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Scientific Analysis of the Neolithic Red Earthenwares(II)
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Abstract This study, a part of scientific analysis of the 23 Neolithic red earthenwares excavated from
southeastern coast and islands. We analyzed earthenware through statistical method and hardness analysis
of clay, following the analysis of clay composition, its firing temperature, pigment composition and its
thickness. Clay composition was analyzed by using ICP-AES and XRF, and then Principal Component
Analysis (one of multivariate methods) was used for classification. As a result, clay of the earthenware
was classified into 3 groups(Bumbang, Youkjido and other sites). In addition, hardness analysis of pigment
and clay based on the depth of earthenware surface showed that pigment layer containing lots of Fe2O3

had higher hardness than clay part, which can be interpreted that Fe2O3 contributes to raising hardness
in case of high temperature firing. The fact that pigment hardness is higher than that of clay part implies
that pigment was applied before firing.
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� �� ¤¥¦§ � ¨©ª«# Q3�7/ �� 23

�� /� 0 � 23# �	4&� 1¬& .� � N

%# ;223, N%­® 23 � d;¯
 23A °

7�M �9 JK� ± D4F4), ²# I0| <® .

�;2# X��1 �� � 

23A X� N%;2

# 5³A ���M Pv(� ´)4&� Q3�7/

Z[��� �� 2¬ !"I0��. 

II. � �

1. ����
Q3�7/ Z[��� /� 23A e�M µ¶¨,

·¸¨, ¹«, ¤º»¼½�� ¾�� ��¿0 À©Á

¼½# �ÂÃ � 23Ä# ��¿A �)�Å�. Æ �

�8& >Ç�� Q3�7/ ´��# 7� ¬�G �

¢³ C D
� MÈ O�� ¾�� 7%G Év�Å4

F, �5�4&� Ê­ Ë(6Ì ÍÎÏN0 
��5

�� ¾�� @4& �v�Å�.

23/� 7%> Ð� D� ,Ñ\ Table 1� 6

Ò´E�. N%O# ­®� t Ó9
4& �v�Å

4F, 6Ô�� ÕN4& ��� I0��.

2. 1� ��
2.1. ��� ��

2.1.1. v:23

�
IÖ×ÌØf-�$Jt2t{(Inductively coupled

plasma-Atomic Emission Spectrometry : ICP-AES) � Ù

ÚÉÛt{(X-ray Fluorescence : XRF)A �)�M v:2

3A °7�Å�. AlA ÜÝ� 7Ä �d(Al, Fe, K, Na,

Mg, Mn, Sr)� /� 23\ ICPG �)�Å4F 4Ä �

d(Si, Ca, Ti, P)� /� ;223\ XRFG �)�Å�.

Table 1. List of samples and their characteristics

Sample 
no.

Site Pattern
Thickness 
of sample

(cm)

Thickness 
of pigment 
layer(µm)

Remarks

Observation of eyes

1 Yondaedo 11th plain 0.7 50-130����, ����	 (
)

2 Yondaedo J. mixed soil-shell layer needle-like decoration 0.6 10-60����, ����	, ����	 (
)

3 Yondaedo R.IIa layer applique decoration 0.5-0.8 20-50����, ����	, ����	 (
)

4 Yondaedo RII layer impressed line 0.7 20-100����, �������	 (
)

5 Yondaedo M. disturbed layer impressed line 0.6 120-320�
���, ����� (�)

6 Yondaedo Q.IV layer plain 0.7-0.9 30-60 �
���, ����	, ����	 (�)

7 Yondaedo R.IV layer plain 0.5-0.8 20-60 �
���, ����� (�)

8 Youkjido disturbed layer applique decoration 0.6-0.7 20-80�
���, ����� (�)

9 Youkjido disturbed layer applique decoration 0.6-0.8 120-490
 20-400

�
���, ����	, 2���(Black) (�)
(Red) (�)

10 Youkjido stone-filed area plain 0.6 70-120�
���, ����	, 2��� (�)

11 Bumbang B.4 layer plain 0.4 90-180�
���, ����	, 2��� (�)

12 Bumbang C.6 layer plain 0.5 10-30 �
���, ����	, 2��� (�)

13 Bumbang D.9 layer rows of dotted line 0.7 50-100�
���, ����	 (�)

14 Bumbang D.12 layer plain 0.5 10-120����, ����	 (
)

15 Bumbang H.VI layer plain 0.8 20-70 ����, ����	 (
)

16 Bumbang H.IX layer plain 0.6 100-150�
���, ����	 (�)

17 Dongsam IV.�-3 layer plain 0.4-0.6 50-200 �
���, ����	 (�)

18 Dongsam IV.�-5 layer plain 0.8 60-250 �
���, ����	 (�) 

19 Dongsam IV.�-9 layer plain 0.5-0.7 100-190 �
���, ����	 (�)

20 Dongsam FV.�-3 layer plain 0.5-0.7 250 �
���, ����	 (�)

21 Dongsam FV.�-2 layer plain 0.5 20-120 �
���, ����	 (�)

22 Dongsam GV.� layer plain 0.4 50-150 �
���, ����	 (�)

23 Yangnam Haseori plain 0.6 150-400�
���, ����	, 2��� (�)

 
 : reddish outer surface
 � : reddish outer and inner surface
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2.1.2. t�ÞH � "p23

¿tÓ9
 � X-É ßà23�(X-ray diffractometer:

XRD)G �)�M ��G ";�� D� áâãA äå

�Å�. ¿tÓ9
 pæ� ��¿A epoxyC�&

mounting�M yç� èé� /�M °7�Å�, XRD

23\ ��# .�G 200ê ��# 2ë& 2ì�M

ívze 7%& îï ð Bruker X-É ßà23�[X-É

Jñ É� Cu-KαÉ, >ò]ó 30 kV, ]H 20 mA]G �

)�M 13~50o, 2θ "ô�� 23�Å�.

2.1.3. d;¯
 uv

õö:-7¬õ 23�(Thermogravitmetry-Differential

thermal analysis : TG-DTA)G �)�M ¯
�~� ÷ø

��# ^� ù: � õ �~:A �v�M ��# d

; ¯
G uvÏ �ú�. ��# .�G 200ê ��#

2ë& î�* 120oC�� 27ô ÍN �p7û ð ü

40 mgA ý�M Mac Science TG-DTAG æ)�M þ

¯ ¯
 12oC&, 1100oCÿ� �þ7� õö: � 7¬

õ23A °7�Å�.

2.2. ��� ��
2.2.1. v;23

��| jV �k# ¬��A äå��$ ���0 j

V�� ���� D� ä¿A epoxyC�& mounting �

ð !f�M _�� /�M SEM-EDS& v;23A °

7�Å�. 23\ 7%# /K;� ���
� �� e

�M �\ ��(×50)�� 3í24& 6	* C
�Å�.

2.2.2. t�ÞH � "p23

¿tÓ9
 � X-É ßà23�G �)�M .� 2

3# 
Ë| Í�� p��� °7�Å�.

3. 2� ��
3.1. �	���(Principal Component Analysis : PCA) 
Æ �58 7%# 2=�.G B�´� e�M .�

;2 23I0� /� ��:Ï3(PCA :Z;223{)

A C
�Å�. 

�, NÄ# 7%�� MÄ# �CG �v
A � ��

\ � set# ��� ���Ú(N×M)G ";��. ��

���"pG )��� ���� eÏ M¬�# ���

"pG 2~3¬�4& 6Ò´� �� wx��, ,- 7

%� /� æ] v�> �� 
Ë� Unsupervised

learning�Ì� �F � ö Z;223{� D�5). � z

{4& 7%> � Ä# �4& 2H��� B C DE�. 

3.2. 
��
� ��
3.2.1. .�# 

�v

��7%G epoxyC�& mounting� ð !f�M �

_�� /Ï 9d

�(microhardness tester, Wilson

Tukon 200)& knoop 

G �v�Å�. �ö\ 7%#



� ÷Ì ¬�G ­E4F, ü 25~100 g� æ)�E

�. �� _�A LæÓ9
(×625)4& ����� �

�íe� /Ï�î 5~10ß v
 knoop ó�$(indenter)

& 

G �v�Å�, � ���A ý�Å�. 

3.2.2. N%| .�O æ�# 

 �~�v

e| Í�� z{4& yp� 7%(no. 5, 6, 7, 11,

14, 16)a)� /Ï 25~50 g# �ö� 5~10µmô�4&

knoop

G �v�Å�.

III. 1� ���� �	

¤¥¦§ � ¨©ª«# Q3�7/ �� 23�� /

�M 1¬& C
� 234&� .� � N%# ;2, N

%­® � d;¯
 23A C
� I0G xü�� �

�0 }�.

1. .�# ;2\ Æ ¾��8& ¬�G 6Ò´� D

4F, ,- P2O5# <:¬�> �A B C DE�. P2O5

# 
Ë ¹« �V VW��� �# �¾�� �\ L

�� ��
 ¾� ����� 3.8~5.7%& Ü � !\

<:A 6Ò´�, !/
| Í"Í ��# 
Ë� 1~3%

# �\ P2O5> =<�* D� @A B C D�. #�

CaO# 
Ë� P2O5# <:� >� !ú$ ��
 ��

�� �\ <:A 6Ò´� @
 ,�� �4& äå�

E�(Table 2. op). 

2. .�# t�p;\ XRD 23I0 �# Êï 7%

�� 3�(Quartz)0 �3(Microcline, Albite)� ZÞA

�%� DE�, d:# �Ê| ��t� �4& ";�

* D�A B C DE�. ¿tÓ9
 pæ(×400)���

�� ´� �v�# 3�, �3, ��¿4& ��� �

�(7% 8, 12, 22)�6 & '¿(7% 15, 23)� =<�


ËG ( C DE�. 7% 4, 6, 8, 14�� 3�0 �

3� )P�* ;�� *+,��(myrmekite)> ���

E� 7% 2, 10, 11, 19�� 3�0 �3� ���M

~�' ���A æ)
�� uv��. Êï 7%��

-~s(Fe2O3)& .1� �q\ �/0�0 �1A >

�� DE�. 

3. õö: � 7¬õ23 I0 7% 18A y�� Ê

ï �d�\ 900oC ��# ¯
�� d;�*2� 7

a)��� ���� �	
 ��
� �� ����� ���� ��� �� ��� ���� ! "#$ ����� ��� %&
! '(#$ )*#+,.
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% 18\ 900~1000oCí3�� d;�E�A uv³ C

DE�.

4. N%O\ SEM-EDS v;23A XÏ Fe# <:�

.�O�� 2~7� >: !� 6Ò6 Z[��> q\

rA 4� �� Z�1� -~s(Fe2O3)� �1<A B

� �E�. �, s# <:� Ü � !\ ��A ��#

K�� �5�6 �L ��� -~sA 6>Ï� .�

# K�� q\ r� 6Ò6
� yç� @4& u�³

C DE�. XRD 23I0� #Ï�
 N%O� -~s

(Hematite : Fe2O3)� �� =<�* D�A B C DE�.

IV. 2� ���� 
 ��

1. �����
.�# v:23I0G �)�M ��:Ï3(PCA: Z

;223{)A C
� I0 �� 3Ä �7(8z, ��


, 6Ô� �5)4& 2H�E�(Fig. 1). ,- ��


| 8z��# 
Ë .�;2� �5� ,Ñ� #Ï 2

H9A B C D�. 

2. �	
� �

2.1. �����
��# 

G 9d

�(microhardness tester)& 2

3�Å�. Knoopz:4&b) �ö 25~100 gA æ)�Å

� I0� Table 3� 6Ò´E�.

Í"Í ��[no. 17~22]# 

> /;& �\ �A,

!/
 ��> Ü � !\ 

G Ð� D�A B C

DE�. 

�¿ }\ ��7%&� �<\ �=# �rA >�

� D�(9R) �ø �<\ �� > ?�A >¡(9B) 9@

7%# 
Ë .�# ;2\ �# }�î 

� D*�

9B> A !\ �A >�� D� @4& �� �� B

C D\ í2(9B)� �¯�� d; �*, !\ 

G

Ð� � @4& uvÏ ( C D�. �E ��# 



b) Knoop -./ ��01, HK = P/Ap = P/d c = P/0.07028d = 14.229P/d2

P = load, Ap = 2�	/ 34 56, d = 2�	 78/ 9:, c = 2�	 0;

Table 2. Component analysis result of raw materials

Component

Sample
SiO2 Al 2O3 Fe2O3 MnO MgO Na2O K2O SrO P2O5 TiO2 CaO Total

1 69.12 16.44 1.80 0.01 0.33 1.16 2.25 0.04 2.58 2.05 3.59 99.37

2 68.98 17.58 2.47 0.02 0.40 1.11 1.64 0.04 1.12 1.55 4.70 99.61

3 69.69 15.88 1.69 0.03 0.46 0.97 2.17 0.04 1.74 2.13 4.69 99.49

4 60.18 20.79 4.08 0.01 0.66 0.92 1.49 0.03 1.67 2.41 4.20 96.44

5 60.18 16.25 5.02 0.05 0.76 0.96 1.30 0.04 1.43 1.97 7.27 95.23

6 63.79 15.31 3.46 0.07 0.73 1.09 2.54 0.04 2.88 2.03 3.92 95.86

7 63.14 17.01 3.30 0.03 0.55 1.48 1.67 0.04 2.27 1.80 4.30 95.59

8 59.40 15.69 2.85 0.06 0.45 2.18 2.04 0.03 5.68 2.10 2.38 92.86

9B 62.13 14.36 4.65 0.02 0.20 1.46 1.86 0.02 3.91 1.32 1.33 91.26

9R 63.22 15.31 4.59 0.06 0.20 1.15 1.58 0.02 3.82 1.28 1.27 92.50

10 63.80 14.18 4.36 0.03 0.20 1.28 1.54 0.02 3.83 1.30 1.55 92.09

11 64.91 17.01 5.23 0.08 0.73 1.42 2.28 0.02 0 1.85 5.50 99.03

12 65.85 16.63 5.76 0.10 0.63 1.16 1.83 0.01 0 1.25 2.64 95.86

13 61.68 13.80 4.42 0.06 0.56 1.00 1.43 0.03 0.64 1.97 6.56 92.15

14 70.62 13.80 1.76 0.04 0.40 1.66 1.89 0.02 0.46 1.25 2.97 94.87

15 74.16 13.04 2.03 0.09 0.48 0.77 2.10 0.01 0.49 1.04 2.33 96.54

16 67.68 13.23 3.19 0.11 0.40 1.67 2.00 0.02 0.34 1.26 3.08 92.98

17 59.56 15.69 4.26 0.08 0.42 1.00 1.92 0.02 2.35 2.06 4.11 91.47

18 62.65 13.61 3.33 0.08 0.73 1.06 1.55 0.07 3.95 1.46 5.10 93.59

19 64.78 16.44 3.20 0.04 0.70 1.02 2.22 0.03 1.34 1.54 3.65 94.96

20 63.51 16.82 5.39 0.040 0.86 1.12 2.12 0.04 0 1.90 5.05 96.85

21 59.77 15.69 4.93 0.04 0.75 1.32 1.23 0.08 2.78 1.52 7.29 95.40

22 61.01 17.77 5.89 0.04 0.83 1.04 1.34 0.03 0.61 1.91 4.24 94.71

23 70.47 15.12 2.93 0.03 0.60 1.85 1.77 0.02 0.62 1.63 2.09 97.13
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� ²��
 FG
H� ��� x1�� �M�� �

�� !\ 

G >¡�� Ï� d;¯
> !��6

	� 	
�Ì� _v³ C� ��. �î � °I# Ê

ï ��7%�\ �5� ¬�> �� �� Ó9
 ��

I0�� �H � vy� ��� �JF, Q3�7/ �

��K& JL� Û.# >f(M)�� d;� @� �J

E�� >vÏ ��, & 

�A Ð� ��> �¯�

� d;�EA >Ç;� �A uvÏ ( C D�. �|

}\ .�, d;¯
 � 

|# ��� ²4& A �

\ !"> wx³ @4& ñÆ��.

2.2. ��� ��� ��� �
 �� ��
Z[��# K�(N%)Oí� .�O �íÿ� 5~10

µm _e& N�� ÷Ì 

G �v�Å�. 7% 5, 6,

7, 11, 14, 16# �vI0� Fig. 2~7� 6Ò´E�. /

;& >� ±O N%O\ �í P~� #Ï 

> ü

�� N�� ÷Ì �¬& 

>  ��> .�O� 1

CÏ�� 

> ç��� 
�A ��� D�. ,- 7

% 6, 7, 11, 16\ .�O0 N%O# 

¬�> ��

QK���� 10~20µmN��� 

>  �� Ó�A

��³ C D�. �È6 7% 5# 
Ë N%# 

>

�vCRA ����> .�í2� |� 

> S*�

� @A ( C DE�. �| }� N%O# 

> .

�O�� & ��� ��d;7 �¯�� N%O# Z

;21 -~s� ��# dIA �� �\ ¯
�� >

ÇT ��3), -~s� ��ò�� ��� �0 aggregate

G î��6 Iv"pG __�� �� ��1 @4&

ñÆ��6). �= -~s\ -~2e��� <:� 3%

����, 800~900oCÿ� >õ�EA � >� q\ r

A ´� 1000oC�ð&� �NvÏ¡�� B¢£ D�3). 

� Z[���# 
Ë| }� .��� N%O# 



> !�� @\ -~s� !\ U
& �P�� N%

Fig. 1. PCA analysis for component of raw materials.

Table 3. Average microhardness value of raw materialsc)

Sample no. 1 2 3 4 5 6 7 8 9B 9R 10 11

Average hardness 85.3 69.3 95.9 111.2 85.3 58.2 66.5 72.2 62.0 48.4 73.7 83.4

Sample no. 12 13 14 15 16 17 18 19 21 22 23

Average hardness 58.8 61.1 66.3 72.3 84.4 71.8 70.7 31.7 32.1 20.4 51.8

c)��<=> ���?
 @ABC= �	� D� ��E� F> @AG ; �H. IJ temper
 K�� �� L�E/ *5, 7
* M: ����/ -BNO?
 PQG ; �H. RST U VW�T� XYZ/ ���?
 @AB�[ �\�� �E�)�
] ��! ��#+H.
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O� �¯�� d;�EA � � 

> .�O�� V

>�� @A #9��. � .�| N%# 9d

�~

G XÏ ��;Û7 -~s� <�� �r ��A K�

� ±ø ð� d; 
�A �u³ C D�. 

V. � �

Q3�7/# !/
, ��
, 8z, Í"Í, ��(�

��� ¾�� Z[�� 23�# .� � N%O� /Ï

Fig. 4. Microhardness with depth for sample no. 7.

Fig. 3. Microhardness with depth for sample no. 6.

Fig. 2. Microhardness with depth for sample no. 5.Photo 1. Pigment of sample no. 5.

Photo 2. Pigment of sample no. 6.

Photo 3. Pigment of sample no. 7.
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0 �1 23A °7�Å�. .�� /� v:23\

ICP, XRFG �)�Å�, Z;2234& Æ 7%G 2

H�Å�. #� N%O0 .�O� /� 9d

(micro-

hardness)G �v�M ��;Û z{A �uÏ �ú�. 

1. �� �� ��� ��
Z;223 I0G XÏ Æ �5# �� ,;� ÷

Ì 3Ä# �(8z, ��
, �(� 6Ô� �)4& "

2�E�. 

Photo 4. Pigment of sample no. 11.

Photo 5. Pigment of sample no. 14.

Photo 6. Pigment of sample no. 16.

Fig. 6. Microhardness with depth for sample no. 14.

Fig. 7. Microhardness with depth for sample no. 16.

Fig. 5. Microhardness with depth for sample no. 11.
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P2O5# 
Ë ¹« �V VW��� �# �¾�� �
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