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Abstract

:

The Bologna Archaeological Museum, in cooperation with prestigious Italian universities, institutions, and independent scholars, recently began a vast investigation programme on a group of Egyptian coffins of Theban provenance dating to the first millennium BC, primarily the 25th–26th Dynasty (c. 746–525 BC). Herein, we present the results of the multidisciplinary investigation carried out on one of these coffins before its restoration intervention: the anthropoid wooden coffin of Un-Montu (Inv. MCABo EG1960). The integration of radiocarbon dating, wood species identification, and CT imaging enabled a deep understanding of the coffin’s wooden structure. In particular, we discuss the results of the tomographic investigation performed in situ. The use of a transportable X-ray facility largely reduced the risks associated with the transfer of the large object (1.80 cm tall) out of the museum without compromising image quality. Thanks to the 3D tomographic imaging, the coffin revealed the secrets of its construction technique, from the rational use of wood to the employment of canvas (incamottatura), from the use of dowels to the assembly procedure.
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1. Introduction


Scientific analyses of works of art are widely used in the diagnostic phase prior to the restoration intervention, giving fundamental information about the materials and construction techniques and providing guidance for the best possible conservation methodology. In addition to this, such analyses help to eventually disclose the fingerprints and the approaches of the artist or craftsman responsible for their creation. In recent years, impressive developments in techniques for analyses of cultural heritage assets (with regard to both the range of techniques applied and the instruments used) have made many methods available on site and enabled a non-invasive approach.



This is the case in multispectral imaging techniques that give a broad picture of the artefact [1], revealing underdrawings [2]; restored surfaces; and, in some cases, the nature of the pigments [3,4]. The combination of these techniques with other investigations, such as XRF [5,6] and SEM-EDS for the elemental analysis of pigments [7], and FT-IR and Raman spectroscopy for the study of organic components [8,9], make it possible to identify constituent materials without the need for sampling [10,11]. Moreover, emerging techniques such as THz imaging [12,13,14] allow for non-invasive investigation of the external stratigraphy of the objects.



For some extremely sensitive, peculiar, or in-depth analyses, the use of large facilities like synchrotrons [15,16] or neutron spallation sources [17,18,19] is still required. Nevertheless, nowadays, most investigations are available in situ, inside museums or restoration labs, avoiding any risky transport of valuable and/or bulky artefacts and works of art.



Among the latter techniques, it is worth mentioning X-ray computed tomography (X-ray CT) [20,21], which allows for non-invasive investigation of the entire structure of objects, thus enabling the identification of the different constituent materials and the study of the construction technique [22,23]. X-ray CT is a versatile technique that can be applied to a wide range of cultural heritage artefacts of different sizes and compositions [24].



In this paper, we present the results of an investigation carried out on a particularly interesting case study: the anthropoid wooden coffin of Un-Montu, belonging to the Egyptian collection of the Bologna Archaeological Museum (Inv. MCABo EG1960). The integration of radiocarbon dating, wood species identification, and CT imaging enabled the construction technique to be unveiled, from the use of canvas for the so-called incamottatura below the painting layers to the selection and assembly of the wooden planks used to create the anthropomorphic shape of the coffin.



The coffin was restored by the Bologna Archaeological Museum in 2018, as part of the Intesa Sanpaolo Restituzioni project [25]. The conservation project was preceded by archival research and a multidisciplinary study of the coffin aimed at reconstructing the stages of its deterioration. That deterioration derived from both the collecting vicissitudes that brought it from Egypt to Bologna and from techniques and materials adopted in the past for conservation purposes. In particular, the conservation and aesthetic interventions visible on the artefact were partly attributable to a restoration performed in the 1960s and partly attributable to previous undocumented treatments.



The information obtained was fundamental to determine the type of interventions with which an object transferred to the museum’s warehouses in the 1990s was returned to the public in 2018. This project also represented the ideal opportunity to codify the most appropriate methodological approaches to the study of the wooden structure and assembly techniques of another four anthropoid coffins from the Theban area, dating to the 25th–26th Dynasty (c. 746–525 BC). These represent one of the most prestigious classes of materials in the Bologna collection.



1.1. The Anthropoid Coffin of Un-Montu, from Egypt to Bologna


The anthropoid wooden coffin of Un-Montu, an Egyptian dignitary whose name reveals devotion to the Theban god Montu, arrived in Bologna in 1861 via testamentary bequest of the Bolognese painter Pelagio Palagi (1775–1860), who died in Turin in 1860. Palagi collected 3109 Egyptian antiquities over a period of twenty years, from about 1825 to 1845, thus becoming the only private individual of the time able to compete with statesmen, governments, and sovereigns involved in the creation of the great European museums. From whom and when Palagi acquired this artefact is unknown. As far as we were able to discern, the Un-Montu coffin was mentioned for the first time in the inventory of the Palagi museum in Milan [26,27], which was drawn up in 1860 after the painter’s death before his Egyptian collection was moved to Bologna. The inventory describes it as a painted and varnished coffin, which is useful information for reconstructing its conservation history.



The Un-Montu coffin is 183 cm long, 54 cm wide, and 53 cm deep (Figure 1). The anthropoid figure with its dorsal pillar and pedestal gives the coffin a sculptural shape, with the appearance of a mummy wrapped in a linen shroud and raised to a vertical position. This bivalve anthropoid form characterizes the Theban inner coffins of the 25th–26th Dynasty (c. 746–525 BC).



The head is covered by a tripartite wig: a very large rear band and two longer, narrower, and rounded lappets at the front sides with alternating yellow and blue parallel stripes. The face and its protruding ears are coloured in brown, the lips are coloured in red-brown, and the short beard on the chin is coloured in dark blue.



On the basis of stylistic comparisons, the frontal body-field of this inner coffin corresponds to ‘Design 3’ of John Taylor’s classification of the 25th–26th Dynasty inner Theban coffins [28]. An enveloping and polychrome usekh collar, consisting of geometric and floral elements, covers the upper part of the chest; immediately below, the goddess Nut sits on a nbw sign.



On the upper abdomen, the lid is painted with a horizontal register, representing the weighing of the heart and the presentation of the deceased to a series of deities and, on the legs, with a central panel consisting of seven columns of inscriptions running to the feet, which is flanked by a symmetrical sequence of deities inside shrines and texts on a white background. On the top of the panel, there is a mummy on a bier. On the feet, the central panel is flanked by two udjat eyes.



At the foot board and at the head end of the lid, two different moments of the solar cycle are represented, in order to associate the deceased with the eternal daily rebirth of the celestial star (Figure 2).



A dark-amber varnish covers a great part of the outer side of the lid. The outer side of the box features vertical columns of inscriptions on the pillar and horizontal lines of texts on its sides, which are painted in black on white and yellow backgrounds; this decorative layout corresponds to ‘Design 2’ of Taylor’s classification of the 25th–26th Dynasty inner Theban coffins [28]. The inner sides of the lid and box are painted in white. Because the wings of Nut are subdivided into four sections and there is a repeating frieze of ankh-neb-was symbols on the front of the pedestal, the coffin is presumed to date to the early 26th Dynasty (664–525 BC).




1.2. Coffin X-ray Tomography


X-ray computed tomography is a non-invasive and non-destructive 3D imaging technique capable of revealing crucial information about the manufacturing and assembly techniques of complex objects, such as the Un-Montu coffin. The CT technique investigates the entire volume of an artefact, providing scholars and restorers with knowledge of inner hidden details such as joints and dowels [20,21,29], the presence of different materials [10,30], the construction technique [22,31,32], or the casting process [33,34], and helps to elucidate possible restoration treatments and preservation conditions [10,35,36].



Numerous scientific papers have focused on the CT analysis of Egyptian mummies by means of medical scanners [37,38,39,40,41,42], but CT has been applied to coffins or other wooden artefacts realized by ancient Egyptian craftsmen in a few studies.



For example, a new generation multi-slice CT was used by Amenta [43] and Longo et al. [44] to investigate an Egyptian wooden mummy board from the Vatican collection (Inv. MV25022). Their research was carried out in the framework of The Vatican Coffin Project [45], a large international and interdisciplinary study launched by the Vatican Museums, which is focused on Third Intermediate Period Egyptian coffins. The use of two distinct techniques of image post-processing, multi-planar reconstruction (MPR) and the volume rendering technique (VRT), allowed researchers to evaluate the state of conservation of the mummy board, to determine how the wooden object was manufactured, to reveal evidence of a nineteenth-century intervention of consolidation, and to hypothesize that the wooden planks were reused.



Re et al. [46] highlighted the importance of tomography in the study of wooden artefacts, making a comparison with radiography in the case of Taiefmutmut’s coffin lid. Even though the artefact was quite simple in geometry and constituent materials, the results obtained with the two techniques were noticeably different. In particular, tomography provided more information, not only on the state of conservation, but also on manufacturing techniques and previous restorations. However, it should be noted that the tomography of an entire coffin generally requires much longer acquisition times (potentially many hours) than radiography [1].



Among the scientific projects concerning the study of ancient Egyptian artefacts, it is also worth mentioning The Egyptian Coffin Project of the Fitzwilliam Museum in Cambridge [47]. In 2014, the Museum began a broad, interdisciplinary research effort into its collection of Egyptian coffins and coffin fragments, involving the application of advanced analytical and imaging techniques, including radiography and computed tomography. Their research provided remarkable insights into the coffins’ construction and decorative programme, and all the results are freely available to the general public [47]. Most often, in the past, only X-ray radiography was employed as part of a multi-technique approach [48,49,50,51,52].



Despite the invaluable capabilities of the tomographic technique, a wider use of CT in the field of cultural heritage is limited by two main obstacles: first, most of the existing CT scanners are optimized for the human body, and second, the key requirement for the safety of cultural heritage objects, i.e., the in situ availability of the analyses, is difficult—if not impossible—to meet. Alternate approaches, such as flexible CT facilities [53], equipment for industrial CT [54], and custom facilities [55] installed in specialized labs inside museums or restoration centres [56], may be feasible. These solutions eliminate the risks associated with artefact transportation and make X-ray tomography available as a routine analysis. However, only major institutions have these advanced labs.



To overcome these limitations, the X-ray Tomography Group of the Department of Physics and Astronomy of Bologna University designed and developed several transportable CT systems devoted to cultural heritage analysis [22,57,58,59]. These systems are characterized by high flexibility and versatility and allow the tomographic investigation of a wide range of objects with varied shapes and sizes, as well as an optimized acquisition on a case-by-case basis.





2. Materials and Methods


2.1. Wood Species Identification


The collecting of samples from Un-Montu’s coffin followed the guidelines described in the Italian technical standard UNI 11118:2004 (Cultural heritage–Wooden artefacts–Criteria for the identification of wood species).



After the preliminary macroscopic observations, 18 samples were drawn from different portions of the wooden structure of the coffin, from both the box and lid. The samples were boiled in water in order to facilitate cutting them into thin sections according to the three main anatomical directions of wood (cross, longitudinal radial, and longitudinal tangential). The sections, obtained with manual cutting, were mounted with a few drops of glycerol on microscope slides and covered with coverslips. Observations were made with an optical microscope (Leica DM LB2). Identifications were obtained through observation of the anatomical features.




2.2. 14C Dating


A wood sample, obtained from a mortise in the left side of the coffin box, was submitted to be radiocarbon dated at the Centre of Applied Physics, Dating, and Diagnostics (CEDAD) of the University of Salento, Lecce, Italy. The sample (Laboratory code LTL17852A) was preliminarily analysed at the optical microscope to highlight possible sources of contamination and then processed in order to prepare it for AMS (accelerator mass spectrometry) analysis.



The sample underwent the standard acid–alkali–acid protocol used at CEDAD for wood samples, aimed at removing possible contaminations. It was then dried at 60 °C overnight. The purified, dried material was then vacuum-sealed in quartz tubes together with copper oxide and silver wool and combusted with CO2 at 900 °C for 4 h [60]. The obtained carbon dioxide was cryogenically purified and reduced at 600 °C to graphite using hydrogen as a reducing agent and iron powder as a catalyst. The obtained ~2 mg graphite/iron mixture was then pressed in aluminium target holders to be used as cathodes in the sputtering ion source of the AMS system, based on a 3 MV Tandetron Type accelerator (Mod. HVEE 4130HC) [61]. The 14C/12C isotopic ratio was then measured with the system, from which, after corrections for isotopic fractionation and background, the conventional radiocarbon age was calculated [62]. The conventional radiocarbon age was then calibrated to calendar age using the last internationally accepted INTCAL20 calibration curve, valid for atmospheric data, and the software OxCal Ver 4.4 [63].




2.3. CT Scanning


The tomography system used for Un-Montu’s coffin investigation at the Bologna Archaeological Museum was designed for medium/high-resolution 3D imaging (minimum voxel size 100 μm) of objects up to 150 cm in size. Moreover, the fast acquisition process—each tomographic frame requires only 3 min—made the system optimal for the CT analysis of large objects.



The system has an open design; the main components (source, rotation stage, and detector) are unbonded and unshielded. X-ray projections are acquired in cone-beam geometry by rotating the object over 360° between the source and the detector. Radiation safety is guaranteed by a no-go zone defined on the basis of the criteria established by a qualified expert in radiation protection. The investigation was conducted overnight.



The facility, the layout of which is shown in Figure 3 (left), was equipped with an X-ray tube (Smart EVO 200D, YXLON International GmbH, Hamburg, Germany, 30–200 kV, and maximum current of 6 mA), a fast flat panel detector (C10900D, Hamamatsu Photonics K.K., Hamamatsu, Japan, with a CsI/TI scintillator, 1216 × 1232 pixel, and 100 μm pixel size), and a heavy load rotational stage (mod. PRS200, Physik Instrumente (PI) GmbH & Co., Karlsruhe, Germany).



To acquire the tomographic data of the entire object, the so-called tile-scanning technique was used: two orthogonal translation axes moved the detector on an X–Y plane, while a Z-translation axis moved the source. According to this scanning modality, the acquisition of the tomographic data was performed step-by-step by moving the detector on a virtual grid to cover the entire radiographic projection of the object with a certain number of different frames (Figure 3 right). For each detector position in the grid, a series of 900 projections was acquired. Considering that the height of Un-Montu’s coffin overcame the range covered by the Z-axis, the acquisition was divided into two sessions. The first covered from the foot board to the upper chest and the second from the upper chest to the head wall.



To achieve the full coffin’s CT imaging, a total of 184 tomographic data sets were acquired. The main parameters for the CT scanning are summarized in Table 1. All the acquisition process required several hours—3 min for each set of projections—for a total of 115 GB of data.



The tomographic reconstruction was performed with a developed in-house software [64,65] based on the cone-beam algorithm of Feldkamp, Davis, and Kress (FDK) [66].



Owing to the tile-scanning procedure, the tomographic reconstruction of the entire volume was carried out by successive steps. For each horizontal line of the grid, the projections acquired at each detector position were processed with dark image subtraction and flat field correction and then stitched. The horizontal sections of the coffin volume were then reconstructed, taking care of the eventual presence of ring artefacts and their removal. Lastly, the so-reconstructed partial coronal slices of the coffin were vertically stitched to create the final volume.



The 3D rendering was performed by means of VGStudio Max (Volume Graphics GmbH) and the open-source software 3D Slicer [67]. The CT images were elaborated and displayed using the open-source software Fiji [68] and Gimp [69].
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Figure 3. Tomographic acquisition set-up: on the left, the layout of the CT facility; on the right, the tile-scanning grid used to collect the entire tomographic data sets. 
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Table 1. Main acquisition parameters for the CT analysis of Un-Montu’s coffin.
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	Acquisition Parameters
	





	X-ray tube voltage
	150 kV



	X-ray tube current
	2.2 mA



	X-ray beam filter
	Al (2 mm)



	Source-detector-distance (SDD)
	345 cm



	Source-object-distance (SOD)
	290 cm



	Object-detector-distance (ODD)
	55 cm



	Magnification
	1.19



	Detector frame rate
	5 fs



	Detector pixel size
	100 μm



	Binning
	2 × 2



	Number of projections
	900



	Reconstructed voxel size
	168 μm










3. Results


3.1. Coffin Woods


Thanks to the focused sampling of the wooden structure, two timbers were identified. All the samples taken from the coffin planks were found to be of Ficus sycomorus. All the connecting elements, both dowels and tenons, were found to be of Tamarix sp (probably T. aphylla). One sample from a tenon was too small to obtain any useful information. Sampling areas and identification of the 18 wooden samples are detailed in the Supplementary Materials—Wood Species (Figures S1 and S2).



Both woods are indigenous; the local fig tree (Ficus sycomorus) has been frequently found in the identification of wood used for Egyptian coffins [70,71,72,73,74], particularly for wide and long coffin planks, as in the present analysis. Fig tree wood is light and easy to work with, an important feature for the tools available in that period. Tamarisk wood (Tamarix sp.) has been frequently found in dowels and other joining systems like tenons [73,74]. Most Egyptian tamarisks are small trees or shrubs, except T. aphylla. It is likely that the tamarisk wood identified in many samples taken from coffins could come from the latter species.




3.2. Coffin Dating


As mentioned above, for the 14C dating, a wooden sample was taken from a mortise in the left side of the coffin box. A radiocarbon age of 3042 ± 45 BP was measured for the sample, which was then calibrated to the range 1424–1199 BC with a probability of 94.3% (Figure 4).



This analysis did not confirm the chronological attribution on a stylistic basis of Un-Montu’s coffin to the early 26th Dynasty, but did confirm the well-attested practice of reusing wood to make coffins, very common from the 19th to 22nd Dynasty (1292–730 BC) [75,76,77]. The results listed in Figure 4 showed that the wooden specimen dated to the New Kingdom, 18th–19th Dynasty (1539–1186 BC). In this case, unfortunately, it was impossible to establish whether only the left side plank of the box was reused, or whether other planks were, as well.
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Figure 4. The results of the 14C dating: in blue, the calibration curves (plus and minus one standard deviation); in red, the radiocarbon date; and in grey, the calibrated date. 
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3.3. The Wooden Structure


The rendering of the entire coffin tomographic data enabled comprehension of its constituent elements and the construction techniques used in its manufacture.



Figure 5 shows the main views from the outside of the object (front, back, and left and right sides), using two different display modes.



The 3D rendering of the coffin, in semi-transparent grey levels (Figure 5a), highlighted the complex wooden structure of the coffin, made of planks and a plaster-like material (stucco). The latter was clearly used to fill, model, and smooth the planks’ connections, as well as to cover the dowel holes and the narrow cracks in the wood.



Then, to better investigate this complex wooden structure, the tomographic slices related to each side were summed and the different wooden planks were outlined with a yellow line, as shown in Figure 5b.
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Figure 5. (a) 3D rendering of the sides of Un-Montu’s coffin and (b) visualization of its planks on each side. 
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The floor board






As for the coffin box, the floor board consists of two large planks. Each plank has the pith off-centred towards the outside, indicating that the planks were wider and presumably reduced by processing after assembly. The ‘recto’ side (the face of the plank closer to the pith) of the plank is correctly facing faced outward. The two planks are juxtaposed and connected by four round dowels (Figure 6).



The contact edges were worked and shaped by abrasion or axe to be able to adhere, with the maximum saving of material and time. The right plank shows an area with uneven and fast-growing wood and shrinkage checks. The two planks apparently come from the same stem; the right plank seems to be obtained from the back of the left one. This is visible from the rings’ path, taking into account the working wastes. The natural left-handed curvature of the stem is exploited to obtain a better coupling of the two planks.
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Figure 6. 3D rendering of the underside of the floor board: in green, the four dowels joining the two planks. 
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The front of the lid






The front of the lid consists of four narrower planks, obtained from small diameter stems and joined by round dowels (Figure 7). The central plank decreases in width, owing to natural tapering, and moves slightly to the left, proceeding downward. The plank on its left is integrated with a small insert, with a triangular section placed next to the upper chest (Figure 8), while the two planks on its right were probably of the same size in the assembling phase, and were reduced during the final modelling. These two planks are tangentially cut and are barely sufficient in some portions. The most central one seems to be positioned upside down, with the recto facing outwards, unlike the others, and in the lower part, it shows large areas of grouting and several inserts applied upside down. Several defects clearly visible on the plank would be compatible with a tangential cut from a stem characterized by several irregularities, typical of the identified tree (Ficus sycomorus).



	
The coffin face






The face, the ears, the beard, and the wig lappets are separate wooden elements, applied afterwards to the coffin lid structure. The presence of two splayed piths reveals that the face applied on the planking of the lid was obtained from a block of wood coming from the main branching area of the trunk (Figure 9a). The face and wig lappets are connected to the lower planks by round dowels, four and two for each lappet, respectively. Interestingly, the CT investigation also revealed the presence of glue between these latter and the lower planks, probably to enforce their stability (Figure 9b,c). The ears are fixed with a thick layer of the plaster-like material and the beard is joined to the chin by means of a square dowel (Figure 9b).



	
The side planks






It is worth noting that each side of the coffin derives from a single large plank, as evident from the matching growth rings (Figure 10a). The side planks are rather thick and high quality compared with the other planks. This choice was likely owing to the needs both to realize, at a later time, the mortices for the coupling tenons and to work them with the available technologies for the final shaping. The need to use two thick planks was also justified by the fact that these formed the perimeter frame of the box and lid and allowed a better internal finishing work thanks to the robustness of the structure. The rendering also unveils growth defects of the trunk that are visible on the left side plank, of both the box and lid (Figure 5, left side), and are due to a partial detachment of the growth rings, i.e., a ring-shake (Figure 10b). This plank reveals a more evident decay than the right side one. Moreover, on the left side, at the height of the head, there is an added block to widen or compensate for the width of the plank (Figure 5, left side; Figure 10). All these elements are connected by round dowels (Figure 11).



	
The upper head wall






The upper part of the coffin head was assembled using smaller planks, always joined by means of round dowels. More precisely, it is made of three planks joined with two dowels for each joint (Figure 12a). The central plank was cut after the assembling of this planking, as demonstrated by the yellow dashed line in Figure 12b.



	
Feet, pedestal, and foot board






The feet and pedestal are made of smaller wooden elements that complete the front of the lid and both of the coffin sides. As shown in Figure 13a, on the front, the feet are made up of a rather thick siding board, while on each side, two smaller planks complete the pedestal (Figure 13b). The latter is closed on the front by another small plank. All the connections are made by round dowels.



The foot board consists of four planks, two of the same width and two narrower. Each plank is joined with two dowels for each joint, according to a methodology adopted in other parts of the structure (Figure 13c). In this planking, the grain direction runs from the floor board to the lid. After the assembly, this planking was cut, as demonstrated by the yellow dashed line in Figure 13c.
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Figure 13. (a) Sagittal sections of the feet and pedestal showing the connecting dowels; (b) the wooden small planks that complete the front of the pedestal and the coffin sides with related dowels; (c) the planking of the foot board. 
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Tenons and mortises






The CT digitization of the coffin enabled a better analysis of the joining system of its halves (Figure 14). The box and lid flat edges are characterized by four mortises per side to hold a tenon. The ‘virtual extraction’ of the tenons from the mortises enables a better understanding of their shapes and the way they fit in the mortises.



Only part of the eight tenons retains their original shape and is traversed by locking dowels inserted through corresponding holes in the box wall. The forced opening of the coffin, from which the mummy was extracted in the past, certainly caused the breaking of the tenons and their partial reshaping.
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Figure 14. The 3D rendering of the opened coffin (left) and analysis of its closing system with the eight tenons virtually extracted (in purple). 






Figure 14. The 3D rendering of the opened coffin (left) and analysis of its closing system with the eight tenons virtually extracted (in purple).
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3.4. The Coffin’s Surface Layers


The CT analysis also added further information to the results of the multi-technological analytical protocol performed on the painted surface of Un-Montu’s coffin (the results of this study will be soon published in a dedicated paper).



A few microsamples, taken for a deeper insight into the composition and sequence of ground and paint layers by means of optical microscopy, SEM-EDX, and FTIR spectrometry, revealed the overlapping of three different surface layers. The first one corresponds to the canvas ground layer, while the second corresponds to the linen canvas itself (incamottatura), and the third to the ground layer of the polychrome layout.



A different tomographic display helped the legibility of this complex structure. The uniform radiopacity of the entire surface certainly derives from the thickness of this sequence of layers, in particular the stucco ground layers (Figure 15). Moreover, the penetrative power of X-rays enabled us to detect the linen canvas and understand how large bandages of textile were wrapped around the coffin structure (Figure 16). The analysis of the coffin’s exterior wall, on both sides, provided further evidence of this, thanks to the lacunae in the polychrome surface along the edges.



It is worth noting that the incamottatura was also used to better affix the minor wooden elements visible in the lower part of the front of the lid, as well as to keep the ears—the latter affixed with a thick layer of stucco to the planking of the lid (Figure 17a).



The canvas is also detectable in the interior wall of the coffin, lid, and box, though less homogeneous and extended. In this case, the incamottatura limits its function to better connect and smooth the wooden surface in the absence of a polychrome layout. It was probably created with a coarser and uneven canvas, imperfectly covering the whole interior wall of the lid and box.



As shown in Figure 17b–d, in several areas, the incamottatura (highlighted in red) is no longer adherent to the wooden planking surface, owing to the shrinking and swelling of the wood in response to changes in moisture content.
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Figure 17. (a) The incamottatura covering face and ears (highlighted in pink); (b–d) a few examples of the incamottatura no longer adhering to the wooden planking surface (highlighted in red). 






Figure 17. (a) The incamottatura covering face and ears (highlighted in pink); (b–d) a few examples of the incamottatura no longer adhering to the wooden planking surface (highlighted in red).
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The modern restoration interventions






The CT analysis was also fundamental to our efforts to detect, specify, and quantify the interventions of a modern restoration dating back to the 1960s.



A modern filler and small wooden blocks were inserted from the outside between the two planks of the floor board, which shrunk over time, in order to reinforce the coffin box (Figure 18a). The shape of these wooden elements (in purple) is completely different from the ancient dowels, and the radiopacity of the modern filler (grey areas) is different from that of the ancient stucco (white areas). A nail (in yellow) was also inserted where the distance between the two planks was greater (Figure 18a).



Two small crossed nails were detected in the foot board near to the flat edge of the box, used to better connect a dowel and two narrow planks (Figure 18b).



Another restoration intervention that also affected the aesthetic aspect of the coffin was the joining of a modern beard to the chin by means of a square dowel, forcefully inserted into a round hole so as to crack the wood; traces of glue are also visible (Figure 18c). It is worth noting that the radiopacity of the beard wood is completely different from that of the two species detected, Ficus sycomorus and Tamerix sp (Figure 18c). The Prussian and phthalocyanine blue detected on the beard further confirm the modern intervention (the diagnostic investigations carried out before the restoration intervention attested to the nature of these pigments).
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Figure 18. (a) The modern restoration interventions of the underside of the floor board, (b) foot board, and (c) beard. 






Figure 18. (a) The modern restoration interventions of the underside of the floor board, (b) foot board, and (c) beard.
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4. Discussion


The 3D imaging allowed us to develop hypotheses on the constructive sequence of the coffin and on the rational use of wooden planks for its manufacturing. The technologies used by the Egyptians were only apparently rudimentary because they were amply compensated by the expertise of the craftsmen who put them into practice along the centuries [78,79,80] It seems conceivable that a certain seriality was followed in the construction of this artefact, in particular in the construction of the main panels. The constructive sequence of the coffin is suggested below.



	
First phase






The coffin assembly began with the joining of the two planks of the floor board. On this planking, the single large planks of the sides were placed. The side planks and floor board were probably glued together and only later joined with long, round dowels inserted in opposing holes made in the thickness of the wood (Figure 19).



It is worth noting again that 14C dating of a sample from the left side plank confirmed the well-attested practice of reusing wood to make coffins. At least, this plank dated back to the New Kingdom, 18th–19th Dynasty. Because of its size, we cannot exclude the possibility of its belonging to an outer coffin or, less probably, to another unspecified large wooden structure.





[image: Jimaging 08 00039 g019 550] 





Figure 19. Axial sections showing the joint of the left and right side planks to the floor board by means of numerous dowels (in yellow). The arrow indicates the insertion direction of the dowels. 






Figure 19. Axial sections showing the joint of the left and right side planks to the floor board by means of numerous dowels (in yellow). The arrow indicates the insertion direction of the dowels.
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Second phase






The assembly then moved on to the construction of another planking, the front of the lid, which was then affixed to the single large planks of the sides with long round dowels (Figure 20), so as to give strength to the thus obtained parallelepiped structure and make it workable with a good safety margin.



	
Third phase






The parallelepiped structure obtained was then closed at the ends, adding the planking of the upper head wall, as well as the feet, pedestal, and foot board.



First, the foot board was positioned on the floor board and joined to the side planks. Then, two smaller planks were added to each side, so as to create the profile of the feet and complete the pedestal. The next step was the application of the front plank of the pedestal. Last, the tilted plank—corresponding to the feet—that closed and sealed the coffin was applied, before sawing it into two halves. These wooden elements were probably affixed with glue and later secured with round dowels.
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Figure 20. Axial sections showing the joint of the left and right side planks to the front of the lid by means of numerous dowels (in yellow). The arrow indicates the insertion direction of the dowels. 






Figure 20. Axial sections showing the joint of the left and right side planks to the front of the lid by means of numerous dowels (in yellow). The arrow indicates the insertion direction of the dowels.



[image: Jimaging 08 00039 g020]





	
Fourth phase






The next operation involved the external connection between the parts and modelling to shape the anthropoid figure and prepare the surface for the incamottatura and the pictorial layout.



This process was mostly done with abrasion tools and perhaps with axes for the larger parts, then finished with sanding. In this phase of work, it is conceivable that elements too thin or broken during processing were replaced, such as the planks of the lid with many fragments or small inserts recognizable in the lower part of the legs. The abundant stucco fillings that rendered the coffin exterior uniform and connected the wooden elements to each other were laid in this phase.



Subsequently, the face, the ears, the beard, and the wig lappets were added to complete the shaping of the coffin. The CT analysis showed that the face was slightly larger than the seat prepared on the lid planking to receive it; for this reason, it is reasonable to assume that it was applied in the final phase of the processing before applying the canvas ground layer and the incamottatura.



The last part of this assembly phase involved the drafting of the incamottatura, which is to say, a linen canvas impregnated with protein glue (the diagnostic investigations carried out before the restoration intervention attested to the protein nature of the glue). The incamottatura, placed on the fresh stucco and made to adhere to the entire artefact, provided fundamental external mechanical support to the whole coffin. As shown previously in Figure 16, it consisted of fairly regular, parallel, and slightly overlapping bandages of fabric.



As for this case study, the hypothesis that the drafting of the incamottatura was carried out after the division of the coffin into two halves and its final closure with the body inside, as highlighted by Nicola (1989) in “Dal museo al museo. Passato e futuro del Museo Egizio di Torino” [81], is not supported by evidence [82,83].



	
Fifth phase






The coffin was then divided into two halves by means of a continuous cut along the established central line [81], starting from the foot board and head wall. The residual machining traces are due to sawing and abrasive tools. This operation is highlighted by a series of clues. First, it is clear that the two halves of the side planks belonged to the same original plank; this can be read from the arrangement of the growth rings in the cross sections (Figure 10). Second, traces of the handsaw are evident on the surface of both of the flat edges in which the mortises were later dug (Figure 21). Third, the canvas of the incamottatura was clearly continuous and was cut by the sawing of the two halves (Figure 16, right side). Finally, and most importantly, some of the dowels connecting the planks of the upper head wall (Figure 22a), the front of the lid to the right side plank (Figure 22c), as well as the floor board to the right side plank (Figure 22d) were sawn by sawing the wooden structure of the coffin into two halves. Moreover, one of the dowels connecting the foot board planks was exposed by the cut of the coffin (Figure 22b) and, consequently, fixed by means of two nails on the occasion of the modern restoration (Figure 18b).



	
Sixth phase






Once the two halves of the coffin were obtained, the internal modelling was completed to define the exact inner dimensions of the coffin and grind the lateral planks to obtain an even thickness. In the same way as the exterior, the inner side was first made regular by means of a thick stucco layer, after which the incamottatura was applied on it to finish the preparation.



	
Seventh phase






The assembly was completed with the insertion of the tenons, integrated into the lid, into the mortises, and locked by pegs to the box for final sealing. It is worth noting that the pegs go through the paint layers and the incamottatura.
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Figure 22. The dowels cut at the division of the coffin in the head wall (a), legs (b), foot board (c), and feet (d). 






Figure 22. The dowels cut at the division of the coffin in the head wall (a), legs (b), foot board (c), and feet (d).
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5. Conclusions


The multidisciplinary investigation of Un-Montu’s coffin, with wood species analysis, radiocarbon dating, and X-ray computed tomography, unveiled the secrets of the construction technique of this ancient and complex artefact.



Furthermore, the CT disclosed the elaborated design and construction of the coffin, with the use of numerous wood planks, as well as the wisdom behind their use. Conclusively, the interconnection of all these data and the interdisciplinary approach in the data analysis enabled us to suggest the possible sequence of the coffin assembly.



The description of the assembly phases of Un-Montu’s coffin was derived from the information obtained by diagnostic investigation in addition to thorough knowledge of the more functional sequence of actions for the construction of a wooden structure. This sequence may not correspond to a widespread and common practice. It is worth noting that this process could be typical of an area and period, of a workshop, or simply of a group of workmen, as well as a consequence of the wooden material available. Ritual implications also cannot be excluded. Further CT investigations will shed light on Egyptian coffin assembly techniques.



Moreover, it is worth noting that the application of the grouting and incamottatura could have been performed at different times, according to the workshop organization. The carpenters assembled, shaped, and cut the wood elements, while the decorators provided drafting of the ground layers of the polychrome layout. The question remains of whether the grouting, which had a very specific structural function for the operational sequence, could have been performed by carpenters, leaving the application of the incamottatura to the decorators.



The wood species identification revealed the use of two types of wood for the coffin’s construction and the radiocarbon dating proved the reuse of at least one 18th–19th Dynasty wooden plank, most likely belonging to an older coffin, which extended a well-established practice from the 19th–22nd Dynasty up to the 26th Dynasty. Additionally, the decay of this plank further confirmed the wood dating and its reuse.



Another significant fact, well attested in this case study and in many others, is the wisdom and care that went into the use of every part of the tree trunk.



This investigation focused primarily on the analysis of Un-Montu’s coffin wooden structure, the rational use of wooden planks for its manufacturing, and its construction sequence, but the sheer mass of data gained by the CT investigation still holds precious and unexpected information that could be the starting point for further studies.
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Figure 1. Inner and outer sides of Un-Montu’s coffin (Inv. MCABo EG1960). 
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Figure 2. Head end/wall and foot board of Un-Montu’s coffin. 
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Figure 7. 3D rendering of the front of the lid: in green, the numerous dowels joining the four planks. 
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Figure 8. Axial slice showing the small insert with a triangular section. 
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Figure 9. (a) The two splayed piths in the wooden block of the face; (b,c) face, ears, beard, and wig’s lappets joined by means of glue, plaster-like materials, and dowels. 
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Figure 10. (a) Axial slice showing the matching growth rings of the side planks; (b) partial detachment of the growth rings, ring-shake (indicated by the orange arrow). 
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Figure 11. 3D rendering of the left side of the coffin, lid, and box. In green, the numerous dowels joining the planks. 
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Figure 12. (a) The dowels connecting the three planks of the head wall; (b) axial and sagittal slices showing the cut of the central plank. 






Figure 12. (a) The dowels connecting the three planks of the head wall; (b) axial and sagittal slices showing the cut of the central plank.



[image: Jimaging 08 00039 g012]







[image: Jimaging 08 00039 g015 550] 





Figure 15. The stucco on the outer surface of the coffin. 
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Figure 16. The incamottatura on the outer surface of the coffin. 
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Figure 21. The traces of the handsaw on the surface of the flat edge of the box. 
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