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2.3.1.

2.3.1.1.

2.3.1
1 * 10 1 1 10-9

1 29.9792458

2.3.1
2000
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2.3.1.2.

(1)
2.3.2

2500 3000

2.3.2
Ground-Penetrating Radar An Introduction for Archaeologists 1997

2.3.3

2.3.3

2017
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t h r

2.3-1 d
V

························································· 2.3-1

2.3.4 d = 0

2.3.4
2008

(2)
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D m  

V m/s  
T s  

 
 

 2.3-3  
 
 

 ······································································  2.3-3  

 

 

C m/s  
 

 

 
 

 2.3.1  
 

 2.3.1  
Sensors & Software Inc. EKKO_Project LineView & Interpretation Modules User's Guide  

Material :  
Velocity :  

m/ns  
Air  0.30 
Ice  0.16 

Dry Soil  0.15 
Granite  0.13 
Dry Salt  0.13 

Dry Rock  0.12 
Limestone  0.12 
Wet Rock  0.10 
Concrete  0.08-0.12 
Pavement  0.10 

Shale  0.09 
Silt  0.07 

Wet Soil  0.06 
Clay  0.06 

Fresh Water  0.03 
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(3)

2.3.5 2.3.6

2.3.5

1998
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 2.3.6  
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2.3.1.3.
Sensors & Software

EKKO Project LineView
2.3.7

Repick First Break Dewow

Background Average Subtraction

Horizontal spatial

Vertical temporal

Deconvolution
Bandpass

Gain recorvery

2.3.7
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2.3.2.

2.3.2.1.

2.3.8 2.3.9 88
58 30

2.5. 3

5.0m 10.0m

2.3.8
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 2.3.9  
 

Sensors & Software PulseEKKO PRO
50 MHz 100 MHz  2.3.10  2.3.2

 2.3.11  2.3.12  
 

 
 2.3.10 pulseEKKO PRO  
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 2.3.2  

      

 
Sensor & Software  pulseEKKO PRO  

 DVL-500 
 Model 3200 

 
 

 100 MHz 50 MHz 
5 m 10 m  

 EKKO Project  
 

 
 2.3.11 1998  

D T R  
X0 V  

 

 
 2.3.12 R3 50MHz  
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2.3.2.2.
(1)

100 MHz 50 MHz

2 m
100 MHz 50 MHz 8

8 32 2.3.14 2.3.29 2.3.13

100 MHz 2m 16m 14m

2.3.14 2.3.16 2.3.26 2.3.27

2.3.13 100 MHz 50 MHz
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 2.3.14 100 MHz  

08-HK1-08-100P-SN 01-HK1-01-100P-SN  
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 2.3.15 100 MHz 1 

08-HK1-08-100P-SN 05-HK1-05-100P-SN  
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 2.3.16  100 MHz 2 

04-HK1-04-100P-SN 01-HK1-01-100P-SN  
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 2.3.17 100 MHz  

16-HK1-16-100P-WE 09-HK1-09-100P-WE  
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 2.3.18 100 MHz 1 

16-HK1-16-100P-WE 03-HK1-13-100P-WE  
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 2.3.19 100 MHz 2 

12-HK1-12-100P-WE 09-HK1-09-100P-WE  
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 2.3.20 50 MHz  

32-HK1-08-50P-SN 25-HK1-01-50P-SN  
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 2.3.21 50 MHz 1 

32-HK1-08-50P-SN 29-HK1-05-50P-SN  
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 2.3.22 50 MHz 2 

28-HK1-04-50P-SN 25-HK1-01-50P-SN  
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 2.3.23 50 MHz  

24-HK1-16-50P-WE 17-HK1-09-50P-WE  

  



2-83 

 
 2.3.24 50 MHz 1 

24-HK1-16-50P-WE 21-HK1-13-50P-WE  
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 2.3.25 50 MHz 2 

20-HK1-12-50P-WE 17-HK1-09-50P-WE  
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 2.3.26 100 MHz 50 MHz 1 

08-HK1-08-100P-SN 32-HK1-08-50P-SN 05-HK1-05-100P-SN 29-
HK1-05-50P-SN  
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 2.3.27 100 MHz 50 MHz 2 

04-HK1-04-100P-SN 28-HK1-04-50P-SN 01-HK1-01-100P-SN 25-
HK1-01-50P-SN  
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 2.3.28 100 MHz 50 MHz 1 

16-HK1-16-100P-WE 24-HK1-16-50P-WE 13-HK1-13-100P-WE
21-HK1-13-50P-WE  
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 2.3.29 100 MHz 50 MHz 2 

12-HK1-12-100P-WE 20-HK1-12-50P-WE 09-HK1-09-100P-WE
17-HK1-09-50P-WE  

 

  



2-89 

 
1
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(2)

100 MHz 50 MHz
4 m

100 MHz 50 MHz 4
5 18 2.3.31 2.3.40 2.3.30

2.3.30 100 MHz 50 MHz
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 2.3.31 100 MHz  

54-HK2-04-100P-SN 51-HK2-01-100P-SN  
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 2.3.32 100 MHz  

54-HK2-04-100P-SN 51-HK2-01-100P-SN  
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 2.3.33 100 MHz  

59-HK2-09-100P-EW 55-HK2-05-100P-EW  
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 2.3.34 100 MHz  

59-HK2-09-100P-EW 55-HK2-05-100P-EW  
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 2.3.35 50 MHz  

45-HK2-04-50P-SN 42-HK2-01-50P-SN  
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 2.3.36 50 MHz  

45-HK2-04-50P-SN 42-HK2-01-50P-SN  
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 2.3.37 50 MHz  

50-HK2-09-50P-EW 46-HK2-05-50P-EW  
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 2.3.38 50 MHz  

50-HK2-09-50P-EW 46-HK2-05-50P-EW  
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 2.3.39 100 MHz 50 MHz  

54-HK2-04-100P-SN 45-HK2-04-50P-SN 51-HK2-01-100P-SN 42-
HK2-01-50P-SN  
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 2.3.40 100 MHz 50 MHz  

59-HK2-09-100P-EW 50-HK2-09-50P-EW 55-HK2-05-100P-EW
46-HK2-05-50P-EW  
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2

 
  



2-102 

(3)  
 

50 MHz
2 m 4 m

4 8  
2.3.42  2.3.45  2.3.41  

 
 2.3.41 50 MHz  
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 2.3.42 50 MHz  
33-HK3-01-50P-SN 36-HK3-04-50P-SN  
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 2.3.43 50 MHz  

33-HK3-01-50P-SN 36-HK3-04-50P-SN  
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 2.3.44 50 MHz  
40-HK3-08-50P-WE 41-HK3-05-50P-WE  
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 2.3.45 50 MHz  
40-HK3-08-50P-WE 41-HK3-05-50P-WE  
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3
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(4)

100 MHz 50 MHz
2 m

4 m 100 MHz 50 MHz
11 4 30 2.3.47 2.3.65

2.3.46

2.3.46 100 MHz 50 MHz
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 2.3.47 100 MHz  
85-MSM-11-100P-SN 75-MSM-01-100P-SN  
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 2.3.48 100 MHz 1 
85-MSM-11-100P-SN 82-MSM-08-100P-SN  
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 2.3.49 100 MHz 2 
81-MSM-07-100P-SN 78-MSM-04-100P-SN  
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 2.3.50 100 MHz 3 

77-MSM-03-100P-SN 75-MSM-01-100P-SN  
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 2.3.51 100 MHz  
89-MSM-15-100P-EW 86-MSM-12-100P-EW  
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 2.3.52 100 MHz 1 
89-MSM-15-100P-EW 88-MSM-14-100P-EW  
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 2.3.53 100 MHz 2 
87-MSM-13-100P-EW 86-MSM-12-100P-EW  

 

  



2-116 

 
 2.3.54 50 MHz  

70-MSM-11-50P-SN 60-MSM-01-50P-SN  
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 2.3.55 50 MHz 1 

70-MSM-11-50P-SN 67-MSM-08-50P-SN  
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 2.3.56 50 MHz 2 

66-MSM-07-50P-SN 63-MSM-04-50P-SN  
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 2.3.57 50 MHz 3 
62-MSM-03-50P-SN 60-MSM-01-50P-SN  
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 2.3.58 50 MHz  

74-MSM-15-50P-EW 71-MSM-12-50P-EW  
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 2.3.59 50 MHz 1 

74-MSM-15-50P-EW 73-MSM-14-50P-EW  

 

 



2-122 

 
 2.3.60 50 MHz 2 

72-MSM-13-50P-EW 71-MSM-12-50P-EW  

 

  



2-123 

 
 2.3.61 100 MHz 50 MHz 1 

85-MSM-11-100P-SN 70-MSM-11-50P-SN 82-MSM-08-100P-SN
67-MSM-08-50P-SN  
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 2.3.62 100 MHz 50 MHz 2 

81-MSM-07-100P-SN 66-MSM-07-50P-SN 78-MSM-04-100P-SN
63-MSM-04-50P-SN  
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 2.3.63 100 MHz 50 MHz 3 

77-MSM-03-100P-SN 62-MSM-03-50P-SN 75-MSM-01-100P-SN

60-MSM-01-50P-SN  
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 2.3.64 100 MHz 50 MHz 1 

89-MSM-15-100P-EW 74-MSM-15-50P-EW 88-MSM-14-100P-EW
73-MSM-14-50P-EW  
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 2.3.65 100 MHz 50 MHz 2 

87-MSM-13-100P-EW 72-MSM-13-50P-EW 86-MSM-12-100P-EW
71-MSM-12-50P-EW  
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100 MHz

50 MHz

 
 

2.3.2.3.  

4

1
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2.3.3.  
2

50MHz 100MHz 88  
3 1

2

3

 
1 100MHz

50MHz

 

15m
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2.4.1.
2

2.4.1
2.4.1

2.4.1 Lc-InSAR

2.4.1

FB-1 6m 60 ( )
FB-2 14m 60 ( )
FB-3 8m 60 ( )
OB-1 22m
OB-2 15m
OB-3 16m
OB-4 12m
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2.4.2.

2.4.2.1.

GPR

2.4.2
2.4.3

2.4.2 Lc-InSAR

2.4.3
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2.4.2.2.  

(1)  

2018
E  2.4.4

3m 4m 61
 

 

 

 2.4.4 E  
 

(2) GPR , 2022  
GPR  2.4.5

GPR

F_1

GPR  2.4.6  2.4.13
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2.4.5 GPR [ ]
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 2.4.6 GPR GL-1 2m  

 

 
 2.4.7 GPR GL-1 2m  

  



2-135 

 
 2.4.8  GPR GL-2 3m  

 

 
 2.4.9  GPR GL-2 3m  
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 2.4.10 GPR GL-3 4m  
 

 
 2.4.11 GPR GL-3 4m  
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 2.4.12 GPR GL-5 6m  

 

 
 2.4.13  GPR GL-5 6m  
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(3)  
GPR  2.4.2

 2.4.14  
 

 2.4.2  

  
( )  

FB-1 5m 
(6m) 

61  
61  

FB-2 5m 
(14m) 

61  
61  
FB-1  

FB-3 5m 
(8m) 

61  
61  
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 2.4.14 a b c

d  



2-140

2.4.2.3. FB-1

(1)

61 61

5.00m
6.00m

(2)

0.00 0.30m

0.30 1.00m

1.00 1.80m

1.80 2.67m

2.67 6.00m

0.00 0.30m 0.00
0.20m 0.20 0.30m

0.30 1.00m

1.00 1.80m 3

4cm 20cm

1.80 2.67m
5mm

2.67 6.00m
2.67 3.32m
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(3)  
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2.4.2.4. FB-2

(1)

61 61 FB-1

5.00m
14.00m

(2)

0.00 0.37m

0.37 1.00m

1.00 1.87m

1.87 2.35m

2.35 6.27m

6.27 13.83m

0.00 0.37m

0.00 0.12m 0.20 0.37m

0.23m
0.37 1.00m 2 10mm

0.45m

1.00 1.87m 2 90mm

1.87 2.35m 35cm

2.35 6.27m 2.83
3.15m 5YR6/6

5mm 3.15 5.45m
2 120mm

5.45 6.27m 5YR6/8
5.10m 5.22m

6.27 13.83m 6.27
12.89m

5Y8/6 5B6/8

12.89 13.83m

6.32 6.72m 7.18 7.52m
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8.27 8.44m 10.68 11.10m
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(3)  
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2.4.2.5. FB-3

(1)

61 61

5.00m
8.00m

(2)

0.00 0.25m

0.25 1.00m

1.00 1.52m

1.52 2.38m

2.38 3.95m

3.95 8.00m

0.00 0.25m

0.25 1.00m

2 4mm

1.00 1.52m 5cm

1.52 2.38m

2 5mm

2.38 3.95m 2.38 3.00m

3.00 3.78m

3.78 3.95m
3.95 8.00m 3.95 6.50m

1 5mm 6.50

8.00m 4.68m
6.35m 6.52m
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(3)  
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2.4.2.6.  

GPR

 2.4.15  2.4.17
2018  
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 2.4.15  E  



2-149 

 

 2.4.16  W  



2-150 

 
 2.4.17 S FB-2, FB-3  
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2.4.3.

2.4.3.1.

GPR GPR
2.4.18

2.4.19

2.4.18 Lc-InSAR

2.4.19
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2.4.3.2.  

(1)  

GPR  2.4.20
GPR 168m GPR

2m 23 2022  
 

 

 2.4.20 GPR

GPR
 

 

GPR  2.4.21  2.4.22 No.18

80 4 15m
100 110

No.18

26 11
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2.4.21 GPR

2.4.22 No.18 GPR
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(2)
GPR 2.4.3

2.4.23

2.4.3

( )

OB-1 15m
(22m)

OB-2 15m
(15m)

OB-1

OB-3 15m
(16m)

OB-4 10m
(12m)

2.4.23 No.18 GPR

OB-4
L18+58m

OB-3
L18+44m

OB-2
L18+30m

OB-1
L18+2m
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2.4.3.3. OB-1  

(1)  

GPR
 

(2)  
 
0.00 0.91m  

0.91 3.45m  

3.45 6.00m  

6.00 7.10m  

7.10 10.56m  
 

10.56 18.88m  

18.88 22.00m  

 

0.00 0.91m 0.00 0.14m
0.14 0.91m 0.36 0.83m

 
0.91 3.45m

1.30 1.55m
5

1.32m 2.98m
1.02m 1.18m 1.49m 2.54m 2.63m 3.18m

 
3.45 6.00m 3.45 3.90m

4.38m 4.55m

 

6.00 7.10m 6.00 7.00m
10YR5/1 7.00 7.10m

7.5YR6/8
6.10m 6.90m

6.68m  

7.10 10.56m
7.10 8.78m

8.78 10.56m

2 15mm 9.50m
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10.56 18.88m 10.56 10.82m
10.82 18.88m

15.58 15.90m
 

18.88 22.00m 2 40mm
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(3)  
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2.4.3.4. OB-2  

(1)  

GPR OB-1
 

 

(2)  
 
0.00 0.61m  

0.61 2.50m  

2.50 3.67m  

3.67 6.50m  
 

6.50 11.32m  
 

11.32 14.00m  

14.00 14.85m  

 

0.00 0.61m  

0.61 2.50m

1.20 1.40m 1.60 1.95m

5

1.40 1.95m
 

2.50 3.67m

 
3.67 6.50m

3.67 3.80m
1mm 3.80 4.70m

4.70 6.50m

6.38m 1mm  
6.50 11.32m

6.50 6.60m

6.60 9.80m
10.60 11.32m

10.25 10.63m  
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11.32 14.00m

13.35 13.90m 13.35m  
14.00 14.85m
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(3)  
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2.4.3.5. OB-3  

(1)  

 
 

(2)  
 
0.00 0.77m  

0.77 2.85m  
 

2.85 4.40m  

4.40 7.20m  

7.20 12.54m  
 

12.54 12.83m  

12.83 15.97m  

 

0.00 0.77m  
0.77 2.85m

5

1.48 1.80m 2.36 2.45m

 

2.85 4.40m
1mm  

4.40 7.20m 4.40
5.85m 4.40 4.55m

2 4mm 5.85 7.20m

7.02 7.20m

6.52 6.63m
6.75m 6.88m

 

7.20 12.54m

7.20 9.60m

9.60
12.00m

10.60 10.97m
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12.00 12.54m 4 10mm
2mm 4 8mm

7.85m  
12.54 12.83m

 
12.83 15.97m 2 10mm 8cm
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(3)  
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2.4.3.6. OB-4

(1)

(2)

0.00 0.80m

0.80 1.45m

1.45 2.52m

2.52 5.24m

5.24 10.13m

10.13 11.80m

11.80 11.97m

0.00 0.80m
0.35 0.70m

0.80 1.45m

2

0.82m
1.45 2.52m

1.70m

2.52 5.24m

4.52
4.64m 4.85 4.96m

4.96 5.24m
4.62m

5.24 10.13m 5.24 7.55m

5.67 5.70m

7.55 8.92m
10 20mm

8.92 10.06m 2

60mm

10.13 11.80m 2 60mm

10.20 10.26m 11.04 11.07m
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11.80 11.97m
2 30mm
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(3)  
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2.4.3.7.  

(1)  

OB-3 GL-7.02 7.06m
 2.4.24

 
 

 
 2.4.24  OB-3 GL-7.02 7.06m  

 

(2)  
 

 

 
(2003)  

#255 ( 43 m, 57

m) #125 ( 70 m,
133 m) 1/8 1/16mm

 
 

 
1.545

1.545  
 

 

#3000

1 m  
 

( )  
(100 ) 300 (1000

) (2003)
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( )

0.1mm 2-3 (Bw)
0.1mm 4 (Pm)

(O)
100

(  etc.

 
 

 
"

MAIOT" 0.0001 ,1995)  

ECLIPSE600
10 20 12 100

589.3nm 0.1

0.1 0.1
 

 

18 24mm 0.12 0.17mm

18mm
0.5 0.6mm

60
D (589.3nm)

30 10

 

 
 

(EDX)

 
 

SEM:HITACHI SU1510 EDX:HORIBA EMAXEvolution EX-270 

            X-Max(80mm2) 

15kV 
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0.3nA  
4 m 90nm  

50sec  
( ( Z) ) 

 

( 99.99% SiO2 Al2O3 TiO2 MnO
MgO) 99.99% NaCl KCl CaF2

AT  
 

(3)  

OB-3 (GL-7.02-7.06m)

1.512-1.516 1.524-1.525

( ) 1.699-1.704 SiO2 67.2wt.%

Na2O 4.1 wt.%. K2O 4.2 wt.%  
 

  

  

  
 2.4.25  
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 2.4.26  
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 2.4.27  
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 2.4.4  OB-3 (GL-7.02-7.06m)  

 

 
 2.4.5  OB-3 (GL-7.02-7.06m)  
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(4)  
2022 OZE-02(7.7,-3.55) (OB-3 

GL-7.02-7.06) OZE-02

 
3 2022

( 2003)

1.699-1.703 OB-3 GL-7.02-7.06  
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 2.4.28  OB-3 (GL-7.02-7.06m)  

  

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

10.00

11.00

12.00

13.00

14.00

15.00

16.00

17.00

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

0.00

1.00

2.00

3.00

4.00

5.00

6.00

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

0.00

0.10

0.20

0.30

0.40

0.50

0.60

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

0.00

1.00

2.00

3.00

4.00

5.00

6.00

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

0.00

1.00

2.00

3.00

4.00

5.00

6.00

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

64.00 66.00 68.00 70.00 72.00 74.00 76.00 78.00 80.00
SiO2(wt.%)

OZE-02

OZE-01

OB-3 7.02-7.06



2-175 

2.4.3.8.  

GPR  2.4.29

10 20m GPR
OB-1 OB-2

 
 
 



2-176 

 

 2.4.29 50MHzGPR
25MHzGPR  

 



2-177 

2.4.4.  
 2018  2022

2
 

61

GL-5.0 6.0m

3
FB-1 GL-2.67m FB-2 GL-6.27m FB-3

GL-3.95m 61 61
10m

3

 

4

 
 

  


