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Wood identification of Chinese Buddhist statues in the Philadelphia Museum of Art

Wood identification based on anatomical features was performed on thirty Chinese Buddhist and deity statues, preserved in the Philadelphia Museum of Art (PMA). While research on Buddhist statues' wood species in Japan has an over 70-year-old history, Buddhist statues in East Asian countries such as China and Korea have not yet been fully investigated scientifically. This research is part of a large project in which the wood species of Chinese Buddhist and deity statues from various Western museums underwent microscopic wood identification and our goal is to construct the database of wood selection for statues. In order to know the reason for what kind of species of trees were used for sculptures in different countries, the best way would be to examine the species of wood statues made in ancient countries starting with China. However, it is believed that few wooden statues from before the 10th century have survived in China. Therefore, this survey of the tree species of Chinese wooden statues preserved in the United States was very important to compare that of wooden statues made in Japan. In this study, aside from conventional optical microscopy, synchrotron X-ray micro tomography for very small samples was performed. The following wood species were identified for the Chinese statues: Tilia sp. (11 statues), Paulownia sp. (7 statues), Salix sp. (6 statues), Lauraceae (2 statues), Pinus subgenus Haploxylon (1 statue), Cladrastis sp. (1 statue), Populus sp. (1 statue), and Juniperus sp. (1 statue).

We hope this research will contribute to discussing the historical context of the statues and to elucidating the criteria of wood selection for Chinese, Korean and Japanese statues.
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Introduction

Microscopic wood species identification of important wooden cultural heritages provides meaningful information on the criteria of wood selection, a new understanding of the meaning that these wood species held in ancient times.

The choice of wood for Buddhist sculptures seems to have been important to the Buddhist devotee.

The historical Buddha lived in India, 5th to 4th century BC. According to an Indian legend, the first image of the Buddha was made from sandalwood, a material being even or superior to gold. Therefore, sandalwood was considered to be the best wood for carving Buddhist images. Buddhism was introduced to China via the Silk Road devotees and traders from the west, probably in the first century AD.

In the 630s AD the Chinese pilgrim Xuanzang (AD 602-664) brought a sandalwood copy of the supposedly original sculpture back to China, and thereby initiated the East Asian iconography of this type.

Recently, several wood identifications of Buddhist statues have been conducted little by little in East Asia. In Japan, scientific wood identification from the 8th century statues have been conducted jointly by art historians and wood anatomists [START_REF] Kaneko | Wood types and material selection for Japanese wooden statues of the ancient period (particularly of the 7th-8th centuries)[END_REF][START_REF] Kaneko | Wood types and material selection for Japanese wooden statues of the ancient period (particularly of the 7th-8th centuries)[END_REF][START_REF] Kaneko | Wood types and material selection for Japanese wooden statues of the ancient period, III: further thoughts on 8th and 9th centuries sculptures[END_REF]. The selection of Torreya nucifera for the 8th century AD statues is referring to an ancient sacred text that mentions the use of the socalled haku (Cupressaceous wood in China) as a substitute for Santalum album for statues and that this selection might have brought to Japan with the arrival of the monk Jianzhen (Ganjin in Japanese, 688-763) in Japan.

In South Korea, in the Joseon Dynasty (AD 1392(AD -1897) ) wood identification showed that Gingko biloba, Alnus sp., Pinus densiflora, Pinus koraiensis , Salix sp., and Tilia sp. were frequently used [START_REF] Jeong | Species of Wooden Buddhist Statues in the Late Joseon Dynasty of Korea[END_REF]. The major species used for Buddhist statues is Gingko bi-loba in South Korea, a tree known to have been introduced to Korea from China with Buddhism [START_REF] Jeong | Species of Wooden Buddhist Statues in the Late Joseon Dynasty of Korea[END_REF].

As for Chinese Buddhist sculptures, Paulownia sp., Salix sp., Tilia sp., and Populus sp. [START_REF] Mertz | Analysis of Wood Species in the Collection, Wisdom Embodied -Chinese Buddhist and Daoist Sculpture in The Metropolitan Museum of Art[END_REF]Itoh: 2010, Tazuru: 2020 accepted) have been revealed to be used. For instance, the identification of the wood species in the Metropolitan Museum of Art's collection in New York was conducted in 2010 [START_REF] Mertz | Analysis of Wood Species in the Collection, Wisdom Embodied -Chinese Buddhist and Daoist Sculpture in The Metropolitan Museum of Art[END_REF], and of the twenty-eight wood sculptures selected for species identification, nine were found to be made of Salix sp., eight of Paulownia sp., five of Tilia sp., three of Santalum album , two of Juniperus sp. and one of Populus sp.

Compared to the large number of wood identification for Japanese Buddhist statuary, that for Chinese and Korean Buddhist statues are much less. Therefore, our approach is to focus on wood species identi- 

Materials and methods

In this study, wood identification was performed on 42 samples from thirty Chinese sculptures, preserved in the Philadelphia Museum of Art (PMA).

Especially for some statues, which present joined wood block construction, two or three samples from different parts were taken. The statues were all assumed to be made from the 7th to the 17th centuries AD (Table 1).

The methods used are conventional microscopy, and SRX-ray µCT. In cooperation with the curator and conservators, wood samples were collected in the Philadelphia Museum of Art. Small samples were taken by a scalpel from the underside of the sculpture, from cracks and from a hollowing without harming the integrity of the sculptures.

The samples were prepared for wood identification a t t h e R e s e a r c h I n s t i t u t e f o r S u s t a i n a b l e Humanosphere, Kyoto University, Japan.

First, the samples were soaked in water for softening. For the following preparation of the microscopic slides, thin slices were taken from the samples by using single razor blades in cross, radial and tangential directions (15µm to 30µm thick). The slices were heated on a hotplate in glycerin : ethanol (= 1:1) to remove the internal air bubbles, and enclosed with Gum-chloral. The slides were studied under the optical microscope (Olympus BX51, Japan), and photos were taken by a digital camera (Olympus DP70, Japan). (resolution is 0.472 µm/pixel). Reconstituted images were further analyzed with the "VGStudio" and "ImageJ" software. The thickness of wood sections should be around 10-20 µm for wood identification, based on microscopy. Each original reconstituted slice made by the SRX-ray µCT was under 0.5 µm thick, therefore it was necessary to increase the depth information, in order not to lose the anatomical information. For this purpose, about 24 slices were integrated, and approximately 12 µm thick pseudom i c r o g r a p h s p r e p a r e d . T h e a n a t o m i c a l characteristics were referenced from previous publications (Wheeler et al.: 1989, Richter et al .: 2004).

For identification, we also referred to the Wood Diversity HSDB network (http://database.rish. kyoto-u.ac.jp/cgi-bin/bmi/en/namazu.cgi) in Japan. 

Results

Wood identification was performed on the thirty Chinese wood sculptures. As a result, the following wood species were identified: Tilia sp. Credit Line: Philadelphia Museum of Art: Gift of Charles H. Ludington from the George Crofts Collection, 1925, 1925-53-10 Accession No: 1925-53-11 Title: Guanyin Seated in Royal Ease Artist: Artist/maker unknown, Chinese Haploxylon could have been from an alternative material for repair, maybe. Although it is difficult to determine whether the detached sample made of Pinus sp. Haploxylon is original wood or a wood used for repair by naked eyes, the fact that different species were used is an important finding for future research. In all the other seven cases (acc. Nos. 1929Nos. -20-1, 1929Nos. -20-2, 1925Nos. -53-12, 1990Nos. -75-3, 1929Nos. -8-7, 1929Nos. -8-10, and 1929-8-9)-8-9), two or three samples were collected from different parts with the same species identified for all parts (Table. 1). 

Discussion

In our research at the Philadelphia Museum of Art, the main wood species identified in the wood sculptures were Tilia sp., Paulownia sp., and Salix sp.

The wood identification data at the PMA were compared with the analysis of Chinese sculptures in the Metropolitan Museum of Art's collections [START_REF] Mertz | Analysis of Wood Species in the Collection, Wisdom Embodied -Chinese Buddhist and Daoist Sculpture in The Metropolitan Museum of Art[END_REF]. Table 2 summarizes We hope that this research will contribute to discussing the historical origins of statues and to elucidating the historical background of wood selection for Chinese, Korean and Japanese statues.

We also hope that our research will contribute to a better understanding of the interaction of different cultural heritages. 

Conclusion

  fication of mainly Chinese Buddhist wooden statues in Western Museums, where a great number of religious sculptures are preserved. By comparing the wood species used for Buddhist sculptures in various East Asian countries, we aim to elucidate the relationship and historical background of the spread of Buddhist sculptures, and to gain new insights for art historical research. This study investigates the wood species of Chinese Buddhist and deity statues preserved in the Philadelphia Museum of Art (PMA, https://www. philamuseum.org/collections/search.html). The museum has a large collection of Chinese wood sculptures that are rarely found in Japanese museums and galleries. In this research, we applied the conventional preparation method and the synchrotron X-ray micro tomography (SRX-ray µCT) method (Tazuru-Mizuno and Sugiyama : 2019, Hwang et al. : 2020, Mizuno et al . : 2020) for the wood identification of the wooden statues.

Five

  10-B**) and (1929-8-2**) were too small and fragile for optical microscopic preparation, therefore, SRx-ray µCT was undertaken at BeamLine20XU (BL20XU) in SPring-8, a large synchrotron radiation facility in Hyogo Prefecture, Japan. As reported in the past (Tazuru-Mizuno and Sugiyama: 2019, Hwang et al .: 2020, Mizuno et al .: 2020), we have made it possible to identify wood species using SRX-ray µCT. Tiny and fragile samples with a size of 1 mm × 1 mm × 2 mm was fixed on a designed stage of the SRX-ray µCT equipment. Transmitted images obtained thorough the beamline 20XU were recorded by a Hamamatsu High Resolution camera

  Five samples, marked by two stars**, namely (1929-8-6**), (1990-75-3-B**), (1929-8-7-A**), (1929-8-10-B**) and (1929-8-2**) were too small in size (around 1 mm × 1 mm × 2 mm) and fragile for optical microscopic preparation, therefore, SRx-ray µCT was applied. 表1木彫像詳細と樹種識別結果 ** を付与した 5 サンプル、つまり 1929-8-6**, 1990-75-3-B**, 1929-8-7-A**, 1929-8-10-B**,1929-8-2** の試料片はプレパラート作成が困難な ほど非常に小さかったため(1 mm × 1 mm × 2 mm 以下) 、放射光 X 線マイクログラフィーによる識別に供した。

  Figure of BodhisattvaJinDynasty (1115Dynasty ( -1234) ) Wood

  (11 statues), Paulownia sp. (7 statues), Salix sp. (6 statues), Lauraceae (2 statues), Pinus subgenus Haploxylon (1 statue), Cladrastis sp. (1 statue), Populus sp. (1 statue), and Juniperus sp. (1 statue). Four important Buddhist statues from China are shown in Fig. 1Artist: Artist/maker unknown, Chinese Collection URL:https://www.philamuseum.org/collection/ Artist: Artist/maker unknown, Chinese Collection URL:https://www.philamuseum.org/collection/ object/41534

Fragment

  Figure of a Bodhisattva Ming Dynasty (1368-1644) Wood with traces of pigment

Five

  samples, marked by two stars ** in Accession Number, were identified by SRX-ray μCT.

  Collection URL:https://www.philamuseum.org/collection/ object/41538 Credit Line: Philadelphia Museum of Art: Gift of Charles H. Ludington from the George Crofts Collection, 1925, 1925-53-11 The optical micrographs and pseudo-sections constructed from the SRX-ray µCT dataset of these images are shown in Fig 2. One sculpture and its pedestal (2013-74-1) are made of two different species: Tilia sp. and Magnolia sp., respecetively. In statue 1929-8-11, two samples were identified: Paulownia sp. was used for the proper left, upper thigh, and Pinus sp. Haploxylon was used in a detached sample from the proper right thigh. As Paulownia sp. was used for upper left thigh, the sample made of Pinus sp.

Fig. 2

 2 Fig. 2.1 shows the pseudo-optical micrographs of wood sample 1929-8-6**, reconstructed from the synchrotron µCT dataset. From the pseudo-optical micrographs, the following features can be observed.

Fig. 2 .

 2 Fig. 2.2 shows the micrographs of wood sample 1929-20-1. The growth ring boundary is distinct and it shows ring-porous wood (Fig. 2.2.a). Tyloses is observed (Fig. 2.2.a). Vessel pores are arranged in multiples of 2 and round in outline (Fig. 2.2.a). The p e r f o r a t i o n p l a t e i s s i m p l e , a n d r a y s a r e homogeneous (Fig. 2.2.b, c). From the above-described features, the wood is identified as Paulownia sp.

Fig. 2 .

 2 Fig. 2.3 shows the micrographs of wood sample 1925-53-10. Growth ring boundaries are not observed; diffuse-porous wood is observed (Fig. 2.3.a). Intervessel pitting is alternate, and rays are exclusively uniseriate and heterogeneous (Fig. 2.3.b).Body ray cells are procumbent with one row of upright and / or square marginal cells. Perforation plate is simple (Fig.2.3.c). From the above-described features, the wood is identified as Salix sp.

Fig. 2

 2 Fig. 2.4 shows the micrographs of wood sample 1925-53-11. The growth ring boundary is distinct and it shows ring-porous wood (Fig. 2.4.a). Axial parenchyma is confluent. Intervessel pitting is alternate and the shape of the alternate pits is polygonal. The perforation plate is simple and helical thickenings are observed in vessel elements (Fig. 2.4.b.c). Vessel-ray pits are with distinct borders. From the abovedescribed features, the wood is identified as Cladrastis sp.

  the wood species and their period in the PMA. Although the total number of sculptures was limited, Tilia sp. was used constantly from the 7th to 17th century AD. Interestingly, the usage of Paulownia sp. was concentrated in the 10th to 13th century AD. Our recent research in the Museum of Fine Arts, Boston, one sculpture (made from the 10th to 13th century AD) was also made of Paulownia sp. (unpublished). The use of Paulownia sp. might be a key factor to estimate the date of sculptures in China. In our research, no sculpture made of the sacred sandalwood was identified in the PMA so far. Nevertheless, wood identification results on thirty Buddhist statues gave very useful information to expand our database on wood species used for Chinese statues, and to consider Chinese historical wood selection for statues. In order to know whether the reason for the use of T. nucifera in Japanese wood carvings originated from the choice of wood in ancient China, wood identification of Chinese and Korean wood

  Fig. 1

Figure1112

  Figure1 1 Bodhisattva (Acc.No.: 1929-8-6**), 12th -13th century, size: 27.2 × 11.4 cm, Tilia sp.; 2 Attendant Bodhisattva (Acc.No.: 1929-20-1), Jin Dynasty (1115-1234), h.: 224 cm, Paulownia sp.; 3 Bodhisattva (Acc.No.: 1925-53-10), 11th cent., size: 152.4 × 41 × 26 cm, Salix sp.; 4 Bodhisattva of Compassion/Watermoon Guanyin (Acc.No.: 1925-53-11), Yuan Dynasty (1271-1368), size: 124.5 × 81.3 × 50.8 cm, Cladastris sp.;

Table 1

 1 Details of statues and wood identification results.

Table conti

 conti 

	Serial number	Sub division of samples	Accession Number	Title of statues/objects	Dynasty	Medium	Location of collected wood samples	Identified wood species
		A	1929-20-1	Attendant Bodhisattva	Jin Dynasty (1115-1234)	Wood with painted decoration	Back of base	Paulownia sp.
		B	1929-20-1	Attendant Bodhisattva	Jin Dynasty (1115-1234)	Wood with painted decoration	Back of lower torso	Paulownia sp.
		C	1929-20-1	Attendant Bodhisattva	Jin Dynasty (1115-1234)	Wood with painted decoration	Back of upper torso	Paulownia sp.
		A	1929-8-11	Seated Bodhisattva	Northern Song (960-1127) or Jin Dynasty (1115-1234)	Wood with traces of painted decoration	Upper thigh	Paulownia sp.
		B	1929-8-11	Seated Bodhisattva	Northern Song (960-1127) or Jin Dynasty (1115-1234)	Wood with traces of painted decoration	Thigh, detached sample	Pinus sp. Haploxylon
		C	1929-8-11	Seated Bodhisattva	Northern Song (960-1127) or Jin Dynasty (1115-1234)	Wood with traces of painted decoration	Upper thigh, detached sample found underneath	Paulownia sp.
		A	1929-20-2	Attendant Bodhisattva	Jin Dynasty (1115-1234)	Wood with painted decoration	Back of the base	Paulownia sp.
		B	1929-20-2	Attendant Bodhisattva	Jin Dynasty (1115-1234)	Wood with painted decoration	Back of lower torso	Paulownia sp.
		C	1929-20-2	Attendant Bodhisattva	Jin Dynasty (1115-1234)	Wood with painted decoration	Back of upper torso	Paulownia sp.
			1925-53-11	Bodhisattva of Compassion (Guanyin)	Yuan Dynasty (1271-1368)	Wood (linden) with gilt decoration traces of painted and	Back of base	Cladrastis sp.
						Wood		
		A	2013-74-1	Seated Luohan	Ming Dynasty (1368-1644)	(basswood/linden/lime figure and honoki base) with painted and gilt	Proper right side, bottom of garment, area of loss	Tilia sp.
						decoration		
						Wood		
						(basswood/linden/lime	Base, front, proper right	
		B	2013-74-1	Seated Luohan	Ming Dynasty (1368-1644)	figure and honoki base)	side, sample taken from	Magnolia sp.
						with painted and gilt	opening in crack/split	
						decoration		
			1925-53-10 Bodhisattva	Northern Song Dynasty (960-1127) or Liao Dynasty (907-1125)	Wood with traces of painted decoration	Inside of lower torso hollow at back	Salix sp.
			1923-21-470	Bodhisattva of Compassion (Guanyin)	Northern Song Dynasty (960-1127)	Wood with traces of painted decoration	Proper left side, waist, under arm	Paulownia sp.
			1925-53-14	Bodhisattva of Compassion (Guanyin)	Ming Dynasty (1368-1644)	Wood with traces of decoration; glass eyes painted and gilt	Proper right side, top of loss) base (loose piece in area of	Salix sp.
		A	1925-53-12 Figure of Guanyin	Ming Dynasty (1368-1644)	Wood with traces of paint and gilt decoration	Proper right side, base, at back	Salix sp.
		B	1925-53-12 Figure of Guanyin	Ming Dynasty (1368-1644)	Wood with traces of paint and gilt decoration	Proper left side, base, detached fragment	Salix sp.
						Wood with traces of		
	10		1925-53-13 Figure of a Bodhisattva Ming Dynasty (1368-1644)	paint and gilt	Front of base, center	Salix sp.
						decoration		
	11		1976-72-1	Standing Buddha	Nambokuchō Period (1333-1392)	Cypress wood (hinoki)	From hollow in back, near the top on the proper left	Torreya sp.

Table 2

 2 Summary of the identified wood species and their corresponding period as indicated at PMA. 表2 フィラデルフィア美術館における中国木彫像に使用された樹種と製作年代(推定)との関係 Tilia sp. Paulownia sp. Salix sp. Lauraceae Pinus sp. Populus sp. Cladrastis sp. Juniperus sp. Magnolia sp.

				Wood species used for Chinese sculptures			
	Century AD									
	7th-10th	2		2						
	10th-13th	4	11	2		1				
	13th-17th	7	1	4	3		1	1		1
	17th-18th					1			1	
	Total	13	12	8	3	2	1	1	1	1
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