Iona Abbey.  

 

With regard to whether or not the forepillar of the Queen Mary harp is a replacement, 

there is the question of the areas of decorative work on the soundbox (above the 

eyebrows and on the foot) that share style and motif with the decorative work on the 

forepillar. This is discussed further in the chapter section on the Queen Mary harp 

soundbox. The following section discusses the materials analysis for the forepillar in 

the context of the decorative work. 

 
 
Materials analysis 

 

Non-destructive materials analysis was undertaken for the pigment traces and 

decorative metal bosses on the forepillar. As discussed in the previous section, the T-

section has visible traces of red pigment in and around the low-relief carving. The 

                                                
429 See e.g. Steer and Bannerman, Monumental Sculpture; and Royal Commission on the 
Ancient and Historical Monuments of Scotland (RCAHM), Argyll: An Inventory of the 
Monuments, Volume 4, Iona (Edinburgh: H. M. Stationery Office, 1982).  
430 RCAHM, Volume 4, Iona, 144. 
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CT scans of the harp indicated the presence of particularly dense material in the same 

areas, as illustrated in figure 4.15, below.  

 

 

 
Figure 4.15: photograph of a section of the Queen Mary harp forepillar (top), and a 
tomogram of the same section (bottom). Traces of dense material appear dark in the 
tomogram. These largely correspond to visible traces of red pigment on and around 
the low-relief carving on the T-section. 
 

 

The traces of red pigment were analysed with XRF and found to contain high levels 

of mercury, a dense metallic element. The presence of mercury in the red pigmented 

areas indicates that this pigment is vermilion, a mercury sulfide compound. No traces 

of vermilion were detected on the decorative work on the sides and inside curve of 

the forepillar, so its use appears to have been limited to the T-section.  
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As mentioned earlier, vermilion pigment is present inside the nail holes in the eyes of 

the zoomorphic heads (see figure 4.6). Tomograms of these nail holes indicate that 

they extend deep into the wood. There may have been a decorative boss or stud 

nailed into the centre of each eye. What is interesting in the photograph in figure 4.6 

is that the dot of vermilion pigment is on top of the hole, which means it may have 

been applied to the forepillar after whatever was nailed into the centre of the eyes 

had been removed. 

 

Other areas of the decorative work on the forepillar are highlighted with what now 

appears as a brownish pigment. This can be seen, for example, on the inside curve of 

the forepillar (see figure 4.3) and along the sides, in between the plant-scrolls and 

surrounding the beasts in the roundels (see figure 4.10). Due to the geometry of the 

harp it was only possible to obtain XRF data for an area on the lower end of the 

forepillar front, where the pigmenting is more faded, or worn off, than in other areas 

(see figure 4.16, below). XRF data was taken in this location on a darker, pigmented 

area, and on an adjacent lighter area, and the results were compared. The detected 

levels of elements were essentially the same in both areas, with the exception of iron, 

which was higher in the darker area. It is possible that this brownish area on the 

forepillar was coloured with an iron oxide pigment. The pigment is unlikely to have 

been umber or sienna (iron based pigments that are yellowish and brownish in colour 

respectively), as both of these pigments also contain manganese, which was not 

detected. It is more likely that this was a reddish iron oxide pigment that has, over the 

course of time, faded to the current brown colour.  
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Figure 4.16: two areas on the Queen Mary harp forepillar that underwent 
comparative analysis with XRF. Traces of iron were detected at higher levels in the 
darker area as compared to the lighter area.  
 

 

It is not known if the other brownish, pigmented areas of decoration have the same 

chemical signature, as it was not possible to analyse any of these. This should be 

undertaken in future, perhaps with a hand-held XRF spectrometer, because on close 

examination it appears that the pigmenting of the incised decorative work was fairly 

nuanced, as is evident in the faintly visible shading that can be seen in some areas, as 

shown in the photograph in figure 4.17. It is likely that these are traces of different 

pigments used to colour and subtly shade the decorative designs.  
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Close examination of the decorative work on the sides of the forepillar also revealed 

traces of a green substance in the roundel borders, and in the incised lines around the 

beasts and plant-scrolls, as shown in the photographs in figure 4.18. 

 

A minute sample of this material was taken and analysed with SEM-EDX and found 

to be composed primarily of carbon and oxygen with copper and lead also present, 

although at lower levels. This suggests that the material may be a copper compound 

such as copper acetate or copper carbonate.431 These are the compounds in verdigris 

(primarily copper acetate), which was widely used as a green pigment from the 13th 

century to the early 20th century.432 Verdigris pigment was also sometimes mixed 

with lead white, and it is possible that the presence of lead may be indicative of 

this.433 It is possible that much of the incised decorative work was bordered in 

verdigris pigment, but this would need to be established with further examination and 

testing. 

 

 

 

Figure 4.18 (overleaf): photographs of the lower right roundel on the Queen Mary 
harp forepillar, showing traces of a green substance in the incised lines of the 
decorative work (arrowed). The areas shown in detail are indicated by the boxes in 
the overview photograph on the right. Photographs: (left, upper and lower) Isabell 
Wagner. 
 

 

 

                                                
431 Lore Troalen, "Queen Mary Harp EDX Analysis," memo to author. 17 December, 2012. 
432 Nicholas Eastaugh,Valentine Walsh, et al., Pigment Compendium: A Dictionary and 
Optical Microscopy of Historical Pigments (Oxford: Elsevier Ltd., 2008), 391 – 92. The 
compound in the pigment is primarily copper acetate. 
433 Eastaugh et al., Pigment Compendium, 396. 
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It appears from these analyses that the pigmenting of the decorative work on the 

forepillar was nuanced and may have involved several different pigments. It has now 

been established that the decorative work carved in low relief on the T-section was 

coloured red with vermilion, although it is not known if the plant-scrolls themselves 

were pigmented, or just the surrounding areas. The zoomorphic heads definitely were. 

It has also been established that the use of vermilion was limited to the T-section, and 

that elsewhere on the forepillar at least some of the pigmented areas that appear 

brownish may have been coloured with a red iron oxide pigment. Close examination 

of the somewhat protected area where the neck slightly overhangs the forepillar joint 

has revealed evidence of nuanced and detailed colouring of the incised decorative 

work. Further analysis in these areas may identify additional pigments. Lastly, close 

examination has revealed traces of green material in the borders of the incised 

decorative work. Analysis has confirmed that this material contains copper, and 

therefore may be green verdigris pigment. Further work will be needed to try to 

identify additional pigments and where they were applied, but it appears so far that 

the decorative designs on the forepillar may have been richly coloured and subtly 

shaded, perhaps in much the same manner as 15th-century illuminated manuscript. 

 

 

As mentioned earlier, the T-section is embellished with a line of metal bosses (see 

figure 4.2). Four of these remain, along with posts for two more, now missing. A 

close-up photograph of one of the bosses is shown in figure 4.19. As is evident from 

the photograph, they were originally hemispherical caps, which are now worn 

through, revealing the central post and filler material. 
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Figure 4.19: close-up of a metal boss on the front of the Queen Mary harp forepillar. 
This boss is 3rd from the top in a line of (originally) six bosses. Each is a 
hemispherical metal cap over a central post and filler material, both of which are 
visible where the metal cap has worn through. 
 

 

The boss shown in figure 4.19 is third from the top of the line of bosses. This boss 

was analysed with XRF to identify the materials from which it was made. The metal 

cap was identified as a silver alloy containing copper, with other metals present at 

trace levels. The filler is lead solder with tin, and the post is brass. The results for this 

set of analyses are qualitative, so it is not possible to provide specific percentages for 

the elements identified.  

 

The exposed post and surrounding residue for the missing boss at the top end of the 

line were also analysed with XRF. Again, the post was found to be brass. The residue 

contains high levels of lead from the solder and traces of silver from the cap, but also 

contains iron and mercury at levels significantly higher than trace amounts. These 

elements were not detected at significant levels in the boss solder, so it is possible 

that they belong to a layer of pigment on the wood underneath the boss. 
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Nails 

 

According to Gunn (1807), information contained in a letter (now lost) from General 

William Robertson to the Secretary of the Highland Society noted that the Queen 

Mary harp at one time bore "in front of the upper arm, the queen's portrait, and the 

arms of Scotland, both in gold."434 Gunn goes on to say that this was stolen (along 

with other valuable embellishments on the harp) during the Jacobite rising of 1745.435 

Nails in the front end of the neck do indicate that something, a plate or large badge, 

was formerly affixed to it. These may have been the attachments for the portrait and 

arms mentioned by Gunn, however the pattern of nails on the front of the forepillar, 

just below the end of the neck, also clearly indicates a former attachment, as shown 

in figure 4.20. 

 

As is evident in the figure, there are two distinct patterns of nails: a central circular 

pattern, and surrounding this a larger shield pattern delineated by the outlying nails. 

The nails in the shield pattern all have the same distinctive head with a central ridge, 

with the exception of the first two above the bottom point, which have similar flat 

heads. A variety of different nails comprise the circular pattern. The central ridge on 

the forepillar has been shaved flat within the area enclosed by the circle of nails, 

presumably to allow a medallion to lie flat against the surface. A nick in the ridge 

farther up the forepillar may indicate the position of the upper edge of the shield. An 

additional pair of holes farther down the forepillar on either side of the central ridge 

does not contain nails or nail fragments, and it is not clear if these holes are 

associated with the nail patterns above them. 

 

 

 

                                                
434 Gunn, Historical Enquiry, 13 – 14. Gunn uses the term "upper arm" to refer to the neck. 
435 ibid., 14. 
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Figure 4.20: nails embedded in the front of the Queen Mary harp forepillar, just 
below the end of the neck. The nails form a circular pattern and a larger shield 
pattern. A tomogram of the area has been superimposed on this photograph. The 
nails appear as irregular white spots in the tomogram. The diameter of the circle 
indicated in the photograph on the right was measured from the CT data. Scale 1 
tick : 1 cm. 
 

 

A tomogram of the upper end of the forepillar has been superimposed on the copy of 

the photograph on the right in figure 4.20, showing the positions of the nails as they 

appear on the CT scan. The diameter of the circle of nails, as indicated in the figure, 

was measured from the CT data as 22.5 mm. The CT scan of this area was used to 

examine the nails from all angles within the wood. Some of the nails in the circular 

pattern are bent over on the end that is flush with the surface of the wood. It is 

possible that the nails in this pattern may have originally been set proud of the 

surface and were later hammered down.436 The measurement of the circle of nails 

                                                
436 The author gratefully acknowledges Keith Sanger for suggesting this. 
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was requested by Keith Sanger, who has theorized that they may have held a gold 

coin by its edges, which might explain the large number of nails and having the ends 

projecting above the surface.437 Based on the measurement of the circle of nails, 

Sanger has established that the diameter is the correct size to accommodate a gold 

half-ryal coin from the reign of Mary, Queen of Scots, and may have been 

incorporated in the centre of a shield shaped badge. 438 This coin bears the portrait of 

the Queen on the obverse, and Sanger suggests that this may have been the "queen's 

portrait in gold" remembered by the Robertson family and referred to in Gunn 

(1807).439 In the photograph in figure 4.20 a number of small marks can be seen on 

the edge of the forepillar. Sanger has noted two larger indentations at 3 o'clock and 4 

o'clock on the circle of nails, and has suggested that these two marks are consistent 

with a narrow object, possibly a blade, having been used to prise up the object held 

by the nails.440 Given the Robertson family tradition that the gold queen's portrait was 

stolen during the 1745 Jacobite uprising, Sanger speculates that the marks could have 

been made by something like a soldier's dirk.441 

 

 

Wood grain 

 

The CT scans of the Queen Mary harp have revealed that the forepillar is constructed 

from a single roundwood timber whose grain closely follows the curvature of the 

                                                
437 Keith Sanger, private briefing with the author and NMS staff, 29 October, 2012.  
438 ibid. See also, Keith Sanger, "The 1745 Despoliation of the 'Queen Mary' Harp," last 
modified 4 April, 2015, 
http://www.wirestrungharp.com/harps/lude/1745_despoiled_queen_mary_harp.html#_end3.
The half-ryal in the collection of the National Museum of Scotland is 22.0 mm in diameter. 
For a photograph and description see, "Mary, Queen of Scots gold 30-shilling piece or half-
ryal, Edinburgh, 1555," National Museums Scotland H.C 180, accessed 28 September, 2014, 
http://nms.scran.ac.uk/database/record.php?usi=000-100-050-632-C. Sanger has noted that 
the Arms of Scotland mentioned by Gunn would not have fit on the shield badge with the 
coin in the centre, but has speculated that the Royal Arms may have been placed on the end 
of the neck, leaving room on the shield for other adornment, possibly wolf heads 
representing the Tarlochsons. Keith Sanger, email message to author, 2 March, 2013.  
439 Keith Sanger, private briefing with the author and NMS staff, 29 October, 2012. 
440 ibid. 
441 ibid. 
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piece, as described in Loomis (2010), and Loomis et al. (2012).442 This is shown in 

figure 4.21, below. It is evident from the cross-sectional view of the growth rings that 

the forepillar includes the centre of the timber. The pattern of growth rings can also 

be examined for the presence of reaction wood in the form of non-concentric rings, 

which would indicate that the timber had grown curved rather than being bent after it 

was cut. Viewed in cross-section, it does appear as though there may be some 

narrowing of the spacing of growth rings towards the inside curve of the forepillar, 

although with the limited view afforded by the cross-section, it is difficult to say for 

certain. It is, however, probable that this was a naturally curved timber, possibly a 

branch. 

 

Dooley (2014) has argued that the forepillars of Irish harps were constructed to have 

a degree of flexibility, or 'springiness' that would be advantageous to the acoustics, 

particularly of the bass strings, and that the use of a curved timber provides more 

flexibility and resilience than a forepillar made from a straight-grained plank.443 The 

fact that both the Queen Mary and Lamont harp forepillars were constructed from 

curved timbers is consistent with this theory. 

  

                                                
442 ibid.; Loomis et al., "Lamont and Queen Mary Harps," 124. 
443 Dooley, " Medieval Irish Harp," 111. 
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Figure 4.21: tomograms of the Queen Mary harp forepillar showing the direction of 
wood grain. The lengthwise cross-section is a mosaic of three tomograms. The red 
line indicates the location of the cross-section shown in the inset. The right-hand side 
of the harp is towards the left in the inset. These cross-sections show that the 
forepillar has been made from a single curved piece of roundwood, possibly a 
branch. Scale: 1 tick : 1 cm. 
 

 

Forepillar joints 
 

The tomograms in figure 4.22 show the forepillar joints with the neck and soundbox 

in cross-section. It appears as if the tenons aren't a good fit to their respective 

mortises. As mentioned above, the forepillar was made with a high degree of skill, so 

these apparently poorly fitting joints at the ends seem incongruous. Most, if not all of 

the discrepancy between mortise and tenon can be accounted for by the shifting, 

bending, and compression of the wood due to the string tension acting on the frame, 

however. 
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Figure 4.22: tomographic cross-sections of the forepillar joint with the neck (left), 
and soundbox (right) of the Queen Mary harp. The arrow in the left-hand cross-
section indicates the direction of the force acting on the neck due to the strings. Note 
the gap between the back of the tenon and the mortise, and the position of the tenon 
shoulder versus the mortise recess. In the right-hand cross-section, note the angle of 
the tenon in the mortise, and note also the angle of the front wall of the mortise 
versus the back wall.  Scale: 1 tick : 1 cm. 

 

 

As can been seen in the tomogram of the forepillar/neck joint shown on the left in 

figure 4.22, there is a gap between the back of the tenon and the mortise. At first it 

appears as if either the tenon or the mortise was not accurately cut. This is not the 

case, however. The string tension has pulled the neck in the direction indicated by the 

arrow in the figure. This has forced the neck down onto the forepillar and has caused 

the wood to split along the grain (which happens to be roughly perpendicular to the 

direction of the force). As a result, the front of the mortise has been pressed against 

the forepillar tenon, and the back of the mortise has pulled away from the tenon, 

opening up as observed in the cross-section of the joint. 

 

The forepillar tenon at the joint with the soundbox, shown on the right in figure 4.22, 

also appears to be a somewhat poor fit to its mortise. There is a gap at the back and at 

the bottom of the mortise, and the tenon is seated at an angle. Here, the string tension 

has forced the forepillar forward in the joint, pushing the front wall of the mortise 
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outward slightly (note the angle of the front wall versus the back wall). In fact, the 

forepillar has pushed through and broken the front lip of the mortise recess, as shown 

in figure 4.23. This movement has caused the observed gap between the back of the 

tenon and the mortise.  

 

 

 
Figure 4.23: damage to the foot of the Queen Mary harp as a result of the forepillar 
being forced forward in the soundbox joint. The forepillar has pushed through and 
broken off the front lip of the mortise recess (arrowed). 

 

 

The string tension has also bent the forepillar, causing the middle to bow outward 

and the ends to angle inward. This accounts for about half of the observed gap at the 

bottom of the mortise. The tenon has also very likely been bent backwards as a result 

of pushing against the front of the mortise. Although the wood grain pattern visible 

in the tomogram suggests that it must not have bent very much, even a small degree 

of bending will have contributed visibly to the angle of the tenon and the observed 

gap at the bottom of the mortise. 

 

Figure 4.24 shows the gap between the forepillar shoulder and the lip of the mortise 

recess at the soundbox joint, due to the forepillar shifting forwards as described 

above. This photograph also shows the edge of something down inside the mortise 
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(arrowed in the figure). This object was first noticed on the CT scan of the joint, and 

is shown in the tomograms in figure 4.25. 

 

 

 
Figure 4.24: photograph of the forepillar/soundbox joint showing the gap between 
the forepillar shoulder and the lip of the mortise recess. Note also the thin light 
object embedded in the mortise (arrowed). 
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Figure 4.25: tomographic cross-sections of the Queen Mary harp 
forepillar/soundbox joint. The cross-section on the left is aligned with the right side 
wall of the mortise (arrowed, right). There is something visible on the tomogram, 
which may be a scrap of parchment.  
 

 

The tomograms in figure 4.25 show what appears to be a scrap of something on the 

right side wall of the soundbox mortise. Close examination of this area on additional 

tomograms from the CT scans show what could be a layer of glue between it and the 

mortise wall, although this is uncertain. Based on the similarity in appearance to the 

tomograms of the Lamont harp vellum document, this object could be a piece of 

parchment.  

 

This small scrap could be significant for understanding this harp. Note that some of 

the edges appear to be cut and others appear torn. It is a piece of something larger 

that might have been glued to the inside of this mortise and then removed at some 

point, and it is in a location that is not accessible without first removing the forepillar. 

It is unlikely that the forepillar has been removed since the iron strap was nailed 

across the neck/soundbox joint, though. The strap prevents movement of the neck, so 

it would be difficult to remove the forepillar without causing damage, as the end of 

the neck would have to be bent upwards at least 4 cm to lift either end of the 

forepillar out of its joint. This scrap may be evidence that at some point before the 

addition of the iron strap something (perhaps a shim) was glued into the mortise. At a 
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later date most of that item was removed, leaving the scrap. This could only have 

been done when the forepillar was off the harp. Removing the forepillar is not 

something that would be done casually, because it requires de-stringing the 

instrument and taking the frame apart, as this is held together by the string tension. If 

the forepillar had been removed, the most likely reasons would be to either make 

repairs that cannot be done with it on the harp, or to replace it. There are no signs that 

this forepillar has had any repairs that would require it to be off the harp, so it is 

possible that the item in the mortise was removed when a previous forepillar was 

taken off the harp to be replaced with the current one. 

 

There could have been good cause to replace the forepillar. It is critical to the 

structure of the harp. If it loses its integrity, the frame will collapse under the string 

tension, causing severe damage to both the neck and the soundbox where they join at 

the treble end of the harp.444 As Dooley (2014) notes, in order to provide a certain 

degree of flexibility, the forepillars of Irish harps were likely constructed to be "just 

strong enough to withstand the tension of the strings," so structural failure is a 

possibility, and a forepillar would not necessarily need to be structurally damaged in 

order to need replacement.445 Dooley has pointed out that a number of the surviving 

Irish harp forepillars have become permanently bent by the string tension acting on 

them.446 Under normal use a forepillar may become bent to the extent that it is no 

longer suitable and needs to be replaced. It is possible that the forepillar of the Queen 

Mary harp could have been replaced for either of these reasons. If the current 

forepillar is not original, that could have a bearing on the assumed date and location 

of origin of the Queen Mary harp, as that has largely been based on the style of 

decorative work on this part of the frame. 

 

 

  

                                                
444 The damage to the neck-soundbox joint of the Lamont harp is a good example of this. 
445 Dooley, "Medieval Irish Harp," 111. 
446 ibid. 
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Summary 

 

The workmanship employed in making the Queen Mary harp forepillar was of a very 

high caliber, with substantial attention paid to executing the details of the decorative 

work. Although the decorative work on the T-section and on the rest of the forepillar 

are of the same style, it is worth noting that they are executed differently and may 

represent the workmanship of two different craftsmen, probably working together to 

complete the piece. The T-section, with its zoomorphic heads and plaited plant-

scrolls carved in low relief, is sculptural, whereas the remainder of the decorative 

work on the forepillar, intricately drawn with fine incised lines, then subtly shaded 

and coloured, is reminiscent of the work of a manuscript illuminator. 

 

The high level of craftsmanship suggests that this piece may have been 

commissioned for a person of wealth and/or high rank. The particular style of 

decorative work indicates the island of Iona in the late 15th century as a probable 

location and date of construction for the forepillar, perhaps on behalf of someone 

with a connection to the abbey, as suggested by the crosses incorporated into the 

motif. It would be useful to date the wood, however, to determine if its age is 

consistent with this date of construction. In this chapter section, the question of 

whether or not the forepillar is original was discussed. While the evidence suggests it 

may be a replacement, it is not conclusive, and further research is needed, as this has 

a direct bearing on understanding how the frame was designed to work, and on the 

presumed age and origin of the rest of the harp. 

 

 

Cross-sections 

 

The dimensions of the forepillar are shown in the tomographic cross-sections below. 

The tomogram in figure 4.26 is a lengthwise cross-section of the forepillar. Because 

it is slightly bent towards the left side of the harp, a composite of three cross-sections 

was used in order to show its entire length. The lines labeled A – G in the figure 

indicate the locations of cross-sections taken across the forepillar. These are shown 
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in figures 4.27 – 4.33. For all of these figures, the grey-scaling has been set to 

accurately represent the location of the physical edge of the wood using the method 

already described. The dimensions given in the figures are the FWHM of the cross-

section. For figures 4.27 – 4.33, the line in the left-hand image indicates the location 

of the cross-section shown on the right, and the measurements shown were taken at 

the location of the lines indicated on the cross-section. The right-hand side of the 

harp is on the left, and the view is from the perspective of 'looking up' the forepillar 

from below. 

 

 

Figure 4.26 (overleaf): composite tomographic cross-section of the forepillar of the 
Queen Mary harp. The lines A – G indicate the locations of the individual cross-
sections shown in figures 4.27 – 4.33. Scale 1 tick : 1 cm; grid scale 1 square : 2 cm. 
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Figure 4.27: Queen Mary forepillar cross-section A (see figure 4.26). This is a 
cross-section of the tenon in the neck joint. Scale 1 tick : 1 cm. 
 

 

 

 

 
Figure 4.28: Queen Mary forepillar cross-section B (see figure 4.26). Scale 1 tick : 1 
cm. 
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Figure 4.29: Queen Mary forepillar cross-section C (see figure 4.26). This cross-
section includes the T-section. Note the crack, which originates at the centre of the 
growth rings. Scale 1 tick : 1 cm. 

 

 

 

 

 
Figure 4.30: Queen Mary forepillar cross-section D (see figure 4.26). This cross-
section is located at the centre of the T-section. The projection below the T-section is 
narrowed due to the missing inset piece of wood (see figure 4.1). As in the cross-
section in figure 4.29, the crack in the T-section originates at the center of the timber. 
Scale 1 tick : 1 cm. 
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Figure 4.31: Queen Mary forepillar cross-section E (see figure 4.26). The gap in the 
projection below the T-section is due to the missing inset piece of wood (see figure 
4.1). Scale 1 tick : 1 cm. 

 

 

 

 

 
Figure 4.32: Queen Mary forepillar cross-section F (see figure 4.26). The growth 
rings (just visible) indicate the location of the center of the timber just below the 
surface of the wood on the left side of the forepillar (the right-hand side of the image). 
Scale 1 tick : 1 cm. 
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Figure 4.33: Queen Mary harp forepillar cross-section G (see figure 4.26). This is 
the cross-section of the tenon in the soundbox joint. The soundbox appears slightly 
skewed in the right-hand image due to the cross-section being taken perpendicular to 
the forepillar, which is tilted towards the left side of the harp. Scale 1 tick : 1 cm. 
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Neck 

 

The neck was discussed in Chapter 2 of this dissertation, in the context of damage 

and twisting that have affected the string lengths. This chapter section looks at some 

other aspects of the construction and current state of the neck, focusing primarily on 

the metalwork, while further examining signs of damage and wear. The tuning pin 

holes are also discussed, particularly with respect to material found lodged within 

them. Signs of decorative embellishments are discussed as well. As will be evident in 

the discussions, each of these features of the neck of this harp provides some insight 

into its working life. The decorative work on the neck is also shown, but is discussed 

in more detail in the context of the decorative work on the soundbox, in the next 

section of this chapter. Measured cross-sections of the neck are presented at the end 

of the section. 

 

 

Tuning pins 

 

As already discussed in Part I of this dissertation, the neck has holes for 30 tuning 

pins, of which 29 are original to its construction. These pass through the cheekbands. 

The hole directly beneath the cheekbands at the bass end of the neck is a later 

addition. There are currently 21 remaining tuning pins in the neck. As noted in 

Chapter 2, the tuning pin for the 30th string is now missing. When the harp was 

examined and photographed by Armstrong at the beginning of the 20th century it had 

a full complement of 30 tuning pins. In an archival photograph dated August 1981, 

29 tuning pins are still present (figure 4.34, below), including the pin for the 30th 

hole.447  

  

                                                
447 This photograph appears to have been taken for the "Angels, Nobles, and Unicorns" 
exhibition, based on a hand-written note on the sleeve. This has been confirmed by David 
Caldwell, former Keeper, Scotland and Europe, National Museum of Scotland. Personal 
communication, 6 May, 2015. 



 360 

 
Figure 4.34: an archival photograph of the Queen Mary harp, dated August 1981, 
showing the harp with 29 tuning pins (National Museums Scotland H.LT1 archive, 
photograph E/0058).  
 

 

The appearance of the ends of these pins corresponds generally to those in the 

photographs of the harp published by Armstrong in 1904, as well as in some undated 

archival photographs that may pre-date the one taken in 1981. When the Queen Mary 

harp tuning pins were examined by Keith Sanger in mid-1982 for measurement of 

the string holes there were still a total of 29 (missing the tuning pin in hole #27, in 

corroboration with the 1981 photograph).448 In a set of archival photographs dated 

May 1983, however, eight additional tuning pins appear to be missing, bringing the 

number down to the currently remaining 21. This later set of photographs, 

reproduced at reduced size in figure 4.35, shows the Queen Mary harp tuning pins 

laid out side-by-side, out of the harp, with each pin numbered.449  

 

 
                                                
448 Keith Sanger, personal communication, 25 March, 2014. 
449 National Museums Scotland, "Queen Mary harp archive," H.LT1 (National Museums 
Scotland Library), unnumbered negatives. 



 361 

 
Figure 4.35: archival photographs of the Queen Mary harp tuning pins, dated May 
1983. A total of 21 pins are included in the photographs, with gaps left in the 
numbering scheme for pins either not included or missing. Note: the current order of 
the tuning pins is different from the order indicated in these photographs. 
Photographs: National Museums Scotland archive H.LT1. 
 

 

There are 21 pins photographed, with gaps in the numbering scheme for a total of 

nine missing tuning pins out of 30. So, as recently as 1982 this harp had 29 tuning 

pins out of the full set of 30, but sometime between 1982 and 1983, eight tuning pins 

were removed from the harp, and are currently unaccounted for. Figure 4.36 shows a 

detail of the 1981 photograph, in which the string ends of the tuning pins can be seen 
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more clearly. Accompanying this is a detail from an undated (probably earlier) 

archival photograph, showing the drive ends of all 30 tuning pins.  

 

 

 
Figure 4.36: (top) detail of the photograph in figure 4.34, showing the Queen Mary 
harp tuning pins as they appeared in 1981, viewed from the string ends; (bottom) 
detail of an undated (probably earlier) archival photograph showing the drive ends 
of all 30 tuning pins. Some of the string ends appear to be slotted and some of the 
drive ends appear to be less worn than others. Fragments of gut string are also 
visible in the top photo, attached to some of the tuning pins. 
 

 

In the close-up of the 1981 photograph shown in figure 4.36, some of the tuning pins 

appear to have slotted string ends. When he examined this harp, Armstrong noted 

that eight tuning pins were iron, five with slotted string ends and three with string 
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holes. He speculates that these were probably supplied by Gunn and Elouis in the 

early 19th century.450 When Keith Sanger examined the pins in 1982, he also 

identified 5 with slotted ends.451 The positions of these particular pins in the 

cheekbands, as recorded by Sanger, correspond to gaps in the numbering scheme in 

the photographs of the 21 remaining pins, taken in 1983. Additionally, there were 

three pins without slotted string ends that are also not present in these photographs. 

These are the three iron pins with string holes identified by Armstrong. All of the 

remaining tuning pins are copper alloy. 

 

Perhaps someone concluded, as did Armstrong, that these eight iron tuning pins were 

non-historical replacements. Nevertheless, it is unfortunate that they were removed. 

They may have dated to the restringing of the harp by Elouis in the early 19th 

century, but they also could have been historical replacements dating to the working 

life of the harp. This is particularly likely for the tuning pin for the 30th string hole, 

which Armstrong described as "much worn." If some or all of these tuning pins were 

historical replacements, the need for several replacement pins could have been an 

indication that the Queen Mary harp was unused for an extended period of time. 

Unfortunately, as the pins are now missing, they can no longer be examined. Even if 

they did only date to the restringing by Elouis, they would, nevertheless, have been 

close to 180 years old when they disappeared in 1982 – 83. Perhaps these tuning pins 

were only intended to be separated from the others temporarily, and for some 

unknown reason were not returned to the harp. It is, however, unfortunate that as 

recently as the 1980's over one-quarter of the tuning pins should disappear, unnoticed, 

from such an important surviving historical harp. 

 

The following discussion examines the remaining tuning pins. The numbering used 

here is based on their position in the neck at the time of this project. As mentioned in 

the discussion of the missing tuning pins, a set of photographs taken in 1983 numbers 

each pin by its position in the neck. In the intervening time between the 1983 

                                                
450 Armstrong, Irish and the Highland Harps, 171, note 2. 
451 Keith Sanger, email message to author, 25 March, 2014, and personal communication. 
The author gratefully acknowledges Keith Sanger for sharing his notes from 1982, on the 
Queen Mary harp tuning pins. 
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photographs and the commencement of the current project the order of the tuning 

pins has largely been rearranged, therefore the numbering used in those photographs 

is different from the current numbering.452  

 

The remaining tuning pins in the Queen Mary harp neck are all copper alloy. Tuning 

pin #5 was analysed with XRF and found to be brass with trace amounts of tin and 

lead also present. Based on the XRF spectrum, the alloy has a high ratio of copper to 

zinc. Unfortunately, quantitative data is not available for this analysis, so the 

percentages of the elements present in the alloy are not known. Quantitative analysis 

of the composition of the tuning pins should be obtained in future research. There is a 

very small peak in the spectrum at the expected location for nickel. In light of the 

discussion earlier in this dissertation pertaining to nickel as a trace element in 

historical brass alloys, it would be very interesting to know how much nickel is 

present in this brass. 

 

The drive heads are rectangular in cross-section, in contrast to the tuning pins of the 

other surviving Irish harps (including the Lamont harp), which have drive heads that 

are square in cross-section. Similar rectangular drive head copper alloy tuning pins 

have been discovered individually as archeological finds in Ireland and Scotland, 

however, and these may also be harp tuning pins.453  

 

With two exceptions, the Queen Mary harp tuning pins appear to belong to a 

matched set. These tuning pins all have an incised grid on the end of the drive head, a 

cross on the end of the shaft, and a pair of lines at the bass of the drive head. Each of 

the tuning pins, including the two that don't match the others, has a set of incised 

hash marks on the shaft. These marks are of particular interest and are discussed later 

in this section. The lengths of the matching tuning pins range from 75 – 80 mm, 
                                                
452 This is worth pointing out because the 1983 archival photographs, which are reproduced 
in this dissertation, have been used by other researchers. In order to avoid confusion it is 
important that future researchers are aware of the reordering of the tuning pins. 
453 Keith Sanger, "Harp Pegs Project," accessed 2 October, 2014, 
http://www.wirestrungharp.com/material/harp_pegs.html. Sanger has compiled a catalogue 
of archeological tuning pin finds currently in museum collections. A copper alloy tuning pin 
with a rectangular drive head was discovered by a metal detectorist in Scotland in 2009 
(currently privately owned). 
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however most are 75 – 78 mm long. A representative tuning pin is shown in figure 

4.37. 

 

 

 
Figure 4.37: a tuning pin belonging to the Queen Mary harp, viewed from the side 
(upper image) and the front (lower image). This is currently in hole #29, and is 
representative of the appearance of all except two of the remaining tuning pins. The 
end of the drive head (inset, upper) is incised with a grid, and the string end of the 
shaft (inset, lower) is incised with a cross. The tuning pin also has a set of incised 
hash marks in the middle of the shaft. 
 

 

As mentioned above, two of the tuning pins don't match the others. Figure 4.38 

shows tuning pin #2. This tuning pin has a drive head that is longer and thinner than 

the others, and lacks the pair of incised lines at its base and the grid on its end. With 

a length of 82 mm, tuning pin #2 is also slightly longer overall than the other tuning 

pins. Its alloy is also more yellow in colour. Quantitative XRF analysis should be 

done on this tuning pin to determine the composition of the alloy for comparison 

with the other tuning pins. Tuning pin #2 does have a few characteristics in common 

with the others. It has the incised cross on the end of the shaft at the string end, and 

also has a set of hash marks at the centre of the shaft. This may be an early historical 

replacement. It probably does not belong to the additional, 30th tuning pin hole, 

however, as that hole is larger than the others and the shaft of this tuning pin would 
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be too narrow to fit it properly (although the 30th hole could have been enlarged at a 

later date).  

 

 

 
Figure 4.38: tuning pin #2 of the Queen Mary harp. This tuning pin does not match 
the others (see figure 4.37). The drive head is narrower and has no incised lines on it, 
and the colour of the alloy is also different. This tuning pin does have the cross on 
the string end of the shaft, and the incised hash marks in the middle of the shaft, 
however. 
 

 

The other tuning pin that is different from the others is #9, which is shown in figure 

4.39, below. Upon close examination it is apparent that a 1.5 – 2 mm thick copper 

alloy layer has been soldered over the existing drive head, as shown in the inset at 

upper left in figure 4.39. It is not clear if this was intended to be a repair or a 

modification. The end of the drive head is incised with a grid like the others, 

although it is somewhat indistinct, but the pattern of incised lines on the face of the 

drive head is not the same as on the other tuning pins. The string end of the shaft is 

also lacking an incised cross. Like all of the other tuning pins, however, the shaft has 

a set of incised hash marks at its centre. This tuning pin could be a replacement 

reused from another harp (possibly with the drive head modified). Quantitative XRF 

analysis of the alloy of this tuning pin (and the modification/repair to the drive head) 

and of a representative sampling of the other tuning pins should be undertaken in 

order to determine whether or not they were made from the same batch of brass. 
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Another interesting feature of tuning pin #9 is the waist in the shaft, located about 1/3 

of the distance between the ends of the pin from the string end. This is shown in 

detail in the inset at upper right in figure 4.39. This waist appears to be wear, 

although shaft wear is normally found closer to the ends, where it is caused by the 

cheekband coming into contact with the tuning pin. Some of the tuning pin holes in 

the neck of the Queen Mary harp have material embedded in them (see the discussion 

below), which could cause wear in this location on the tuning pin shaft.  

 
 

 
Figure 4.39: tuning pin #9 of the Queen Mary harp. The drive head of this tuning pin 
appears to have been modified or repaired with a layer of copper alloy soldered over 
it (inset, upper left). The shaft of the tuning pin has a waist (inset, upper right) that 
appears to be wear. 
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Measurements for the Queen Mary harp tuning pins are given in table 4.1, below. 

The shaft taper is the diameter of the shaft measured directly below the drive head 

and at the string end. The drive head measurements are length × width × height. The 

width and height are the dimensions at the end of the drive head. Note that the drive 

heads are tapered (see figures 4.37 – 4.39). The length is the overall length of the 

tuning pins including the drive head. The measurements for tuning pins #2 and #9 are 

included separately, as they are different from the others. The dimensions of the 

drive head and shaft taper are quite consistent amongst the matched set of tuning pins, 

so the dimensions given in the table represent the average values rounded off to the 

nearest 0.5 mm. The overall length for these pins is given as a range from the 

minimum to maximum measured values. 

 

 

Table 4.1. 

Queen Mary harp tuning pin measurements 

 

tuning pin drive head (mm) shaft taper (mm) length (mm) 

matched set 17.0 × 5.0 × 3.5 6.0 – 4.0 75 – 80 

#2 19.5 × 5.0 × 2.0 5.5 – 4.0 82 

#9 16.0 × 5.5 × 2.5 6.0 – 4.0 76 

 

 

 

As mentioned earlier in this section, each of the Queen Mary harp tuning pins has a 

set of incised hash marks on the shaft, about midway between the ends of the pin. 

These can be seen, for example, in the photographs of the tuning pins in figures 4.37 

– 4.39. They are positioned on the part of the shaft that is normally hidden from view 

when the tuning pin is in the neck. The hash marks were first recorded in the set of 

unpublished archival photographs of the Queen Mary harp tuning pins taken in 

1983.454 These marks were undoubtedly known to some researchers, but are not 

                                                
454 See figure 4.35. 
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mentioned prior to being noticed in these photographs by Simon Chadwick while 

conducting research in 2006 for his commissioned replica of the Queen Mary harp.455 

 

The hash marks appear to be carefully and purposefully inscribed. Their number 

varies from 1 – 6, with an even distribution of pins numbering 1, 2, and 5 marks, and 

one pin each with 4 and 6 marks. Pin #24 has two sets of hash marks, numbering 1 

and 3, on opposite sides of the shaft. Figures 4.40 and 4.41 present a gallery of the 

hash marks on each tuning pin, for comparison.  

 

  

                                                
455 Simon Chadwick, "Historical Reproduction," 16. The hash marks are not explicitly 
mentioned in this article, but are shown in a photograph of one of the reproduction tuning 
pins on a personal web page discussing the project. Simon Chadwick, untitled page on the 
Queen Mary harp replica, last modified, March 2009, http://www.simonchadwick.net/qm/. 
The hash marks, and the archival photographs showing them were brought to the author's 
attention by Simon Chadwick in 2007. 
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Figure 4.40: a gallery of the incised hash marks on the Queen Mary harp tuning pin 
shafts for pins 2 – 17 (for pins 18 – 29 see figure 4.41). The number of marks on each 
shaft is indicated in italics to the right of each photograph. Where the marks are 
indistinct their locations are indicated by arrows. The number in bold to the left of 
each photograph indicates the current order of the tuning pin in the neck. The 
number below this in parentheses indicates the order of the tuning pin in the 1983 
archival photographs reproduced in figure 4.35. The shafts are all oriented with the 
drive heads to the left. Scale in mm as indicated. 
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Figure 4.41: a gallery of the incised hash marks on the Queen Mary harp tuning pin 
shafts for pins 18 – 29 (for pins 2 – 17 see figure 4.40). For an explanation of the 
numbering system, see figure 4.40. Pin #24 has two sets of marks, so is shown twice. 
Note that pins #23 and #29 have partly double sets of marks. The shafts are all 
oriented with the drive heads to the left. Scale in mm as indicated. 
 

 

These hash marks are unique to the Queen Mary harp tuning pins. There are no 

known similar markings on the tuning pins of the other surviving Irish harps, 

however many of these tuning pins have not yet been fully examined. There are also 

no known similar markings on any of the archeological finds of tuning pins.  
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At present, the interpretation of these marks remains a matter for speculation. 

Interestingly, tuning pin #2, which is probably an historical replacement, also has the 

hash marks, as does tuning pin #9, where they overlap what may be wear on the shaft 

as discussed earlier. So, it is possible that the marks on the Queen Mary harp tuning 

pins are a later addition. Again, it is very unfortunate that the iron tuning pins are 

missing, as it would have been helpful to know whether or not these also had been 

incised with hash marks. 

 

 

Tuning pin string holes 

 

Each of the tuning pins has a hole for the string near the end of the shaft opposite the 

drive head. These string holes are not all the same size. As part of the current study 

of this harp, photomicroscopy was used to measure the string hole diameter for each 

of the tuning pins. Figure 4.42 shows a photomicrograph of the string hole in tuning 

pin #17, as an example. 

 

 

 
Figure 4.42: a photomicrograph of the string hole in tuning pin #17 of the Queen 
Mary harp. The size of the hole is taken as the minimum distance across the hole, 
measured at the surface. Note the string wear along the upper and lower edges of the 
hole. 
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The string hole in tuning pin #17 is typical in that it is slightly irregular in shape. 

Most of the string holes are either roughly oval or ovoid. The size of the string hole is 

taken as the minimum distance across the hole at the surface. This dimension 

provides an indication of the maximum diameter string that will fit into the hole. It is 

understood that the order of the tuning pins has been rearranged, probably on a 

number of occasions, particularly after the harp was no longer in use and was 

unstrung. Figure 4.43 shows the measurements of the string holes, arranged in order 

of increasing size. 

 

 

 
Figure 4.43: measurements of string hole size for the Queen Mary harp tuning pins. 
The measurements have been ordered by increasing size. The numbers below the x-
axis are the current positions of the tuning pins. The size of each hole is measured as 
the minimum distance across it at the surface of the tuning pin. The error bars reflect 
an uncertainty in the measurements of +/- 0.02 mm. 
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The measured string hole sizes range from 1.60 – 2.24 mm, +/- 0.02 mm. The 

measurements, as plotted in figure 4.43, appear to steadily increase. This does not 

imply that the maker of these tuning pins graduated the string hole sizes this finely, 

or at all. It is, to a certain extent, simply a consequence of sorting the data. There 

would have been no advantage to graduating the sizes of the holes, and it would have 

necessitated keeping the tuning pins in order.456 It is likely that all of the original 

tuning pins were made with string holes of the same size, sufficiently large enough to 

accommodate any of the strings. The observed differences in string hole size may 

therefore be due to holes being enlarged at a later date to accommodate thicker 

strings. If this is the case, then only the tuning pin holes that needed it would be 

enlarged, which would presumably be those located in the bass at that time. This 

could even have occurred on more than one occasion, resulting in a mix of string 

hole sizes.  

 

It is known that the Queen Mary harp was restrung, post-historically, in the early 

19th century, first with wire and then with gut.457 Unfortunately, it is not known if the 

sizes of any of the tuning pin string holes were enlarged at this time to accommodate 

the strings that were used, so what can be ascertained about the historical stringing 

from the tuning pin string hole sizes is limited by this. Assuming the tuning pins 

were made with a single string hole size, as suggested above, what can be understood 

is that the largest diameter strings originally used would have been no larger than the 

smallest string holes, currently, and in practice at least a few tenths of a millimetre 

narrower, to allow easy insertion of the string into the hole. The smallest string holes 

are just over 1.6 mm across, so the original set of strings would therefore not have 

exceeded ~1.2 mm in diameter, and are likely to have been narrower. 

 

A notable feature of the tuning pin string hole shown in figure 4.42 is the prominent 

wear marks at the upper and lower edges of the hole (as viewed in the figure). These 

are due to the winding of the wire string as it emerges from the hole. Similar wear 

marks are present to a greater or lesser extent on most (although not all) of the tuning 
                                                
456 There is no correlation between the number of hash marks on the tuning pin shaft and the 
string hole size. 
457 Gunn, Historical Enquiry, 18 – 24. 
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pins. The side of hole on which the wear mark is present indicates the direction of the 

winding. A wear mark on the upper edge of the string hole (as viewed in the figure) 

indicates a winding that tightens as the drive head is turned clock-wise (i.e. the string 

comes off the tuning pin on the side facing the player). A wear mark on the lower 

edge of the string hole (as viewed in the figure) indicates a winding that tightens as 

the drive head is turned anti-clockwise (i.e. the string comes off the tuning pin on the 

side facing away from the player).  Which way the tuning pins were wound 

historically has been a question for some current players, as it does affect the angle of 

the strings, which is particularly noticeable in the treble end of the compass. It is 

evident from the wear marks that the tuning pin shown in figure 4.42 was wound 

both ways, presumably at different times. A few of the Queen Mary harp tuning pins 

have just one wear mark, on either the upper or lower edge, but most have wear 

marks on both edges, suggesting that both winding directions were used. It is 

possible that, after the neck rotated forwards, the winding direction was changed to 

have the string come off the tuning pin on the side facing away from the player (anti-

clockwise winding) to slightly compensate for the decrease in the angle of the strings 

to the front of the soundbox. Interestingly, there is also a small wear mark on the side 

of the hole facing the end of the shaft. This is also present on a few of the other 

tuning pin string holes. Perhaps the wire was occasionally looped over the end of the 

shaft and passed back through the hole before being wound around the pin. This is 

feasible on these tuning pins because the string holes are placed very close to the end 

of the shaft. 

 

 

Tuning pin holes 

 

The Queen Mary harp was CT scanned with the tuning pins removed from the neck. 

This made it possible to see the insides of the tuning pin holes on the tomograms. 

Dense, possibly metallic, material was detected inside several of them. The presence 

of this material was first reported in Loomis (2010) and Loomis et al. (2012).458 It 

                                                
458 Loomis, "Structural Breaks and Repairs," 64. Loomis et al., "Lamont and Queen Mary 
Harps," 126. 
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can be seen in the tomographic surface rendering in figure 4.44, which shows the 

first five tuning pin holes at the treble end of the neck. This rendering highlights both 

the tuning pin holes and any dense material, such as metals. 

 

 

 
Figure 4.44: tomographic surface rendering of the first five tuning pin holes at the 
treble end of the Queen Mary harp neck. The holes for the tuning pins and other 
voids in the wood are rendered as light grey areas. Very dense material, such as the 
metal cheekbands, is rendered light brown. Note the dense, possibly metallic, 
material in the tuning pin holes (arrowed). It is also possible to see in this rendering 
that tuning pin holes #1 and #3 had to be re-bored after the maker's tool veered off 
course. 
 

 

In the tomographic surface rendering in figure 4.44, very dense objects, such as the 

metal cheekbands, are rendered as light brown. Voids, such as the tuning pin holes, 

are rendered as light grey. The rendering shows the presence of dense, possibly 

metallic material in some of the tuning pin holes.  
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In her examination of the Trinity College harp during conservation work undertaken 

by the British Museum in 1961, Joan Rimmer observed that several tuning pin holes 

were "lined with thin metal to get a better fit."459 When the CT scan of the Queen 

Mary harp revealed material in several of the tuning pin holes, it was theorized that 

this was probably also shim material. As tuning pin holes become enlarged due to 

wear, the shafts of the pins need to be pressed further in to grip the wood tightly 

enough to keep the strings tensioned. Eventually, with long use, a point may be 

reached whereby pressing the shaft further into the hole will cause it or the drive 

head to come into contact with the metal cheekbands. This is undesirable, as it will 

damage the tuning pin and may cause it to bind. The most obvious solution is to shim 

the tuning pin holes. This hasn't been necessary (yet) for most modern-built historical 

replicas, presumably because it takes many years of use before the tuning pin holes 

are sufficiently worn down to require shimming. It is interesting, therefore, to 

observe this practice on the historical instruments, and to discover what materials 

were used. 

 

When the Queen Mary harp was reexamined at the NMS Collections Centre in 

December 2012, the tuning pins were removed and the tuning pin holes were visually 

examined. The tuning pin holes in which the CT scan showed the presence of dense 

material were all lined with deposits that were orange in colour. The rest of the 

tuning pin holes were lined with deposits that were verdigris in colour. The orange 

material was found to be a layer of fine powder. Figure 4.45 shows the contrasting 

appearance of the material in the tuning pin holes. 

 

 

                                                
459 Joan Rimmer, "Report on Stringing the Trinity College, Dublin Harp" (unpublished report, 
16 October, 1961), 2. The author gratefully acknowledges Simon Chadwick for providing a 
copy of this report. 
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Figure 4.45: tuning pin holes 13 – 16 of the Queen Mary harp. Hole #13 appears to 
be lined with a layer of orange coloured material (arrowed). Hole #16 appears to 
contain similar material. The other two tuning pin holes contain verdigris coloured 
deposits. 
 

 

Small samples of the orange powder were taken, and are awaiting analysis, but a 

larger, darker fragment, taken from tuning pin hole #3 was analysed with SEM-EDX 

and found to be iron. This was an irregularly shaped fragment measuring 5 × 2.5 × 

1.5 mm.  

 

Iron seems an odd choice of material for shims, but there is an alternative 

explanation for the orange deposits. As discussed earlier, several of the tuning pins 

went missing in the 1980's. When Armstrong examined this harp with its full 

complement of tuning pins, he noted that eight pins were iron.460 There are currently 

nine tuning pin holes with orange deposits. Assuming there was some swapping 

around of tuning pins, it is very likely that these orange deposits, and the dense 

material associated with them that appears on the tomograms, are corrosion from the 

iron tuning pins, and not shim material. 

 

                                                
460 Armstrong, Irish and Highland Harps, 171, note 2. 
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Although the dense material discovered on the tomograms does not appear to be 

associated with shims, some clear evidence of non-metallic shimming was found in 

tuning pin hole #23, as shown in figure 4.46, below. 

 

 

 
Figure 4.46: a shim in tuning pin hole #23 of the Queen Mary harp (arrowed). 

 

 

The shim in this tuning pin hole was extracted and found to be a feather quill, as 

shown in figure 4.47. Judging from the size, it came from a relatively large bird. 
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Figure 4.47: the shim extracted from tuning pin hole #23 of the Queen Mary harp - a 
feather quill! 
 

 

Cheekbands 

 

The cheekbands of the Queen Mary harp are each made from a thin plate of copper 

alloy. The right-hand cheekband was analysed with XRF and found to be brass with 

trace amounts of tin and lead also present. Based on the XRF spectrum, the alloy has 

a high ratio of copper to zinc. Unfortunately, quantitative data is not available for this 

analysis, so the percentages of the elements present are not known. The spectral 

signature is nearly identical to that for the analysis of tuning pin #5, however, which 

suggests that the tuning pins and cheekbands were probably made together. 

Quantitative analysis of the composition of the Queen Mary harp cheekbands and 

tuning pins should be conducted to confirm that this is the case, though. The close 

similarity in composition of the Queen Mary harp cheekband and tuning pin is in 

contrast to the Lamont harp, which has bronze cheekbands and brass tuning pins. 

 

Both cheekbands are decorated with a pair of incised lines along the upper and lower 

edges. This can be seen in the photograph in figure 4.45, which shows a section of 

the right-hand cheekband.  
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Armstrong (1904) noted that both cheekbands had probably broken, with the left-

hand cheekband break hidden under a small metal strap at tuning pin hole #19, and 

the right-hand cheekband break hidden under a large, crude metal patch at tuning pin 

hole #24.461 The CT scans of the neck confirmed the break to the right-hand 

cheekband hidden under the metal patch, as is discussed and illustrated in Loomis 

(2010), and Loomis et al. (2012).462 As discussed Chapter 2 of this dissertation, the 

left-hand cheekband has bowed out on the left side as a result of the bass end of the 

neck turning towards the left. At tuning pin hole #19 it has either broken, or it has 

been cut and spliced to reduce the bowing. This is shown in the photograph in figure 

4.48. In this photograph, the bass end of the neck is towards the left. The section of 

the cheekband on the bass side of the tuning pin hole has rotated slightly upwards to 

follow the shift in position of this end of the neck due to cracking of the wood as a 

result of the string tension. The ends of the cheekband on either side of the tuning pin 

hole have been carefully spliced together. The upper and lower edges are offset such 

that one of the incised decorative lines appears to continue across the break. 

 

 

                                                
461 Armstrong, Irish and Highland Harps, 178. 
462 Loomis, "Structural Breaks and Repairs," 59 – 61. Loomis et al., "Lamont and Queen 
Mary Harps," 125 – 26. 
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Figure 4.48: repair to the left-hand cheekband of the Queen Mary harp, at tuning 
pin hole #19. Note that the upper and lower edges of the cheekband are offset on 
either side of the tuning pin hole (arrowed). The ends are hidden under the metal 
strap. The bass end of the neck is towards the left in this photograph. Photograph: 
Isabell Wagner. 
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The cheekband dimensions are given in table 4.2, below. They are the same for both, 

with the exception of the tuning pin holes, which are slightly larger on the right-hand 

cheekband to accommodate the taper of the tuning pins. Tomograms of each 

cheekband are shown in figures 4.49 and 4.50. 

 

 

Table 4.2. 
 

Queen Mary harp cheekband dimensions 

dimension measurement (mm) 

length 306 

width 16 

thickness 0.75 

tuning pin hole diameter 6.0 (right); 4.5 – 5.0 (left) 

 

Note: the cheekband length is the straight-line distance from the midpoint of each 
end. The measurement uncertainty is +/- 1 mm for the cheekband length, +/- 0.5 mm 
for the width, and +/- 0.01 mm for the thickness, which was measured with a digital 
caliper. 
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Decorative work 

 

The decorative work on the neck of the Queen Mary harp is first mentioned in Gunn 

(1807), where it is also first depicted in an accompanying engraving of the harp.463 It 

is also briefly discussed in Bell (1880), and is discussed and diagrammed in detail in 

Armstrong (1904).464 The neck is chiefly decorated with a ring and dot motif 

executed in the same style and manner as the decorative work on the soundbox. This 

is shown in the photographs of the neck in figures 4.51 and 4.52. For this reason, the 

decorative work on the neck is discussed jointly with the decorative work on the 

soundbox, later in this chapter. This section discusses the evidence for 

embellishments to the decorative work on the neck. 

 

 

Figure 4.51 (overleaf): neck of the Queen Mary harp, left side. The wood is 
decorated with a ring and dot motif, and arcades (below the cheekband). The 
decorative work is executed in the same style and manner as the decorative work on 
the soundbox. 

                                                
463 Gunn, Historical Enquiry, 16, and Plate II. 
464 Bell, "Notice of Two Ancient Harps and Targets," 20 – 21. Armstrong, Irish and 
Highland Harps, 174 – 75, and Plate VIII, opp. 180. 
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Figure 4.52 (overleaf): neck of the Queen Mary harp, right side. The wood is 
decorated in the same motif as the left side, with the exception of the area below the 
cheekbands, which is decorated in concentric semi-circles instead of arcades. The 
right side of the neck bears evidence of having been adorned with decorative badges, 
medallions, and/or other embellishments. Two oval stains (arrowed) indicate the 
former locations of decorative badges. 
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In his history of Scotland, Rerum Scoticarum Historia (1582), George Buchanan 

writes of the harpers in the Scottish highlands:  

 

"Their only ambition seems to be, to ornament their Harps with silver 
and precious stones : the lower ranks, instead of gems, deck theirs 
with crystal."465 

 

As discussed in the chapter section on the forepillar, Gunn reports that the harp 

formerly bore, in gold, the Queen's portrait and the arms of Scotland, and 

additionally a "jewel of considerable value" in the circular depression on the upper 

right-hand side of the forepillar.466 The neck of the harp bears evidence that it had, at 

one time, also been decorated with badges and possibly other items. This can be seen 

in the photograph in figure 4.52. Two dark, oval outlines on the neck (arrowed in the 

figure) indicate where badges were once located. These can be seen in detail in the 

photograph in figure 4.53, below. There is visible evidence of nails or nail holes at 

the ends of both oval outlines, and the smaller oval also has two circular impressions 

that may have been made by washers.  

 

 

 

                                                
465 George Buchanan, Rerum Scoticarum Historia, ed. James Man (Aberdeen: James 
Chalmers, 1762), 20; translation as quoted in Gunn, Historical Enquiry, 68. 
466 Gunn, Historical Enquiry, 13 – 14. 
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Figure 4.53: the two oval stains on the right-hand side of the Queen Mary harp neck. 
Nail holes are visible at the ends of each oval. The smaller oval also has indentations 
from what may have been washers, or tabs, probably used to hold a badge in place. 

 

 

Evidence of nails and other attachments can be seen elsewhere on the right-hand side 

of the neck. The locations of all of the nails can be clearly seen in figure 4.54, which 

shows the photograph of the neck in figure 4.52 overlaid with a tomogram. The 

tomogram highlights the presence of metal objects, including nail fragments hidden 

below the surface of the wood. In this figure, the locations of the two dark oval stains 

have been highlighted in green. They do not appear on the tomogram. The 

tomographic images of the nails and other attachments appear as white dots or short 

lines. In addition to the nails that held the oval badges, there is a nail to the upper 

right of the smaller oval (also visible in the photograph in figure 4.53), and two loose 

scatterings of nails and other attachments to the right of the larger oval. These can be 

seen in detail in the photograph in figure 4.55, which shows, in addition to nails, 

some bent hooks and broken clasps. Additionally, there are a few nails above the 

metal cheekband patch.  

 

 



 392 

 
Figure 4.54: photograph of the Queen Mary harp neck, overlaid with a tomogram to 
reveal the locations of nails and other metal attachments, which appear as white dots 
or short white lines. The outlines of the two oval stains (arrowed) have been added. 

 

 

 

 
Figure 4.55: detailed view of an area on the right side of the Queen Mary harp neck, 
showing embedded nails and hooks. These were probably used to secure decorative 
embellishments onto the neck. 
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It is clear from this evidence that at some point much of the right-hand side of the 

neck may have been decorated with badges, medallions, or other enrichments. In 

contrast, there is only one nail on the left-hand side of the neck. This is not 

unexpected. As discussed in Chapter 3 of this dissertation, these harps were 

traditionally rested on the left shoulder, with the left hand playing the treble strings 

and the right hand playing the bass strings. As will be discussed later in this chapter, 

the wear marks on the soundbox of the Queen Mary harp indicate that this was the 

practice for this particular harp, and that, additionally, wear to the foot indicates that 

it was also held leaning over towards its left. If the harper were to perform facing the 

important members of the audience, the right side of the neck would be presented 

slightly towards them, and the left side, slightly away and down. It is notable that the 

right-hand side of the neck bears the drive ends of the tuning pins, which are more 

decorative and less unsightly than the string ends with their windings.  

 

The tomogram in figure 4.54 shows a cluster of nails at the bass end of the neck (at 

lower right in the figure). These are driven into the face of the neck end. Figure 4.56, 

below, shows a photograph of the end of the neck overlaid with a tomogram to reveal 

the locations of the embedded nails. 
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Figure 4.56: the bass end of the Queen Mary harp neck. On the left is a photograph 
of the neck. On the right, the photograph is overlaid with a tomogram to reveal the 
locations of embedded nails. 
 

 

With the exception of the nails for the ends of the cheekbands, all of the nails visible 

in the tomogram in figure 4.56 are driven into the end of the neck, presumably to 

attach something to it. As discussed in the chapter section on the forepillar, Gunn 

mentions that this harp at one time supposedly bore the Queen's portrait and the arms 

of Scotland "in front of the upper arm [neck]."467 The earlier discussion of the nails in 

the forepillar explores the possibility that they may have held the decorative items to 

which Gunn refers. It is apparent from the nails visible in figure 4.56 that something 

was also affixed to the end of the neck. This could have been the Queen's portrait, or 

the arms of Scotland, or something else entirely. One interesting feature of the 

positions of the nails is that four are actually driven into the sides of the neck very 

close to the end. Two are located at the bottom corners, and two cross each other just 

below the peak. They are just below the surface and have split the wood as a 

consequence of being driven in so close to the end. This suggests that the end of the 

neck may have had a cap, comparable to the metal end caps on the neck of the 

Lamont and Trinity College harps, but with a very short sleeve. 

 
                                                
467 Gunn, Historical Enquiry, 14. 
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Summary 

 

This chapter section discussed some elements of the construction and current state of 

the neck not discussed elsewhere in this dissertation, focusing particularly on the 

tuning pins. These were examined and found to be, with two exceptions, a matched 

set very likely made together with the cheekbands, based on the analysis of the 

composition of one cheekband and one of the tuning pins. All of the tuning pins, 

including the two that don't match the others, have similar sets of hash marks on their 

shafts, suggesting that these marks may be a later addition. Wear observed at the 

tuning pin string holes indicates that the tuning pins were wound in both directions, 

possibly at different times during the working life of this harp, which is notable 

because the choice of winding direction has an effect on the string angle, particularly 

in the treble. 

 

The tuning pin holes were also discussed. The dense material that had been detected 

in them during examination of the CT scans was analysed and ascertained to most 

likely be corrosion and fragments from iron tuning pins, not shims, as was previously 

theorized. A shim was discovered in one of the other tuning pin holes, however, and 

this was identified as a feather quill. 

 

Signs of former embellishments to the neck were examined. Notably, these were 

confined to the right-hand side of the neck and the face of the bass end, the areas that 

would be most visible to the intended audience with the instrument resting on the 

player's left shoulder, played left-hand treble and right-hand bass. 

 

 

Cross-sections 

 

The neck is carved from a single quarter sawn piece of wood, with the grain direction 

aligned with the long axis and the centre of the timber below and to the left of the 

piece. This can be seen in the end grain visible on the face of the bass end, as shown 

in figure 4.56. The dimensions of the neck are shown in the tomographic cross-
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sections below. Figure 4.57 is a lengthwise cross-section of the neck. Because it is 

slightly twisted and bent towards the left side of the harp, a composite of three cross-

sections was used in order to show the entire length. The lines labeled A – E in the 

figure indicate the locations of cross-sections taken across the neck. These are shown 

in figures 4.58 – 4.62. For all of these figures, the grey-scaling has been set to 

accurately represent the location of the physical edge of the wood using the method 

already described. The dimensions given in the figures are the FWHM of the cross-

section. For figures 4.58 – 4.62, the line in the left-hand image indicates the location 

of the cross-section shown on the right, and the measurements shown were taken at 

the location of the lines indicated on the cross-section. The right-hand side of the 

harp is on the left, and the view is from the perspective of 'looking up' the neck from 

the bass end. The image artefacts are due to the metal cheekbands. 

 

 

 

Figure 4.57 (overleaf): composite tomographic cross-section of the neck of the 
Queen Mary harp. The lines A – E indicate the locations of the individual cross-
sections shown in figures 4.58 – 4.62. Scale 1 tick : 1 cm; grid scale 1 square : 2 cm. 
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Figure 4.58: Queen Mary neck cross-section A (see figure 4.57). This is a cross-
section through the forepillar tenon. Scale 1 tick : 1 cm. 

 

 

 

 

 
Figure 4.59: Queen Mary neck cross-section B (see figure 4.57). Scale 1 tick : 1 cm. 
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Figure 4.60: Queen Mary neck cross-section C (see figure 4.57). Note that the cross-
section of the soundbox appears distorted because the cross-sectional plane for the 
neck passes through it at an angle. Scale 1 tick : 1 cm. 

 

 

 

 

 
Figure 4.61: Queen Mary neck cross-section D (see figure 4.57). As in figure 4.60, 
the cross-section of the soundbox appears distorted because the cross-sectional 
plane for the neck passes through it at an angle. Scale 1 tick : 1 cm. 
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Figure 4.62: Queen Mary neck cross-section E (see figure 4.57). This cross-section 
passes through the neck tenon. As in the previous two figures, the cross-section of the 
soundbox appears distorted because the cross-sectional plane for the neck passes 
through it at an angle. Scale 1 tick : 1 cm. 
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Soundbox 

 

The soundbox of the Queen Mary harp has been discussed in Loomis (2010) and 

Loomis et al. (2012).468 Aspects of its construction and damage were also discussed 

in Chapter 2 of this dissertation in the context of the stringing, in particular, the 

soundbox belly and the mortise for the neck joint. This chapter section examines 

aspects of the soundbox construction not previously discussed. It begins with the 

decorative work, examining the motifs, methods, and materials used. Tool marks in 

the soundbox interior, and wear and other signs of use on both the interior and 

exterior are also examined and discussed in detail, including signs of modifications. 

A contour map of the thickness of the soundbox front, and measured cross-sections 

are also presented. 

 

 

Decorative work 

 

This discussion of the soundbox begins with the decorative work. As mentioned in 

the previous section, the style and execution of the decorative work on the neck is the 

same as for the soundbox, and is included in this discussion as well. 

 

As previously discussed, the decorative work of the Queen Mary harp has been 

illustrated by Gunn (1807) and Bell (1880), and is discussed and diagramed in detail 

by Armstrong (1904).469 As shown in figures 4.63 and 4.64, the soundbox of this harp 

is decorated in a geometrical design of crossing bands, medallions and a ring and dot 

(or concentric ring) motif that may be intended to represent bosses.  

                                                
468 Loomis, "Structural Breaks and Repairs," 44 – 55. Loomis et al., "Lamont and Queen 
Mary Harps," 122 – 24. 
469 Gunn, Historical Enquiry, 16, and Plate II. Bell, "Notice of Two Ancient Harps and 
Targets," 18 – 20. Armstrong, Irish and Highland Harps, 173 – 74, and Plates VI and VII 
opp. 176. 
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The decorative work continues on the bass end of the soundbox, which is decorated 

in the ring and dot or concentric ring motif, as shown in figure 4.65, below. The neck 

is also decorated with this motif, as shown in figures 4.51 and 4.52 in the previous 

chapter section.  

 

 

 
Figure 4.65: The bass end of the Queen Mary harp soundbox with decorative work 
consisting of a ring and dot or concentric ring motif. 
 

 

Armstrong (1904) noted that this motif also appears in two places on the back cover 

of the soundbox, as shown in figure 4.66.470 As discussed in Loomis (2010) and 

Loomis et al. (2012), the design and workmanship appears to be the same as that on 

the rest of the soundbox and on the neck, so it is likely that the back cover of this 

harp is original.471 This would make the Queen Mary harp the oldest surviving Irish 

harp to retain the original back cover to the soundbox.  

 

 

                                                
470 Armstrong, Irish and Highland Harps, 174 and 179, Plate VII. 
471 Loomis, "Structural Breaks and Repairs," 51. Loomis et al., "Lamont and Queen Mary 
Harps," 124. 
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Figure 4.66: decorative work on the back cover of the Queen Mary harp soundbox 
(arrowed, and insets) consisting of the same motif used on the rest of the soundbox 
and the neck. The workmanship also appears to be the same. 
 

 

The decorative work on the soundbox also incorporates a number of cruciform 

designs. In addition to the crossing diagonal bands, which could be interpreted as 

saltires, there are a pair of Latin crosses at the bass end of the soundbox front on 

either side of the string band, as shown in figure 4.63. Additionally, the two 

'medallions' prominently placed midway up the front of the soundbox each contain 

an equal arm cross. Here, the incorporated ring and dot or concentric ring motif 

appears to evoke bosses, rendering the design reminiscent of some early Medieval 
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Anglo-Saxon disc brooches.472 The treble end of each side of the soundbox is 

decorated with a motif that can be interpreted either as an encircled cross-of-arcs or 

as a ring-knot. These are shown in figure 4.67, below. While this motif is found in 

the Medieval monumental art of the West Highlands and islands, it is also found in 

numerous other locations in Scotland, as well as elsewhere in the British Isles, and 

has a long history of use as a Christian symbol dating from at least as early as the 6th 

century to as late as the end of the 15th century.473 Further research is needed in order 

identify the specific style used on the harp soundbox, as this would help to identify 

the date and location of its construction. 

 

 

 
Figure 4.67: the crosses-of-arcs or ring knots on the left-hand (top) and right-hand 
(bottom) sides of the soundbox. Note that the design on each side is unique.  

                                                
472 See for example, the early 9th-century Pentney hoard brooches. "Six Disc Brooches from 
the Pentney Hoard," accessed 20 October, 2014, 
http://www.britishmuseum.org/explore/highlights/highlight_objects/pe_mla/s/pentney_hoard
_brooches.aspx. 
473 For early examples in Ireland, see John Sheehan, "The Crux of the Matter: Pillars, Slabs, 
and Boulders," in The Unquiet Grave: The Development of Kerry's Burial Grounds Through 
the Ages, ed. Michael Connolly (Tralee: Kerry County Council, 2012), 115 –17. For late 
examples see the cross-of-arcs consecration crosses on the Linlithgow Palace chapel, erected 
in the late 15th century by James IV. John Dunbar, Scottish Royal Palaces: The Architecture 
of the Royal Residences during the Late Medieval and Early Renaissance Periods (East 
Lothian: Tuckwell Press Ltd, 1999), 121. For vaguely similar ring-knot motifs in the West 
Highlands, see Steer and Bannerman, Late Medieval Monumental Sculpture, 54 – 57.(see 
figure 12 (11) and figure 13). 
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As discussed in the section of this chapter on the forepillar, two areas of the 

soundbox are decorated in a different style from the rest of the soundbox and the 

neck, sharing instead decorative elements in common with the forepillar. These are 

the area above the eyebrows, which is carved in low relief in a foliaceous design of 

the same late medieval West Highland style identified on the forepillar, and the foot 

of the soundbox, which is carved in low relief to resemble a hound's head, with 

details of the facial features executed in the same style as on some of the beasts in the 

forepillar roundels (see figures 4.11 and 4.12). The chapter section on the forepillar 

also discussed the possibility that it may not be original, and the contrasting style of 

decorative work suggests this as well. The style on the soundbox and neck is largely 

quite distinct from that on the forepillar, and also lacks most of the characteristic 

elements typical of late medieval West Highland monumental art exemplified on the 

forepillar. Furthermore, as discussed later in this chapter section, the workmanship 

and the tools used are different from those used on the forepillar, with the notable 

exception of the two areas of the soundbox already mentioned.  

 

It would be reasonable to conclude that the soundbox and neck might not have been 

constructed in the same location or time period as the forepillar, except for the 

existence of a late medieval West Highland grave slab at Keills Chapel in Argyll 

with a representation of a harp remarkably similar to the Queen Mary, complete with 

the same distinctive soundbox decoration. This carving, and its resemblance to the 

Queen Mary harp, has been noted by a number of authors.474 Unfortunately, the 

carving has worn down to the point that the details of the decorative work are now no 

longer visible. These details were recorded, however, in drawings and rubbings made 

                                                
474 Anderson, Ancient Scottish Weapons, 25. Armstrong, Irish and Highland Harps, 155, 173, 
and unnumbered plate opp. 154. Steer and Bannerman, Late Medieval Monumental Sculpture, 
146, and Plate 23 (C); and Royal Commission on the Ancient and Historical Monuments of 
Scotland (RCAHMS), Argyll: An Inventory of the Monuments, 7: Mid-Argyll and Cowal: 
Medieval and Later Monuments (Edinburgh: H. M. Stationary Office, 1992), 90 – 91. 
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between 1867 and 1904.475 Figure 4.68 shows the grave slab with the harp, as drawn 

by White in 1875.476 

 

 

 
Figure 4.68: drawing of a late medieval grave slab at Keills Chapel in Argyll (left), 
and a detail showing the harp (right), reproduced from White (1875).477 The pattern 
of lines represented on the soundbox bears a striking resemblance to the decorative 
work on the soundbox of the Queen Mary harp. 
 

 

                                                
475 RCAHMS, Argyll 7, 91. For a discussion and comparison of the illustrations of the 
carving see Simon Chadwick, "Keills," last modified September, 2014, 
http://www.earlygaelicharp.info/keills/. 
476 T. P. White, Archaeological Sketches in Scotland: Knapdale and Gigha, (Edinburgh and 
London: William Blackwood and Sons, 1875), Plate XXXVI, and 91. 
477 ibid., Plate XXXVI. 
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Steer and Bannerman (1977) date this grave slab to the end of the 15th century, and 

identify it as belonging to the Loch Sween school of West Highland monumental 

carving.478 There is also a Latin inscription, partially worn away, which identifies this 

as the grave of a father and son, with the son having commissioned the grave slab.479 

Steer and Bannerman speculate that they may have belonged to a family of 

hereditary harpers, possibly attached to the MacNeills of Gigha, the most important 

family in the area around Keills in the 15th century, and note that the presence of the 

MacBhreatnaich family of harpers is recorded on Gigha in the same century.480 

 

They also note that, based on archeological evidence, this grave slab and other 

carved stones belonging to the Loch Sween school were probably made in a 

workshop in Keills, near the mouth of Loch Sween.481 They further note that the 

presence in the area of two powerful families, the MacNeills and the MacMillans, 

and the strategic location of Keills at the primary port of entry to the mainland from 

one of the sea-routes in the inner Hebrides "led to a concentration of superior 

craftsmen in the area, some of whom may have been directly employed by the Lords 

of the Isles."482  

 

The close similarity of the decorative work on the soundbox of the Queen Mary harp 

to the representation of the harp on the Keills grave slab may suggest that the harp 

was made in its entirety in the West Highlands / Islands in the late 15th century. 

While Steer and Bannerman point out that musicians and musical instruments can 

travel, they conclude that the style of foliaceous decorative work on the forepillar and 

above the eyebrows on the soundbox is what ultimately makes the case for the Queen 

Mary harp having been made (in its entirety) in the West Highlands.483 Steer and 

Bannerman don't, however, consider the possibility that the forepillar and the carving 

above the eyebrows on the soundbox could be later additions.  

 
                                                
478 Steer and Bannerman, Late Medieval Monumental Sculpture, 146. 
479 ibid. 
480 ibid. 
481 ibid., 58. 
482 ibid. 
483 ibid., 185. 
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It may be helpful to consider the Trinity College harp, which is remarkably similar to 

the Queen Mary.484 Although the pattern of distinctive geometric decorative motifs 

on both harps is closely similar in design and execution, the Trinity College harp has 

absolutely none of the characteristic late medieval West Highland foliaceous carving 

anywhere on it. As discussed earlier in this chapter, Dooley (2014) has established 

that the forepillar of the Trinity College harp is very likely not original.485 As is the 

case for the Queen Mary harp, the style of decorative work on the forepillar of the 

Trinity College harp is different from that on the neck and soundbox. It is quite 

possible that the forepillars of both of these harps are replacements, and that the 

decorative work on each reflects the location and time period in which the 

replacement was made. If so, even though the forepillar of the Queen Mary harp may 

have been made in the West Highlands / Islands (specifically, Iona) in the late 15th 

century, the neck and soundbox could have been made elsewhere and/or at an earlier 

date. 

 

 

Decorative workmanship 

 

The following discussion examines the methods used to create the decorative work 

on the soundbox and neck of the Queen Mary harp. As mentioned earlier, the 

workmanship further distinguishes the two decorative styles on this harp. This can be 

seen in the photograph of the treble end of the soundbox shown in figure 4.69.  

 

 

                                                
484 ibid. A number of authors have noted the remarkable similarity of these two harps. See for 
example, Dooley, "Medieval Irish Harp," 108. For comparative illustrations, see also Dooley, 
"Medieval Irish Harp," 116 – 17, and 121 – 22.  
485 Dooley, "Medieval Irish Harp," 111. 
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Figure 4.69: contrasting styles of decorative work at the treble end of the Queen 
Mary harp soundbox. On the left, the area above the soundbox eyebrows is carved in 
low relief in a foliaceous design typical of late medieval West Highland monumental 
art. The geometric pattern of lines and circles dominating the soundbox and neck can 
be seen on the right. Note the apparent difference in workmanship. 
 

 

Figure 4.70 shows a detail of the decorative work on the soundbox. The geometrical 

motifs were largely constructed with a pair of compasses and a straight edge. The 

point at which the compass pierced the wood at the centre of each circle or arc is 

visible on the tomograms of the soundbox, and upon visual examination a small split 

in the wood can also be seen at these locations. Armstrong observed some of the 

layout lines for the decorative pattern, one of which can be seen in the photograph in 

figure 4.70 (arrowed).486 

 

 

                                                
486 Armstrong, Irish and Highland Harps, 173. 



 412 

 
Figure 4.70: detail of decorative work on the Queen Mary harp soundbox. The lines 
have been constructed with compass and straight edge. One of the layout lines for 
the pattern is still visible (arrowed). 
 

 

One of the curious features of the decorative lines on both the soundbox and neck is 

that they impart a slightly embossed appearance to the surface of the wood, 

somewhat like embossed leather. This can be seen in the photographs in figures 4.71 

and 4.72, below. It is a subtle effect that modern builders of fully decorated copies of 

this harp may have had some difficulty replicating. Close examination of the 

decorative lines under magnification shows that they appear to have been pressed 

into the wood with a blunt tipped tool, hence the overall embossed appearance.  

 

It is notable that the geometrical decorative scheme on the soundbox and neck differ 

in both style and execution from the foliaceous decorative work above the eyebrows, 

and the dog's head decorative work on the foot. While the former appears to have 

been pressed into the wood with a blunt tool, following compass and straight edge 

layout lines, the latter has been carved in low relief with a sharp tool, or tools, in a 

fluid, organic style. These contrasts suggest the decorative work was done by 

different artisans. 
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Figure 4.71: detail of the decorative lines on the soundbox of the Queen Mary harp. 
It is apparent from the wood grain (arrowed) that the line has been pressed into the 
wood with a blunt tipped tool. 
 

 

 

 
Figure 4.72: detail of the decorative lines on the neck of the Queen Mary harp. The 
workmanship and method used appears to be the same as for the lines on the 
soundbox. As shown in figure 4.71, the wood grain (arrowed) suggests that they have 
been pressed into the wood with a blunt tipped tool. 
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Decorative work materials analysis 

 

As can also be seen in figures 4.71 and 4.72, a dark waxy material is embedded in the 

decorative lines. The same, or a similar, material is embedded in cracks and crevices 

in the wood on all parts of this harp. This appears prominently as a dense material on 

tomograms of the harp, as can be seen in the tomogram of the soundbox in figure 

4.73. A very small sample was taken from one of the soundbox decorative lines and 

analyzed with SEM-EDX and XRF to determine its composition. This revealed that 

the material in the decorative lines is primarily composed of carbon with a significant 

amount of copper also present, along with smaller amounts of several light elements, 

including sulfur, oxygen, silicon, and calcium, and the metals lead, iron, and 

bismuth.487  

 

The presence of carbon with oxygen in this material suggests an organic compound. 

Carbon with oxygen and silicon may also indicate the presence of a silicate (i.e. 

'dirt').488 It is highly likely that some proportion of the lighter elements comes from 

accumulated wax and dirt. Bell (1880) and Armstrong (1904) both observed that the 

lines that comprise the geometric motifs on the soundbox and neck appeared to have 

been burned in.489 This could account for some of the carbon in the sample.  

 

The metals are responsible for the relatively high density of this material, and their 

presence in the sample is interesting. They may have been components of pigments, 

although this is speculative. The presence of bismuth, in particular, is curious, and 

was unexpected. This heavy element was used historically in 'bismuth white', 

however, an early 19th-century pigment.490 Notably, bismuth white is unstable and 

will turn dark over time when exposed to sulfur in the air.491 The significant presence 

of copper in the sample is also interesting. If this copper (either alone or in 

                                                
487 Results of analysis conducted by Lore Troalen, NMS. 
488 The presence of silicate was suggested by Lore Troalen. 
489 Bell, "Notice of Two Ancient Harps and Targets," 19; and Armstrong, Irish and Highland 
Harps, 173. 
490 Ralph Mayer, The Artist's Handbook of Materials and Techniques (London: Faber and 
Faber, 1982), 43. 
491 ibid. 



 415 

combination with either the lead or bismuth) had been a component of a pigment, 

that pigment would have been green in colour. More analysis is needed, however. It 

may be possible to identify the compounds in the material with other methods of 

analysis. The material also should be examined for layering. It is possible that these 

decorative lines were green at some point (possibly contemporary with the forepillar 

green pigmenting), but that dirt, wax, and later applications of other pigments (now 

darkened), have obscured the colour. Unfortunately, it was not possible to examine 

the layering of this sample due to it breaking apart. So it is presently unknown how 

the different elements, for example the metals, were distributed throughout it. This 

sample was extremely small, less than 0.5 mm, and a slightly larger sample would be 

desirable for this analysis. Furthermore, a sample of the material that is also 

embedded in the cracks and crevices should be taken and analyzed for comparison.  
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Nails 

 

In addition to the decorative lines on the front of the soundbox, the tomogram in 

figure 4.73 also highlights the positions of embedded nail fragments and associated 

corrosion. As can be seen in this figure, there is a prominent cluster above each of the 

two lower sound holes. The marks left by these nails are also visible in the 

photograph of the soundbox front shown in figure 4.74.  

 

 

 
Figure 4.74: clusters of nail marks above the lower sound holes on the front of the 
Queen Mary harp soundbox ('A', arrowed). There is also a single, slightly larger 
hole above each cluster ('B', arrowed). It is evident from the mark above the hole on 
the left side ('C', arrowed) that these holes held circular badges. 
 

 

These clusters of nail marks suggest that something was repeatedly tacked to the 

soundbox front above each of the two lower sound holes. What that might have been 

is unknown. Above each cluster of nail marks the soundbox is pierced with a single 

small hole. The hole on the left-hand side of the string band has a mark around it 
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(labeled 'C' in figure 4.74) that indicates that these two holes held circular badges 

approximately 3.5 cm in diameter. 

 

 

Soundbox interior 

 

The soundboxes of Irish harps are enclosed at the back by a cover, so the soundbox 

interior is not normally accessible. The back cover of the Queen Mary harp soundbox 

was removed for examination of the interior by the luthier Tim Hobrough in 1976.492 

In a letter to the then National Museum of Antiquities, he noted the tool marks and 

observed that the inside surface of the front (effectively the 'soundboard') "appeared 

to have been worked with a bent blade," possibly a bent gouge, and that these gouge 

marks ran across the grain to the sides of the soundbox.493  

 

Tool marks provide invaluable information on the method of construction, so 

Hobrough's observations are of particular interest. No photographs, drawings, or 

additional records of the soundbox interior existed prior to the current research 

project, however. Removing the soundbox cover for examination and photography of 

the interior was discussed with the museum conservation staff. This was initially 

ruled out due to the fragile state of the cover, and because it appeared to be nailed to 

the soundbox in several places. Additionally, when it became apparent during the 

course of the research that the back cover is probably original, it became even more 

imperative that handling and risk of damage to it should be minimized.  

 

Given these constraints, the surface renderings generated from the CT scans of the 

harp were used to image the inside surface of the soundbox to look for tool marks. 

For this purpose, the surface was defined to be where the voxel values reach the mid-

point from minimum to maximum at the interface of the surface of the wood and the 

surrounding air, with the 'maximum' taken as the average observed value in the 

                                                
492 Tim Hobrough, Tim Hobrough to R. B. K. Stevenson, Keeper, National Museum of 
Antiquities of Scotland, 23 January, 1979, letter, National Museums Scotland, H. LT2 
archive. 
493 ibid. 
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interior of the wood. This provided a reliable estimate of the location of the surface. 

A surface rendering of the soundbox interior is shown in figure 4.75. For this 

rendering, the soundbox has been virtually sliced in half lengthwise and the back half 

has been removed to reveal the interior. As reported in Loomis et al. (2012), tool 

marks are visible on the surface rendering generated from the CT scan, appearing as 

shallow irregular furrows running across the inside front surface of the soundbox.494 

They cover the entire front side of the interior, and appear to have been made with a 

gouge or a similar tool, in agreement with Hobrough's observation. 

 

 

 

 

Figure 4.75 (overleaf): surface rendering of the Queen Mary harp soundbox interior. 
The soundbox has been virtually sliced in half lengthwise, and the back half has been 
removed to reveal the interior. The location of the surface has been defined as being 
at the mid-point between the minimum and maximum voxel values at the interface 
between the air and the wood. The shallow, irregular furrows running across the 
inside surface of the soundbox front are tool marks. The narrow, straight lines are 
image artefacts caused by the metal string shoe nails. 

                                                
494 Loomis et al., "Queen Mary and Lamont Harps," 122. 
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The detection of tool marks on surface renderings of the soundbox helped to prompt 

a reassessment of the feasibility of safely removing the back cover to allow 

examination of the soundbox interior. An additional motivation was access to 

locations for wood sampling, as discussed in Chapter 5 of this dissertation. 

Tomograms of the back of the harp were used to identify the locations of nails and 

screws in the back cover. It was ascertained that none of the nails were intact, and it 

was evident that the back cover was being held in place by two small modern brass 

screws. It was also evident that two additional modern screws did not penetrate into 

the soundbox wood, so were not functional.495 The decision was therefore made to 

remove the back cover. This task was undertaken by Ticca Ogilvie, Head of 

Artefacts Conservation at NMS. As shown in figure 4.76, tomograms of the back of 

the harp were used as a guide during this procedure. Had these not been available, 

the cover would not have been removed.  

 

 

 
Figure 4.76: the back cover of the Queen Mary harp, prior to removal. Tomograms 
of the back of the harp (displayed on the laptop to the left) were used to facilitate 
safe removal of the cover. 
 

 

                                                
495 Loomis, "Structural Breaks and Repairs," 53 – 54.  



 422 

Figure 4.77 shows the soundbox with the back cover removed, revealing the interior. 

This figure includes a surface rendering of the soundbox interior for comparison. It is 

apparent from the comparison that the tool marks are accurately depicted on the 

surface rendering, demonstrating that this is a reliable method for imaging tool marks 

on wood surfaces in the interiors of musical instruments, provided the tool marks are 

larger than the resolution limit of the CT scanner. 

 

 

 
Figure 4.77: photograph of the interior of the Queen Mary harp soundbox (bottom), 
and tomographic surface rendering (top). The inside surface of the soundbox front 
has been worked with a gouge or similar tool. The appearance of the surface of the 
wood in the photograph can be compared to the surface rendering (the drip of 
varnish below the string holes, right of centre, can be used as a point of reference). 
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Another view of the soundbox interior, shown in the photograph in figure 4.78, 

shows the undercut area at the treble end, and the neck joint. Note that the tool marks 

on the interior front surface continue all the way to the treble end of the box. This 

photograph also shows the through mortise joint with the neck, discussed in Chapter 

2. The end of the neck tenon can be seen in the mortise. 

 

 

 
Figure 4.78: interior of the Queen Mary harp soundbox, looking towards the treble 
end. This photograph shows the undercut area at this end of the soundbox, and the 
neck joint.  
 

 

Figure 4.79 shows the tool marks in more detail. The widest marks are slightly larger 

than 1 cm across, and the surface has been very evenly worked right up to the sides 

of the soundbox. This can be seen more clearly in the top photograph in figure 4.80. 

In contrast to the front, the sides of the interior have been smoothed with a serrated 

tool, possibly a toothing plane. 
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Figure 4.79: tool marks on the inside front surface of the Queen Mary harp 
soundbox. The widest marks are slightly larger than 1cm across. Bottom 
photograph: Isabell Wagner.  
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Figure 4.80: front and side of the soundbox interior (top). The tool marks on the 
front extend right up to the sides, as shown in this photograph. Note the contrast in 
the way the two surfaces have been worked. The sides of the soundbox have been 
smoothed with a serrated tool (detail, bottom). Photographs: Isabell Wagner. 

 

 

The contrast in the manner in which the sides were worked versus the front is 

interesting, and raises the question as to why the maker chose to do this. It could be 

argued that the front was left 'rough' as it was not deemed necessary to smooth it 

because it is an interior surface and therefore not visible. The sides have been 

carefully smoothed, however, and they are also not visible. Care was also taken to 

work crosswise towards the sides for the entire length of the soundbox. This includes 
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the undercut area at the treble end, despite this being a difficult space in which to 

work in this direction.496  It is therefore possible that the interior surface of the 

soundbox front was intentionally finished in this manner. While it may not be 

possible to ascertain the intention of the maker, the potential effects on the 

performance of the soundbox can be considered. The 'furrows' across the soundbox 

made by the tool may effectively behave like micro-ribbing, increasing the flexibility 

of the soundbox front without significantly compromising the strength. The depth of 

these furrows is more than 10% of the thickness of the soundbox front in most places, 

which is enough to produce a small but not insignificant effect. Since the front of the 

soundbox acts as the soundboard, this could have a noticeable effect on the acoustics 

of the harp, as well as possibly making the front of the box less susceptible to 

splitting as it is pulled up by the string tension.  

 

 

Interior modifications 

 

The interior of the soundbox at the bass end is shown in figure 4.81. This surface has 

been worked with a flat chisel or similar tool. This is not the original workmanship, 

however. It is a later modification. The bass end of the soundbox front was originally 

radiused where it transitions to the bass end of the box. It is evident that the bass end 

of the box has been thinned, because this radiused corner has been cut into. The 

chisel work is sloppy and haphazard in comparison to the rest of the workmanship in 

the soundbox interior. It is therefore likely that the thinning of the bass end of the 

soundbox was not done by the original builder. It also appears to have been done 

without an appreciation for the purpose of the radiused corner, which was to make 

the transition from the front to the bass end less vulnerable to splitting. 

 

 

                                                
496A series of scratches on one side of the box interior suggest the end of the tool (possibly 
with the handle removed) coming into contact with the side of the box while being used in 
the confined space. 



 427 

 
Figure 4.81: chisel marks on the bass end of the soundbox interior of the Queen 
Mary harp. This is a later modification to thin the bass end of the box, and is sloppy 
and haphazard in comparison to the rest of the workmanship inside the soundbox. 
Note that the radiused corner, where the front of the box meets the bass end, has 
been cut into. 
 

 

 

Stringing marks inside the soundbox 

 

As discussed in Chapter 2, the string holes are surrounded by numerous marks left by 

the string toggles. These can be seen in figure 4.79, above. These marks appear dark 

because a layer of varnish has been applied to the inside of the soundbox and the 

wood around the string holes that had been crushed by the toggles took up more of 

the varnish, causing these areas to appear darker. This stain is very likely not 

historical, and was possibly applied at the same time as the varnish that seeped down 

into the string holes and onto the 19th-century pegs. In the chapter on the 

construction of the Lamont harp, the number of toggle marks was used to estimate 

the length of the working life of the soundbox. Due to the uneven, furrowed surface 
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of the Queen Mary harp soundbox interior, it was not possible to estimate the number 

of toggle marks. It can be stated, though, that they are very numerous and 

overlapping, probably to the point of saturation.  

 

In Chapter 3 of this dissertation, the section on the Lamont harp soundbox discussed 

the scratches observed in the vicinity of the sound holes, which are consistent with 

having been made during string replacements. Similar scratches were observed at 

each of the sound holes in the soundbox of the Queen Mary harp. These scratches are 

underneath the layer of varnish on interior of the soundbox, making them difficult to 

see and probably obscuring many of them, so it is not possible to get an accurate 

count of their number. There are at least 70 – 80 scratches visible around each sound 

hole, but the actual number is likely to be higher. Figure 4.82 shows some of the 

scratches near the lower left sound hole. As can be seen in this photograph, the 

scratches are underneath the varnish layer. 

 

 

 
Figure 4.82: scratches near the lower left sound hole of the Queen Mary harp 
soundbox (arrowed). They are similar to those observed in the Lamont harp 
soundbox, and are consistent with having been made during string replacements 
through the sound hole. Note that the scratches are underneath the layer of varnish 
on the wood. The string band is toward the right of the photographs. 
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String shoes 

 

The string holes in the Queen Mary harp soundbox are fitted with horseshoe shaped 

string shoes. As noted by Armstrong (1904), there are three different styles of 

shoe.497 Eight string holes have horseshoe shaped shoes with flattened ends that are 

nailed into the string band. Of these, two have straight ends, and the other six have 

slightly flared ends.498 Otherwise, these two styles of shoe are very similar. Nineteen 

string holes have shoes that are horseshoe shaped staples.499 Two string holes, #5 and 

#18, are missing their shoes. The three styles of string shoe are shown in the 

photograph in figure 4.83. 

 

 

 
Figure 4.83: String shoes #3 – #7 on the Queen Mary harp soundbox. Shoe #3 is 
horseshoe shaped with straight ends nailed into the soundbox. Shoe #4 is similar in 
style, with flared ends. Shoe #7 is a horseshoe shaped staple. These are 
representative of the three styles of string shoe on this soundbox. Also shown in this 
photograph is a small metal strap between string shoes #6 and #7.  
 

 

The string band also has small metal straps nailed across it. These were nailed in 

between each string hole, although several are now missing. Their purpose is to 

                                                
497 Armstrong, Irish and Highland Harps, 168, and Plate VII opp. 176. 
498 ibid. 
499 ibid. 
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reinforce the string band, and they were probably added after it had begun to split 

down the middle. This split can be seen in figure 4.83. One of these straps is shown 

in this figure, in between string holes #6 and #7. These straps have been nailed over 

the ends of the nailed in style of string shoe. Some of the staple style string shoes 

overlap the straps, as is evident in figure 4.83. 

 

At each of the two string holes that are missing shoes, there is an impression in the 

wood that matches the shape of the nailed in shoes with the flared ends. Examination 

of the remaining shoes, both visually and on tomograms from the CT scans, has 

revealed nail fragments and nail holes in the vicinity of several of the staple style 

string shoes. The locations of these are consistent with the nailed in style of string 

shoe. Additionally, at string hole #10, which has a staple style string shoe, there is a 

fragment that appears to be the broken end of one of the shoes of the nailed in style 

with flared ends, still attached to its nail. This is shown in figure 4.84.  

 

 

 
Figure 4.84: String hole #10 in the Queen Mary harp soundbox (centre). This string 
hole is fitted with a staple style string shoe, but a fragment adjacent (arrowed) 
appears to be the broken off end of a nailed in style shoe. Tomograms of this string 
hole show that the fragment is attached to a nail.  
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The staple style shoes appear to be replacements for the nailed in style shoes with the 

flared ends. Although not all of the string shoes were replaced, the ones that were, 

which is two-thirds of the full complement, may have been broken, lost, or 

compromised (the two that are now missing may have been lost later on). The staple 

style shoes are slightly more substantial than the nailed in shoes, so they may have 

been intended to provide additional reinforcement to the string band after it 

developed the split. The two nailed in shoes that have straight ends may be earlier 

replacements, made to resemble the rest of the shoes on the harp at the time. The 

nailed in string shoes with flared ends appear to be the original string shoes for the 

Queen Mary harp soundbox. Figure 4.85 shows a face-on view of one of these string 

shoes. 

 

 

 
Figure 4.85: string hole #27, which has a string shoe of the nailed in style, with 
flared ends. This appears to be the original style of string shoe for the Queen Mary 
harp soundbox. The wooden string peg is not historical, and probably dates to the 
early 19th century. 
 

 

The replacement of so many string shoes at one time may indicate a refurbishment 

(as opposed to running repairs). It's possible that the small metal straps were added at 

the same time. XRF analysis to determine the composition of the string shoes and the 

metal straps for comparison may determine if this is the case. Due to the geometry of 

the harp, it was not possible to conduct XRF analysis for the present research project, 

however it would be possible to obtain this information with a handheld XRF 

spectrometer.  
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The replacement string shoes have some string wear. This is similar to the wear 

observed on the Lamont harp string shoes, but not as deep. It is generally very light, 

although a few of the shoes have slightly more wear, for example the string shoe at 

hole #13, shown in figure 4.86, below. The other string shoes have minimal string 

wear, however. The light wear, overall, could be due to the hardness of the alloy used 

to make the string shoes, or could be due to them being added to the harp relatively 

late in its working life. 

 

 

 
Figure 4.86: wear on the string shoe at string hole #13 on the Queen Mary harp 
soundbox (arrowed). 
 

 

Back cover 

 

Removal of the back cover provided an opportunity to examine it in detail and how it 

fits onto the soundbox. The back of the soundbox was rabbeted along its edge to take 

the cover. At the treble end the rabbet expands into a crenellated design. This is 

shown in figure 4.87, below. The rabbet and the back cover are 8 – 9 mm deep. 
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Figure 4.88 shows a 3/4 view with a scale, and figure 4.89 shows a detail of one of 

the crenellations. The tool marks from the maker's blade are still visible. 

 

 

 
Figure 4.87: face-on view of the crenellation at the treble end of the back of the 
Queen Mary harp soundbox. This forms part of a rabbet around the opening at the 
back of the box into which the back cover is set. 
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Figure 4.88: the crenellation on the back of the soundbox shown in detail with a 
scale. The rabbet and the back cover are 8 – 9 mm deep. 
 

 

 
Figure 4.89: detail of one of the crenellations on the back of the Queen Mary harp 
soundbox. Marks from the maker's blade are still visible (arrowed). The shaft of a 
nail that once attached the cover to the soundbox can be seen near the top of the 
photograph. 
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Figure 4.90 shows the inside face of the back cover, revealing signs of multiple 

repairs. The surface is covered in a dark coating (possibly a preservative) that was 

apparently applied with the cover propped up on the tips of the crenellations. It has 

turned dark where it was exposed to the air. On top of this, a dark resinous material 

was used to patch the right-hand side (left side in the photograph). The cover was put 

back on the harp before this had dried, causing it to drip across the cover onto the 

inside of the soundbox. Although this material appears black on the cover, where it 

has dripped onto the soundbox it is dark brown and appears to be hide glue. The 

same area of the cover was later patched with a red consolidating material. This was 

also used on the opposite side, the lower right-hand corner, and the top left 

crenellation.  

 

The back cover is riddled with extensive woodworm damage. Much of this may have 

occurred in the 19th century, when both this harp and the Lamont where stored at 

Stewartfield house on the Dalguise estate.500 The woodworm exit holes perforate the 

coating and the dark patch that overlays it, suggesting that this work on the cover 

may date to at least the early 19th century, when the Queen Mary harp was restrung 

for the Highland Society, or perhaps even earlier. 

 

 

 

Figure 4.90 (overleaf): inside face of the back cover of the Queen Mary harp 
soundbox. The wood has been coated with a layer of material that has sheeted down 
its length. It has been patched in a number of places, and at least twice on its right 
side (left in the photograph). There is extensive woodworm damage that is also 
visible on the outer face of the cover. The smaller piece of wood to the right is a 
patch for the cover's lower left-hand corner. The scale is cm. 

                                                
500 Keith Sanger, "The Robertson Family and Their Harps." 
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The lower left-hand corner of the back cover has been repaired with a wooden patch 

(shown in figure 4.90). This was noted by Bell (1880) and Armstrong (1904), and is 

discussed in Loomis (2010).501 Both sides of the patch are shown in figure 4.91. It is 

deeply worn on the outer corner, and is therefore very likely a repair made during the 

working life of the harp.502 It is attached to the back cover by a tongue and groove 

joint. At some point it was also nailed to the soundbox, but the nails have corroded 

and are not functional. A modern brass screw is also not functional, as it does not 

penetrate the soundbox. 

 

 

 
Figure 4.91: the wood patch for the lower left corner of the Queen Mary harp back 
cover. The patch is attached to the back cover by a tongue and groove joint. Several 
nails along its edge are corroded and not functional. The modern brass screw is also 
not functional, as it does not penetrate the soundbox when the cover is in place. 
 

 

                                                
501 Bell, "Notice of Two Ancient Harps and Targets," 18; Armstrong, Irish and Highland 
Harps, Plate VII, opp. 176; Loomis, "Structural Breaks and Repairs," 49 – 50. 
502 Loomis, "Structural Breaks and repairs," 50. 
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The bare wood of the back cover, which is light in colour, can be seen in the tongue 

and groove joint for the patch, as shown in figure 4.92.  

 

 

 
Figure 4.92: detail of the back cover of the Queen Mary harp soundbox showing a 
section of the tongue and groove joint for the corner patch. The bare wood of the 
back cover, arrowed, is light in colour. 
 

 

Although the wood grain is not visible on either face due to varnish and other surface 

treatments, it is visible in tomograms of the back cover, as shown in figure 4.93. This 

shows that the back cover has been made from a single slab cut piece. The cover is 

also slightly cupped towards its inside face, indicating that the outside face was 

oriented towards the centre of the timber when the piece of wood was cut. 
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Wear marks on the soundbox exterior 

 

Chapter 3 of this dissertation discusses the wear on the edges of the Lamont harp 

soundbox due to the player's wrists and forearms, and possibly the ball of the hand at 

the treble end of the compass. The Queen Mary harp has similar wear on the edges of 

its soundbox. As for the Lamont harp soundbox, the location of this wear is 

consistent with the left hand playing the treble strings and the right hand playing the 

bass strings. The wear is deep, suggesting a long working life, and its location along 

the edge is well defined, suggesting consistency in the way in which the instrument 

was held and the portion of the compass each hand played most often. The depth of 

the wear can be seen in the photograph in figure 4.94, which shows the left-hand 

edge of the soundbox. 

 

 

 
Figure 4.94: wear on the left-hand edge of the Queen Mary harp soundbox 
(arrowed). The wear is deep and well defined. Photograph: Isabell Wagner. 
 

 

There is a single, well-defined worn area along the edge of each side of the soundbox, 

as was observed for the Lamont harp. This is shown in figure 4.95, below. 
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Figure 4.95: location and extent of wear on the left (arrowed, top) and right 
(arrowed, bottom) edges of the Queen Mary harp soundbox. The wear is the result of 
the player's wrist and forearm contacting the edge of the box, as observed for the 
Lamont harp. 
 

 

Figure 4.96 illustrates the location and extent of the wear on both sides of the 

soundbox. The red lines in this figure indicate the extent of visible wear, and the 

arrows indicate the location of maximum wear. This figure can be compared to figure 

3.91, which illustrates the location and extent of the wear on the Lamont harp 

soundbox. Present day musicians may wish to take the position of these wear marks 

into consideration when interpreting historical repertory and performance practice on 

replicas of this harp.  
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Figure 4.96: illustration of the location of wear on the edges of the Queen Mary 
harp soundbox. The red lines indicate the extent of the visible wear, and the arrows 
indicate the location of maximum wear. Scale 1 tick : 1 cm. 
 

 

The foot of the Queen Mary harp soundbox also has extensive wear and, like the 

wear along the edges of the soundbox, this is illustrative of the way in which this 

harp was held. The wear to the foot is diagramed in Armstrong (1904), and is shown 

in the photograph in figure 4.97, below.503 There are two important observations to 

note about the wear. Firstly, while there is considerable wear to the bottom of the 

foot, there is no appreciable wear on the bass end of the soundbox, with the 

exception of the back left-hand corner. This indicates that this harp was not held with 

the bass end of the box resting on the player's lap. While being played, the harp 

rested on the foot. The second important observation is that the wear to the bottom of 

the foot is asymmetric, with more wear on left side. This indicates that while being 

played the harp was held tilted over towards the left, and further indicates that the 

instrument was held with the treble end of the soundbox resting on the player's left 
                                                
503 Armstrong, Irish and Highland Harps, Plate VII opp. 176. 
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shoulder, which is consistent with the left hand playing the treble end of the compass 

and the right hand the bass. 

 

 

 
Figure 4.97: the bass end of the Queen Mary harp soundbox, showing wear to the 
bottom of the foot (arrowed, centre), and the back left-hand corner (arrowed, right). 
 

 

The back left-hand corner of the bass end of the soundbox is also deeply worn, as 

shown in figure 4.97. This is the corner that has been repaired with a wooden patch. 

As previously mentioned, the repair patch is also worn. The wear to this corner is 

consistent with the harp being held with the bass end of the box resting on both the 

foot and the back left-hand corner, as noted by Chadwick (2014).504 The angle of the 

wear to the bottom of the foot and this back corner is the same, which supports this 

interpretation. The wear to the back left-hand corner is also further evidence that this 

harp was held towards the left side of the player's torso. 

 

 

 

 

                                                
504 Simon Chadwick, "Playing Position of Medieval Gaelic Harp," 20 January, 2014, 
http://clarsach.scot/2014/01/playing-position-of-medieval-gaelic-harp.html. 
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Soundboard thickness505 

 

This section discusses the thickness of the front face of the soundbox, which acts as 

the soundboard. For the purposes of this discussion it is referred to here simply as the 

'soundboard'. As discussed in the chapter on the construction of the Lamont harp, 

although the soundboard is among the most important acoustical elements of the 

construction of any stringed instrument, there has to date only been limited 

knowledge of the thicknesses of the soundboards of the surviving Irish harps. 

Armstrong (1904) published measurements taken at the upper and lower sound holes 

of the Queen Mary harp, as 1/4 inch (0.6 cm) and 5/16 inch (0.8 cm), respectively.506 

The thickness of the rest of the soundboard was unknown, however, and due to the 

age and uniqueness of both this and the Lamont harp, and the possibility of abrasion 

of the surfaces, measurement with a Hacklinger gauge would not have been 

advisable. One of the CT scans of the harp was therefore used to map its thickness.  

 

The method used to map the Queen Mary harp soundboard is the same as that 

described for the Lamont harp. For the Queen Mary harp, a 2 cm × 2 cm sampling 

grid was used, with additional measurements along the edges of the soundbox and in 

areas of abrupt change in thickness (for example at the edge of the string band). As 

discussed for the measurement of the Lamont harp soundboard, due to image 

artefacts associated with the metal string shoes it was only possible to take a limited 

number of measurements on the string band. The mapping of the soundboard 

thickness in this location is therefore less reliable.  

 

The resulting contour map of the Queen Mary harp soundboard thickness is 

presented in figure 4.98.507 Each contour represents a change in thickness of 0.5 mm. 

The coordinate system is that of the CT scanner, with the exception that the scanner’s 

                                                
505 This discussion is adapted from Loomis et al., "Lamont and Queen Mary Harps,"126 – 28. 
506 Armstrong, Irish and Highland Harps, 168 – 69. 
507 The contour map was generated using the Aabel v. 3.0.5 graphing programme. A version 
of this figure appears in Loomis et al., "Lamont and Queen Mary Harps," 167. 
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z-axis is referred to on the contour map as the y-axis.508 For reference, the positions 

of the string holes and sound holes were measured and added manually to the map. 

 

 

Figure 4.98 (overleaf): contour map of the Queen Mary harp soundboard. The treble 
end of the soundbox is at the top of the figure. Thickness increases towards the red 
end of the colour spectrum (with the exception of the thickest contours on the string 
band, which wrap back to the blue). Each contour represents a change in thickness 
of 0.5mm. The colours used represent the same thicknesses in the contour map of the 
Lamont harp soundboard (figure 3.92).  
 

                                                
508 The signs of the x and y coordinates have been reversed for the purpose of plotting the 
contour map with the top of the harp facing up. 
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Some notable features are apparent in the contour map of the Queen Mary harp 

soundboard. Most importantly, it confirms that the soundboard is not a single 
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thickness. It is thinner in the treble, decreasing in thickness from 8 mm just below the 

top sound holes to 6 mm along the sides of the soundbox above these sound holes. In 

the mid-section of the harp there is a large area on the right-hand side of the 

soundboard that is thinner than the left-hand side. Here, the thickness is about 7.5 

mm compared to 9 mm in areas of the middle of the left-hand side. At the bass end 

the soundboard thickness rapidly increases from about 8.5 mm just below the lower 

sound holes to 10.5 mm close to the bottom edge, where it rolls over into the rounded 

corner. It is worth noting that the soundboard thickness measured in the vicinity of 

the sound holes agrees with Armstrong's published values. 

 

The photograph of the soundbox interior in figure 4.78 shows that the treble end of 

the soundbox does not appear to have been reworked at a later date, nor does any 

other part of the front face of the soundbox interior, with the exception of the edge 

adjacent to the bass end of the box described earlier, so the observed gradations in 

thickness are most likely original to the construction of the soundbox. The relative 

thinness of the soundboard in the treble is of particular note. The thickness decreases 

by 30% as compared to the mid-section, which is a significant reduction. As 

discussed for the Lamont harp, a thinner soundboard in the treble will compensate for 

the increased stiffness that would normally result where the soundboard narrows, and 

soundboards of modern harps are tapered from bass to treble for this reason. While it 

is possible that it is a coincidence that the soundboard of the Queen Mary harp, like 

the soundboard of the Lamont, was made thinner in the treble, given the level of 

craftsmanship otherwise exhibited in the construction of this soundbox it is more 

likely that this was intentional, with the most probable reason being the acoustics of 

the instrument. 

 

It is interesting that both the Lamont and Queen Mary harp soundboards exhibit the 

same left-right asymmetry in thickness in the mid-section, and that both are thicker 

on the left side. While this could be coincidental, possible mechanical or acoustical 

advantages should be investigated.  

  



 448 

Summary 
 

The construction of the soundbox of the Queen Mary harp shows a high degree of 

craftsmanship. Examination of the decorative work has revealed that the lines of the 

geometrical motifs were pressed, rather than incised, into the wood. The decorative 

work on the back cover of the soundbox shows the same method and workmanship, 

indicating that this is very likely the original back cover to this soundbox. 

Significantly, this is therefore the only soundbox of any low-headed Irish harp to 

retain its original back cover. 

 

Analysis of a sample of the dark material in the decorative lines on the soundbox 

showed the presence of elements associated with organic molecules as well as metals, 

specifically a significant amount of copper with lesser amounts of lead and bismuth 

were detected. The organic compounds probably include wax, but charred wood may 

also be present, given the possibility that the lines were burned in. The metals 

suggest the possible presence of pigments. Further analysis is recommended to try to 

identify the chemical compounds present, and a larger sample should be taken in 

order to look for and identify possible layering of different substances in the material. 

 

The difference in both design and execution of the geometric versus the foliaceous 

decorative designs suggests the work of two different craftsmen, and the possibility 

that the foliaceous designs were added later should not be ruled out without further 

analysis. The foliaceous designs belong to the late 15th-century Iona school of 

monumental decorative carving, as determined by Steer and Bannerman.509 Although 

the geometric designs appear on the harp depicted on the grave slab at Keills, further 

work is needed in order to confirm that they are native to this time period and 

location. Dating of the wood is also recommended, if feasible, in order to try to 

determine if all parts of the harp frame date to the same time period. 

 

Examination of the interior of the soundbox has revealed tool marks that indicate a 

high degree of attention was paid to the interior surfaces. The sides have been 

                                                
509 Steer and Bannerman, Late Medieval Monumental Sculpture, 185. 
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smoothed with a serrated tool, and the front (the 'soundboard') has been worked 

methodically with a gouge the entire length of the box to produce a regular, furrowed 

surface. Haphazard chisel marks on the bass end of the soundbox suggest later 

modification by a less skilled craftsman.  

 

Signs of a long working life for the soundbox are evident in the numerous toggle 

marks around each string hole, and the restringing scratches in the vicinity of the 

sound holes. The uneven surface of the wood and a layer of varnish prevented an 

accurate estimate of the numbers of these marks, however. 

 

Stringing marks are also visible on a number of the string shoes. Examination of the 

string band both visually and with CT has revealed that the string shoes that are of 

the staple design are not original, but are replacements for the nailed in style, of 

which only a handful remain. The design of the replacement shoes may be an 

indication that an attempt was made to reinforce the string band after it began to split. 

 

The use of tomography to image the interior surface of the soundbox prior to removal 

of the back cover demonstrates that this method can be used to accurately image tool 

marks on surfaces in inaccessible areas of musical instruments, provided the tool 

marks are larger than the resolution limit of the CT scanner. The use of a CT scan of 

the harp to facilitate the safe removal of the back cover is further evidence of the 

power and versatility of CT as a tool for the study of early musical instruments that 

may otherwise be difficult to examine due to age and fragility. 

 

Opening the soundbox also allowed examination of the inside surface of the back 

cover. This revealed multiple episodes of repair and/or preservation, some of which 

predate much of the woodworm damage to the back cover, suggesting these may be 

old repairs. The apparent effort put into preserving this piece of wood is consistent 

with the back cover being original. Although both the interior and exterior surfaces 

of the wood are obscured by varnish and/or other coatings, it was possible to see the 

wood grain by examining a tomogram of the back cover. This showed that it was 

made from a single slab cut piece of wood. 
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The exterior of the soundbox of this harp has signs of wear that are a result of the 

manner in which the instrument was held and played. Examination of the wear to the 

foot indicates the harp was held tilted over towards the player's left side. The wear to 

the edges of each side of the soundbox is consistent with the left hand playing the 

treble and the right hand the bass. The position and extent of the wear on each side 

has been diagramed as a guide for present day musicians wishing to recreate 

historical performance practice. 

 

Possibly the most significant feature of the construction of the Queen Mary harp 

soundbox is the design of the mortise for the joint with the neck, which is discussed 

in Chapter 2 of this dissertation. The undercutting of the treble end of the soundbox 

to create a through mortise, and the angling of this mortise are particularly 

advantageous to the acoustics of the instrument and to the structure of the frame, as 

has been discussed. This, and the features of the soundbox discussed above are 

evidence of the high degree of skill and attention to detail involved in its construction. 

 

 

Cross-sections 

 

The dimensions of the soundbox in its current state are shown in the tomographic 

cross-sections below. The tomogram in figure 4.99 is a lengthwise cross-section 

through the middle of the soundbox.510 The lines labeled A – E indicate the locations 

of the vertical cross-sections shown in figures 4.100 – 4.104. The grey-scaling of the 

tomograms has been set to accurately represent the location of the physical edge of 

the wood. The dimensions given are derived from the FWHM of the cross-section. In 

each figure the lines in the two left-hand images indicate the location of the cross-

section shown on the right. The measurements shown were taken at the location of 

the lines indicated on the cross-section. The right-hand side of the harp is on the left, 

and the view is from the perspective of 'looking up' the soundbox from the bass end. 

 

                                                
510 The front of the soundbox, including the positions of the string and sound holes, is shown 
in figure 4.73. 
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Figure 4.99 (overleaf): tomographic cross-section of the soundbox of the Queen 
Mary harp. This cross-section also shows the neck tenon in the soundbox mortise. 
Note that this joint is offset towards the right-hand side of the soundbox, as it is on 
the Lamont harp soundbox. The lines A – E indicate the locations of the individual 
cross-sections shown in figures 4.100 – 4.104. Scale 1 tick : 1 cm; grid scale 1 
square : 2 cm. 
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Figure 4.100 (overleaf): Queen Mary soundbox cross-section A (see figure 4.99). 
This is a cross-section through the bass end of the soundbox, which shows the 
orientation and pattern of the growth rings. Scale 1 tick : 1 cm. 
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Figure 4.101 (overleaf): Queen Mary soundbox cross-section B (see figure 4.99). 
The raised string band can be seen in profile at the centre of the front of the 
soundbox. Note that the interior surface of the soundbox underneath the string band 
is flat, as it is on the Lamont harp soundbox. This makes the soundbox less 
vulnerable to developing cracks along the edges of the string band. Scale 1 tick : 1 
cm. 
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Figure 4.102 (overleaf): Queen Mary harp soundbox cross-section C (see figure 
4.99). Note that the sides of the soundbox are visibly pulled in due to the front being 
pulled up by the string tension. Scale 1 tick : 1 cm. 
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Figure 4.103 (overleaf): Queen Mary harp soundbox cross-section D (see figure 
4.99). Scale 1 tick : 1 cm. 
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Figure 4.104 (overleaf): Queen Mary harp soundbox cross-section E (see figure 
4.99). In order to show the dimensions of the mortise, this cross-section is aligned 
with the axis of the mortise and tenon joint instead of the long axis of the soundbox. 
Scale 1 tick : 1 cm. 
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Chapter 5. Wood Identification 
 

For the study of historical musical instruments, the choice of wood is an important 

consideration in an examination of their construction. Its physical characteristics 

affect the acoustical and mechanical properties of the finished instrument, and 

luthiers have customarily used care in selecting the wood, often showing a preference 

for a specific species of tree.511 It is therefore of interest to identify the woods used in 

the construction of the surviving Irish harps.512 A number of sources note that, 

historically, Irish harps were made of willow by tradition, a choice of wood 

considered by some to be an important characteristic of their construction.513 Few 

confirmed species identifications are available for the surviving harps, however, and 

to what extent they actually reflect this tradition is an open question. Rimmer (1969) 

names the woods used for several, but does not clearly cite the sources of these 

identifications or the methods used, so her information has to be reassessed.514 

 

There has been speculation regarding the wood used to construct the Queen Mary 

and Lamont harps for as long as there has been interest in these two historical 

instruments. Gunn (1807) states that the forepillar and neck of the Lamont harp were 

made of plane tree, and Joseph Anderson (1881), then Custodier of the National 

Museum of Antiquities in Edinburgh, commented that the soundbox of the Queen 

Mary harp was made of willow, information that was later quoted in Armstrong.515 

Armstrong speculated, based on his visual examination, that the neck of the Queen 

                                                
511 Neville Fletcher and Thomas Rossing, The Physics of Musical Instruments (New York: 
Springer, 1998), 719 – 23. Voichita Bucur, Acoustics of Wood, (New York: Springer, 2006), 
173 – 74. Iris Brémaud, "Acoustical Properties of Wood in String Instruments Soundboards 
and Tuned Idiophones: Biological and Cultural Diversity," Journal of the Acoustical Society 
of America, 131 (2012): 807. 
512 See, for example the recent wood species identification for the Downhill harp, which 
identified the wood as alder (Alnus spp.).Michael Billinge, "Building a Reproduction of the 
Downhill Harp," 10. 
513 O'Curry, Manners and Customs of the Ancient Irish, 271. Rimmer, "James Talbot's 
Manuscript," 67. Farmer, "Notes on the Irish Harp," 101. See also, Anderson, Ancient 
Scottish Weapons, 123. 
514 Rimmer, Irish Harp, 75 – 78. 
515 Gunn, Historical Inquiry, 2. Joseph Anderson, Ancient Scottish Weapons, 25. Armstrong, 
Irish and Highland Harps, 180. 
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Mary harp might also be willow, but that the forepillar "is of a harder wood, and is 

closer grained."516  

 

In 1969, wood samples were taken from the soundbox, forepillar, and neck of both 

the Queen Mary and Lamont harps and examined microscopically by A. J. Hayes of 

the Department of Forestry and Natural Resources at the University of Edinburgh.517 

The result of his analysis was that neither harp was made of willow, but that all parts 

of both harps were actually European hornbeam (Carpinus betulus). In his report to 

the National Museum of Antiquities of Scotland he wrote, 

 

"After a considerable amount of difficulty I have now succeeded 
in identifying the wood from which both the Lamont and Queen 
Mary Harps were constructed. I think that I mentioned to you, 
that my first impression was a Rosaceous timber, possibly 
hawthorn or apple, but microscopic examination shows this not 
to be the case. I am now 99% certain that the timber used was 
hornbeam (Carpinus betulus L. )."518 

 

He also states that "the wood used in the sounding box, forepillar, and harmonic 

curve was identical in both cases."519  

 

The European hornbeam identification was first cited in Rimmer (1969), and may 

have been requested for that publication.520 In the intervening years since 1969, this 

wood species identification has met with some informal skepticism, however. It is 

curious that Hayes identified all parts of both harps as hornbeam, as the woods of 

some of the frame members do not appear to resemble each other. This is particularly 

noticeable for the Queen Mary harp, whose forepillar is made of a visibly lighter 

wood than the neck (see figure 4.7, for example). Additionally, hornbeam seems an 

unusual choice for hand carving a large hollowed out soundbox, as it is a very hard 

                                                
516 Armstrong, Irish and Highland Harps, 181. 
517 Alan J. Hayes, Alan J. Hayes to C. E. Curran, National Museum of Antiquities of Scotland, 
18 February 1969, letter, National Museums Scotland, H. LT2 archive. 
518 ibid. 
519 ibid. 
520 Rimmer, Irish Harp, 76 – 77. 
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wood that is difficult to work. As is evident from Hayes's letter, however, his 

identification was based on microscopic examination of wood samples taken from 

the harps. As this a reliable and standard method for species identification, it is 

difficult to argue against the results based only on the appearance of wood surfaces 

that may be obscured by layers of surface material.  

 

It is apparent from Hayes's letter and accompanying report on the wood identification 

that, although he was fairly certain of his results, the identification had been difficult 

and he may have had some small lingering doubts about the results. His report was 

reviewed by Ticca Ogilvie, Head of Artefacts Conservation at National Museums 

Scotland, and a woods scientist, who noted that the information for the species 

identifications was incomplete. The structure of wood is three-dimensional, and 

definitive species identifications should ideally have samples aligned with each of 

the three primary planes within the wood, as shown in figure 5.1. 

 

 

 
Figure 5.1: the radial, transverse, and tangential planes of a timber. 

 

 

When the Queen Mary and Lamont harps were examined in the lab, it was evident 

where wood samples had been taken, as shown in figures 5.2 – 5.4. For the Queen 

Mary harp, a sample was taken at the bass end of the soundbox, and in the cut out 

area of the forepillar. For the Lamont harp, a wood sample was taken from the lower 
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section of the forepillar where the two pieces are joined, and possibly directly above 

this on the upper section. A soundbox sampling location was identified on the inside 

edge of the upper-left soundhole. 

 

 

 
Figure 5.2: evidence of previous wood sampling on the forepillar (arrowed, top) and 
soundbox (arrowed, bottom) of the Queen Mary harp. 
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Figure 5.3: evidence of previous wood sampling on the lower section of the 
forepillar of the Lamont harp (left, arrowed), and possibly the upper section (right, 
arrowed).  
 

 

 
Figure 5.4: evidence of previous wood sampling on the inside edge of the upper-left 
soundhole of the Lamont harp soundbox (arrowed). 
 

  

No evidence of sampling was found on the neck of either harp, however archival 

photographs of the Lamont harp (possibly dating to the 1980's) show it in the process 

of being stripped of its varnish, which would have erased any evidence of wood 
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sampling on the exposed areas of the harp. One of these photographs is shown in 

figure 5.5. 

 

 

 
Figure 5.5: archival photograph of the Lamont harp, possibly taken during 
restoration work in the 1980's. A large area of the soundbox has had its varnish 
removed. This photograph is one of a series showing the harp in the process of 
having its wood and metal-work stripped of surface coatings. 

 

 

Significantly, the sampling locations identified are all in only one of the three planes 

of the wood. While it is possible some sites were overlooked, or that some (in the 

case of the Lamont harp) were obscured by later restoration work, it is also possible 

that Hayes was limited in the areas that he was permitted to sample. 

 

When the CT scans of the Queen Mary and Lamont harps were examined, it was 

immediately apparent that the wood of some frame members was denser than others, 

as shown in figure 5.6. This seemed odd, considering Hayes's identification of all of 

the wood as belonging to the same species of tree.  
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Figure 5.6: tomograms of the Lamont harp (top) and the Queen Mary harp (bottom). 
Areas of higher density are rendered as darker shades of grey. The forepillar of the 
Lamont harp (arrowed, top), and neck of the Queen Mary harp (arrowed, bottom) 
appear to be constructed of higher density wood than the other frame members. 
 

 

While the tomograms provide qualitative information for the densities, it would be 

more useful to know the actual densities of the individual wooden members of the 

two harps. Stoel and Boreman (2008) have demonstrated that it is possible to use CT 

to measure the density of wood in musical instruments.521 The density of each frame 

member of the two harps was therefore measured from the CT data for comparison to 

each other as well as to the expected range of densities for air-dried European 

hornbeam. To determine the densities, the average radiodensity was measured in 

virtual sample volumes of wood within each member and converted to density in 

g/cm3 using the relation  
                                                
521 Berend Stoel and Terry Boreman, "A Comparison of Wood Density between Classical 
Cremonese and Modern Violins." PLoS ONE 3(2008): 1 – 7, accessed 21 February, 2010 
doi: 10.1371/journal.pone.0002554. 
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𝜌  (g/cm!) =
𝐻𝑈
1000 +   1.0 

 

where 𝜌 is the density in g/cm3, and HU is the radiodensity value of each voxel in 

Hounsfield units.522 It is worth noting that by utilizing the CT scans in this manner, it 

was possible to obtain samples from anywhere inside the instruments without 

physically cutting into the wood, making this measurement entirely non-destructive.  

The samples were chosen away from the surface of the wood to avoid possible 

contamination of the data by surface materials, and were chosen to include both early 

and late wood at different locations within each member so as to obtain an average 

representative density over as much of each piece of wood as possible.  Care was 

also taken to avoid including areas of insect damage, metal fragments, and image 

artefacts.523  

 

The mean and range of density over all of the samples measured for each member of 

both harps is presented in table 5.1. The average size of each sample volume is also 

shown in this table. It was necessary in some cases to use small volumes in order to 

avoid contamination. On average, six samples were used for each member. For the 

upper section of the Lamont harp forepillar a total of twelve samples were used to 

compensate for the small sample volumes that were necessary to avoid areas of 

insect damage. 

 

 

  

                                                
522 Paul Brinkmann, Wolfgang Frobin, and Gunnar Leivseth, Musculoskeletal Biomechanics 
(Stuttgart, Georg Theime Verlag, 2000), 162. Also, Martin Connell, e-mail message to 
author, 15 March, 2011. 
523 Finding suitable sampling locations in the back cover of the Queen Mary harp and the 
upper section of the Lamont harp forepillar was difficult due to extensive insect damage. 
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Table 5.1. 

Measured wood densities for the harp frame members 

 

 density range 
(g/cm3) 

mean density 
(g/cm3) 

mean 
sample volume 

(cm3) 
    
Queen Mary harp    
soundbox 0.49 – 0.57 0.53 0.99 
forepillar 0.63 – 0.66 0.64 0.99 
neck 0.73 – 0.80 0.76 0.23 
back cover 0.47 – 0.51 0.50 0.20 
    
Lamont harp    
soundbox 0.48 – 0.55 0.53 0.49 
forepillar (upper) 0.77 – 0.88 0.82 0.13 
forepillar (lower) 0.70 – 0.74 0.72 0.37 
neck 0.57 – 0.61 0.60 0.30 
back cover (larger 
panel) 

0.38 – 0.41 0.40 0.25 

back cover (smaller 
panel) 

0.36 – 0.37 0.36 0.25 

 
 
 

The densities in table 5.1 and are plotted in figure 5.7 with expected range of 

densities for air-dried European hornbeam included for comparison. Based on 

published values, the density of seasoned wood of the European hornbeam species, 

Carpinus betulus, ranges from approximately 0.67 – 0.79 g/cm3.524 

 

                                                
524 H. G. Richter and M. J. Dallwitz, "Commercial Timbers." A. E. Zanne, et al., "Global 
wood density database," Dryad, last modified, 2009, http://hdl.handle.net/10255/dryad.235.  
Gokhan Gunduz et al., "The Density, Compression Strength and Surface Hardness of Heat 
Treated Hornbeam (Carpinus betulus) Wood," Ciencia y Technología 11, no. 1 (2009): 66. 
Ahmad Samariha, "Effect of Altitude Index on Growth Rate and Physical Properties of 
Hornbeam Wood (Case Study in Mashelak Forest of Iran)," World Applied Sciences Journal 
13, no. 9 (2011): 2058.  
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Figure 5.7: densities of the wood members of the Lamont and Queen Mary harps, as 
calculated from the measured radiodensity in sample volumes of CT data. The grey 
band represents the expected density range for European hornbeam. The data points 
labeled "upper", "lower", "larger," and "smaller" refer to the separate parts of the 
Lamont forepillar and back cover respectively.  
 

 

The results shown in table 5.1 and figure 5.7 reveal a range of distinctly different 

densities for each of the frame members of the two harps. Furthermore, they show 

that some of the measured densities are outside the expected range for European 

hornbeam. While it is not possible to determine the species of wood from the density 

alone, these results and the possible issues with Hayes's identifications justified 

resampling the wood for microscopic analysis to re-identify of the species. This was 

undertaken for both harps in 2012 – 2013 and is discussed below. 

 

In December 2012, wood samples were taken from the Queen Mary and Lamont 

harps for the purpose of species identification. The sampling and identification were 

undertaken by Ticca Ogilvie, at the National Museums Scotland Collections Centre. 

Due to the age and fragility of the wood, and the uniqueness of both harps as 

artefacts, every effort was made to minimize the invasiveness of the sampling while 
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ensuring useable samples were obtained. To facilitate selection of suitable sampling 

locations, tomograms from the CT scans of the harps were consulted to assess the 

orientation of each frame member with respect to the direction of the wood grain. As 

discussed in Chapter 4, tomograms of the back cover were also consulted to ensure 

its safe removal in order to access the interior of the soundbox for wood sampling. 

For both harps, samples of the soundbox and neck were taken from inside the 

soundbox. The sampling locations are indicated in figures 5.8 and 5.9 for the Queen 

Mary and Lamont harps respectively. 

 

 

 
Figure 5.8: locations of wood samples taken from the Queen Mary harp for the 
current project. Clockwise from top left: soundbox and neck (A) and (B), 
respectively; forepillar (C); back cover (D); and soundbox thin section samples - TS, 
tangential (T), radial (R), and two transverse samples (X).  
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Figure 5.9: locations of wood samples taken from the Lamont harp for the current 
project. Clockwise from top left: soundbox (A), neck (B), and forepillar - upper 
section (C). The area of previously exposed wood on the forepillar was re-used for 
sampling. The lower forepillar section and back cover have not yet been sampled. 
 

 

The standard procedure for microscopic wood species identification is to take a very 

thin sample (ideally one cell thick and several millimetres across) for each of the 

three primary planes of the wood. Upon removal of the first sample from the Queen 

Mary harp soundbox it became apparent that this method would be problematic. Due 

to the extremely fragile state of the wood, even with careful handling it would be 

difficult to prepare the samples for examination on a microscope slide without them 

disintegrating. It is likely that Hayes encountered the same problem, so in addition to 

possibly not having a full set of samples, he may have had difficulty preparing the 

samples that he did have.  

 

For the present study, there was an alternative method of sample preparation and 

analysis available. Instead of thin samples, Ogilvie proposed using a micro-scalpel to 

remove very small blocks (approximately 2 – 3 mm on a side) for imaging with 
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SEM.525 This method was carried out, with the samples cut such that the surfaces 

aligned with the three primary planes of the timber. The samples were imaged with 

SEM by Lore Troalen, Analytical Scientist at the National Museums Scotland 

Collections Centre. This method of sampling and analysis kept the samples intact and 

preserved the fragile cellular structures. As a comparison, a known piece of European 

hornbeam was also sampled and imaged using the same technique and equipment.  

 

As at this writing, a complete set of high-resolution images of each plane of the wood 

has been obtained for each of the soundboxes, and for the Queen Mary harp neck. A 

partial set has been obtained for the forepillar of the Queen Mary harp, and the 

samples of the back cover of the Queen Mary harp, and the neck and forepillar of the 

Lamont harp are currently awaiting further preparation for imaging. The images of 

the samples acquired thus far were sufficient for definitive identification of the wood 

for both soundboxes, which is discussed below. Both the forepillar and neck samples 

of the Queen Mary harp require additional imaging for a positive identification of the 

wood. 

 

A SEM image of the sample from the Lamont harp soundbox is shown in figure 5.10. 

This wide field view shows the sample size, and the alignment of its sides to the 

transverse, radial, and tangential planes of the wood. 

 
 

                                                
525 SEM analysis has been used for species identification of archeological woods in instances 
where identification by other methods has been problematic. See for example Caroline 
Cartwright, Lin Rosa Spaabæk, and Marie Svoboda, "Portrait mummies from Roman Egypt: 
ongoing collaborative research on wood identification," The British Museum Technical 
Research Bulletin 5 (2011): 49 – 58. 
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Figure 5.10: SEM image of a micro-sample of wood taken from the soundbox of the 
Lamont harp. The sample has been cut to reveal the three primary planes of the 
wood. The tangential plane is facing the viewer, the transverse plane is facing the 
upper left of the image, and the radial plane is facing the upper right. All samples 
were taken and prepared by Ticca Ogilvie, National Museums Scotland.  
 

 

The SEM images of the wood samples are shown below, with a discussion of the 

primary identifying features.526 For all of the images of the transverse plane the 

vertical axis of the image is aligned with the radial axis of the timber, and for all of 

the images of the radial and tangential planes the vertical axis of the image is aligned 

with the vertical axis of the timber. 

 

 

Queen Mary harp soundbox 

 

A number of features are visible in the cross-sections of the Queen Mary harp 

soundbox sample that uniquely identify the wood. These identifying features are 

discussed below and, where applicable, are compared and contrasted with 

comparable features in the hornbeam sample. The transverse plane of the soundbox 

sample is shown in figure 5.11.  

                                                
526All images were acquired by Lore Troalen, Analytical Scientist, National Museums 
Scotland Collections Centre. 
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Figure 5.11: SEM image of the transverse plane of the wood sample from the Queen 
Mary harp soundbox, showing the pattern of pores. Some pores occur in radial 
multiples of two (arrowed). 
 

 

Wood has a three-dimensional structure comprised, in hardwoods, of vessels and 

fibers extending vertically up the timber, and rays, extending radially from its centre. 

The dark ovals in the image of the transverse plane are the pores, the ends of the 

vessels. It is apparent from their distribution that this is a diffuse porous wood with 

some vessels occurring in short radial rows of two (arrowed in figure 5.11). 

 

The identifying features noted for this plane of the sample are therefore as follows: 
 

• vessels are present 

• vessels occur in multiples 

• vessels occur commonly in short radial rows of 2 – 3 

• wood is diffuse porous 
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For comparison, the transverse plane of the European hornbeam sample is shown in 

figure 5.12. The identifying features are the same as for the sample from the Queen 

Mary harp soundbox.  

 

 

 
Figure 5.12: SEM image of the transverse plane of the sample of European 
hornbeam (Carpinus betulus). Some pores occur in radial multiples of 2 – 3 
(arrowed). 
 

 

The radial plane of the soundbox sample is shown in figure 5.13. 
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Figure 5.13: SEM image of the radial plane of the wood sample from the Queen 
Mary harp soundbox. Upright ray parenchyma cells are present ('A', arrowed), and 
vessel ray pits are confined to the marginal rows ('B', arrowed). 
 

 

The vessels and fibers are seen in lengthwise cross-section in the radial plane. The 

structures resembling 'brick walls' are the rays.527 They are comprised of 'horizontal' 

ray parenchyma cells, with 'upright' cells in the margins ('A' in figure 5.13). The 

structure resembling netting is composed of the vessel-ray pits. In this wood they are 

confined to the marginal rows of the rays ('B' in figure 5.13). A magnified view of 

the area in the upper right of figure 5.13 is shown in figure 5.14. 

 

 

                                                
527 The author kindly acknowledges Ticca Ogilvie for providing the brick wall comparison. 
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Figure 5.14: detail of the radial plane of the wood sample from the Queen Mary 
harp soundbox. A fragment of wall adjoining two vessels runs vertically down the 
centre of the image. The inter-vessel pits (arrowed) are arranged alternately. The 
larger pits to the left and right of centre are vessel-ray pits. 
 

 

The torn structure in the centre of figure 5.14 is the wall separating two adjoining 

vessels. The holes (arrowed) are the inter-vessel pits. In this wood they are arranged 

alternately. The identifying features noted for this plane of the sample are therefore 

as follows: 

 

• rays are present 

• rays are heterocellular 

• vessel-ray pits are restricted to marginal rows 

• inter-vessel pits are arranged alternately 
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For comparison, the radial plane of the hornbeam sample is shown in figure 5.15. 
 

 

 
Figure 5.15: SEM image of the radial plane of the sample of European hornbeam 
wood (Carpinus betulus). The vessel ray pits are confined to the marginal rows ('A', 
arrowed), and upright ray parenchyma cells are present ('B', arrowed). The fine 
diagonal lines in the vessels (labeled 'C', arrowed) are helical thickenings in the 
vessel walls. 
 

 

Although the European hornbeam sample has the identifying features observed in the 

Queen Mary harp soundbox sample, it also has helical thickenings in the vessel walls 
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('C' in figure 5.15), which are absent in the wood from the soundbox. The absence of 

this structure in the soundbox wood, notably, rules out the identification of European 

hornbeam (Carpinus betulus) as the wood used to make the soundbox of this harp. 

 

The tangential plane of the soundbox sample is shown in figure 5.16. 

 

 

 
Figure 5.16: mosaic of two SEM images of the tangential plane of the wood sample 
from the Queen Mary harp soundbox. Rays and vessel walls are visible in cross-
section (arrowed). The vessel walls ('A', arrowed) do not have helical thickenings 
(see figure 5.15). The rays ('B', arrowed) are uniseriate (one cell thick). 
 

 

In the tangential plane the vessels are seen in lengthwise cross-section ('A' in figure 

5.16), and the rays are seen end-on ('B' in figure 5.16). As in the image of the radial 

plane for this wood sample, there are no helical thickenings present in the vessel 

walls. The rays are exclusively uniseriate (one cell thick), and there are no aggregate 

rays (rays grouped together). The identifying features noted for this plane of the 

sample are therefore as follows: 

 

• rays exclusively uniseriate 
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• aggregate rays are absent 

• vessel wall helical thickenings are absent 

 

 

For comparison, the tangential plane of the hornbeam sample is shown in figure 5.17. 
 

 

 
Figure 5.17: SEM image of the tangential plane of the sample of European 
hornbeam wood (Carpinus betulus). Some rays are multi-seriate ('A', arrowed). 
Aggregate rays composed of groups of individual rays are also present ('B', 
arrowed). Helical thickenings are visible in the vessel walls ('C', arrowed). 
 



 484 

The helical thickenings noted in the vessel walls in the radial plane are also visible in 

the tangential plane. In contrast to the soundbox sample, some rays are multi-seriate 

('A' in figure 5.17), and aggregate rays are present ('B' in figure 5.17). These features 

also rule out European hornbeam for the identification of the soundbox wood. 

 

The identifying features of the sample of soundbox wood, notably, refute Hayes's 

earlier identification. The soundbox of the Queen Mary harp is not made of European 

hornbeam. Furthermore, the identifying features noted for each of the three planes of 

the wood are sufficient to uniquely identify the soundbox wood as willow (Salix 

spp.), in agreement with what has been said to be the wood traditionally used to 

construct Irish harps.528 

 

 

Lamont harp soundbox 
 

As discussed earlier, all of the wood of both harps had been previously identified by 

Hayes as hornbeam (Carpinus betulus). It has been shown above, however, that the 

Queen Mary soundbox is willow. In the following section, SEM images of a wood 

sample taken from the Lamont harp soundbox are presented, and cellular features 

that uniquely identify the wood are discussed. As before, the vertical axis of the 

image of the transverse plane is aligned with the radial axis of the timber, and the 

vertical axis of the images of the radial and tangential planes are aligned with the 

vertical axis of the timber. 

 

The transverse plane of the soundbox wood sample is shown in figure 5.18.  

   

 

                                                
528 Richter and Dallwitz, "Commercial Timbers." 
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Figure 5.18: SEM image of the transverse plane of a wood sample from the Lamont 
harp. The dark ovals are pores. Some occur in radial multiples of two (arrowed). 
 
 

This is a diffuse porous wood with some vessels occurring in short radial rows of two 

(arrowed in figure 5.18). The identifying features noted for this plane of the sample 

are therefore as follows: 

 

• vessels are present 

• vessels occur in multiples 

• vessels occur commonly in short radial rows of 2 – 3 

• wood is diffuse porous 

 
 

Figure 5.19 shows the radial plane of the soundbox wood sample.  
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Figure 5.19: SEM image of the radial plane of a wood sample from the Lamont harp 
soundbox. Upright ray parenchyma cells are present ('A', arrowed), and vessel ray 
pits are confined to the marginal rows ('B', arrowed). The vessel walls do not have 
helical thickenings ('C', arrowed). 
 

 

Rays are present, and are comprised of 'horizontal' ray parenchyma cells, with 

'upright' cells in the margins ('A' in figure 5.19), the vessel-ray pits are confined to 

the marginal rows of the rays ('B' in figure 5.19), and helical thickenings are absent 

from the vessel walls ('C' in figure 5.19). The identifying features noted for this plane 

of the sample are therefore as follows: 

 

• rays are present 

• rays are heterocellular 

• vessel-ray pits are restricted to marginal rows 

• vessel wall helical thickenings are absent 
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Figure 5.20 shows the tangential plane of the soundbox wood sample. The inter-

vessel pits ('A' in figure 5.20) are arranged alternately, the rays are exclusively 

uniseriate ('B' in figure 5.20), and no aggregate rays are present. As noted for the 

radial plane, helical thickenings are absent from the vessel walls ('C' in figure 5.20). 

The identifying features noted for this plane of the sample are therefore as follows: 

 

• inter-vessel pits are arranged alternately 

• rays are exclusively uniseriate 

• aggregate rays are absent 

• vessel wall helical thickenings are absent 

 

 

Notably, as for the soundbox wood of the Queen Mary harp, the absence of helical 

thickenings in the vessel walls, and the absence of multiseriate and aggregate rays 

rules out European hornbeam for the identification of this wood, refuting Hayes's 

identification. Furthermore, the identifying features noted for each of the three planes 

of the wood are sufficient to uniquely identify the soundbox wood of the Lamont 

harp as willow (Salix spp.), also in agreement with what has been said to be the wood 

traditionally used to construct Irish harps.529 

 

 

 

 

 

                                                
529 Richter and Dallwitz, "Commercial Timbers." 
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Figure 5.20: SEM image of the tangential plane of a wood sample from the Lamont 
harp soundbox. The inter-vessel pits are arranged alternately ('A', arrowed), the rays 
are exclusively uniseriate ('B', arrowed), and helical thickenings are absent from the 
vessel walls ('C', arrowed). No aggregate rays are present. 
 

 

Summary 

 

The results of these wood species identifications contradict the earlier findings of 

Hayes (1969), which identified all of the wood of both harps as European hornbeam 

(Carpinus betulus). As discussed above, Hayes used microscopic examination of the 

cellular structure of samples from both harps to arrive at his species identification, a 
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standard and reliable technique. It is, therefore, important to understand why the 

current identifications contradict his results.530  

 

As discussed previously, the wood of both harps is fragile and the present 

identifications were made feasible by utilizing SEM to examine prepared blocks 

instead of thin sections. As is evident from some of the images (figure 5.11, for 

example), even with this method the samples were beginning to fracture in some 

instances. The samples taken by Hayes would have been thin sections for 

examination under a microscope, and as mentioned earlier, he is likely to have had 

some difficulty obtaining and preparing suitable samples due to the fragility of the 

wood. 

 

 An additional issue is that all of the locations identified as his probable sampling 

sites lie in the transverse plane of the wood. No evidence was found of sampling in 

either the radial or tangential planes on any of the wooden members of either harp. 

Although some sampling sites may have been overlooked, it is possible he did not, or 

was not able to, obtain samples in the other planes. It is reasonable to assume the 

museum would have prohibited the taking of samples in areas that would be easily 

visible, and there are no signs that he took samples from the interior of either 

soundbox. It is therefore probable that Hayes was not able to acquire all of the 

samples he would have wanted for a positive identification of the wood.531 There may 

be evidence for this in his letter to the museum, where he notes the following 

identifying features: 

 

"The structure of the wood shows a predominance of pores 

arranged in radial multiples, simple rays, small fibres and not very 

much soft tissue, although there was some suggestion of terminal 

parenchyma. In addition both ray and pore size are similar to 

those of hornbeam."532 

 
                                                
530 The issues with Hayes's identification were raised in conversation with Ticca Ogilvie. 
531 Ticca Ogilvie, personal communication. 
532 Alan J. Hayes, Alan J. Hayes to C. E. Curran. 
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None of the features he mentions would require examination of the radial or 

tangential planes, as all of these structures can be observed in the transverse plane 

alone.533 Curiously, he refers to 'simple rays' as an identifying feature. This is a term 

formerly used to refer to uniseriate rays (rays that are one cell thick) as defined in 

Büsgen and Münch (1929).534 European hornbeam (Carpinus betulus) has both multi-

seriate and uniseriate rays, however.535 As discussed previously, exclusively 

uniseriate rays were observed in the soundbox wood of both harps as one of the 

identifying features of willow (salix spp.). The features Hayes lists in his report are 

not entirely unique to hornbeam, and if they are the only features he observed, they 

are insufficient to definitively identify the wood.  

 

As discussed earlier in this chapter, the neck and forepillar wood has not yet been 

identified for either harp. Preliminary results indicate that the neck and forepillar of 

the Queen Mary harp are not made from the same wood as the soundbox, and 

furthermore indicate that the wood used for the forepillar is different from the wood 

used for the neck. The Queen Mary harp frame is therefore constructed of three 

different species of wood. Further work is planned to complete the imaging and 

analysis of the woods, and complete identifications for both harps will be 

forthcoming.  

 

 

  

                                                
533 Ticca Ogilvie, personal communication, December 2012. The parenchyma cells referred 
to are the axial parenchyma cells, not the ray parenchyma cells, and are observed in the 
transverse section. 
534 M. Büsgen and E. Münch, The Structure and Life of Forest Trees, trans. Thomas 
Thomson (London: Chapman & Hall, Ltd., 1929), 111. Büsgen and Münch also note that 
they are "best recognised on cross (transverse) sections". 
535 Richter and Dallwitz, "Commercial Timbers." Büsgen and Münch, Forest Trees, 113. See 
also the images and discussion of the hornbeam sample presented in this dissertation. 
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Conclusion 

 
Research outcomes 

 

This dissertation has presented a study of two of the earliest extant Irish harps, the 

Lamont and Queen Mary of the National Museum of Scotland, utilizing analytical 

tools and methods from the fields of medicine, artefact conservation, and organology 

for an unprecedented examination and analysis of their stringing and construction. In 

the process, this study endeavoured to address four fundamental questions that are of 

importance to scholars, musicians, and luthiers with an interest in these harps. The 

findings that relate to these questions are discussed below. 

 

 

What are the dimensions of these harps? 

 

The CT scans of each harp were used to generate a set of measured cross-sections of 

each of the frame members, with a resolution of 0.5 mm. In addition to external 

dimensions, these cross-sections show the internal construction and dimensions of 

the joinery. The ability to image the internal construction has significantly advanced 

current understanding of how these harps were built, and how each behaves as a 

mechanical system. This is particularly notable for the form of the neck/soundbox 

joint of both harps. Largely unknown prior to this study, the use of a through mortise 

joint, especially of the design used for the Queen Mary harp, has mechanical and 

acoustical advantages that can now be employed by present day builders of harps 

modelled after these instruments.  

 

The CT scans were also used to map the thickness of the front of both soundboxes 

(the 'soundboards'), the first time this has been done for any historical harps. This led 

to the revelation that both are thinner at the treble end, comparable to modern harps, 

a construction practice with clear acoustical advantages that can now also be 

employed by present day builders of harps modeled after these instruments. 
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Additionally, examination of the string holes in cross-section indicated that the 

soundbox of the Lamont harp was constructed with a flat front, and that the belly is 

entirely the result of string tension, resolving a longstanding question regarding this 

aspect of its construction. In contrast, a similar examination of the Queen Mary harp 

string holes indicated that the soundbox belly of this harp is the result of a 

combination of carving to shape and string tension. 

 

 

What are the original string lengths? 
 

The CT scans of each harp were used to examine and measure the motion of the 

frame members. Using this information, it was possible to calculate string lengths for 

each harp with a straightened frame in addition to measuring the current lengths. This 

was particularly important for the Lamont harp, whose frame is significantly twisted. 

Analysis of evidence of stringing and of damage to the frames was used to 

reconstruct the number and arrangement of strings for both harps. This was of 

particular interest for the Lamont harp, due to the apparently mismatched number of 

tuning pin and string holes. It was determined conclusively from examination of the 

tomograms of the Lamont harp that the neck was originally made for 31 tuning pins, 

resolving a long-standing question regarding its construction. Significantly, it was 

possible to not only reconstruct the probable original stringing arrangement for this 

harp, but also a later modified stringing arrangement that compensated for damage to 

the neck.  

 

The reconstructed stringing arrangements and string lengths were used to explore 

possible solutions for pitch and gamut for the harps at different stages of their 

working lives. Notably, one plausible solution for the straightened frame of the 

Lamont harp places the pitch of that instrument in the range of A 464 – 471 Hz, 

coinciding with a common pitch standard in use in 16th and 17th-century Europe. 

One possible stringing solution for the Queen Mary harp places the pitch of that 

instrument near this, at just below A 460 Hz, although a number of other solutions 

are also possible. Interestingly, the analysis of the string scaling of the Queen Mary 
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harp indicated that it was probably designed for a stronger stringing material in the 

treble, possibly iron.  

 

 

What are they made of? 

 

 Materials used in the construction, decoration, and repair of these two harps were 

identified with the use of non- and minimally invasive analytical techniques. This 

dissertation opened with an analysis of wire fragments discovered in both harp 

soundboxes. The CT scans made it possible to identify and image these fragments in 

normally inaccessible areas and also made it possible to safely extract the wire 

fragment embedded in the string hole of the Lamont harp soundbox. 

 

The detailed analysis of the composition of the two copper alloy wire fragments, 

which were discovered to be brass, allowed a thorough comparison with known 

historical brass alloys. Based on this, and an assessment of their locations in the 

instruments, it was determined that the fragment discovered in the Lamont harp may 

be a piece of an historical string, possibly dating to the 17th century. Notably, prior 

to this study, only one other historical Irish harp string fragment had been discovered 

and analysed. The analysis of the Lamont harp string fragment provided valuable 

information for exploring the stringing regimes of this harp, particularly the 

measurements of gauge and density, making it possible to calculate a string tension 

for comparison to current stringing practices for instruments modeled after it. 

 

The metal fittings and repairs on both harps were analysed, where possible, providing 

the first analysis of these parts of the construction for any of the surviving Irish harps. 

The analyses confirmed that the tuning pins of both harps are brass, and quantitative 

analysis of the Lamont harp tuning pins allowed comparison of the alloys of pins of 

different designs from within its mixed set, and comparison to the other analysed 

brass metalwork on this harp. Comparing the composition of the different metal parts 

indicated which ones might have been made together, for example the cheekbands 

and tuning pins of the Queen Mary harp, which have a nearly identical composition. 
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The analysed cheekband of the Lamont harp was identified as bronze, in contrast to 

its brass tuning pins, an interesting distinction in light of other evidence that suggests 

it might not be original.  

 

The Queen Mary harp is purported to have had some precious metal embellishments. 

Analysis of the bosses on the front of the forepillar determined that they are 

composed of a silver alloy with copper. The hypothesis put forward by Keith Sanger, 

that a gold Scottish half-ryal coin may have been affixed to the forepillar was 

investigated, and the pattern of nails on the front of the forepillar was shown to be 

the correct size to hold this coin. 

 

The materials analysis also included pigment traces and other surface material on the 

Queen Mary harp. This was of particular interest in light of the extensive decorative 

work. Traces of red pigment in and around the low relief carvings on the forepillar 

were identified as vermilion, a costly pigment that may hint at a high status for the 

owner. The areas of incised decorative work on the sides and back of the forepillar 

were shown to have clear evidence of nuanced pigmentation that may originally have 

been richly coloured. One of these areas was analysed and found to have a slightly 

elevated level of iron, indicating possible use of an iron based red pigment. Traces of 

a green substance found in the incised decorative lines was analysed and found to 

contain copper and lead with other elements, suggesting the possibility of a green 

pigment containing verdigris and lead white. The dark material in the decorative 

lines on the soundbox and neck was analysed and found to consist primarily of 

carbon and oxygen with a significant amount of copper also present. Some of the 

carbon may be evidence that these lines were burned into the wood, and the copper 

could indicate the presence of a verdigris pigment, now obscured by dirt, wax, and 

possibly other pigments. 

 

The materials analysis of paramount importance to researchers, luthiers, and 

musicians is the identification of the woods used to construct the harps. These harps 

had both previously been identified as being made entirely of European hornbeam 

(Carpinus betulus). The CT scans indicated that the frame members had different 
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densities, however, and the data from the scans was used to quantify these for 

comparison. Additionally, visual examination of the harps indicated that there may 

not have been sufficient sampling for a positive identification. This evidence 

prompted the decision to resample the harps for a re-identification of the woods. In 

addition to determining the densities, the CT scans were used to facilitate safe 

removal of the back cover of the Queen Mary harp, allowing access to the soundbox 

interior for sampling, and were used to aid in selection of appropriate sampling sites 

on both harps. The wood identifications are still in progress, but both soundboxes 

were positively identified as willow (Salix spp.), refuting the earlier identification of 

European hornbeam (Carpinus betulus) that had been a source of some controversy 

for over 40 years. 

 

 

How old are they? 

 

The age of these instruments is a somewhat complex topic. Both were presumed to 

date to circa the 15th century. For the Lamont harp this was based on the Robertson 

family claim (as related by Gunn) that this harp came from the Lamont family by 

marriage in 1460. Although a marriage did apparently take place at around this time, 

a lack of additional evidence pertaining to the harp meant that the 15th-century date 

of construction was unconfirmed and could be spurious. For the Queen Mary harp, 

the dating was based on its resemblance to the harp depicted on the 15th-century 

grave slab at Keills. Like the Lamont harp, the lack of additional evidence meant this 

date was unconfirmed. Furthermore, the estimates of the age of the instruments had 

not taken into account the possibility that some parts of these harps might not be 

original. 

 

Examination of the decorative work on the forepillar of the Queen Mary harp 

confirmed that its style is wholly consistent with it having been constructed in the 

late 15th century by one or more craftsmen of the Iona school of late Medieval West 

Highland monumental art, probably in a workshop on the island of Iona. Despite the 

overall resemblance to the harp depicted at Keills, the possibility that the forepillar is 
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not original, and the marked difference in style and execution of the decorative work 

on the soundbox and neck versus the forepillar suggested that the neck and soundbox 

may predate the forepillar. 

 

Examination of the lower section of the forepillar of the Lamont harp indicated that it 

is not part of the original construction. No evidence was found that the upper section 

is a replacement, but the possibility has not been ruled out. The mismatch between 

the number of tuning pin holes in the neck and string holes in the soundbox is curious, 

and whether or not the neck and soundbox were made together remains an open 

question. Examination and analysis of the neck suggested that it could have been 

constructed in the second half of the 15th century, with a major refurbishment 

possibly in the late 16th century. In particular, analysis of tuning pins from the 

primary group indicated that their composition is consistent with some historical 

brass known to date from circa 1450 to the 1480's, whereas the inscription on one of 

the cheekbands has been identified as a probable obscured IHS monogram, dating it 

to no earlier than the late 16th century. Evidence was found that indicated that the 

cheekband may not be original, and therefore could represent part of a refurbishment. 

It was noted that, based on materials analysis, some historical repairs could have 

been made as late as the end of the 17th century. 

 

The number of toggle marks around the string holes was shown to be evidence of a 

very long working life for the soundbox that could place its construction in the late 

15th century, and the likely identification by Keith Sanger of the vellum document 

inside the soundbox indicated it was probably repaired in the early 1620's.  

 

Potentially the most significant advancement towards determining the age of the 

Lamont harp was the discovery of the date AD 1451 inscribed in the soundbox. 

Although the date of this inscription has not been confirmed, it was established that it 

was likely present at the time of the repair with the vellum document, and therefore 

probably dates to no later than the early 17th century. Events contemporary with the 

1451 date at both the Lude and Lamont estates (as researched by Sanger) suggested it 

could be genuine. 
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Methodology review 

 

The methodology developed for this research project successfully combined 

materials analysis tools used in artefact conservation and research (specifically XRF 

and SEM-EDX) with medical imaging (specifically CT), and organological analysis 

to conduct an exhaustive study of these two historical musical instruments while 

minimizing the physical impact on them. This was combined with a thorough visual 

assessment, which identified areas of interest for further analysis, and a complete 

photographic survey, which allowed for extensive additional assessment as well as 

direct comparison with tomograms derived from the CT scans of the harps. This 

approach resulted in numerous discoveries that have significantly advanced current 

knowledge of these two important historical harps, and by extension harps of this 

type in general, as no study to date of any surviving Irish harps has been conducted 

with this level of detailed analysis. 

 

The use of XRF made it possible to conduct entirely non-destructive analysis of 

metalwork and pigment traces in situ. It was also very effective at detecting the 

presence of elements at low concentrations, making it a particularly useful tool for 

analysis of pigment traces. Where sampling was necessary, SEM-EDX allowed for 

analysis with very small samples, while providing high-resolution imagery of 

microscopic structures. The wood species identification, in particular, would not 

have been feasible without the use of SEM.  

 

The cornerstone of this study has been the CT. The usefulness of CT as a tool for the 

detailed study of the construction of musical instruments cannot be overstated. The 

CT generated a complete three-dimensional record of the interior and exterior of each 

harp with a resolution of 0.5 mm, and did so entirely non-invasively. This allowed 

for examination and measurement of all parts of the construction, as well as areas of 

damage and repair. This was of particular use in areas that would otherwise be 

entirely inaccessible to examination. Because CT is sensitive to density, the scans of 

the harps provided a complete three-dimensional image of the wood grain pattern in 

all parts of their construction. It also highlighted the comparative differences in 
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density of the wooden members, as mentioned above, and allowed for quantitative 

measurement. Traces of high-density pigments were also detected on the CT scans, 

as well as traces of corrosion and small fragments of metal left behind by nails in the 

wood. Furthermore, the CT scans of these harps have generated a resource of 

information and imagery that will allow researchers and instrument builders to 

conduct their own examinations and take their own measurements without removing 

the harps from their museum cases. 

 

 

Further research 

 

The Lamont and Queen Mary harps 

 

Some of the analysis begun in the current study needs to be continued to completion. 

Foremost is the identification of the wood. The soundboxes of both harps have been 

identified, and this work needs to be continued for the re-identification of the 

remaining parts. Additional materials analysis is also needed for some of the 

metalwork and pigment traces. Some areas of the harps, for example the string shoes, 

were inaccessible to the XRF analyser. These could be analysed with a handheld unit, 

however. Some of the qualitative XRF analysis should be followed up with 

quantitative analysis. This is particularly of interest for the brass tuning pins and 

cheekbands of the Queen Mary harp.  

 

Further analysis should be conducted on the pigment traces observed in the incised 

decorative work on the Queen Mary harp forepillar. It is probable that multiple 

pigments were used, and it would be of interest to try to identify them. Additionally, 

the material embedded in the decorative lines on the soundbox and neck should be 

resampled for the purpose of examining it for possible layering, and the similar 

material embedded in cracks and crevices on the harp should be sampled and 

analysed for comparison. 
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Other Irish harps 

 

As mentioned above, the current study is the most detailed to date conducted on any 

of the surviving harps of this type. It is also the only one to have employed CT, XRF, 

and SEM-EDX analysis. Knowledge and understanding of the construction, use, and 

evolution of this instrument would be significantly advanced by adapting the 

methodology used here to study these other harps. Not all of these instruments are 

small enough to fit through a CT scanner at present, but there is a significant research 

benefit to scanning those that are, while conventional radiography could, at least, be 

undertaken for the larger instruments. As the majority of the analysis conducted for 

the Lamont and Queen Mary harps was non-destructive, limiting research of these 

other instruments to the non-destructive analyses would still yield a substantial new 

body of information for them.  

 

The Lamont and Queen Mary harps represent two of the three earliest surviving Irish 

harps. The third is the Trinity College harp. Together, they are the only known 

surviving Irish harps that pre-date the 17th century (excluding, perhaps, the surviving 

metalwork for the Ballinderry harp). Despite being arguably the single most copied 

historical harp in the world, with uncounted numbers of instruments modeled after it 

currently being played by musicians, absolutely nothing is known of the internal 

construction of the Trinity College harp, and no analysis has ever been conducted on 

its construction materials.536 It would therefore be of particular interest to apply the 

methodology used here to perform a similar study of this harp. This would also 

permit direct comparison of details of its construction to the remarkably similar 

Queen Mary harp, which would advance understanding of both of these instruments.  

 

 

 

 

  
                                                
536 Although Rimmer (1969) states that the forepillar, neck, and soundbox are willow, it is 
unknown if the harp has actually ever been sampled, as no species identification report has 
come to light. Rimmer, Irish Harp, 78. 
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Other instruments 

 

This study has demonstrated the power and versatility of CT as a tool for 

examination and analysis of musical instrument construction, particularly when used 

in concert with other analytical tools and techniques. It is the recommendation of this 

author that researchers interested in the construction of other musical instruments 

consider employing this methodology. As has been shown in the pages of this 

dissertation, the potential for substantial advances in knowledge and understanding is 

considerable. 
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Appendix A: 
 

Method for determining string lengths for the Lamont harp with a "straightened" 

frame 

 

For each pin – shoe pair, a triangle can be drawn from the point of contact of the 

string at the pin to the point of contact at the shoe, and from there to the point where 

the neck has pivoted against the top end of the soundbox. The side of the triangle 

from the string shoe to the pivot point is the distance along the soundbox, the side 

from the pivot point to the pin is the distance along the neck, and the side from the 

pin to the shoe is the speaking length of the string. The current position of the pivot 

point is indicated on the tomogram in figure 2.13. Assuming the neck tenon was 

originally seated in the joint as indicated by the worked edges visible in the cross-

section, this point would have originally been at the point of contact of the front of 

the neck with the soundbox as also indicated in that figure. Due to the shifting of the 

position of the neck in the joint, this point has moved 10 mm from its original 

position to its current position. As discussed above, the neck has pivoted forward by 

5.9°, as measured on the tomographic cross-section of the joint (see figure 2.13). The 

triangles representing the relative positions of the tuning pin, string hole, and pivot 

point for the "current" and "straightened" harp frame are shown in the diagrams 

below. 
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The sides and angles of the two triangles are labeled as follows: 

 

A = distance from string hole to current location of pivot point of neck (pivot 1). 

A2= distance from string hole to original location of pivot point of neck (pivot 2). 

B = distance from pivot point of neck (current location) to tuning pin 

C = current distance from tuning pin to string hole = current string length 

C2= distance from tuning pin to string hole, corrected for the rotation of the neck 

about the pivot point and the shifting of the pivot point 

α = angle between B and C, β = angle between C and A, ɣ = angle between A and B. 

α2 = angle between B and C2, β2 = angle between C2 and A2, ɣ2 = angle between A2 

and B.  

 

The (x, y, z) coordinates of all tuning pins and string holes, and the two pivot point 

locations were measured directly from the CT data. The tuning pins were measured 

at the left-hand outer edge of the cheekband where the string would be tangent to the 

forward side of the pin. The string holes were measured on the front surface of the 

string shoes (where present), at the treble end, where the string would contact the 

shoe. The current position of the pivot point (pivot 1) was measured on the neck at 

the point where it would have seated against the front of the soundbox (as indicated 
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in figure 2.13). The original position of the pivot point (pivot 2) was measured on the 

front side of the soundbox at the point where the neck originally seated against it (as 

indicated in figure 2.13). The lengths of sides A, A2, B, and C are calculated from the 

coordinates using the standard distance formula given in Chapter 2. For the frame in 

its current state, the angle ɣ is calculated from the cosine formula: 

 

𝑐𝑜𝑠  ɣ   =   
𝐴!   +   𝐵!   −   𝐶!

2𝐴𝐵     . 

 

The angle ɣ2 is equal to ɣ plus the measured forward rotation of the neck: 

 

ɣ! =   ɣ  +   𝛥 

 

where Δ is the measured forward rotation of the neck. For the Lamont harp,  

 

𝛥   =   5.9° . 

 

The length of C2 is calculated from the cosine formula: 

 

𝐶!   =    𝐴! +   𝐵! − 2𝐴𝐵(cos ɣ!)    . 

 

The length C2 is the string length corrected for the forward rotation and the shift of 

the neck. 

 

The correction for the forward tilt and the shift of the neck is an intermediate result. 

The neck has also rotated around its long axis, towards the left-hand side of the harp. 

As discussed above, this rotation has tilted the string ends of the tuning pins down 

towards the soundbox, shortening the string lengths. Although the motion of the neck 

is, in this case, a straightforward rotation, solving for the resulting change in position 

of the string ends of the tuning pins is complex due to the offset between the tuning 

pins and the axis of rotation. The following solution presents an approximation, by 
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placing the axis of rotation of the neck through the centre of the tuning pins, at a right 

angle to their long axis (the tuning pins are all essentially parallel to one another). 

 

First, the rotation of the neck around the axis through its tenon is eliminated. This 

repositions the forepillar and the neck directly above the string band, but does not 

significantly affect the string lengths. With the neck above the string band, for each 

string hole – tuning pin pair, a triangle can be drawn from the string hole to the string 

end of the tuning pin (at the point of contact of the string), and from there to the 

centre of the tuning pin, as shown in the diagram below.  

 
 

The side of the triangle from the string hole to the string end of the tuning pin is the 

string length C2 calculated above, the side from the string end of the tuning pin to the 

centre of the pin is the measured distance along the pin, and the side of the triangle 

from the centre of the tuning pin to the string hole is the height of the tuning pin 

above the string hole, measured to the centre of the pin. If the rotation along the long 

axis of the neck is removed, the tuning pins should be oriented with their long axis 
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parallel to the front face of the soundbox, as shown in the diagram above. A line can 

be drawn from the string hole to the string end of the tuning pin in this "un-rotated" 

position. The length of this line is the revised string length, corrected for the rotation 

of the neck about its long axis. This length can be derived by applying basic 

trigonometry to solve the triangles. The relevant sides and angles of the triangles in 

the diagram are labeled as follows: 

 

C2 = result of the previous calculation; distance from tuning pin to string hole, 

corrected for forward rotation and shifting of the neck 

R = measured distance from end of tuning pin at point of contact of the string to mid-

point of tuning pin. This distance is 30 mm 

H = distance from mid-point of tuning pin (along its length) to string hole in 

soundbox 

C3 = revised string length, corrected for neck rotation about its long axis (in addition 

to previous corrections) 

θ = measured rotation of the neck about its long axis; the angle between current and 

"un-rotated" orientation of the tuning pin. For the Lamont harp, θ = 20.5° 

δ = angle between H and C2 

ε = angle between C2 and R. 

 

The revised string lengths, corrected for the neck rotation (in addition to the previous 

corrections) are determined by solving for C3. This is the hypotenuse of the right 

triangle formed by R and H, so the length of C3 can be determined from the 

Pythagorean formula if R and H are known. R is a measured quantity (the measured 

distance from the mid-point of the tuning pin in the neck), and H can be derived by 

applying the sine rule to solve the triangle formed by C2, R, and H as follows: 

 

sin 𝛿   =   
𝑅 sin(90− 𝜃)

𝐶!
  =   

𝑅 cos𝜃
𝐶!

    , 

 

𝜀 = 180°− 90− 𝜃 + 𝛿     , 
and 
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𝐻 =
𝐶! sin 𝜀

sin(90− 𝜃)   =   
𝐶! sin 𝜀
cos𝜃     . 

 

So, the length of C3 is determined from the values R and H as follows: 

 

𝐶! = 𝑅! + 𝐻!    . 
 

The length of C3 is the string length for the harp frame with the neck restored to a 

completely un-rotated position and fully seated in the joint with the soundbox.  

 

The remaining correction to the string lengths is for the belly of the soundbox.  

This is obtained by taking the positions of the #1 and #32 string holes as the end 

points of a flat string band and using trigonometry to determine the position of the 

string holes for a flat fronted soundbox. The corrected string lengths are then 

determined from these coordinates and the corrected coordinates of the tuning pins. 

The diagram below shows how the corrected string hole coordinates are determined. 

Note: the soundbox of the harp is tilted with respect to the scanner coordinate system. 

This is reflected in the diagram. The tilt angle is exaggerated for the purpose of the 

illustration. 
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A triangle can be drawn from string hole #1 to #32 to the hole whose position is to be 

corrected, string hole #n. This triangle sits on top of a right triangle that represents 

the tilt of the harp with respect to the z-axis of the coordinate system of the CT scan. 

The relevant sides and angles of these triangles are as follows: 

 

L = distance from string hole #1 to #32 

D = distance from string hole #1 to #n 

D2 = distance from string hole #n to #32 

x = distance from string hole #1 to the point perpendicularly below string hole #n 

y = the perpendicular distance to the z axis from the point defined by x 

z = distance along the z axis to the point defined by y 

δ = angle between D and x 

θ = angle between x and z (the tilt of the harp in the CT scan coordinate system). 

 

First, the angle δ is determined by applying the cosine formula: 

 

cos 𝛿 =
𝐿! + 𝐷! − 𝐷!    !

2𝐿𝐷     . 

 

The lengths x, y, and z are then determined from the Pythagorean theorem: 

 

𝑥 = 𝐷 cos 𝛿 

𝑦 = 𝑥 sin𝜃 

and 

𝑧 = 𝑥 cos𝜃 

where 

cos𝜃 =
𝑧! − 𝑧!"

𝐿      . 

 

Here z1 and z32 are the measured z-coordinates of the #1 and #32 string holes, 

respectively. The corrected (y, z) coordinates are then obtained by adding the 

distances y and z to the coordinates of string hole #1. The x coordinate of the string 

hole remains unchanged. 
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The pulling up of the belly has also caused a very small shortening of the overall 

length of the string band. This shortening is 2 mm from string hole #1 to #32, 

however, which is not large enough to warrant the work required to adjust the 

positions of the string holes.537 

 

 

The coordinates of the tuning pins and string holes at the points of contact of the 

string were also derived for the "straightened" frame. A diagram of the relative 

positions of a string hole, tuning pin and the pivot point of the neck is shown below.  

 

 
 

 

The relevant side, angles, and vertices of the triangle formed by these three points are 

as follows: 

 

(y1, z1) = measured coordinates of string hole538 

(yP, zQ) = coordinates of tuning pin for straightened frame 

A2 = distance from string hole to original location of pivot point (pivot 2) 

                                                
537 The shortening is due to the difference between the straight-line distance from string hole 
#1 to #32 and the distance along the arc from string hole #1 to #32. The derivation is not 
included here. 
538 This calculation uses the measured coordinates of the string holes (uncorrected for 
flattening). 
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H = distance from mid-point (along its length) of tuning pin to string hole in 

soundbox 

B = distance from pivot point (current location) to tuning pin 

P = distance along y axis from tuning pin to point (yS, zQ) 

Q = distance along z axis from string hole to point (yS, zQ) 

β = angle between A2 and H 

ρ = angle between Q and H 

ψ = angle between A2 and Q. 

 

 

Because QPH is a right triangle,  

𝑃 = 𝐻 sin𝜌 

𝑄 = 𝐻 cos𝜌 

 

The length P is used to find the y-coordinate of the tuning pin: 

 

𝑦! = 𝑦! − 𝑃 

 

where y1 is the measured y-coordinate of the string hole.539 

 

The length Q is used to find the z-coordinate of the tuning pin: 

 

𝑧! = 𝑄 + 𝑧! 

 

where z1 is the measured z-coordinate of the string hole. 

In order to determine these quantities, it's necessary to derive the angle ρ.  

𝜌 = 𝛽 − 𝜓 

 

The angles β and ψ can be derived and ρ  found  from  them  using  the  formula  

above. The cosine formula is used for the triangle A2BH to find the angle β:  

                                                
539 Because the y-axis points downward on the CT scans, the y coordinate of the tuning pin is 
actually lower than the y-coordinate of the string hole, hence yP = y1 - P. 
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cos𝛽 =
𝐻! + 𝐴!    ! − 𝐵!

2𝐻𝐴!
 

 

The angle ψ is in a right triangle that has A2 as the hypotenuse and Δy as its opposite 

side, so, 

 

sin𝜓 =
𝛥𝑦
𝐴!

 

where the length of Δy is  

 

𝛥𝑦 = 𝑦! − 𝑦!  

 

 

The coordinates (yP, zQ) of the tuning pin at the point of contact of the string are 

obtained by substituting the value obtained for the angle ρ into the equations for yP 

and zQ above. The x coordinate of the tuning pins is taken as the coordinate of the 

centerline of the neck plus the length of the pin from the midpoint to the point of 

contact of the string.  
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Appendix B: 
 

Table A.1. 

Some solutions for the compass and pitch of the Queen Mary harp:  
brass stringing 

 

scale # of 
strings 

frame compass stringing pitch (Hz) 

diatonic540 29 no belly c – c⁗ yellow 
brass541 

354 – 362 

diatonic  29 belly c – c⁗ yellow 
brass 

362 – 370 

diatonic w/ unison 
strings 

29 no belly c – b‴ yellow 
brass 

397 – 405 

diatonic w/ unison 
strings 

29 belly c – b‴ yellow 
brass 

400 – 408 

diatonic 29 no belly F – f‴ yellow 
brass 

530 – 542 

diatonic  29 belly F – f‴ yellow 
brass 

542 – 554 

diatonic w/ unison 
strings 

29 no belly F – e‴ yellow 
brass 

595 – 607 

diatonic w/ unison 
strings 

29 belly F – e‴ yellow 
brass 

599 – 611 

diatonic 30 no belly c – d⁗ yellow 
brass 

321 – 328 

diatonic  30 belly c – d⁗ yellow 
brass 

328 – 335 

diatonic w/ unison 
strings 

30 no belly c – c⁗542 yellow 
brass 

354 – 362 

diatonic w/ unison 
strings 

30 belly c – c⁗ yellow 
brass 

362 – 370 

diatonic543 30 no belly F – g‴ yellow 
brass 

481 – 491 

diatonic  30 belly F – g‴ yellow 
brass 

491 – 502 

diatonic w/ unison 
strings 

30 no belly F – f‴ yellow 
brass 

530 – 542 

diatonic w/ unison 
strings 

30 belly F – f‴ yellow 
brass 

542 – 554 

                                                
540 The solution for a pure diatonic scale is the same as that for a diatonic scale with both the 
unison strings and the gap in the bass. 
541 The scale used is 270 mm for the length of c″ at A440. 
542 The solutions for the harp with 30 strings with unison strings are the same as the solution 
for the harp with 29 strings with a pure diatonic scale. 
543 The solution for the harp with 30 strings, starting on F in the bass is the same as that for 
the harp with 29 strings starting on G in the bass. 



 512 

 
Table A.1 (continued). 

Some solutions for the compass and pitch of the Queen Mary harp:  
brass stringing, with iron treble strings 

 

scale # of 
strings 

frame compass stringing pitch (Hz) 

diatonic 29 no belly c – c⁗ 8 Fe treble 
strings544 

383 – 388 

diatonic  29 belly c – c⁗ 8 Fe treble 
strings 

405 – 411 

diatonic w/ unison 
strings 

29 no belly c – b‴ 8 Fe treble 
strings 

430 – 437 

diatonic w/ unison 
strings 

29 belly c – b‴ 8 Fe treble 
strings 

455 – 462 

diatonic 29 no belly F – f‴ 8 Fe treble 
strings 

574 – 581 

diatonic  29 belly F – f‴ 8 Fe treble 
strings 

607 – 635 

diatonic w/ unison 
strings 

29 no belly F – e‴ 8 Fe treble 
strings 

644 – 654 

diatonic w/ unison 
strings 

29 belly F – e‴ 8 Fe treble 
strings 

681 – 692 

diatonic 30 no belly c – d⁗ 8 Fe treble 
strings 

362 – 367 

diatonic  30 belly c – d⁗ 8 Fe treble 
strings 

372 – 377 

diatonic w/ unison 
strings 

30 no belly c – c⁗ 8 Fe treble 
strings 

383 – 388 

diatonic w/ unison 
strings 

30 belly c – c⁗ 8 Fe treble 
strings 

405 – 411 

diatonic 30 no belly F – g‴ 8 Fe treble 
strings 

542 – 550 

diatonic  30 belly F – g‴ 8 Fe treble 
strings 

557 – 565 

diatonic w/ unison 
strings 

30 no belly F – f‴ 8 Fe treble 
strings 

574 – 581 

diatonic w/ unison 
strings 

30 belly F – f‴ 8 Fe treble 
strings 

607 – 635 

 

  

                                                
544 The scaling has been determined for the harp with the top 8 string positions in the treble 
strung with iron, and the strings in the middle of the compass strung with yellow brass. 
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For nearly one thousand years, the harps of 
Ireland and the Highlands of Scotland were 
musical instruments of high status in Gaelic 

society.2 �e unique sound of these instruments was 
highly regarded, historically,3 and their characteristic 
construction was readily recognized and noted.4 
In recent years, growing interest in historically 
informed performance of the repertory has created 
a need for new research into the construction of the 
surviving harps. Of these, the Lamont and Queen 
Mary are two of the three most important examples 
(see Figure 1 in the colour section). �e third is 
the iconic Trinity College Harp of Trinity College, 
Dublin, commonly known as the ‘Brian Boru’ harp. 
Together, these harps represent the instrument in 

its earliest surviving form.5

 For much of their working lives both the Queen 
Mary and Lamont harps belonged to the Robertson 
family of Lude, in Perthshire, Scotland.6 Usually 
dated to the fifteenth century,7 their last historical 
player was John Robertson of Lude (died 1731),8 
whose description of their sound is quoted at 
the beginning of this paper.9 �ey are now two 
of the most important cultural artefacts in the 
collections of National Museums Scotland, and are 
on permanent display in the National Museum in 
Edinburgh. �e primary source of information on 
the construction of these two instruments is Robert 
Bruce Armstrong’s �e Irish and �e Highland 
Harps, which is still the standard reference work on 

KAREN LOOMIS, DAVID CALDWELL, JIM TATE, TICCA OGILVIE 
AND EDWIN J. R. VAN BEEK 

�e Lamont and Queen Mary Harps
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1 Quoted in Donald Mackintosh, Collection of Gaelic Proverbs, and Familiar Phrases (Edinburgh: William Stewart, 
1819), p.200. �e authors would like to thank Simon Chadwick for pointing out the original printed source of this 
quotation.

2 Robert Bruce Armstrong, �e Irish and the Highland Harps (Edinburgh: David Douglas, 1904); facsimile reprint 
(New York: Praeger Publishers, Inc., 1969), pp.1–54.

3 Geraldus Cambrensis, quoted in Christopher Page, Voices and Instruments of the Middle Ages (London: J. M. Dent & 
Sons Ltd, 1987), pp.229–30.

4 For example in Michael Praetorius, Syntagma musicum (1619); facsimile reprint, A. Forchert ed., (Kassel: 
Barenreiter-Verlag Karl Votterle GmbH & Co. KG, 2001), p.54; and Joan Rimmer, ‘James Talbot’s Manuscript (Christ 
Church Library Music MS 118): VI. Harps’, �e Galpin Society Journal XVI (1963), pp.66–67.

5 For an overview of the surviving harps, see Simon Chadwick, ‘�e Early Irish Harp’, Early Music XXXVI (November 
2008), pp.521–31.

6 Keith Sanger and Alison Kinnaird, Tree of Strings (Temple, Midlothian: Kinmoor Music, 1992), p.53.
7 �e date of these harps is yet to be determined with any certainty.
8 Sanger (1992), p.150.
9 Armstrong (1904), p.181.

‘Here are two harps: the largest one is the loudest, but the small 
one is the sweetest; which do you wish to hear played?’  

(John Robertson of Lude, on the Lamont and Queen Mary harps)1
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the subject. With recent advances in imaging and 
analytical tools, however, it is now a good time to 
resurvey these harps to see what new information 
we can discover and insights we can gain concerning 
their history and construction.
 In 2010, a collaborative research project on both 
the Queen Mary and Lamont harps was undertaken 
by the authors at the University of Edinburgh, 
National Museums Scotland, and the Clinical 
Research Imaging Centre (CRIC) of Queen’s Medical 
Research Institute. �e museum kindly granted 
permission to the first author to have access to 
both harps and to the Conservation and Analytical 
Research staff and facilities at the National 
Museums Scotland Collection Centre in Edinburgh. 
Permission was also kindly granted to have both 
harps CT scanned at CRIC. 
 CT scanning, formally referred to as x-ray 
computed tomography, builds a three-dimensional 
x-ray, or tomogram, that can be viewed from any 
angle or in any cross-section. For the two harps, this 
meant it would be possible to look into and through 
the wood to see the interior construction and to 
see inside the joints. �e Queen Mary and Lamont 
harps were CT scanned on 17 June and 8 July 2010, 
respectively, on the CRIC 320-multidetector row CT 
scanner.10 �e data was rendered and analyzed with 
the OsiriX DICOM viewer software package.11 Prior 
to CT scanning, each harp underwent technological 
analysis at the Conservation and Analytical 
Research labs at the National Museums Collections 
Centre. �e harps were examined, photographed, 
and selected areas of interest analyzed with 
x-ray fluorescence (XRF) and scanning electron 
microscopy – energy dispersive x-ray spectroscopy 
(SEM-EDX) to determine materials composition.12

 �anks to the combined approach of the CT 
scanning and laboratory analysis, we now have a 
vast body of new information concerning these two 
instruments. �e CT scanning has indeed made it 
possible to see the interiors of these harps and into 

their wooden members to survey their construction, 
asses the state of the wood, and discover any interior 
damage and repairs. �is work was complemented 
by a visual and photographic examination in the 
conservation lab, which provided a record of the 
exterior of the instrument, flagged up areas of 
particular interest, and also generated some new 
insights of its own. �ese interior and exterior 
surveys were supplemented by the XRF and SEM-
EDX, which provided information on some of the 
materials used in the construction and repair of the 
harps.  
 In this paper, we report on many of the new 
findings for each harp. �is is the first step in the 
process of analysis and interpretation of all of this 
new information. �e first part of this paper surveys 
the new findings for the Lamont harp, with a section 
devoted to each of the three members of the frame, 
plus an additional section devoted to the neck joint 
at the soundbox. �e second part uses the same 
approach for the Queen Mary harp. �e final part 
of this paper takes a further look at some of the 
CT data to map the thickness of the soundboards, 
which is a very important topic and central to our 
understanding of these instruments. �e sound-
board mapping represents a ‘first go’ at some of 
the analysis that will be undertaken in the coming 
months with the new data on these two harps.
 Before commencing with the report of the new 
findings, it is useful to briefly review the basic 
construction of the harps. �e Lamont and Queen 
Mary harps are of the form described as ‘small low-
headed’ by Rimmer.13 �e construction of these 
instruments is described in detail by Armstrong 
and is summarized here.14 �e frame is constructed 
of three parts: soundbox; forepillar; and neck. �e 
three members of the frame are joined by mortise 
and tenon joints and are intended to be held 
together by the tension of the strings. Each part 
of the frame is constructed from a single piece of 
wood, including the soundbox, which is made from 

114 �e Galpin Society Journal

10 Aquilion ONE, Toshiba Medical Corporation, Nasushiobara, Japan. �e scans were run at 135kVp for the Lamont 
harp, and at 120kVp for the Queen Mary harp. �e bit depth of the data is 16-bits, and the diameter of the scans is 
50cm.

11 OsiriX is an open-source image processing application for DICOM format images, www.osirix-viewer.com, 
consulted 11 January 2011.

12 Jim Tate and Suzanne Kirk, ‘Analytical Research Section Report No. AR 2010/39: XRF analysis of the Queen Mary 
and Lamont harps’ (National Museums Scotland, 12 July 2010). XRF data was obtained with an Oxford Instruments 
ED 2000, running Oxford Instruments software ED 2000SW v. 1.31. SEM-EDX data was obtained with a CamScan 
MX2500 SEM using a Noran Vantage EDX system running Vista software.

13 Joan Rimmer, �e Irish Harp (Cork: Mercier Press, second edition, 1977), p.2.
14 See Armstrong (1904), pp.168–80.
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a large block of wood hollowed out from the back.15 
A separate board encloses the opening in the back 
of the soundbox. �e strings pass through the front 
of the box, which is reinforced down its centre by 
a raised band of wood with metal reinforcements 
(referred to as ‘string shoes’) at the string holes to 
prevent the strings from tearing through the wood. 
�e soundbox is mortised to the forepillar at its bass 
end. �e forepillar, which is under compression from 
the tension of the strings, has an elongated flange-
like ‘T-section’ in its centre for added structural 
strength and is joined to the neck with a tenon at 
its top end. �e neck, through which the tuning 
pins pass, is reinforced on each side with metal 
cheekbands. �e tuning pins are inserted into the 
neck from the right hand side, and the strings are 
strung to the exposed ends of the pins on the left 
side of the neck. To complete the triangular frame, 
the neck is tenoned into the top of the soundbox. 
In this paper, the following conventions are used to 
refer to the sides and ends of these harps: ‘left’ and 
‘right’ are from the harp’s perspective (as viewed by 
the player holding the harp), ‘forward’ is towards 
the forepillar, ‘back’ is towards the back of the 
soundbox, and ‘down’ is towards the bass end of the 
soundbox.
 �e current set-up of the two harps is as 
follows. �e Lamont harp has holes for 32 strings 
in its soundbox and holes for 31 tuning pins in its 
cheekbands, with an additional hole directly beneath 
the bands at the bass end. �e Queen Mary harp has 
holes for 29 strings in its soundbox, with a metal 
loop added for an additional string at the bass end. 
It has holes for 29 strings in its cheekbands, with 
an additional hole directly beneath the bands at the 
bass end. �e numbering convention for the string 
and tuning pin holes starts at #1 from the treble end 
of each harp. 

THE LAMONT HARP

SOUNDBOX
�e CT scans have revealed extensive woodworm 
damage, particularly to the foot of the harp, where 
a replacement block has been let in. �e grain of the 
wood can be seen, so the pattern of the growth rings 

is visible on the tomograms. �ese clearly show 
that the soundbox is constructed from a half sawn 
boxed timber, with its central growth rings oriented 
towards the front, or playing surface (Figure 2). �e 
centre-line of the tree lies 5cm to the right of the 
centre of the string band, so the box is not quite 
centred in the log from which it was cut. 
 �e tomograms have revealed that the front of 
the soundbox varies in thickness; the gradations 
have been mapped and are discussed later in this 
paper. The walls of the sound holes are straight, 
while the inside edges and corners of the box 
are not rounded over, with the exception of the 
treble end of the cavity. Here the soundbox cavity 
gradually constricts to transition to the mortise 
for the neck joint, which is open to the interior of 
the box (Figure 3). �e mortise is cut parallel to the 
long axis of the box. Examination of the tomograms 
suggests that the mortise may have originally been 
offset towards the right-hand side of the harp, and 
was later enlarged as part of a repair to the neck 
joint. �e top end, or shoulder, of the box appears to 

15 �e wood of the frame members of both harps was sampled in 1969. All parts were identified as European hornbeam, 
Carpinus betulus L. �is identification has subsequently met with considerable skepticism amongst researchers and 
instrument builders, and a re-identification of the wood is planned for both harps.  Alan J. Hayes, letter to C.E. Curran, 
National Museum of Antiquities of Scotland, 5–6  Randolph Crescent, Edinburgh, H. LT2 archive, National Museums 
Scotland, 18 February 1969.

Figure 2. Tomograms of the Queen Mary harp (top) and 
Lamont harp (bottom), showing the direction of the growth 
rings in the soundbox wood; scale: 1 tick : 1cm.

GSJ65 113-130 L i .indd   115 01/03/2012   17:14



116 �e Galpin Society Journal LXV (2012)

be cut at a slight forward angle, such that the back 
of the box is a little higher than the front. �e face 
of the neck that seats against the box is likewise cut 
at an angle, and the tenon is cut at a slight angle to 
this face. When seated in the joint it is parallel to 
the long axis of the box.  
 �e back cover of the soundbox was removed and 
the interior examined and photographed (Figure 4 

in the colour section). �e inside of the soundbox 
had previously been examined by Hobrough, who 
described the following important findings in a report 
to the National Museum of Antiquities of Scotland: 
the tool marks; the undercutting of the treble end of 
the box; the visible interior portion of the neck joint 
(with repair work and grass); the damage and repair 
at the bass end of the box; and marks left by the string 

Figure 3. �ree orthogonal views of the neck joint at the soundbox for the Queen Mary harp (top) and the Lamont harp 
(bottom). �ese tomograms are (from left to right) sagittal, axial, and coronal views (sideways, end on, and parallel to 
the top of the soundbox, respectively). Both harps have visible damage and repair work to this joint; scale: 1 tick : 1cm. 

GSJ65 113-130 L i .indd   116 01/03/2012   17:14



 Loomis et al — Harps 117
toggles.16 �e current examination of the soundbox 
has confirmed Hobrough’s earlier findings, and our 
observations are described below. 
 �e inside surface of the soundbox is smooth 
up to the point at the treble end at which the 
original opening in the back of the box would 
have terminated (the opening has enlarged due to 
extensive damage to the wood). �e remainder of 
the box has been undercut up to the joint with the 
neck. �e inside surface at this end is covered with 
long gouge marks aligned with the long axis of the 
box. Evidence from the tool marks suggests that at 
least two sizes of gouge were used. �e ends of the 
gouge marks extend into the smoothed area of the 
box, indicating that at least some of the gouge work 
was undertaken after the surface of the rest of the 
box had been smoothed. �ere are also numerous 
indentations that appear in circular patterns around 
the string holes on the inside of the soundbox (see 
Figure 5 in the colour section). �ese indentations 
are on average 2.5cm in length, and were probably 
made by string toggles, as they are consistent with 
their expected size, shape and location. An initial 
count taken around a few representative holes places 
the number of toggle marks at approximately 30 to 
40, but a closer examination will be undertaken to get 
a more precise count. �ese marks are an important 
clue to the age of the instrument, as they are a direct 
indication of the number of times the strings have 
been replaced. Closer in to the string holes, there 
are other indentations that appear to be from wire 
strings. �ere are also verdigris stains associated 
with some of these wire indentations, indicating 
that copper alloys were used for at least some of the 
wire stringing for this harp. It should be noted here 
that the bottom string hole in the bass, #32, does not 
appear to have any toggle or wire marks around it. 
�e top string hole, #1, also does not appear to have 
any toggle or wire marks around it. String hole #2 has 
some toggle marks, but fewer than the other string 
holes (approximately 12–16, but this is a very rough 
estimate). �e neck of this harp is cracked through 
the top two tuning pin holes, and Armstrong notes 
that these two tuning pins were probably not usable 
after the crack formed.17 �ere may be a link between 
this and the number of toggle marks around string 

holes #1 and #2, as well as the apparent addition of a 
32nd tuning pin at the bass end of the harp. 
 One additional mark of interest inside the 
soundbox is a set of semi-circular and linear 
scratches around and pointing to the lower left 
sound hole. �ese may be the result of wires having 
been fished for and pulled through the sound hole 
prior to being threaded up through the string holes 
to replace strings on the harp. �ere are historical 
references to this method of restringing, but this 
would be the first direct evidence of it having been 
used.18

 At the bass end of the interior of the box, an iron 
strap in the shape of a letter pi is nailed across the 
box directly above the foot (visible in the tomogram 
in Figure 6, in the colour section). �e replacement 
block of wood that has been let into the foot is 
visible on visual inspection, as is a crack extending 
from this repair.19 �ere are two holes through the 
foot intended for dowels to secure it to the original 
wood. It is evident from the tomograms that these 
dowels are now missing and that the block has 
shifted upwards slightly under the weight of the 
harp. �e iron strap has been partially forced out 
by the movement of this block. From a conservation 
standpoint, this is an important observation, because 
the harp is currently displayed upright with all of the 
weight of the instrument resting on the foot.  �ere 
are now plans to redesign the display stand to take 
the weight off the foot and redistribute it over the 
base of the soundbox. 
 Some new discoveries were made in the current 
examination of the soundbox. Upon visual 
examination of the string holes, a fragment of wire 
was discovered in hole #14. It is 3cm in length and is 
partially embedded in the wood. �e visible portion 
is covered in copper corrosion products (verdigris) 
and is bent and twisted. �e size, shape, and the 
degree to which it is embedded in the wood were 
determined from examination of the tomograms. 
There are plans to analyze this fragment to 
determine its physical properties. This wire 
fragment is an exciting and significant discovery, as 
there is little historical information on the stringing 
for any of these harps. Prior to the current study, 
only one other wire fragment had been discovered 

16 Tim Hobrough, ‘Notes on the ‘Queen Mary’ and ‘Lamont’ Harps’, Letter to Stevenson, R. B. K., Keeper, National 
Museum of Antiquities of Scotland, Queen Street, Edinburgh, H. LT2 archive, National Museums Scotland, 23 January 
1979.

17 Armstrong (1904), p.164.
18 Armstrong (1904), pp.28–29, n.7.
19 �is is described in Tim Hobrough’s letter to the National Museum of Antiquities of Scotland, Hobrough (1979).
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on an Irish harp.20 �e location of this fragment in 
situ in its string hole makes it even more interesting 
because we know where on the harp this particular 
wire was strung.
 Looking at the exterior of the soundbox, an 
approximately 35cm long crack runs along the right 
hand side of the box, following the grain of the wood. 
�e presence of this crack was previously known, as 
were three equally spaced lines of nail marks running 
perpendicular to the crack and extending over onto 
the front surface of the box. Corresponding to the 
location of the nail marks, the tomograms have 
revealed three metal straps on the interior of the 
soundbox (see Figure 6 in the colour section).21 �e 
straps were inspected visually when the soundbox 
was open: they are coated in copper corrosion 
products and are decorated with a geometric design 
of dots, lines, and circles. �e end of the lowest strap 
is cut in the shape of a fishtail. �ese straps appear 
to have been cut from a single, longer strap that has 
been reused from elsewhere, and are nailed over a 
vellum document. �e vellum, discovered when the 
soundbox was examined for the current project, is 
glued to the inside of the soundbox, over the crack, 
as part of the repair. �is document has writing 
on it in what may be an early seventeenth-century 
hand.22 It appears to be the endorsement for a 
charter, presumably written on the other side, which 
is facing the wood.23 �e writing on the exposed side 
is partially legible and reads as follows: ‘Chart_ / 
Grantit be Ge_ / Wt consent of his sp_ / To / Alexr 
McKenzie in / … / 6…’24 �e line below the name 
Alexander McKenzie contains a place name that is 
currently indecipherable, but it is hoped that further 
examination may enable the identification and date 
of the document, and thus place a lower limit on the 
date of the repair.25

 Near the treble end of the instrument, there 
are additional cracks in the soundbox. Two run 
underneath the external iron strap at the top end 
of the box. One of these, on the right hand side 

of the box, towards the back of the instrument, 
extends for 13cm from the shoulder of the box. �is 
crack is visible from the exterior of the soundbox, 
but its full extent is more readily visible on the 
tomograms. �e other crack extends from the left 
side of the neck joint at the front of the box towards 
the string band; it is 5cm in length, is not visible 
externally, and therefore was not known to exist 
prior to the CT scanning of the harp. A third crack, 
hidden underneath thin strips of brass covering a 
section of the string band, was also revealed on the 
tomograms and later inspected visually from the 
interior of the soundbox. Armstrong, supposing that 
the metal strips had been added as reinforcement, 
had examined this portion of the string band and 
reported that he was unable to detect the presence 
of any cracks along the string holes.26 It would 
not have been possible for him to see this crack, 
however, because it is completely covered by the 
strips of brass. Measurements taken from the 
tomograms indicate that the crack is 30cm long and 
extends from string holes #8 to #22, running down 
the centre of the string band, through the string 
holes. �e strips of brass are evidently a repair to 
this crack and serve to reinforce the string band, 
which would have been vulnerable to splitting, due 
to being perforated by the string holes and being 
pulled upwards by the tension of the strings.
 Looking at the finish of the wood on the outside 
of the soundbox, small traces of paint or varnish 
are evident in crevices on the front of the box. 
Photographs in the National Museums Scotland 
archives (possibly taken in the 1960s or 1970s) show 
the Lamont harp in the process of having its layers 
of wood finish removed down to bare wood.27 �e 
harp currently has a clear finish, but appears dark 
in photographs taken in the early twentieth century, 
and in the later photographs it also appears dark on 
the areas of wood that had not yet been stripped.28 
All of these photographs are black and white, so 
the colour of the finish is unknown. �e exterior of 

20 Robert Evans, ‘A Copy of the Downhill Harp’, �e Galpin Society Journal L (1997), p.124. �e wire fragment was 
discovered on a tuning pin belonging to the Balinderry harp fragments.

21 �e straps appear just below the string band, evenly spaced along the side of the soundbox.
22 David Caldwell and Keith Sanger, personal communication (July 2010).
23 Caldwell and Sanger (July 2010).
24 Caldwell and Sanger (July 2010).
25 �e writing is currently being investigated by Keith Sanger.
26 Armstrong (1904), p.160.
27 National Museums of Scotland H-LT2 Archive. �e photographs also show the metalwork in the process of being 

polished. A report relating to this conservation work has not yet come to light.
28 National Museums of Scotland H-LT2 Archive.
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29 Tate and Kirk (2010), p.5.
30 Joan Rimmer observed ‘friction marks’ on the string shoes of the Trinity College harp, and noted that when she 

restrung the harp, the position of the strings aligned with the observed marks on the string shoes. Joan Rimmer, 
‘Report on Stringing the Trinity College, Dublin, Harp’; unpublished report dated 16 October 1961, p. 2.

31 Ann Heymann has suggested that the grooves could have been filed into the shoes to remedy buzzing of the 
strings. Ann Heymann, personal communication (28 April 2011).

32 Armstrong (1904), p.165. 
33 John Gunn, An Historical Inquiry Respecting the Performance on the Harp in the Highlands of Scotland (Edinburgh: 

Archibald Constable, 1807); facsimile CD (Scotdisc, 2005), plates I and III.
34 Simon Chadwick has written a discussion of the damage and repair work to the forepillar, presenting the possibility 

(originally suggested by harpmaker David Kortier) that the scarf joint attaching the lower portion may have been part 
of the original construction and that shifting of this joint under the string tension could have led to the observed 
break and the need for subsequent repairs in the form of the iron straps. Chadwick also discusses damage to the wood 
as evidence of the harp having been brought back up to tension subsequent to the repair work. See Simon Chadwick, 
‘�e Lamont Harp: Damage and repairs’, <http://www.earlygaelicharp.info/harps/lamontdamage.htm>, consulted 
5 September 2011.

the bottom end of the box is currently covered in a 
thin layer of brown paint and the inner edges of the 
sound holes have surviving traces of a reddish-brown 
pigment. �e first author and Simon Chadwick 
observed the pigment in the sound holes prior to the 
commencement of the current study, while the harp 
was in its display case at the National Museum. �is 
pigment and the brown paint on the bottom end of 
the harp probably predate the stripping of the harp to 
bare wood. A small sample of pigment from inside the 
sound holes was analyzed with SEM-EDX and found 
to be primarily composed of carbon and oxygen, 
together with traces of other elements, suggesting it 
is an organic compound.29

 A final important detail on the soundbox is the 
string shoes. As mentioned earlier in this paper, the 
function of the metal string shoes is to reinforce 
the edges of the string holes to prevent the wire 
strings from cutting through the wood. �e string 
shoes on the Lamont harp appear to be made 
of a copper alloy and are in a variety of shades of 
yellow to reddish-yellow, suggesting that they are 
composed of differing proportions of copper with 
other elements. �e inner edges of most of the shoes 
have vertical grooves in them. Some shoes have two 
or three distinct grooves. Some string shoes show 
signs of repair at these locations, with grooves on 
top of the repair work. �e position of these grooves 
is consistent with them having been made by the 
strings, and the location of the grooves shifts for 
the shoes in the treble end of the harp in a manner 
consistent with the changing angle of the line of 
strings at that end of the instrument.30 In light of the 
observations of the toggle marks around the string 
holes on the interior surface of the sound box, it is 
interesting to note that there do not appear to be any 
grooves on the topmost string shoe, and there is only 

one light groove on the #2 string shoe; there may also 
be one light groove on the lowest string shoe. While 
it is plausible that the observed grooves were created 
by the strings, it should be noted that inside some 
string holes grooves are also evident in the wood 
and some of these do not align with the grooves in 
the shoes. Additionally, there are also some deeply 
grooved shoes with no corresponding grooves in the 
wood where the wire would have cut into the string 
hole. Perhaps the shoes were recycled from another 
harp, or have been moved (as some would have been 
when part of the string band was reinforced with 
strips of brass).31

FOREPILLAR
�e forepillar of the Lamont harp displays prominent 
and dramatic visible damage and repair work. �e 
forepillar is broken and has had the bottom portion 
replaced below the T-section (see Figure 1 in the 
colour section). �e replaced section is joined to the 
original part of the forepillar by a scarf joint secured 
by four rivets and a pair of iron straps, as discussed 
by Armstrong.32 �e forepillar is depicted with 
this break and repairs in engravings made for John 
Gunn’s 1807 treatise on the Lamont and Queen Mary 
harps.33 Visible damage to the wood at the scarf joint 
resulting from pivoting of the joint indicates that 
the harp was brought up to tension after this joint 
was made, suggesting that this is an old repair made 
during the working life of the instrument.34

 �e tomograms of the forepillar have made it 
possible to see inside the repair work and have 
revealed an additional metal post underneath the 
iron straps. �e post passes directly through the 
midpoint of the break in the forepillar, and has a 
washer at one end. �is could be an additional rivet, 
but it is also possible that it is a pin attached at one 
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end to the underside of one of the straps, as it is not 
clear from the tomograms if it is just touching the 
strap or if it is attached to it.35

 �e lower section of the forepillar ends in a tenon 
for the joint with the soundbox. �is tenon is held 
in the mortise in the foot by three wooden dowels. 
�e tomograms reveal that the back and middle 
dowels are broken and that the tenon has rotated 
forward out of its joint by 1cm at the back of the 
forepillar. �is is additional evidence that the harp 
was brought up to tension after the lower portion of 
the forepillar was replaced.
 At the top end of the forepillar, where it joins with 
the neck, hidden damage and repair to the forepillar 
tenon were discovered on the tomograms of the 
inside of the joint. On both the Queen Mary and 
Lamont harps, the tuning pin holes pass through 
the tenon in this joint. �ese holes are visible in 
the tomograms. On the Lamont harp, however, in 
addition to the expected line of tuning pin holes, the 
end of the tenon is scalloped by what appears to be 
the remains of a second line of holes, 1.7cm above 
the others (Figure 7). A possible explanation for 
this is that the original end of the tenon sheared off 
through the perforations created by these holes, and 
that the tenon was re-cut and reseated in the joint. 

�is will have resulted in this end of the forepillar 
being shortened by 1.7cm, and consequently, any 
estimates of original string lengths and scaling will 
need to take this into account. 
 �e damage to the tenon may have been caused by 
the lateral force applied to the joint by the twisting 
of the neck towards the left side of the harp as a 
result of the string tension. �ere are two large brass 
straps placed across this joint on the right-hand side 
of the forepillar. �ey are each affixed to the neck 
and forepillar with four large rivets, and prevent 
any further motion of the neck in this direction. 
Examination of the other side of the forepillar shows 
that the rivets have not been repositioned. If the 
tenon was re-cut and the forepillar shifted up by 
1.7cm, these straps must have been put on the harp 
after the repair was completed. �is is an interesting 
and potentially important point, as the Irish harp 
depicted by Praetorius in his Syntagma musicum 
and the Ballinderry harp fragments in the National 
Museum of Ireland are both equipped with similar 
straps in the same location.36

 Looking beyond the damage and repairs to exam-
ination of the wood grain in the forepillar of the 
Lamont harp, it is evident from the tomograms that 
the grain of the wood in the upper section follows 

35 Keith Sanger, personal communication (2010).
36 Praetorius (1619), plate XVIII. For a photograph and description of the Ballinderry fragments, see Armstrong 

(1904), pp. 63–64, and plate facing p.62

Figure 7. Two tomographic views of the forepillar tenon of the Lamont harp in the joint with the neck. �e left-hand image 
is the view looking down from above the end of the tenon. �e right-hand image is the view from the side. �ere appear to 
be the remnants of a second set of tuning pin holes on the end of the tenon. Scale 1 tick : 1cm. 
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the curvature of the forepillar. �is is not easily 
discernable upon visual inspection of the forepillar. 
�e wood grain of the lower section of the forepillar 
is straight. �is piece of wood also has fewer wood 
worm holes and a wider grain than the upper section.

NECK
As with other parts of the harp, the neck has 
extensive woodworm damage. �ere is also evidence 
of considerable structural damage and repair to the 
wood in the vicinity of the joint between the neck 
and the soundbox. �is is discussed in detail below. 
Looking first at the metal work on the neck, there 
is a decorative cap covering the end of the neck 
where it extends beyond the forepillar. XRF analysis 
has shown that this end cap is of a copper alloy, 
consisting of 80% copper, 15% zinc and 3% tin. �e 
cheekbands on each side of the neck are thick plates 
of an alloy of 88% copper and 11% tin, with trace 
amounts of other elements.37 Several of the tuning 
pins have grooves worn into their shafts where they 
have rubbed against the cheekband. �e tuning pins 
on the Lamont harp vary in colour and decoration. 
�ough all have the same general decorative design 
(with the exception of two later replacements), 
several distinct variants were observed. Four pins 
were analyzed with XRF and were found to be copper 
alloys with varying amounts of zinc (10 to 21%), tin 
(1.5 to 3%), and traces of lead and other elements.38

 A notable physical feature of the end cap is that 
its sleeve is too long to allow it to fit onto the end of 
the neck, due to the position of the forepillar near 
the neck end. One side of the cap sleeve has been 
cut and bent backwards to allow it to fit.39 �is has 
led to some speculation as to why the cap doesn’t fit 
properly and the condition of the end of the neck 
underneath it. A plausible explanation is that the end 
of the neck has been shortened, perhaps as a result 
of damage. �e placement of the last tuning pin hole 
beneath the cheek bands, out of line with the others, 
would seem to support this theory. It is just possible 
to see through the cap in the tomograms (Figure 7). 
Underneath it, the end of the neck is neatly finished 
with no sign of having been damaged, and the cap 
fits snugly onto the wood on the front and sides. �e 
ends of the cheekbands can also be seen under the 
cap. �ey terminate right at the end of the neck on 
each side. �ere is no partial hole for a 32nd tuning 

pin at the end, suggesting that they probably have 
not been shortened. 
 �e neck as a whole has suffered significant 
damage, which appears to be the result of the 
string tension. It has twisted along its long axis 
and has rotated in its joint with the soundbox. 
At the treble end, a large crack has opened up on 
the left side, where the wood has torn along the 
grain (Figure 1 in the colour section). As with the 
forepillar, the visible damage and repair is described 
in detail in Armstrong.40 Two thin metal straps 
are nailed across the crack. One of these has been 
analyzed and is an alloy of 67% copper and 31% zinc, 
a different composition from the other metalwork 
on the neck. �is strap runs under the neck to the 
right side where the crack extends through to that 
side. �ere is another brass patch and an iron strap 
on the underside of the neck. �e tomograms reveal 
the extensive internal damage and repair work to 
both the neck and the neck joint at the soundbox 
(Figure 6 in the colour section). �e crack in the neck 
is 16cm in length and extends through it at the end 
closest to the joint with the soundbox, and nearly 
through it along most of its length. In addition to the 
metal patches three large nails have been driven up 
into the neck from underneath. �ese are 6–7cm in 
length and each has a washer. One of the nails is bent 
as if it has encountered very hard wood. �e neck 
would have had to have been removed from the harp 
in order to drive in these nails. 

NECK JOINT AT THE SOUNDBOX
Continuing to the joint at the soundbox, there is 
visible evidence of distress and repair. �e neck has 
rotated in the joint; it has also pivoted forwards due 
to shortening of the forepillar, and has twisted due 
to the tension of the strings pulling down on its left 
side. �ese will have caused the tenon to rotate and 
pivot forwards and to the left in the mortise in the 
box. �e end of a block of wood is protruding from 
the left side of the joint, suggesting that an effort has 
been made to reinforce the tenon. �e tomograms 
reveal the full extent of the internal damage and 
repairs made to the joint (Figure 6 in the colour 
section and Figure 3). �e tenon has sheared off 
completely, and the joint has been re-secured with 
four wooden dowels reinforced by a 9cm long spike. 
�e spike and one of the dowels have each caused a 

37 Tate and Kirk (2010), p.5.
38 Tate and Kirk (2010), p.5.
39 See Armstrong (1904), p.163.
40 Armstrong (1904), p.164.
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crack to form in the neck. A thin piece of wood has 
been slotted into the neck at the back and nailed to 
the back of the tenon. A block of wood has also been 
nailed to the left side of the tenon to strengthen it 
and to reinforce it against the twisting of the neck 
downwards and towards the left. �is is the block 
whose end is visible from the outside of the joint. 
Looking at the cross-sections of this joint on the 
tomograms (Figure 3), the mortise appears to have 
been enlarged to make room for the block. �e neck 
has lifted 0.5cm out of the joint and tilted slightly 
towards the left. A shim has been inserted in the gap 
between the neck and the top of the soundbox. 
 �e neck joint was also visually examined from the 
interior of the soundbox when the box was opened. 
�e ends of the spike and dowels are visible from the 
inside of the box, as is the reinforcing block nailed 
to the side of the tenon. �ere are gaps between the 
tenon and the front and right sides of the mortise. 
�ese are packed with dried grass, many with their 
seed heads still attached (see Figure 4 in the colour 
section).41 �e grass is packed deeply into the joint 
and may have been put there to keep the neck from 
shifting while the harp was being brought back up to 
tension after the joint was repaired.42

THE QUEEN MARY HARP

SOUNDBOX
�e grain and pattern of the growth rings of the 
wood is visible in the tomograms of this harp. �ey 
show that this soundbox is constructed from a half 
sawn boxed timber, with its central growth rings 
oriented towards the back of the soundbox. �e front 
and sides of the soundbox are of varying thickness 
and will be discussed later in this paper. �e CT 
scanning has revealed extensive woodworm damage, 
particularly in the back cover and at the treble end of 
the box on the left-hand side.
 �e interior of the soundbox has not been opened 
due to the fragile state of the back cover, but evi-
dence of tool marks inside the soundbox is visible 
on surface renderings of the tomograms. �ese show 
what appear to be shallow linear grooves, consistent 
with the use of a gouge, on the inside surface of 

the front. �e grooves appear to be angled slightly 
towards the diagonal, from the lower left of the harp 
towards the upper right. 
 �e interior edges and corners of the soundbox are 
not significantly rounded over, with the exception of 
the inside of the front surface at the treble and bass 
ends, where the edge rolls over rather than coming 
to a sharp angle. �e sound holes are cut straight 
into the box. �ey are not angled or undercut. �e 
front of the soundbox is arched along both its long 
and short axes. �is arching, referred to here as the 
‘belly’, is centred approximately on the mid-point of 
the length of the box, but falls off more quickly in the 
treble than in the bass (Figure 8). Along the width 
of the soundbox, it is centred near the mid-point of 
the string band, but is higher to the left of the string 
band, giving the belly a slightly skewed profile. �e 
sides of the soundbox are pulled in, as can be seen 
in cross-sections of the box (Figure 9). �is has 
probably been caused by the front of the box being 
pulled upwards, and is taken as evidence that the 
belly is the result of the string tension bending the 
wood.43 It is not yet clear if there is visible evidence 
of this in the wood grain. At the treble end of the 
soundbox, the cavity constricts at the transition to 
the mortise for the neck joint, which is open to the 
interior of the box. �e mortise comes up at an angle 
to the front of the box, and is offset towards the right-
hand side of the harp. Where the neck seats against 
the soundbox the outside surface of the box is angled 
to be perpendicular to the mortise. �e neck tenon, 
in turn, is cut perpendicular to the side of the neck 
seated against the top of the soundbox (Figure 8). 
�ere is visible damage and repair work to this joint, 
which is discussed in more detail in the section on 
the neck joint at the soundbox. 
 On the surface of the soundbox, the geometrical 
decorative lines appear to have been either cut 
or burned in. In their current state, they have an 
‘embossed’ appearance, as if they were pressed into 
the wood, but it is not clear how this effect was 
accomplished.44 �e lines are filled with a dark waxy 
substance (as yet not analyzed); the same or similar 
substance is found in cracks and crevices on all parts 
of the harp. It is clearly visible in the tomograms 
as a dense material, and may therefore contain a 

41 Hobrough,‘Notes on the ‘Queen Mary’ and ‘Lamont’ Harps’.
42 Guy Flockhart, personal communication (December 2010).
43 Simon Chadwick, personal communication.
44 �e first author gratefully acknowledges Simon Chadwick for discussions relating to the decorative lines on the 

Queen Mary harp and possible methods for their construction, and for pointing out that their visual appearance may 
not be consistent with the use of pyrography. Personal communication (6 September 2011).
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soundbox, along the string band next to string hole 
#13.46 �e tomograms also show what appears to be 
a second, smaller, fragment embedded in the end of 
the wooden knob inserted in string hole #15. If the 
back cover of the harp can be safely removed, the 
fragments will be inspected and possibly removed 

45 �e scored lines are described in Armstrong (1904), p.173.
46 Discovered by Simon Chadwick during examination of tomograms of the Queen Mary harp (December 2010).

Figure 8. Sagittal tomogram of the Queen Mary harp. �e soundbox cavity, joints, and wood grain are all visible in this 
cross-section. In order to show all three joints, the cross-section is angled slightly to the long axis of the soundbox. Scale 
1 tick : 1cm.

Figure 9. Axial tomogram of the Queen Mary harp. �is 
cross-section across the soundbox shows the straight-sided 
profile of the sound holes, the arch of the belly, and the 
pulled-in sides of the soundbox. Scale 1 tick : 1cm.

metal (see the tomogram on the left in Figure 15 
in the colour section). Layout lines scored onto the 
soundbox for the pattern of decorative work were 
observed and photographed.45 �e centre of each 
circle in the design contains a dot, which shows on 
the CT scans as a prick mark, consistent with the 
point of a compass having been positioned there. 
�e surface of the soundbox also has numerous 
nail marks, which are visible to the eye under close 
examination but are more easily seen on the CT scans 
due to traces of metal corrosion or small fragments 
of metal left behind in the nail holes. �ere are two 
loose clusters of nail marks symmetrically located 
on either side of the string band 4cm above the lower 
sound holes (Figure 15 in the colour section). Above 
these there are two small holes through the wood, 
also symmetrically located either side of the string 
band, 7cm above the lower sound holes. Around each 
of these holes is a partial circular impression, 2cm 
in radius, which may have been left by decorative 
medallions.
 �e tomograms of the Queen Mary harp show 
what appears to be a fragment of wire 0.6cm in 
length embedded in the interior of the front of the 
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for analysis. It is not known if these fragments are 
historical, or if they date to the restringing of the 
harp with brass wire in 1806.47

 �e back cover to the soundbox has the most 
extensive wood damage of any part of the Queen 
Mary harp. Some of this has been cosmetically 
repaired with what appears to be modern filler. �e 
wood is darker in colour than the soundbox and has 
traces of decorative work that matches that on the 
box in both design and execution.48 �is suggests 
that the back cover of this harp may be original. �e 
wood has been flat sawn, as evident from the grain 
that is visible in the tomograms. Several nails have 
been driven into the wood around the edge of the 
cover, in order to affix it to the back of the soundbox. 
Some of the nails appear to have been either cut or 
broken. 

FOREPILLAR
�e forepillar is carved from a timber that includes 
the centre of the wood, and the pith is visible in 
the tomograms (Figure 10). �e curvature of the 
forepillar closely follows the grain of the wood, 
which is itself curved, so it is likely that this member 
was fashioned from a curved limb. A crack 19cm in 
length on the left side of the T-section opens up from 
the pith at the centre of the wood and follows the 
grain. �is is undoubtedly an instance of ‘checking’ 
as a consequence of including the centre of the wood 
in the finished piece. A 10cm cut-out section on the 
left side underneath the T-section has a crack at the 
back which is not related to the larger crack in the 
T-section. Traces of what appears to be glue can be 
seen in the tomograms of this smaller crack.
 �e decorative carving on the forepillar contains 
traces of a red pigment (see Figure 11 in the colour 
section). XRF analysis has shown that the pigment 
contains significant amounts of mercury, indicating 
that it is almost certainly vermilion.49 A red pigment 
is also embedded in nail holes in the centres of the 
carved decorative eyes on the T-section, suggesting 
that they were originally painted red and that 
something was nailed into the centres after they were 
painted. �e pigment in the eyes was analyzed with 
XRF and also found to contain a significant amount 

of mercury. Vermilion pigment has so far only 
been detected on the forepillar, but the dark waxy 
substance found in the decorative work and surface 
crevices on the soundbox also appears in cracks and 
crevices on the forepillar. 
 �e front of the T-section has four very worn 
decorative bosses and two posts (which may 
have originally held two additional bosses). Close 
examination has revealed that the bosses were 
originally hemispherical caps. XRF analysis was 
conducted and has shown that they are composed of 
a silver copper alloy with traces of lead, zinc, tin, and 
gold. �ey are attached to brass posts with a solder 
containing lead and tin.50

 Areas of the decorative work on the sides and inside 
curve of the forepillar are highlighted by contrasting 
shades of wood, which is due to pigmenting of the 
wood, rather than inlay. Two contrasting areas on 
the inside curve of the forepillar were examined with 

47 �is was done by Muir Wood and Co. at the request of the Highland Society for a performance by the Swiss pedal 
harpist, Joseph Elouis. Elouis replaced the brass wire with gut, fragments of which are still on the harp. Sanger (1992), 
p.203; and Sanger, personal communication (6 June 2011).

48 Armstrong (1904), p.179.
49 Tate and Kirk (2010), p.2.
50 Tate and Kirk (2010), p.2.

Figure 10. Tomographic slice across the forepillar of the 
Queen Mary harp. �e growth rings of the wood are visible, 
and the pith can be seen to the right of centre in the forepillar. 
Some checking is also apparent. Scale 1 tick : 1cm.
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XRF and compared.51 �e surface of the darker area 
had slightly elevated levels of iron, but more data 
would need to be taken to confirm whether this is 
due to a pigment containing iron. �e Queen Mary 
harp has four decorative roundels on its forepillar, 
two on each side at the top and bottom ends. �e 
tomograms revealed a central pin-prick extending 
2–3mm into the wood in each roundel, suggesting 
the use of a compass to construct the design. �ese 
construction marks are not readily visible to the 
naked eye, but stand out in the tomograms. �ey 
appear to be filled with the same dense dark waxy 
substance found in other crevices of the harp. 
 Above the T-section, numerous nails are embedded 
in the wood on the front and sides of the forepillar 
and are prominently visible on the tomograms 
(Figure 12). �e nails on the front face extend 
1–1.5cm into the wood. �ese and similar nails 
embedded in the end of the neck are consistent with 
Gunn’s report of the top of the forepillar and/or front 
end of the neck having at one time been decorated 
with gold medallions of the queen’s portrait and the 
arms of Scotland.52 �e end of one of these nails was 

analyzed with XRF and found to be a copper alloy 
with a relatively high zinc content.53  
 Looking at the workmanship of the joints, neither 
of the tenons at the ends of the forepillar fits its 
mortise particularly well (Figure 8). �e tenon at the 
bottom of the forepillar has rotated slightly out of its 
joint, but even if it were not rotated, there would still 
be a gap between the tenon shoulder and the foot of 
the soundbox because the tenon is angled such that 
it cannot seat completely in the joint. �e tenon at 
the top of the forepillar is also angled in its joint with 
the neck. �e holes for the tuning pins pass through 
this tenon, and it is apparent from the line of holes 
visible in the tomograms that the tenon has not 
moved or rotated significantly since the forepillar 
was installed on the harp and the holes were bored 
through the tenon. 

NECK
�e neck is carved from a single piece of wood, with 
the grain running lengthwise along the long axis; 
the grain does not appear to be curved as it is in the 
forepillar. Numerous nails and nail fragments are 

51 Tate and Kirk, unpublished data.
52 Gunn (1807), p.14.
53 Tate and Kirk, unpublished data.

Figure 12. Tomographic three-dimensional projection of the end of the neck of the Queen Mary harp, where it joins with 
the forepillar. �is three-quarter view shows the break in the cheekband and the long nails in the forepillar and neck end. 
�ese reportedly once held gold medallions with a portrait of Mary Queen of Scots and the arms of Scotland. 
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embedded in the wood along the sides and at the 
end of the neck at the forepillar as may be seen in 
Figure 12. �e nails at the end of the neck extend 
1–1.5cm into the wood. Internal cracks extend from 
two of the nail ends and follow the grain of the wood. 
�ese may have been caused by the nails, but similar 
cracks near the end of the neck where it joins with 
the forepillar are not associated with any nails. One 
moderately sized crack runs diagonally through the 
25th tuning pin hole. On the right side of the neck, 
a metal patch is nailed over the cheek band at the 
24th tuning pin hole. Armstrong noted this in his 
description of the Queen Mary harp and suspected 
that the patch was covering a break in the cheekband, 
based on the visible jog in the otherwise smooth 
curvature of the band.54 Indeed, the tomograms 
reveal a clear break in the cheekband underneath 
the patch (Figure 12). Armstrong also suggested that 
the cracks in this end of the neck might have been 
the result of the forepillar pushing up on the end 
of the neck, which is being pressed against it by the 
tension of the strings.55 �e internal cracks visible in 
the tomograms tend to support this theory. Farther 
up the neck, towards the treble end of the harp, there 
are additional internal cracks. In the middle section 
of the neck, where the angle of the line of tuning pin 
holes is closely aligned with the direction of wood 
grain, a crack runs from the 8th or 9th hole to the 
16th hole (Figure 8). It extends almost completely 
through the wood in places. �e presence of the 
metal cheek bands may have prevented this section 
of the neck from sheering off under the tension of the 
strings. �e cheek bands themselves are thin plates 
found upon analysis with XRF to be of a copper zinc 
alloy, with a high copper content.56 One of the tuning 
pins has also been analyzed and found to be of nearly 
the same composition. 
 �e tomograms reveal that some of the tuning 
pin holes contain thin irregular sheets of a dense, 
possibly metallic material (Figure 8). In some 
instances the material looks like it is lining the 
inside surface of the hole, in others it appears to be 
crumpled. In her examination of the Trinity College 
harp, Rimmer reported that several tuning pin holes 
were ‘lined with thin metal to get a better fit’ for 
the tuning pins,57 so it is possible that this is what is 

visible in the tomograms of the tuning pin holes of 
the Queen Mary harp. 

NECK JOINT AT THE SOUNDBOX
A sturdy iron strap has been nailed across the neck 
joint at the soundbox and a small wooden wedge 
inserted at the back. Six heavy iron nails are driven 
through the strap: three into the neck and three 
into the back of the soundbox. �e strap is clearly 
a repair (or remediation), as it covers up some of the 
decorative work on the neck. �e CT scanning has 
revealed the full extent of the damage and repairs 
(see Figure 13 in the colour section). �e tenon has 
a crack that opens up from the back right-hand 
corner and follows the grain of the wood. �e neck 
has lifted about 3mm out of its joint and has tilted 
slightly forwards and towards the left side of the 
harp. A metal rod extends through the neck and into 
the joint. �e three nails driven through the iron 
strap into the neck extend deep into the wood. �e 
nails driven into the soundbox are bent, following 
the grain of the wood. �e small wooden wedge fills 
the gap that has opened up at the back of the joint. 
 �e iron strap is preventing the neck from 
rotating forwards out of the joint. �is, in turn, is 
preventing the tenon from shearing off, or pushing 
through the back of the soundbox.58 �e metal rod is 
wedged between the mortise and tenon, and extends 
up through the back of the neck to just under the 
iron strap. �is object, which was discovered upon 
examination of the tomograms, is not one of the 
nails driven through the strap, and is completely 
hidden underneath it. It could be a pin attached to 
the underside of the iron strap, or it might be an 
earlier attempt to stop the tenon from shearing off 
the neck. 

THE SOUNDBOARD THICKNESSES OF THE 
QUEEN MARY AND LAMONT HARPS
In addition to having an unprecedented view of the 
interiors of the harps from the CT scans, it is now 
possible to take measurements of all of their parts, 
particularly interior measurements, which were 
previously unobtainable. One of the most important 
acoustical elements of these instruments is the 
soundboard, formed by the front of the hollowed out 

54 Armstrong (1904), p.178.
55 Armstrong (1904), p.178.
56 Tate and Kirk (2010), p. 2.
57 Rimmer (1961), p.2.
58 Guy Flockhart, personal communication (December 2010).
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soundbox. Until now we have only had Armstrong’s 
soundboard thickness measurements taken at the 
sound holes: ⅜-inch (10mm) at both the upper and 
lower sound holes for the Lamont harp; ¼-inch 
(6mm) and ⁵⁄₁₆inch (8mm) at the upper and lower 
sound holes, respectively, for the Queen Mary harp.59 
A data sheet in the National Museums Scotland 
archives lists these measurements, with the addition 
of ‘¹¹⁄₃₂–⅜ inch’ (9–10mm) for the thickness of the 
Lamont soundboard.60 With the data from the CT 
scans, we can now measure and map the thickness 
of the entire soundboard of both harps, providing 
us for the first time with a complete picture of this 
vitally important aspect of their construction.
 To obtain these measurements, axial slices from 
the CT scans were taken across each soundbox and 
cross sections were then taken at individual points 
through the soundboards. �e thickness at each 
point was determined from the FWHM of the cross-
sectional profile across the soundboard, normal to 
the surface, and the location of each measurement 
was taken from the inside face of the soundboard.61 
�e resolution of these measurements is 0.5mm. For 
the Queen Mary harp, measurements were taken in a 
2cm x 2cm grid with additional measurements along 
the edges of the soundbox and in areas of sudden 
change in thickness (for example at the edge of the 
string band). For the Lamont harp (which has a 
larger soundboard) a 3cm x 3cm grid was used, with 
similar additional measurements. One limitation of 
CT scanning is image artefacts in the form of streaks 
that can appear in the tomograms in the vicinity of 
metal objects. Due to image artefacts from the metal 
string shoes, it was only possible to take a limited 
number of measurements on the string bands. �e 
mapping of the soundboard thickness in this area 
is therefore much less reliable. For the Lamont harp 
there was also the issue of the piece of vellum glued 
to the right hand edge of the interior of the soundbox, 
which added to the thickness of the soundboard.62 
�e vellum and layer of glue measure approximately 

0.5mm thick and measurements taken through the 
vellum have been adjusted by this amount.
 �e resulting contour maps generated for each 
harp are presented, along with a tomogram of the 
soundboard for comparison. �ese are shown in 
Figures 14 and 15 in the colour section.63 On the 
contour maps, each line represents a change in 
thickness of 0.5mm. Areas of equal thickness have 
been mapped using the same colours for both harps. 
�inner areas are represented by the blue end of the 
spectrum and thicker areas are represented by the 
red end.64 �e coordinate system is that of the CT 
scanner, with the exception that the scanner’s z-axis 
is referred to here as the y-axis.65 For reference, the 
positions of the string holes and sound holes were 
measured and added manually.  
 Looking at the contour map of the Queen 
Mary harp soundboard, some notable features are 
apparent. �e soundboard is thinner in the treble, 
decreasing in thickness from 8mm just below the top 
sound holes to 6mm along the sides of the soundbox 
above the sound holes. In the mid-section of the 
harp there is a large area of the right-hand side of 
the soundboard that is thinner than the left-hand 
side. Here, the thickness of the soundboard is about 
7.5mm compared to 9mm in areas of the middle of 
the left-hand side. At the bass end of the soundbox, 
the soundboard thickness rapidly increases from 
about 8.5mm just below the lower sound holes to 
10.5mm close to the bottom edge, where it rolls over 
into a rounded corner.
 �e contour map of the soundboard of the Lamont 
harp also has some interesting features. As with the 
Queen Mary harp, the soundboard is thinner in the 
treble, decreasing in thickness from approximately 
10mm at the upper sound holes to around 8.5mm on 
the right-hand side and 8mm on the left-hand side. 
�is area of the soundboard appears to be thinner 
overall on the left-hand side, possibly as a result of the 
mortise being enlarged on that side for the repairs to 
the neck tenon. �e midsection of the soundboard is 

59 Armstrong (1904), p.161, and pp.168–69.
60 Data sheet, ‘Harp Measurements’ (H. LT2 archive, National Museums of Scotland, undated).
61 �e measurements were obtained from the tomograms with the OsiriX v. 3.9 software package.
62 �e vellum extends from the upper sound hole to just below the lower soundhole. It is affixed at an angle to the 

edge of the box and covers 2cm to 5cm of the front surface from the right-hand edge of the soundbox, starting from 
the upper sound hole.

63 �e contour maps were generated using the Aabel v. 3.0.5 graphing programme.
64 It was necessary to wrap the colour mapping to allow for a few very thick areas, such as the ends of the string 

bands, and the bottom edge of the soundbox of the Queen Mary harp.
65 For the Queen Mary harp, the signs of the x and y coordinates have been reversed for the purpose of plotting the 

contour map with the top of the harp facing up.
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thinner on the right-hand side than the left, however, 
similar to the soundboard of the Queen Mary harp. 
In addition to being about 1mm thicker overall on the 
left side, the thickness of the soundboard increases 
from 11mm to 13.5mm towards the left-hand edge 
of the box. At the bass end of the soundbox, where 
the soundboard of the Queen Mary harp thickens, 
there are two areas, symmetrically located on either 
side of the string band, where the thickness of the 
soundboard decreases by about 1mm.
 �ese contours may have resulted from a 
combination of the practicalities of working the 
wood, the need for mechanical stability of the box, 
and some intentional tuning of the soundboards. 
Although we don’t know the original intentions 
of the builders of these two harps, we can now at 
least see the results of their handiwork, and while 
it is beyond the scope of this paper to analyze and 
discuss the full acoustical effects of the soundboard 
profiles, there is at least one obvious feature. �e 
thinned treble, in particular, reduces the stiffness 
of the soundboard at that end of the soundbox, 
enabling it to vibrate more easily. �is is a standard 
feature of the soundboards of modern harps, and 
it is plausible that the soundboards of these harps 
were intentionally thinned in the treble for this 
reason.66 �e reason for the left-right asymmetry in 
the mid-ranges of both soundboards is less obvious. 
�is asymmetry may or may not have been built 
in intentionally, but the acoustical and mechanical 
effects should be examined as they could prove to 
be very interesting. In very general terms, with its 
thick and presumably stiff bass and thin treble, 
the soundboard of the Queen Mary harp probably 
favours the treble end of the instrument’s range. In 
contrast, the Lamont harp has a relatively thinner, 
and therefore more flexible, soundboard in the bass. 
�is, along with the proportionately wider bass end 
to the soundbox, may produce a relatively louder 
bass. While both harps are too fragile to be strung 
and played, the soundboard mapping helps us to 
understand how they may have sounded and may 
make it possible to build replicas that behave more 
closely like the original instruments. 

CONCLUSION
As is evident from the findings presented in this 
paper, there is now a vast body of new information 
concerning the construction and current state of 
the Lamont and Queen Mary harps. For the first 

time it is possible to view the interiors of the joints 
of the instruments and to take measurements. We 
can look at how the members are fitted together, and 
see any internal damage and hidden repairs. It is also 
possible to identify some of the choices made by the 
maker in terms of the orientation of the wood grain, 
and we can see the extent of woodworm damage. �e 
photographic survey has given us an updated and 
much deeper knowledge of the exterior construction 
and decorative work and has pointed us towards 
potential areas for further research. Finally, the 
laboratory analysis has provided us with some of the 
first information on the materials used to construct, 
decorate, and repair these two instruments. 
 For the Lamont harp the CT scans reveal an 
instrument strained to the point of failure in all 
parts of its frame and repaired to continue its useful 
life. Previously unknown damage and repair work 
was discovered in each of its members. We now 
also have a photographic record of the interior of 
the soundbox, which alone holds enough physical 
clues to the setup and use of this instrument to keep 
researchers occupied for some time.
 For the Queen Mary harp the laboratory analysis 
with XRF reveals that it has a forepillar that was 
richly decorated in vermilion paint and silver 
metalwork. �e CT scans show previously unknown 
characteristics of the interior construction that will 
make it possible to build new harps that can more 
closely reproduce its sound. �ey also show that 
hidden underneath its fairly well preserved exterior, 
this harp also has evidence of internal damage.  
 Based on what has been learned from the current 
work, there are plans to re-examine both harps and 
to conduct additional laboratory tests to ultimately 
create a complete corpus of information on their 
materials and construction. �e analysis and 
interpretation of the existing data is just beginning. 
�ere is a lot of information, and it holds many clues 
to the construction of these instruments and the 
history of their working life. It also raises just as 
many very interesting new questions, which will be 
considered and explored as this research continues. 
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KAREN LOOMIS et al
The Lamont and Queen Mary Harps

Figure 1. �e Queen Mary harp (top) and Lamont harp (bottom), two of the earliest surviving Gaelic harps. �e bottom 
photo shows damage and repair to the forepillar of the Lamont harp. Both harps are shown at the same scale. (National 
Museums of Scotland, Edinburgh) Top photo: K. Loomis; bottom photo: M. Goodwin.  © Trustees NMS.
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Figure 5. String toggle indentations, wire impressions, and verdigris stains around the string holes on the inside of the 
soundbox of the Lamont harp (photo by Karen Loomis, courtesy National Museums Scotland).

Figure 4. Interior of the soundbox of the Lamont harp showing toolmarks and repairs to the neck (photo by Karen Loomis, 
courtesy National Museums Scotland).
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Figure 6. Tomographic volume rendering of the Lamont harp, showing metal repair work on the inside of the harp.
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Figure 11. Photographic (top) and tomographic (bottom) 
views of a section of the forepillar of the Queen Mary harp 
revealing traces of vermilion (photo by Karen Loomis, 
courtesy National Museums Scotland).

Figure 13. Tomographic volume rendering of the neck joint 
at the soundbox of the Queen Mary harp. �e nails holding 
an iron strap in place can be seen, as well as a crack in the 
tenon. A metal rod, not driven through the strap, is visible 
at the back of the joint, wedged in between the mortise and 
tenon.

Figure 15. (Facing page, bottom) 
Contour map of the soundboard of 
the Queen Mary harp. �ickness 
increases towards the red end of the 
colour spectrum (with the exception 
of the thickest contours in the extreme 
bass of the soundbox, which had 
to wrap back around to the blues). 
Each contour represents a change 
in thickness of 0.5mm. �e colours 
used in this map represent the same 
thicknesses in the contour map of the 
soundboard of the Lamont harp. A 
tomogram of the soundboard is also 
included in the figure for comparison 
with the appearance of the wood.  
(Tomogram © Trustees NMS).

Figure 14. (Facing page, top) Contour 
map of the soundboard of the Lamont 
harp. �ickness increases towards 
the red end of the colour spectrum 
(with the exception of the thickest 
contours on the string band, which 
had to wrap back around to the blues). 
Each contour represents a change 
in thickness of 0.5mm. �e colours 
used in this map represent the same 
thicknesses in the contour map of the 
soundboard of the Queen Mary harp. 
A tomogram of the soundboard is 
included in the figure for comparison 
with the appearance of the wood. 
(Tomogram © Trustees NMS).
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