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Dating Wooden Artifacts Excavated at Imdang-dong Site,
Gyeongsan, Korea and Interpreting the Paleoenvironment
according to the Wood Identification®
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ABSTRACT

It was estimated that the Imdang-dong site of Gyungsan was congtructed in the 2nd to 4th century based on excavated
layers and artifacts. This study was carried out to verify the result using the dendrochronological analysis of six wooden
pillars excavated at the site. As a result, it was proven that 6 specimens were not cut at the same age because their
tree-ring chronologies were not synchronized each other. And more, it was reconfirmed in wiggle matching dating
as confirming two of them were dated to A.D. 94-135 and A.D. 224-289, respectively. It was coincided with the
above-mentioned estimated age. In wood identification, most of them were identified as Hovenia dulcis Thunb., Tilia
spp., Ulmus spp. which grow usually under cool environment. Based on the result, we could conclude that the climate
at that time was cooler than the present.
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pal eoenvironment

1 Date Received March 12, 2018, Date Accepted May 8, 2018
2 ot E s stw B Z315t3). Department of Conservation Science, Korea National University of Cultural Heritage, Buyeo
33115, Republic of Korea

3 ZFEUsty =x)-Zo|styl. Depatment of Wood and Paper Science, Chungbuk National University, Cheongju 28644,
Republic of Korea

t 1A & 2} (Corresponding author): 344 (e-mail: wood@chungbuk.ac.kr, ORCID: 0000-0003-3835-2063)

- 241 -



o5 - A -

A9 AHE =
I AR AT EA ol ok
52| HolH|(olst A7) e
shutel] ddjd=s Fofsh= Aot (Schweingruber,
1983). A7t Pkt AWES 7|HoR dE
A7 eFs 2z AP AALIHE)E
2t =, @52 A °
2ol F2ASFEN SAGFElA SRS de
gog ddirlE

o, M thy] ] ofe] AojoA &
Agarls 752 Bast ook @) AR
Agg o) gstel tharet A7/t MaH L 9tk Son
et al. (2011)S ABrs 1 z
B U olgstel o AWFW hAA 0|4

2k Ao 2 g o] HAjE AR = glg 4
27} 9o v|(Park et al., 2006), AE =7}1o] A=
A7) Wt objel AL BAje] XA = BrE
A= ok(Park and Kim, 2005; Park et al., 2007).

MR R T S S AR Rk A 14C) W)
7|25 E dojA|= ool mdl AR A, BSR4
(calibration curve)S =3 A4 A2 EAH =, o]
A dojxl AA| ARE A Ad(calibrated age)zt
FEtHReimer et al., 2004). YAMIE A S o
ARG E= BAYTALS @A EFE 12000 BP7HA| =
& & ¢t (dendrochronology) & 2 =45 o] H| 2]
WA e A E S751] whEo] 3l o, 12000 BP
F5 26000 BP71A| = vlthe] Ats 2 7E 42 UTh
Adjel x4 el 2 A v f aHreservoir effect) S L%
(correction)gt s FARE 53l WHEo]Fth(Reimer et
al., 2004; Pak et a., 2010). wiehA] of2f3t SAYAY
4 B AT A(IntCa) 2}t = A (cdibration) T2 13-
o]-gsto] A A =R E RAPAHE dojd
T Atk 2y fi=(Wigdle)olzt FE2= &2 571

At

Fu5}7] i) thize] 2 oxj7h WAy
B4 o2 Udgze] AR
sSraAtiEAS AAste] FAACR A
=3 W= =A% (wiggle matching)o] 2|
Qlth(Bronk Ramsey et al., 2001).
TRt FAoll A = Aol dis rh
2} FFEAS Sl A AS Bkl 7]
e AFEE AP QU -2kl A
A7 el Qs Heha Q] pFEAlo] o] Fojxl
1973\ of] Hupgofl A W= Haat npa (% A)
et Ao waeulo] 245 X0 Bkl

[e]
nEGARY thEe, AR, 2 f4 5 AR
A7hA ole] fae) g A ZEE SUBA o
3 AAES B4 o]Roi L gk, BAE 4% 2
Bl GA HESE, B9 ofF, Fu MY

g 7

o

(Yeongnam Institute of Cultural Properties, 2014). 5}
At SRlE A7)E wEE F99) $52 249

AHEA LAY 7L ok wheba] f2 oA
EAREY] A AvE £A%H, 49 de
g FAY e AZIE S 5 S e
FHE U wEbd & Aol s BAE 4T 4
oAl 2EH HFof s AFANEA L YA
B4 o o 24 (wiggle matching) A A|3ko] 829
ASEol AHE 72 EAYAI7IE Eelstar, A
freol gt 524 2402 Ao A 2 7%
£ st skl

Bt A wACMe SRR, 557
(RTHRE), AT FEEAE), FRE A, 2
GRAGEEEM), FFORME), =ESARHAARM)

- 242 -



A% 9 #8 BE 242 A

o]

Table 1. Information on wooden pillars selected
for dating

1D Bark Tree species

IDWW 01 - Platycarya strobilacea S. et Z.

IDWW 02 Y

IDWW 03 -

IDWW 04 ; Quercus species
(Prinus section)

IDWW 05 Y

IDWW 06 -

>

5 % 3679 BAGRI Be ol BRCKE7

ZH 9Tk ATjRAS BA g ZaEA) e 2

i} olakel 6@ 1, B3

55 58S Al AAsteckFg 2 Fg. 3). A

5 BE0 fEe g W] 9le] AU 248
d

W& A= 7hehE FhgRte] ool on], 4u5
A G B Sick(Table 1, Fig. 1). %]
A~
[¢)

Jl
o
R )

1 2 ulEao.R ol
B 9B 2707} oS Hol ARAA BT
& Aolgt 3163 0] tia) A4 sHTHTable 2).

Table 2. The number of excavated wooden artifacts and used for woods identification

Identification

Exception Total
un-lacquered lacquered

Container 18 72 4 94

Farm and machine tool 35 - 1 36
Living tool 23 3 11 37
Weapon 2 4 3 9
Combination material 39 1 1 41
Pillar 39 - 1 40

Unclear materia 78 2 9 89
Total 234 82 30 346

Fig. 1. Wooden pillars sdected for dating (A: IDWW 01, B: IDWW 02, C: IDWW
03, D: IDWW 04, E: IDWW 05, F: IDWW 06).
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Fig. 2. Micrographs of Platycarya strobilacea S. et Z.
(A): Cross section, (B): Radia section, (C): Tangential section
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Fig. 3. Micrographs of Quercus species (Prinus section).
(A): Cross section, (B): Radia section, (C): Tangential section
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Fig. 4. Ring-width chronologies from wooden pillars (X-axis: tree-ring number, Y-axis: tree-ring width x 100mm).

OxCal v4.2.4 Bronk Ramsey (2013); r:5 IntCal13 atmospheric curve (Reimer et al 2013)

Agreement n=3 Acomb=131.2%(An= 40.8%)

PLD-29489: [A:122] S S

PLD-P9490: [A:116] é/ ‘
]
PLD-p9491: [A:113] —

200 100 1cal BC/1cal AD 100 200

Modelled date (cal BC/cal AD)

Fig. 5. The result of wiggle matching at wooden pillar (IDWW 01).
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Table 3. Dating of the outmost tree ring in wooden pillar, IDWW 01

Tree rings used to BP . o
1D WM* (yrBP10) Cadlibrated date (95.4%, C.I.)
PLD-29489 5-6th 1962+20 22BC ( 2.3%) 11BC, 2B C(93.1%) 82AD
PLD-29490 40-42th 1918+19 32AD ( 1.5%) 37AD, 51AD (93.9%) 129AD
0, 0,
PLD-29491 82-86th 1894420 58AD (92.5%) 140AD, 155AD ( 1.4%) 168AD,

195AD ( 1.5%) 208AD

*: Wiggle matching Outmost date

94AD (95.4%) 135AD

OxCal v4.2.4 Bronk Ramsey (2013); :5 IntCal13 curve (Reimer et al 2013)

Agreement n=3 Acomb= 36.9%(An= 40.8%)

PLD-29486: [A:105] /Nl — —

PLD-29487: [A:19] Zalil . - —

PLD-29488: [A:91] é.ik‘\\ —
H‘100‘“H‘l‘ca‘lB‘C/l(‘:al‘A‘D‘‘‘H‘lOOHHHH‘ZOOHHH‘HSOO‘HHHH4OOHHH

Modelled date (cal BC/cal AD)

Fig. 6. The result of wiggle match at wooden pillar (IDWW 06).

Table 4. Dating of the outmost tree ring in wooden pillar, IDWW 06

ID Tree "\;‘\}‘Jhs/l*“%d to (yrBBPPilcs) Calibrated date (95.4%, C.l.)
PLD-29486 6-8th 1878+20 73AD (95.4%) 214AD
PLD-20487 65-66th 188119 71AD (88.9%) 178AD, 189AD ( 65%) 213AD
PLD-29488 131-132th 1756£20 233AD (95.4%) 342AD

*: Wiggle matching ’ Outmost date

224AD (95.4%) 289AD

HHn=3), WA YA = A=36.9%0]u], $-8TA(5% £
o4 Ane 408%e| B2 EANE WA ot 4
e WIS Z39cHFig. 6). ol 21 *li
(65th-66th) o] 21| =7} w9 LrobA] el Ao

3 vz /\]5:'1(6th-8th)9lr A HA A]ﬁ(lslth-nzth)g]
AAEL o9 e Ao] Bslof o 3k
t}. wfebA IDWW 06 -39 131-132H11zﬂ ogsroﬂ o
St A= 95.4% A1Z|FL71of| 4] A.D. 224-289(95.4%)
2 ARE D, vl 1359 sgo] g 29)7}

A= AD. 227-2924 Atolo] FAE Aew 24
} 2~ glon o] od] 77lo] IDWW 06 E32of 22
= X7t K9 &, FAARe 7P e A
7} Eit(Table 4).

of mo{:
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Table 5. The result of indentification for wooden artifacts excavated at Imdang-dong site in Gyeongsan,

Gyeongsangbuk-do

Family Genus Species(subgenus) Rate(%)
Pinaceae Pinus Hard pine group 17.4
Aceraceae Acer 0.6
Araliaceae Aralia Aralia elata Seem. 0.6
Alnus 8.8
Betulaceae A
Betula Betula schmidtii Regel 0.9
Cornaceae Cornus 13
Fabaceae Maackia Maackia amurensis Rupr. et Max. 0.3
Quercus (Lepidobalanus) 24.6
Fagaceae
Castanea 3.8
Juglandaceae Platycarya Platycarya strobilacea S. et Z. 18.0
Moraceae Morus 4.4
Fraxinus 16
Oleaceae : : :
Chionanthus Chionanthus retusa Lind. et Paxton 0.3
Rhamnaceae Hovenia Hovenia dulcis Thunb. 5.0
Prunus 16
Rosaceae
Pyrus 13
. Salix 19
Salicaceae
Populus 0.9
Styracaceae Syrax 0.3
Tiliaceae Tilia 0.3
Ulmus 3.2
Ulmaceae Celtis 16
Zelkova Zelkova serrata Makino 0.9
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Table 6. The prevalence rate of tree species in mixed forests of Gyeongsangbuk-do
Family Genus Species Rate(%)
Cupressaceae Juniperus Juniperus chinensis L. 0.05
Larix Larix gmelini var. principisruppr-echtii Pilger 0.43
) Pinus densflora S. et Z. 39.03
Pinaceae : : o
Pinus Pinus thunbergii Parl. 0.19
Pinus rigida Miller 0.92
Acer palmatum Thunb. var.coreanum Nak. 0.98
Acer pictum subsp.mono 0.13
Aceraceae Acer :
Acer ginnala Max. 0.03
Acer triflorum Kom. 0.00
Alnus japonica Steud. 0.86
Alnus -
Alnus hirsuta Rup. 0.43
Betula davurica Pall. 054
Betula platyphylla Sukatchev var.japonica Hara 0.09
Betul aceae Betula e
Betula schmidtii Regel 0.05
Betula costata Trautretter 0.02
. Carpinus laxiflora Blume 0.50
Carpinus -
Carpinus cordata Blume 0.03
Cornaceae Cornus Cornus controversa Hemsl. 0.05
Ebenaceae Diospyros Diospyros kaki Thunb. 0.07
Euphorbiaceae Sapium Sapium japonicum Pax. et Hoffm. 0.07
Robinia Robinia pseudoacacia L. 281
Fabaceae - - -
Maackia Maackia amurensis Rupr. et Max. 0.02
Cyclobalanopsis Quercus myrsinaefolia Blume 0.01
Castanea Castanea crenata S. et Z. 0.76
Quercus aliena Blume 0.37
Quercus variabilis Blume 6.26
Fagaceae
i Quercus dentata Thunb. 0.14
Lepidobalanus —
Quercus acutissma Carruth. 10.40
Quercus tschonoskii var.eximia Hatus. 16.18
Quercus serrata Thunb. 14.98
Juglandaceae Platycarya Platycarya strobilacea S. et Z. 041
Lauraceae Lindera Lindera erythrocarpa Makino 0.04
Oleaceae Fraxinus Fraxinus rhynchophylla Hance 121
Rosaceae Prunus Prunus sargentii Rehder 1.50
) Populus Populus albaxglandulosa T. Lee 0.26
Salicaceae : : ;
Salix Salix koreensis Anderson 0.01
Syrax japonica S. et Z. 0.01
Styracaceae Styrax :
Syrax obassia S. et Z. 0.01
Theaceae Sewartia Sewartia koreana Nakai 0.13
Ulmaceae Zelkova Zelkova serrata Makino 0.04
Total 100
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