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A Fundamental Study of the Silla Shield through the Analysis
of the Shape, Dating, and Species Identification of Wooden
Shields Excavated from the Ruins of Wolseong Moat in
Gyeongju'@
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ABSTRACT

Various types of wooden relics are being unearthed following the full-scale excavation in Wolseong palace site,
Gyeongju in Korea. In particular, a large number of relics were found in the moat surrounding the Wolseong Fortress.
This study attempted to secure basic data on the shields of the Silla era through species identification, radiocarbon
dating, and shape analysis of the two wooden shields excavated from the Wolseong moat. As a result of the radiocarbon
dating, it was confirmed that the shields were made of wood procured in the period between the mid-4th century
and the early 5th century. The species identification confirmed that the body of the relic was made with Pinus soft
pine group and the handle with Zelkova serrata. It was also confirmed that the excavated wooden shield was made
by first marking a thin line on a flat grain board, then marking double concentric circles and perforating small holes.
The distance between the division lines is constant at about 6cm, and spaces between them are colored in red and
black. The shape analysis estimated that two artifacts were more than 50cm and 36cm in width, respectively.
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1. INTRODUCTION and Silla Wolseong, along with the ditches of pre-

historic settlements and the appearance of castle walls

The Wolseong moat is a defense facility built on in ancient cities. Besides, many artificial or natural

the outskirts of Wolseong, the royal castle of Silla. moats of various forms in ancient and middle-age cit-

To protect the interior, Namcheon Stream was used ies have also been found in China and Japan (Park
as a natural moat, and in the north, east, and west, and Choi, 2017).

ditches were dug outside the castle and filled with wa- Various types of wooden relics have been unearthed

ter to serve as a defense facility. Defense facilities on from the walls and moat of Wolseong, Gyeongju with

the Korean Peninsula, such as moats, were built in the full-scale excavation. In particular, a large number

Goguryeo Guknaeseong, Baekje Pungnaptoseong Fortress, of relics are being found from the moat surrounding
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Wolseong Fortress. It is due to the unique environment
where moats are situated. A moat, being filled with
water, is a wetland located on a lower ground level
than its surrounding, so the place remains moist with
the water always accumulating (Jung et al., 2010;
Pefia-Monné et al., 2014; Zhuang et al., 2017). Wood
is composed of organic matter, and as time goes by,
its tissues decompose and get destroyed by insects,
bacteria, chemical changes, etc., losing its shape and
eventually disappearing. However, in low wetlands,
mudflat or mud layer forms an enclosed space, creat-
ing a hypoxic or oxygen-free environment that slows
the decomposition process of organic matter. The de-
composition rate is slower in such an environment,
and water fills the space where the main component
of wood decomposes, allowing the wooden relics to
remain in the form they were in at the time of disposal
(Pearson, 1988; Yi, 1997; Rodgers, 2004; Seo, 2008).

The wooden relics excavated as close to their origi-
nal form make it possible to restore through archaeo-
logical and scientific research the natural environment
of those days. They also provide important information
for restoring daily life through daily items, tools, and
building materials used by people at that time.

Moat no. 5

Moat no. 4

Currently, in Korea, various studies such as species
identification, dating, manufacturing techniques, and
lacquer analysis are being conducted on the compo-
nents of wooden relics and old buildings excavated from
many remains (Lee and Kim, 2015; Nam ez al., 2015;
2017; 2018; Hwang et al., 2018; Park et al., 2018;
Lee and Kim, 2018; Eom and Park, 2018; Lee et al.,
2018; 2021; lee and Han, 2018; Cho et al., 2019;
Hwang et al., 2020).

In the Wolseong moat, 785 artifacts made of wood
were excavated, such as living tools (comb, ladle, con-
tainer, lacquerware, etc.), construction materials (plates,
fittings, etc.), and wooden products of unknown purpose.
The most interesting artifacts among them are two
wooden shields (Fig.1). This study attempted to secure
basic data on the Silla era shields through species iden-
tification, natural scientific analysis such as radiocarbon

dating, and shape analysis of the two wooden shields.

2. MATERIALS and METHODS

2.1. Research area

Wolseong, Gyeongju, is located in 387-1, Inwang-

Gyeongju National Museum
0 100 200m

Fig. 1. Location and wooden shields excavated from Wolseong moat site. (Arrow: Research area, 1: wooden

shield with handle, 2: wooden shield without handle
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dong, Gyeongju-si (35° 49" 51”7 N, 129° 13" 34" E),
and has a total area of about 193,845m’. The area
stretches 890m east to west and 260m north to south,
and the outer circumference is 2,340m forming a long
half-moon shape. The Hyeongsan River flows at its
west, Bukcheon at its north, and Namcheon at its
south, forming an independent hill. The top of
Wolseong is a wide flat surface, and the walls remain-
ing at the edges are 2m to 7m higher than the flat
surface. Wolseong Hills has the locational advantage
to view the access paths from the outside as a whole.
Presumably, it has the view of the summit of all
mountains surrounding the Gyeongju Basin from here
(Gyeongju National Research Institute of Cultural
Heritage (GNRICH), 2010).

2.2. Material

Two wooden shields were unearthed in 2016 and
2018 in Moat no. 1 during excavation in the Wolseong
moat site. They were excavated from the lowest layer
of the stable layer, and there were two types, one with
a handle and the other without it. The excavated
wooden shield has a mark of a double concentric cir-
cle, and there remains the trace of a stripe carved with
a sharp tool, painted in red and black, and there are
small holes spaced in the regular distance. This study
conducted shape analysis, species identification, and
dating to restore the original shape of the unearthed

wooden shield.

2.3. Method

2.3.1. Species Identification

We cut out a minimum amount of section with a
razor (Dorco Co., Ltd.) from an area not visible on
the surface to keep the shape of the artifact intact. The
cut-out samples with three sections (cross section, ra-
dial section, tangential section) were analyzed by mak-

ing a temporary preparat sealed with a temporary seal-

ing agent (50% glycerin aqueous solution). An optical
microscope (Nikon ECLIPSE E200) was used to ob-
serve the constituent cells and take pictures of the fea-
tures on the preparat.

The species identification was carried out by refer-
ring to Wood Structure and Identification (Park et al.,
1987), Properties and Uses of Korean Wood (Lee,
1997), Organizational Structure of Korean Wood
(Lee, 1994), and Wood Anatomy (Kwon et al., 2020),
IAWA List of Microscopic Features for Softwood
Identification (Richter et al., 2004), IAWA List of
Microscopic Features for Hardwood Identification
(Wheeler et al., 1989).

2.3.2. Dating

A very small amount (about 100mg) of samples were
collected from a less visible area of the artifact, not
to affect its shape. The collected sample was sent to
multiple organizations (Paleo Labo in Japan, BETA in
the U.S.) for examination. The sample was made into
wood powder, treated with AAA (Acid-Alkaline-Acid),
and measured with an accelerator mass spectrometer. The
measured '“C age was calculated using the Oxcal pro-
gram by applying IntCal20 (Reimer et al., 2020), the

most recent calibration curve (Bronk, 1995).

3. RESULTS and DISCUSSION

3.1. Shape Analysis

Two wooden shields were excavated in the Wolseong
moat in Gyeongju, one with a handle and one without.
The main morphological feature of the two artifacts
is that their body is a flat grain board, processed into
a round shape with a thickness of 1.0 to 2.0cm. The
shield was made by first drawing a thin outline on
the surface of the plate with a sharp tool, a double
concentric circle was then marked, and then it was

colored. In addition, small holes were perforated at
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regular intervals, which seem to be for weaving in ma-
terials such as thread to enhance its strength. The pres-
ence and attachment method of the handle that had

been unknown so far were also identified.

3.1.1. Wooden Shield with a Handle (Fig. 1—1)

The remaining length of the relic is 73cm, the width
is 14.4cm, and it is about 1.0cm thick with 3 tree-
rings. The artifact was recovered partially, separated
into 10 pieces. Three double concentric circles and
seven horizontal stripes were identified, colored red
and black. Two double concentric circles are adjacent,
and the other one is separated. On its back, a handle
with an inner diameter of about 9.6cm is fixed with
three pegs at the top and bottom.

A total of 18 points were measured; 3 points at each
of 6 sections between the seven clear horizontal lines.
It measured a minimum of 5.8cm, a maximum of
6.5cm, averaging out at 6.1cm. The measurements on
5 points between the concentric circles showed a mini-
mum of 6.0cm, a maximum of 6.3cm, averaging out
at 6.1cm. The outlines of the artifact were drawn in
intervals of about 6cm. Therefore, as the diameter of
the double concentric circles was calculated as 24cm
and the distance between the double concentric circles
was measured as 2cm, the width of this artifact was

estimated to be at least 50cm.

3.1.2. Wooden Shield without a Handle (Fig. 1-2)

The length of the remaining relic is 95.5cm, the
width is 26.3cm, and its thickness is 1.2cm with 6 tree
rings. The relic was recovered partially, separated into
nine pieces. One double concentric circle and 16 hori-
zontal stripe lines were identified, and they are colored
only in black. The trace of an attached handle wasn’t
confirmed.

A total of 45 points were measured; 3 points for
each of the 15 sections between the 16 clear horizontal

lines, and the result shows a minimum of 5.0cm, a

maximum of 6.4cm, and an average of 5.7cm. The
measurements of 5 points between the concentric cir-
cle show a minimum of 5.3cm, a maximum of 6.3cm,

averaging out at 5.9cm. The outlines of this artifact

Table 1. Measurement results of wooden shields with
handles (cm)

Gap | Horizontal Line Double
/Spot Conf:entrlc
1 2 3 Circle
1 6.0 | 6.1 | 59 6.0
2 65 | 62 | 64 6.1
3 63 | 62 | 64 6.3
4 58 | 58 | 59 6.0
5 64 | 65 | 62 6.0
Average 6.2 6.1
Min 5.8 6.0
Max 6.5 6.3

Table 2. Measurement results of wooden shields
without handles (cm)

Gap | Horizontal Line Double
/Spot Con.centrlc
1 2 3 Circle

1 53 | 52 | 53 6.0

2 58 | 58 | 55 5.7

3 57 | 56 | 55 5.7

4 63 | 60 | 59 6.3

5 6.1 | 62 | 62 5.6

6 5.9 5.5 5.2

7 5.7 5.5 5.8

8 62 | 64 | 63

9 58 | 55 | 53

10 55 | 55 | 51

11 52 | 55 | 56

12 58 | 55| 5.0

13 59 | 58 | 5.6

14 6.0 | 59 | 6.1

Average 5.7 5.9
Min 5.0 5.6
Max 6.4 6.3
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were drawn at intervals of about 6cm. Therefore, the
diameter of the double concentric circle was calculated
as 24cm, and as the distance between the double con-
centric circle and the fully remaining side was meas-
ured as 6cm, the width of this artifact was estimated

to be at least 36cm.

3.1.3. Excavation Examples

Among the relics unearthed in Korea, the first as-
sumed or confirmed example of a shield is Nopo-dong
No. 31, which is dated to the second half of the 3rd
century (Lee, 2015). It was identified in tombs of the
Three Kingdoms period, such as in Bokcheon-dong
and Daeseong-dong tombs. The three wooden artifacts
excavated from the wetland remains in Imdang-dong,
Gyeongsan are believed to be shields. On the wooden
shields excavated in Imdang-dong, a double concentric

circle and a stripe-shaped sketch were drawn with a

sharp tool and painted in red and black. There are
small holes at regular intervals. Most of them were
lost and only parts of them were excavated, making it
difficult to understand the overall appearance (Fig. 2).

Based on the Mukseo written on the mural, the
Anak Tomb No. 3 Parade Painting (NRICH and Seoul
Baekje Museum (SBM), 2018) is estimated to be cre-
ated in the year 357 (27th year of King Gogukwon
of Goguryeo), and it illustrates two types of shields
and two methods of carrying. The shield types identi-
fied through the mural are one with a shape of two
red ovals combined and another in the shape of an
elongated rhombus. From the structure inside the
shield, we can infer that a handle may have existed
depending on the method to carry it. From the mural,
we can infer two methods of carrying; mounting it on
the side of the body (Fig. 3 upper left of the enlarged
photo) and holding it horizontally at the side (Fig. 3

Fig. 2. Wooden shields excavated from Imdang-dong, Gyeongsan (Yeongnam Institute of Cultural Properties

(YICP), 2014).
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Fig. 3. Procession paintings of Goguryeo Anak No.3 tomb (modified from NRICH and SBM, 2018).

center and enlarged photo). This movement confirms
that there must be a handle, enabling them to carry
the shield as shown in the figure.

In the Imdang-dong wetland, the parts belonging to
the shield were excavated, but there was no trace of
a handle attached to a shield. Besides, it is difficult
to estimate the overall shape of the shield from the
state of the remaining relics. We can only confirm
from the Goguryeo Mural Tombs that the two types
of shields, i.e. one with a handle and one without,

were used during the Three Kingdoms period.

3.2. Species ldentification Results

3.2.1. Pinaceae Pinus soft pine group

The body of the excavated wooden shield was made
of coniferous wood, and the transition between the
earlywood and latewood was relatively gentle. The ax-
ial intercellular canal with thin-walled epithelial cells

could be observed in the cross section (Fig. 4 A). In

the radial section, the ray consisted of ray tracheid and
ray parenchyma cells, and the cross-field pitting were
window-like. There was one row of bordered pit of
the tracheid wall (Fig. 4 B). The ray in the tangential
section is composed of uniseriate ray and fusiform ray
with radial intercellular canal (Fig. 4 C). It was identi-
fied as a soft pine group, which differs from the hard
pine group where the dentate thickening could be seen

due to the smooth ray tracheid.

3.2.2. Umaceae Zelkova serrata (Thunb.)
Makino.

The handle of the excavated wooden shield is a
ring-porous wood with one or two rows of large ves-
sels on the cross section. The large vessels are usually
circular and independent, and the smaller vessels form
polygonal, short tangential pore groups (Fig. 4 D). In
the radial section, a simple perforation plate was ob-
served, and parenchyma strands in axial parenchyma

cell were observed around the pores. It is a heteroge-
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Pinus Soft Pine Group
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Zelkova serrata (Thunb.) Makino.

Fig. 4. Light micrographs of wooden shields excavated from Wolseong moat site.

neous ray, consisting of procumbent ray cells and
square ray cells, and rhomboidal crystals are com-
monly observed in the square ray cells (Fig. 4 E). In
the tangential section, helical thickening can be ob-
served in the small vessels. Most of the rays have 5~6
rows, but 1~3 rows are also mixed. The rays are heter-
ogeneous type III, with both ends longer than other
rays (Fig. 4 F). In Korea, only one type is growing
in the genus of zelkova, so it was identified as Zelkova

serrata.

3.2.3. Remarks on the Results of Species
|dentification of the Excavated Wooden
Shields

The Pinus soft pine group (Korean Pine) was used
to make the body of the wooden shield. The Silla Civil
Document contains contents related to the Korean Pine
tree. It recorded the number of mulberries, walnuts,
and pine trees that had been previously growing, sepa-

rately from the number of newly planted trees. It is

the first record about artificial afforestation, and the
pine tree was one of the tree species managed by the
state. The Korean Pine trees are called soft pine or
white pine, as they are soft and light in color with
little resin contained. Compared to Pinus densiflora,
belonging to Pinus hard pine group, the Korean Pine
was softer and thus easy to process. The Zelkova serrata
(Zelkova) used in making the handles have a lot of
extracts, making it less likely to rot or be damaged
by insects. It is less prone to cracks or twists when
drying, is hard, and also resistant to friction or shock
(Park and Lee, 2007).

The Korean Pine and Zelkova were used for Korean
architectures and the wooden artifacts excavated from
Wolseong and Anapiji sites in Gyeongju of the Three
Kingdoms period (Lee, 2007; Nam, 2018), the remains
of Hwangnyongsa Square (Foundation of Silla
Cultural Heritage Research Institute, 2018), and the
wetland site in Imdang-dong, Gyeongsan (YICP,
2014; Park and Lee, 2007).
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3.3. Results of Dating

The radiocarbon dating results of the two wooden
shields of Wolseong are as shown in Table 3 and Fig.
5. For more reliable results, the wooden shield with
a handle was cross-validated through examinations by
different organizations.

In the case of the wooden shield with a handle, the
calibrated age (95.4% confidence interval) calculated
from the values of the two institutions (BETA, Paleo
Labo) were AD 382 to 541 and AD 262 to 274, or
AD 348 to 428, respectively. We found it reliable, as
the ages calculated by the two organizations fall in
a similar range of period. We can also interpret that
the shield was produced using wood cut down be-
tween AD 382 and 428. For the wooden shield without
a handle, the calibrated age was AD 264 to 273 years

or AD 348 to 420 years at the 95.4% confidence interval.

The calibrated age of the two wooden shields over-
laps between the mid- 4th and early 5th centuries. In
addition, since they have been excavated from the
same level of the remains, they are considered to have
been manufactured, used, and discarded at the same
period. Also, this period coincides with the dating of
wooden structures on the shore of the Wolseong moat
and of the animal and plant fluids from the bottom
of the moat (Ahn, 2018), which is between the late
4th century and the early Sth century. Therefore, we
can see that these artifacts and the wooden structure

existed at the same time.

4, CONCLUSION

In this study, analysis of shape, species identi-

Table 3. The results of radiocarbon dating of wooden shields excavated from Wolseong site

Analysis 14 " 130 Calibrated dates
Sample Institute C date (BP*) APC(%0) (AD, 95.4% C.L**) Remark
BETA 1630+30 -23.1 382~541 (95.4%)
1 262~274 ( 4.1%) Cross check
Paleo Labo 1665+19 -26.18 348-428 (91.3%)
264~273 ( 3.2%)
2 Paleo Labo 1671+14 -24.10 354-420 (92.3%)

1: Wooden shield with handle

2: Wooden shield without handle

* BP: before present, the year from A.D. 1950
** C.I.: confidence interval

OxCal v4 4 2 Bronk Ramsey (2020); -5 Atmospheric data from Reimer et al (2020)
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Fig. 5. The results of radiocarbon dating of wooden shields excavated from Wolseong site (B: BETA, P: Paleo Labo).
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fication, and dating were performed on the two wood-
en shields excavated during the excavation of the
Wolseong moat site in Gyeongju. We have arrived at

the following conclusions.

1) The production sequence of the wooden shield
was confirmed; marking the outline on a proc-
essed plate with a thin line, drawing double con-
centric circles, and then drilling small holes. The
distance between division lines was constant at
around 6cm and the space between them was
colored in red and black. Each artifact was esti-
mated to be at least 50cm and 36cm in width.

2) As a result of the species identification, the body
of the relic was identified as Pinaceae Pinus soft
pine group that is easy to process due to its soft
material, and the handle was identified as Ulmaceae
Zelkova serrata (Thunb.) Makino, which is hard
and has less distortion.

3) The radiocarbon dating results confirmed that the
excavated wooden shield was manufactured us-
ing wood procured from the middle of the 4th
century to the beginning of the 5th century.

4) We could confirm the shape of the shield only

from the wooden shields of the Three Kingdoms

era excavated on the two sites of Imdang-dong
and Wolseong. The wooden shields from the

Wolseong ruins in Gyeongju show double con-

centric circles painted in red and black. Such

composition and coloring are also found in the
wooden shields excavated from the Imdang-dong
ruins. Whether such composition and coloring
are for decoration or ceremonial purposes re-
mains to be verified through further case studies.

5) We could only assume the shape of the shield

of the Three Kingdoms Period, as only traces of

paint and a few pieces were available. However,
excavations from Wolseong Ruins in Gyeongju
made it possible to restore the shape of the

shield. In particular, we found that two shapes

- 162

assumed from the method of carrying coincide

with what is depicted in the mural. The shields

of the Wolseong Ruins in Gyeongju is a sig-

nificant relic showing the armament system and

advanced wood processing techniques of the
Silla period, such as thin plate processing.

We have so far analyzed the wood species, date,

and shape of the excavated wooden artifacts. However,

we need to collect further data to completely restore

the Silla period shield through morphological analysis

on tools, processing methods, and pigments.
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