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1. INTRODUCTION

After the first dendrochronological dating 

wooden construction elements (Pinus densiflora 

S. et Z.) from the Kyunghoe-ru Pavilion (Park 

et al., 2001), dendroarchaeological studies in 

South Korea have been increasing in number. 

Through such studies on historic buildings 

(Park, 2010), furniture (Kim et al., 2013b), cof-

fins (Park and Lee, 2009), and statues (Kim et 

al., 2013a), the red pine chronology (Pinus 

densiflora S. et Z.) of Korea could be extended 

back in time up to AD 1170. However, due to 

its natural distribution (Vidakovic, 1991), the 

origin of red pine is very likely restricted at the 

eastern part of South Korea.
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ABSTRACT

The Palsangjeon Pagoda is a five-story wooden building in the Beopjusa Temple area in the Songnisan na-

tional park in Chungcheongbuk-do, Korea. According to historical records, it was constructed in either AD 1605 

or AD 1626. To specify the construction year more precisely, we took 41 wood samples for tree-ring analysis

during repair actions in 2013; 28 from red pine (Pinus densiflora S. et Z.), 12 from oak (Quercus spp.), and

1 from fir (Abies spp.). The tree-ring boundaries became clearly visible by smoothing their cross-sectional sur-

face and the tree-ring widths were measured under a stereo microscope. All tree-ring series were compared with

each other to establish mean chronologies, which we then compared with local master chronologies established

using tree rings collected from wooden elements of the Daeungjeon Hall which is the main building in the 

Beopjusa Temple area. As a result, it was verified that the red pines were felled in AD 1624 and in AD 1851. 

Moreover, it was verified that the oaks were also felled in AD 1624 based on cross-dating with the red pine

chronology. We concluded that the Palsangjeon Wooden Pagoda was constructed in AD 1626, as mentioned in

the historical record (Daeungdaekwangmyeongjeonbulsangki, 1630) and the letters on a purlin on the 4th story,

using oak and red pine felled in AD 1624 and repaired later on using red pine felled in AD 1851.
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The Beopjusa Temple area, in which the 

Palsangjeon Wooden Pagoda is located, was 

constructed in AD 553 during the reign of 

King Jinheung of Silla (57 BC - AD 935) (Fig. 

1). Due to its 1500-year long history, the 

Cultural Heritage Administration of Korea rec-

ommended to put the Pagoda on the UNESCO 

World Heritage list in 2013. The Beopjusa 

Temple area includes three valuable National 

Treasures, viz. the Palsangjeon Wooden 

Pagoda, the Twin Lion Stone Lantern, and the 

Stone Lotus Basin, 12 Treasures and two 

Natural Monuments (Cultural Heritage 

Administration of Korea, 2015). The first den-

drochronological study on the Beopjusa Temple 

was made for the Daeungjeon Hall (Treasure 

No. 915) in 2005 with 114 wooden elements 

(Park et al., 2005). Through this study two red 

pine chronologies and one oak chronology 

were established and thus the chronological ac-

tions for constructing and repairing the 

Deaungjeon Hall could be verified. In the 

Fig. 1. Location of the study object, Beopjusa Temple (a), and view on the 5-story Palsangjeon Wooden Pagoda 
(b) and Beopjusa Temple (c) (photo: Cultural Heritage Administration of Korea).
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Palsangjeon Wooden Pagoda, there are 8 paint-

ings (Palsangdo) meaning 8 important stages in 

the life of the Sakyamuni Buddha (National 

Research Institute of Cultural Heritage, 1998). 

The Pagoda is 22.7 m high and its base covers 

an area of 8 square meters. According to 

‘Daeungdaekwangmyeongjeonbulsangki (1630)’, 

it burnt down in AD 1597 during a Japanese 

invasion (so called Imjinweran) and then start-

ed to be newly construction in AD 1602. 

However, there is a record from AD 1605 on 

the bronze case of Sarira under the center 

pillar on the 1st story and from AD 1626 on a 

purlin on the 4th story, which were verified 

when it was completely dismantled and re-as-

sembled in 1968 (National Research Institute of 

Cultural Heritage, 1998). There are no histor-

ical documents and/or records available about 

the construction and/or repair actions between 

AD 1605 and 1626.

The Palsangjeon Wooden Pagoda was re-

paired on the 5th story in 2013 due to tilting of 

the final pillar. For repairing it, all wooden ele-

ments of the roof in the 5th story were com-

pletely dismantled. In order to find out the 

chronological activities related to the con-

struction, we collected tree rings from the 

wooden elements and applied the dendrochrono-

logical method to date the tree rings.

2. MATERIALS and METHODS

2.1. Sampling

Sampling was carried out for wooden ele-

ments with more than 50 tree rings and can be 

possible to access for coring using an electric 

hand drill during the repairing of the 

Palsangjeon Wooden Pagoda in 2013 (Fig. 2). 

Altogether 41 increment cores (Ø 7 mm) were 

collected from the main wooden elements 

(Table 1). The sampling was focusing on pil-

lars, which are seemingly original timber due to 

the difficulty for changing and repairing, and 

wood elements on the fifth story mainly re-

paired in 2013.

2.2. Wood identification

Before ring-width measurement, the identi-

fication of tree species of the wooden elements 

were identified under a light microscope (Nikon 

Fig. 2. Length-wise section through the structure and
sampling locations in the Palsangjeon Wooden 
Pagoda.
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Eclipse 80i). In dendroarchaeology, wood 

identification is necessary to establish spe-

cies-specific chronologies for cross-dating 

(Wang et al., 2008; Čufar et al., 2014). For the 

anatomical investigation, thin sections were 

prepared directly from small pieces of the 

wooden elements by hand-cutting with razor 

blades. At least one thin section in each ana-

tomical direction, i.e. cross, radial and tangen-

tial directions, was examined by a light micro-

scopy standard identification keys (Lee, 1997).

2.3. Sample preparation for measurement

All increment cores were mounted on wood-

en sticks in a furrow and then their cross-sec-

tional surface was sanded using a belt sander to 

make the tree-ring boundaries clearly. The 

sanding started at FEPA P80 through FEPA 

P120 and P320 up to FEPA P600 (Choi et al., 

1992). The ring widths were measured using a 

LINTAB (RINNTECH, Germany) machine to 

the nearest 0.01 mm under a stereomicroscope 

(Nikon SMZ800). All data obtained were im-

ported to the program TSAP-Win (RINNTECH, 

Germany) to exam the accuracy of cross-dating 

based on graph and statistics.

2.4. Cross-dating and reference chronologies

According to the traditional process in den-

drochronology, the synchronization between in-

dividual measurement time series was evaluated 

by t-values (tBP) (Baillies and Pilcher, 1973) and 

‘Gleichläufigkeit coefficients’ (Glk) (Eckstein and 

Bauch, 1969) in the TSAP-Win program. The 

final cross-dating, however, was checked by eyes 

comparing the time series overlapping the pla-

ceses showing t-values higher than 5. Only 

the time series, which passed the final test, 

were used to establish tree-ring chronologies.

In order to give the absolute calendar year to 

the mean chronologies of the Palsangjeon 

Wooden Pagoda, two local red pine (Pinus den-

siflora), i.e. BJDWPD01M and BJDWPD02M, 

and one local oak (Quercus spp.), i.e. 

BJDWQU01M, chronologies established in 

2005 by wood elements from the Deaungjeon 

Hall, which is the main building in the 

Beopjusa Temple area, were used as the ref-

erence master chronologies (Fig. 1c). The two 

local red pine chronologies (BJDWPD01M: 

1733-1913 and BJDWPD02M: 1530-1652) were 

dated by comparing them with our longest red 

pine chronology (AD 1170-2014) and the local 

oak chronology was dated by comparing it with 

No. Description Number of samples

1 Final pillar 1

2 Center pillar 2

3 Inner pillar 8

4 Tall pillar 8

5 Angled rafter 3

6 Purilin 2

7 Beam 3

8 Rafter supporter 2

9 Barcket 1

10 Center pillar supporter 1

11 Roof-filling timber 10

Total 41

Table 1. Function and number of the wood elements 
from the Palsangjeon Wooden Pagoda
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BJDWPD02M. Since both chronologies were 

well synchronized each other, the local oak 

chronology (BJPSQU01M: 1340-1618) could be 

successfully dated (Park et al., 2005).

3. RESULTS and DISCUSSION

3.1. Wood identification

From 41 wooden elements, 28 were identified 

as red pine (diploxylon), 12 as oak (Quercus 

spp.), and 1 as fir (Abies spp.) (Table 2). All 

elements on the 5th story were identified as red 

pine. In South Korea, there are two species of 

red pine, i.e. Pinus densiflora and Pinus thun-

bergii; the former is distributed in Korea, 

Japan, and northeast China and the latter main-

ly in Korea and Japan (Vidakovic, 1991). The 

anatomical features of both species, however, 

are very similar so that it is impossible to dis-

tinguish them (Lee, 1997).

Pinus densiflora and Pinus thunbergii togeth-

er cover nearly 23% of the total forests in 

South Korea (Korea Forest Service, 2011), 

however their distribution can be distinguished 

as an inland area for Pinus densiflora and an 

coastal area for P. thunbergii. In our historical 

documents, it was often mentioned that red pine 

from an inland area, i.e. P. densiflora, mainly 

used as for ship building, coffins, and also for 

architectural objects (Yim, 1995) and, therefore, 

they mostly well cross-date with the master 

chronology of P. densiflora (Park and Lee, 

2009). According to the previous study (Park 

and Lee, 2007), 71-88% of wooden elements in 

archaeological buildings from the 10th to 19th 

centuries were red pine. Accordingly, we as-

signed all wooden elements identified as P. 

densiflora.

Twelve from 19 pillars (Fig. 2, Table 2) were 

identified as Quercus various species which are 

dominant deciduous trees with 27% of the total 

forest area in South Korea (Korea Forest 

Service, 2011). There are six Quercus species 

in South Korea, i.e. Q. serrata, Q. mongolica, 

Q. dentata, Q. aliena, Q. acutissima and Q. 

variabilis (Lee, 1997). According to Park and 

Lee (2007), about 57% of wooden elements in 

buildings built between 1st and 9th century were 

oak. It was a period cool and high moist which 

might have been a benefit for the growth of 

oak species as a dominant species.

Only one wooden element (inner pillar on 

the 1st story) was identified as fir (Abies spp.) 

(Table 2). We have three native fir species, i.e. 

A. holophylla, A. koreana and A. nephrolepis. 

Since their natural distribution is usually at 

high altitudes, their usage as timber was very 

limited. A. holophylla is commonly distributed 

in central South Korea including the Mt. 

Songni. According to Park (2011), however, it 

was planted around temples to be used as re-

pair timber. Yeon and Park (2013) carefully 

suggested that this fir species have been the 

imported timber formed in Bukjijangsa Temple.

3.2. Dating

Three tree-ring chronologies were established 

using individual tree-ring series well cross-dated 
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Description Species code
Number 

of rings
Beginning year End year

Outer 

ring type

Final pillar PISP 32 - - B

5th story

Center pillar supporter PISP 89 1763 1851 B

Angled rafter (SE) PISP 79 1773 1851 -

Angled rafter (NE) PISP 98 1754 1851 B

Angled rafter (SW) PISP 44 - - B

Barcket (S) PISP 21 - - -

Purilin (S) PISP 68 - - -

Rafter supporter 1 (W) PISP 84 1768 1851 B

Rafter supporter 2 (W) PISP 93 1758 1850

Purilin (W) PISP 21 - - -

Roof-filling timber 1 PISP 84 1760 1843 -

Roof-filling timber 2 PISP 20 - - -

Roof-filling timber 3 PISP 89 1763 1851 B

Roof-filling timber 4 PISP 87 1764 1850 -

Roof-filling timber 5 PISP 82 1763 1851 -

Roof-filling timber 6 PISP 89 - - -

Roof-filling timber 7 PISP 94 - - -

Roof-filling timber 8 PISP 79 - - -

Roof-filling timber 9 PISP 66 - - -

Roof-filling timber 10 PISP 83 1769 1851 B

4th story

Inner pillar (SW) QUSP 111 1512 1622 B

Beam (SE) PISP 96 1529 1624 B

Beam (SW) PISP 68 - - B

Beam (NE) PISP 45 - - B

Inner pillar (SE) QUSP 123 1482 1604 -

Inner pillar (NW) QUSP 63 1550 1612 -

Inner pillar (NE) QUSP 100 1476 1575 -

3rd story Center pillar PISP 73 1551 1623 B

1st story

Tall pillar 1 QUSP 82 1541 1622 -

Tall pillar 11 PISP 84 - - -

Tall pillar 3 PISP 61 1563 1623 -

Tall pillar 4 QUSP 111 1512 1622 -

Tall pillar 5 PISP 75 - - -

Tall pillar 6 PISP 84 - - -

Tall pillar 7 QUSP 160 1463 1622 -

Tall pillar 8 ABSP 36 - - -

Center pillar QUSP 149 1476 1624 B

Inner pillar (NW) QUSP 63 - - -

Inner pillar (SW) QUSP 115 - - -

Inner pillar (SE) QUSP 168 1455 1622 -

Inner pillar (NE) QUSP 215 1409 1623 -

Abbreviations: PISP = Red pine; QUSP = Quercus spp. (oak); ABSP: Abies spp. (fir); B = bark present; ― = undatable.

Table 2. Cross-dating of the wooden elements from the Palsangjeon Wooden Pagoda
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with each other (Fig. 3a, b, c. gray line). One 

tree-ring chronology (BJPSPD01M) was estab-

lished from 3 red pines, another one 

(BJPSPD02M) from 10 red pines, and a third 

one from 10 oaks (BJPSQU01M) (Figs 3&4, 

Table 2). The 96- and 98-year long red 

pine chronologies, i.e. BJPSPD01M and 

BJPSPD02M, were successfully cross-dated 

with local red pine chronologies, BJDWPD02M 

(tBP = 5.2, Glk = 71%, overlap length of 95 

years; Fig. 3a) and BJDWPD01M (tBP = 10.2, 

GLK = 79%, overlap length of 98 years; Fig. 

3b). The cutting years of BJPSPD01M and 

BJPSPD02M therefore were determined to be 

1624 and 1851, respectively (Fig. 4). The 

216-year long mean oak chronology 

(BJPSQU01M) was well cross-dated with a 

local oak chronology (BJDWQU01M) (tBP =

9.3, Glk = 73%, overlap length of 210 years; 

Fig. 3c), based on this cross-dating, the 

cutting year could be determined to be 1624 

(Fig. 4). The construction of the Palsangjeon 

Wooden Pagoda after the Japanese invasion 

(Imjinweran) was reported for A.D. 1602 

(Daeungdaekwangmyeongjeonbulsangki, 1630). 

We could not find any dating result supporting 

the starting year for its construction using 

tree-ring analysis, whereas the record on a pur-

lin on the 4th story for the end year of its con-

struction, A.D. 1626, was verified by tree-ring 

analysis. If we consider the cutting year of cen-

tral pillars, which have to firstly set up for the 

construction, the fundamental groundwork might 

have started in A.D. 1602, and the main con-

struction might have started in A.D. 1624. Like 

the historical records, we could not find any 

construction activity between 1602 and 1626 

using tree-ring analysis. However, we verified 

an activity for repairing the Pagoda in 1851. 

According to Park et al. (2005), the timbers 

used the construction of the Daeungjeon Hall 

were almost cut (86%) between 1616 and 1622. 

It could be a fundamental database to suggest 

that the Pagoda was reconstructed shortly after 

the Daeungjeon Hall.

A comparison between the red pine chronol-

ogy (BJPSPD01M) and the oak chronology 

(BJPSQU01M) resulted in high synchronization 

(tBP = 4.4, Glk = 68%, overlap length of 96 

years) (Fig. 3d). This result also coincided with 

the comparison results between red pine chro-

nology (BJDWPD02M) and oak chronology 

(BJDWQU01M) in the Beopjusa Temple, as 

well as between northern England subfossil pine 

chronology and oak chronology (Chanbers et 

al., 1997) and central Europe preboreal pine 

chronology and Holocene oak chronology 

(Friedrich et al., 2004). The synchronization be-

tween red pine and oak chronologies would 

provide a possibility to date floating oak chro-

nologies using the red pine master chronology 

(A.D. 1170-2014) in South Korea.

4. CONCLUSION

The wooden elements used for the con-

struction of the Palsangjeon Wooden Pagoda 

were successfully dated using tree-ring analysis. 

The first cutting year for red pine and oak was 

in A.D. 1624 to construct the Palsangjeon 
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Fig. 3. Synchronization test between the mean red pine chronologies of the Palsangjeon Wooden Pagoda and 
the local red pine chronologies of the Daeungjeon Hall (a and b), between the mean oak chronology of the 
Palsangjeon Wooden Pagoda and a local oak chronology of the Daeungjeon Hall (c), and between the mean red 
pine and the oak chronologies of the Palsangjeon Wooden Pagoda (d). BJPSPD01M and BJPSPD02M: red 
pine chronologies I and II from the Palsangjeon Wooden Pagoda, BJPSQU01M: oak mean chronology from 
the Palsangjeon Wooden Pagoda, BJDWPD01M and BJDWPD02M: local red pine chronologies from the 
Daeungjeon Hall, BJDWQU01M: local oak chronology from the Daeungjeon Hall.
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Wooden Pagoda after the Japanese invasion 

(Imjinweran) and the second cutting year was 

in A.D. 1851 to repair it. Through this den-

drochronological study, the years for the con-

struction and repair could be verified. 

Moreover, it was also verified that our longest 

red pine master chronology (A.D. 1170-2014) 

could be used for cross-dating of oak 

chronologies.
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