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ₔ090-8507 165  
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ⱷכꜟ yamast@mail.kitami-it.ac.jp 

 

  



iii  

  

 

1. │∂╘⌐ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 1 

2. ≤  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 2 

 2.1  

 2.2  

3. ≤  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 3 

 3.1 ─  

 3.2 ≤  

4.  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 11 

 4.1  

 4.2  

 4.3  

 ꜟכꜙ☺◔☻ 4.4 

▪꜠ⱨ☻●ה .5 ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 15 

 5.1  

 5.2  

6. ◖▪ꜞfi◓  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 18 

7. CTD  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 24 

8. ●☻  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 27 

 8.1 ─  

 8.2 ●☻─  

 8.3 ⌐⅔↑╢●☻  

 8.4 ●☻─ ⱪ꜡ⱨ□▬ꜟ 

 8.5 ─ ●☻ 

9.  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 31 

 9.1 ╩ ∆╢  

 9.2 ─ ≤  

10.  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 32 

 10.1  

 10.2  

11. ▪fi◔כ♩  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 36 

12.  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 38 

13.  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 39 

14.  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 40 

 14.1 ꜞ☻♩ 

 14.2  

  



1 

1. │∂╘⌐ 

 

 ─◄Ⱡꜟ◑כ ≤⇔≡ ↕╣≡™╢ⱷ♃fiⱢ▬♪꜠כ♩ MH ╩

─ ≤⇔≡ ◄Ⱡꜟ◑כ ╩ ∆╢√╘⌐

⌐₈ ◄Ⱡꜟ◑כ ☿fi♃₉כ⅜ 13 4 ⌐ ↕╣√⁹∕─

─ ─ ⅜ ╦╣ ☿fi♃כ⅜ ⇔≡ 24 4 ⌐₈ ◄ה

Ⱡꜟ◑כ ☿fi♃₉כ⅜ ⇔√⁹☿fi♃כ≢│↓╣╕≢ Ᵽ▬◌ꜟ ╛○ⱱ

◒♠כ ⌐⅔™≡ ꜡◦▪ ⱬꜟ◑כ ⌂≥ ─ ╛ ≤╙ ≢

ה ─ⱨ▫כꜟ♪ ╩ ∫≡⅝√⁹↕╠⌐ ○ⱱכ♠◒ ⌂≥

⌐ ∆╢ MH ⌐ ╩ ≡ ─ MH ≤─ ⱷ

◌♬☼ⱶ ⌐ ∆╢ ╩ ℮ ≤⇔≡ ☿fi♃כ ⌐₈ ⱷ♃fiⱢ▬♪꜠

♩כ ꜚ♬♇♩₉⅜ 24 7 ⌐ ↕╣√⁹ 

 ↓╣╕≢ ╦╣≡⅝√ ⌐│ ⅛╠│ MH ╩ ∫≡™╢ ≤

⌐ ∆╢ ─ ⅜ ∆╢─╖≢№∫√⁹ ≢│ ⅛╠

⌂ ─ ≈≤⇔≡ MH ⌐ ∆╢ ╩ ⌐ ╘≡⅔╡ MH ⌐

╩ ∫≡ ∆╢ ╙ ↄ ∆╢⁹⇔⅛⇔ ⌐ MH ⌐ ╦╣╢↓≤⅜≢

⅝╢─│ 4 ⌐⌂∫≡⅛╠─ ─ ─╖≢№╡ MH ≢

╙ ─ ╩ ╠⌂™ ╙ ™─⅜ ≢№╢⁹ 

 ∕↓≢ ꜚ♬♇♩≢│ 24 11 ⌐ ─↔ ⌐╟╡

₈⅔⇔╞╤ ₉╩ ⇔√ ─ ╩ ⅝ ↄ─ ⌐

─ ⌐ ╣╢ ╩ ⅎ ™ ╩ ∫√ ⌂ ╩ ∆╢↓≤╙

≤⇔≡ ₈⅔⇔╞╤ ₉⌐╟╢ ╩ ∫√⁹ │ 2 ─ ≢№╡

⌐│ 24 ≤ 8 ─ 33 ─ ⅜ ⇔≡

⅜ ╦╣√⁹ 
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2. ≤  

2.1  

 2013   5   

    ≢─ ∑ 

  10  ►♩꜡ ┼─ ─  

   ┼─ ─  

 

2.2  

 11  8   B111  

 11 19   4 1  

 11 20  13 00 ₈⅔⇔╞╤ ₉⌐ ╖ 

  15 00 ₈⅔⇔╞╤ ₉  

 11 23  09 00 ₈⅔⇔╞╤ ₉  

  11 00  

   ♩ꜝ♇◒⌐ ╖  

  11 30  

  12 30  

  13 00 ₈⅔⇔╞╤ ₉⌐ ╖ 

  15 00 ₈⅔⇔╞╤ ₉  

 

    

 

 11 26  10 00 ₈⅔⇔╞╤ ₉  

  13 00 ╖ ╤⇔ 

  13 30  

  14 30 ↑ 

 11 27  09 00 ₈⅔⇔╞╤ ₉  

 11 29  09 00 ₈⅔⇔╞╤ ₉  
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3. ≤  

3.1 ─  

 ≢№╢ ○ⱱכ♠◒ ≢─ ⅜ ∆╢ │ 2011 ⅛╠ 4

╦╣≡™╢⁹2011 9 ⌐₈ 19♩fi ₉╩ ™√ TK11
1)

2012

7 ⌐ ₈ 1886♩fi ₉╩ ™√ UT12
2)

11 ⌐ ₈⅔⇔╞╤ 1396♩fi ₉╩ ™√

OS249
3)

2013 9 ⌐ ₈⌂≈⇔╕ 1739♩fi ₉⌐╟

╢ NT13-20
4)⅜ 3.1.1⌐ ∆ ≢ ╦╣≡™╢⁹ 

 ↓╣╠─ ≢│ ⌐ ⅝⌂ⱴ►fi♪╛●☻ⱨ꜠▪╩ ∆╢↓≤⅜≢⅝

UT12 ⌐⅔™≡│ ○ⱱכ♠◒ ≢ ╘≡●☻Ɫ▬♪꜠כ♩─ ⌐

⇔≡™╢⁹╕√ NT13-20 ≢│ ─ ≤⇔≡ ≢ ─●☻ⱨ꜠▪╩

∆╢≤≤╙⌐ ─ ⅛╠ ─●☻Ɫ▬♪꜠כ♩─ ⌐ ⇔≡™╢⁹

∕↓≢ ₈⅔⇔╞╤ ₉≢─ ≤⇔≡ NT13-20 ≢ ↄ─●☻ⱨ꜠▪⅜

↕╣√ ⌐ ∆╢ ╩ ⇔√⁹ 

 

 

3.1.1 ≢─↓╣╕≢─ ≤ ≢─  

  

2011₴9
(TK11)

2012₴7
(UT12)

2012₴11
(OS249)

2013₴9
(NT13-20)

2013₴11
(OS263)

TK11 Ẏᵗʸ ( )
UT12 ʸ ˬ Ẏἶ
OS249 ʸ Ӕ Ẏἶ
NT13-20 JAMSTEC
OS263 ʸ Ӕ Ẏἶ
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3.2 ≤  

1  

 ≤─ ≢ ⇔√ │

₈⅔⇔╞╤ ₉≢№╢⁹∕─ │ ≢№╢ ⅔⇔╞╤ ⱱכⱶⱭכ☺╟╡ ⁹

╕√ ╩ 3.2.1⌐ ∆⁹ 

 

  

   125548    

  ↕  72.85 m  ↕ 66.00 m 

   12.60 m 

   ↕  

   3.40 m    5.70 m  

   5.00 m  ♩fi  1396 t 

  ♩fi  1792 t  

 

  

    13     27  

    6     60  

    106   

 ┘  

   6EL40 3200ps×240rpm×1  

   4 Ⱨ♇♅ⱪ꜡Ɑꜝ ♫◌◦ⱴ 

   450kVA×3   

   540ps×3  ♄▬Ɫ♠ 

 ┘  

    13.4 kts  15000  

  

    58 3 9   

    58 8 19   

    58 12 23   
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3.2.1  

 

 

2  

 ₈⅔⇔╞╤ ₉⌐│ SIMRAD  ER60 3.2.1 ⅜ ↕╣

≡™╢⁹ ⌐ⱷ▬fi⸗♬♃⅜ ↕╣≡™╢⅜ ─ ─ PC 3.2.2

⌐ ≢ ⅜∫≡⅔╡ ⅜ ≢№╢⁹ 

 

     

3.2.1 ─⸗♬♃    3.2.2 ─ PC 

 

  

CTD

2
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3 CTD  

 ₈⅔⇔╞╤ ₉⌐│ CTD ◦☻♥ⱶ⅜ ↕╣≡™╢ 3.2.3⁹ ⌐

⅔™≡ ╟╡ ◦☻♥ⱶ╩ ⌐ ╡ → ─ ⌂≥

╩ ⌐ ⇔ ⌐ ╩ ∆╢↓≤⅜ ≢№╢⁹ │♃כ♦√╣╠

⌐⅔™≡ꜞ▪ꜟ♃▬ⱶ≢ ≢№╢⁹ │ Sea-Bird Electronics, Inc.

─SBE 9plus CTD≢№╡ ╩ 3.2.1⌐ ∆⁹ │♬☻◐fi 12 L

╩ 12 ⇔≡™≡ ⌐⅔™≡ ≢№╢⁹╕√ ◒꜡꜡ⱨ▫ꜟ A ⅔

╟┘ ─ ╙ ≢№╢⁹ 

 

 

3.2.3 CTD  
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3.2.1 CTD  
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4 ◓ꜝⱦ♥▫כꜝ▪◖כ 

 ─ ⌐ │כꜝ▪◖√™ 4m─◓ꜝⱦ♥▫כꜝ▪◖כ ▪ꜟ

ⱨ□ⱷ◌♥♇◒ 3.2.4 3.2.2 │⌐כꜝ▪◖⁹╢№≢ 25kg ─ ⅜ 8

200kg ╡ ↑╠╣≡™╢⁹╕√ │כꜝ▪◖ ≤⌂∫≡⅔╡

89.1mm 81.1mm ─☻♥fi꜠☻ ≤ 80mm 75mm ↕ 4m ─

ⱦ כꜝ▪◖⁹╢⌂╠⅛ ⌐│ ≤ ╩ ╡ ↑ ↕ ─

≤ ╩ ╘╢↓≤⅜≢⅝╢⁹ 

 ◖▪ꜞfi◓│ ╩fiכ꜠◒ ⇔ ╩ 75kg 100kg ⌐ ∂≡ ∫√

3.2.5 ⁹ 

 

 

  

3.2.4◓ꜝⱦ♥▫כꜝ▪◖כ 
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3.2.2 ◓ꜝⱦ♥▫כꜝ▪◖כ  

 

 

   

3.2.5 ⅛╠ ⇔√◓ꜝⱦ♥▫כꜝ▪◖כ 
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5 ≤  

 ─ ⱪ꜡ⱨ□▬ꜟ≤ ─ ╩ ╘╢√╘ 2 ─ ה

╩ ™√⁹ ≈│ⱷ⸗ꜞכ ATD-HR JFE▪♪Ᵽfi♥♇◒

3.2.6 ≢ CTD⌐ ↑√⁹╙℮ ≈│ ה כ●꜡ DSTCENTI-EX

Star-Oddi Ltd 3.2.7 ≢ CTD≤◖▪ꜝכ⌐ ↑√⁹ 

 

     

 3.2.6 ATD-HR   3.2.7 DSTCENTI-EX  

 

 

ATD-HR  

  5 40ϴ   0.001ϴ  ±0.05ϴ 

    2,000m   FS/6,5000  ±0.3 FS 

 ⱷ⸗ꜞכ ♃כ♦178,439  1 ▬fi♃כⱣꜟ≢ 123   

 ▬fi♃כⱣꜟ 1 1 2 10  

  700g 395g 

DSTCENTI-EX  

  2ϴ 40ϴ  0.032ϴ  ±0.1ϴ 

    3500m   0.03%FS  ±0.6%FS 

 ⱷ⸗ꜞכ  ♃כ♦174,548 

 ◘fiⱪꜞfi◓  1 90 1 ≢  

  19g 12g 

  



11 

4.  

4.1  

 │ ─ 6 ─ ╩ ∫√⁹∕─ │ 5 ≢ ═╢⁹╕√

⌐ ∆╢ ≤ ⇔≡ ⌐ ∆╢ ⱪ꜡◓ꜝⱶ─ ╙

╦╣≡™╢⁹ 

 1 ▪꜠ⱨ☻●ה  2 ◖▪ꜞfi◓ ─╖  

 3 CTD    4 ●☻   

 5    6   

  

 

4.2  

 │ 4.2.1 ⌐ ∆ ⌐╟∫≡ ╦╣√⁹ ≢─

│ ≢№╢⁹ 

 1 ▪꜠ⱨ☻●ה   

 2 CTD   ⱴ♥ꜞ▪ꜟ  

 3 ●☻     

כ◑ꜟⱠ◄ה       ☿fi♃כ  

 4    ⱴ♥ꜞ▪ꜟ  

 5     

 

 

 

4.2.1  

 

CTD CTD
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4.3  

1  

 33  24 8  

   1  

 8   

    

 

 ↓─ ⌐ ⅛╠ ≤ 18 ⅜  

 

2  

  

 

 ꜟכꜙ☺◔☻ 4.4

 │ 11 23 ⌐ ╩ 11 26 ⌐ ⌐ ∆╢╕≢─

3 4 ≢ ∫√⁹ 4.4.1⌐ ⅛╠ ⌐ ⌐ ∆╢╕

≢─ ╩ ∆⁹╕√ ╩ꜟכꜙ☺◔☻ ⌐ ∆⁹ │ 5 ⌐ ↑≡ ∫

√⁹ 

 

 

  

4.4.1  
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▪꜠ⱨ☻●ה .5  

5.1  

▪꜠ⱨ☻●ה  │ 5.1.1⌐ ∆ ≢ ∫√⁹ │ ─

⌐ ╕╣╢ ≢ │ 0.1 185m ≢№╢⁹ 

 44-08-00N 144-30-00E  44-10-00N 144-30-00E 

 44-10-00N 144-50-40E  44-08-00N 144-50-00E 

 │ 8ⱡ♇♩ ≢ ╩ ⇔ ⌐╟╡●☻ⱨ꜠▪╩

─ ≢ ⇔√⁹ 

 

1 ─ ⌐●☻ⱨ꜠▪⅜ ╣√╠ ∟⌐ ה ה ה ╩

⌐ ∆╢⁹ 

2 №╢ ⅜ ╠⅛⌐⌂∫√╠ ∕─ ─●☻ⱨ꜠▪─ ↕

⌂≥ ╩ ∆╢⁹ 

3 ●☻ⱨ꜠▪─ ─ ╩ ⌐ ≤∆⁹ 

4 ⅜ ⅛╠ ╕≢ ╡ ∫√≤↓╤≢ ╩ⱪꜞfi♩☻◒ꜞכfi≢ ∆

╢⁹ 

 

 

▪꜠ⱨ☻●ה 5.1.1  
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5.2  

 11 23 24 25 ─ ⌐ 4 ≢●☻ⱨ꜠▪─ ╩ ∫√

5.2.1⁹ 5.2.2│ ↕╣√●☻ⱨ꜠▪ ─ ╩ ⇔√╙─≢№╢⁹╕√

5.2.1 │ ≢─↓╣╕≢─ ⅛╠ ╠╣√ ⌐●☻ⱨ꜠▪⅜

↕╣√ ╩×≢ⱪ꜡♇♩⇔√╙─≢№╢⁹ ↕╣√●☻ⱨ꜠▪ │ ─

≢│ 100 ↄ ╕√ ↓╣╕≢─ ╩№╦∑╢≤ 200 ≢ ↕╣≡™╢⁹ 

 

 

 

5.2.1 ─●☻ⱨ꜠▪ ─  
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     5.2.2 ≢ ↕╣√●☻ⱨ꜠▪ ─  

 

 

 

 5.2.1 ●☻ⱨ꜠▪  

× OS263 × ─ ủ ◖▪ꜞfi◓  
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6. ◖▪ꜞfi◓  

 ◓ꜝⱦ♥▫כꜝ▪◖כ GC ↕ 4m ╩ ⇔≡ ─ ╩ ∫√⁹

6.1⌐ ⇔√ ─ ≤ ◖▪ ╩ 5.2.1⌐◖▪ ╩ ∆⁹ 

 6.1 3│ ⌐כꜝ▪◖ ↑√ ≢ ⇔√ ⱪ꜡ⱨ□▬ꜟ≤◖▪ꜝ

─כ ╩ ⇔√╙─≢№╢⁹ ─ ─ ⌐╟╡ ≤

≢ ⱪ꜡ⱨ□▬ꜟ⅜ ⌂╢⅜ │ 6ϴ 100m ╕≢╛╛

⇔ 10ϴ ≤⌂╢⁹∕─ ⇔ 200m ≢ 0ϴ ↄ─ ≤⌂╢⁹300m

⅛╠ ⌐ ∂ ↄ≢ 2ϴ ≤⌂∫≡™╢⁹↓─ │ ─

6.2 ≤ ∆╢≤ ⅛╠ 150m─ ⌐⅔™≡ 1 2 ™⁹ 

 ⌐ ⅝ →√◖▪│ ╩ 1m↔≤⌐ ⇔√ ⌐ ⌐⇔ ─

╩ ∫√ 6.1, 2 ⁹ ⇔√◖▪╩ 6.3 6.9⌐ ∆⁹ 

 

 

6.1 ◖▪─  

◖▪    m  ◖▪ cm  

GC1301 44¡9.996' 144¡42.922' 743 100 

GC1302 44¡10.081' 144¡42.950' 749 136 

GC1303-1 44¡10.098' 144¡43.042' 755 0 

GC1303-2 44¡10.073' 144¡42.959' 750 108 

GC1304 44¡10.063' 144¡42.937' 748 145 

GC1305 44¡9.002' 144¡44.856' 686 172 

GC1306 44¡8.893' 144¡44.955' 674 196 

GC1307 44¡9.000' 144¡44.814' 690 154 
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6.1 ⱪ꜡ⱨ□▬ꜟ 

 

 

6.2 ⱪ꜡ⱨ□▬ꜟ ─ OS249  
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6.3 ⱪ꜡ⱨ□▬ꜟ 

 

 

 
6.1 ◖▪ ─  
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6.2 ◖▪─  

 

 

 

 

6.3 GC1301 ◖▪ 100cm  

 

GC1301
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6.4 GC1302 ◖▪ 136cm  

 

 

6.5 GC1303-2 ◖▪ 108cm  

 

 

6.6 GC1304 ◖▪ 145cm  

 

GC1302

GC1303-2

GC1304
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6.7 GC1305 ◖▪ 172cm  

 

 

6.8 GC1306 ◖▪ 196cm  

 

 

6.9 GC1307 ◖▪ 154cm  

GC1305

GC1306

GC1307
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7. CTD  

 ⅔⇔╞╤ ⌐ ↕╣≡™╢ CTD ◦☻♥ⱶ╩ ⇔≡ CTD ⅔╟┘

╩ ∫√ 7.1 7.2 ⁹ ╩ 7.1⌐ ╩ 7.2⌐ ∆⁹⌂⅔

⌐≈™≡│ CTD ─ ⌐ ╠╣√ ⅔╟┘ ♃כ♦ 7.1

╩ ⌐∕─ ≢ ⇔√⁹CTD ╩ ♦♇◐⌐≡♬☻◐fi ⅛╠

─◘fiⱪꜞfi◓ ╩ ∫√⁹ │ ╕∏ PFA  100 L

╩ ™╩⇔≡⅛╠ ⇔ 0.2 µm─ⱨ▫ꜟ♃כ╩ ⇔√ PE 50 mL

⌐ ╣≡ ∟ ╡ ╩ ∫√⁹ 

 

 

 
 

 
 

7.1 CTD ─ CTD ─ ─ ꜟכ♃♬⸗

─≢ⱶכ  
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7.2 CTD ─ ♬☻◐fi ⅛╠─◘fiⱪꜞfi◓  

 

 

7.1 CTD ≤  

Station: OS13179 

 Time Latitude Longitude Depth(m) 

Down cast Start  9:59 N 44° 10.02 E 144° 42.95 745 

Up cast Start 10:20 N 44° 10.00 E 144° 42.95 754 

Up cast End 10:45 N 44° 10.05 E 144° 42.95 785 

Bottom Pressure  

686 db 

Wire out 

695 m 

  

     

Station: OS13181 

 Time Latitude Longitude Depth(m) 

Down cast Start  8:16 N 44° 08.60 E 144° 44.30 661 

Up cast Start  8:34 N 44° 08.68 E 144° 44.43 667 

Up cast End  8:57 N 44° 08.88 E 144° 44.56 683 

Bottom Pressure  

615 db 

Wire out 

610 m 

  

 

 

7.2  

Station: OS13179 

Bottle 1 2 3 4 5 6 7 8 9 10 11 12 

Depth(m) 686 600 500 400 300 200 160 120 100 80 60 5 

             

Station: OS13181 

Bottle 1 2 3 4 5 6 7 8 9 10 11 12 

Depth(m) 616 600 500 400 300 200 175 150 80 40 20 5 
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7.1 CTD ♃כ♦ OS13179 OS13181  

  



27 

8. ●☻  

8.1 ─  

 ≢│ ●☻Ɫ▬♪꜠כ♩ ◖▪─ ⌐│ ╠⌂⅛∫√╙──

●☻ ⅜ ╠⅛⌐ ™≤╖╠╣╢ ◖▪ 7 ╩ ⇔ ●☻◘fi

ⱪꜞfi◓╩ ⌂∫√⁹╕√ ⱷ♃fi ─√╘⌐ ─ CTD ⌐╟∫≡

╠╣√ ─ ╙ ╦∑≡ ⇔√⁹ 

 

8.2 ●☻─  

 ─ ╩ 8.1⌐ ─ ╩ 8.1⌐ ∆⁹╕∏ ⱴ▬◒꜡ⱧⱭ♇

♩╩ ™≡ NaCl 10mL⅔╟┘ BKC50wt% 0.3mL╩ 20mLⱣ▬▪ꜟ

◘▬☼ 25mL ⌐ ⇔√⁹ ◖▪╩ ⇔√ ╩◌♇♩⇔√ 5mL

ⱪꜝ☻♅♇◒◦ꜞfi☺╩ ™≡ ⅛╠ ╛⅛⌐ 10mL ─

╩ ⇔√⁹ ⌐≈™≡│ ⌂ ╡ ≤╖╠╣╢ ╩ ⇔  

10cm⅔⅝─ ╩ ≤⇔ ™ↄ≈⅛─◖▪≢│ 20cm⅔⅝⌐ ⇔√⁹ ⇔√

⌐Ⱬꜞ►ⱶ●☻≢Ⱬ♇♪☻Ɑכ☻ ─ ╩ ⇔√⁹ ⌐ ↓╣╠─Ᵽ▬▪ꜟ

╩╟ↄ ⇔ ╩└∫ↄ╡ ⇔≡ ⌐ ⇔√⁹ 

 

8.1 ●☻ Ⱬ♇♪☻Ɑכ☻●☻  

  

ἭȪȷ
ɖɁɇȷɘɶȷȪȷ

He

NaCl ᴇ 9.7mLǯ
ṊӓɗɱȴɩȱɉȤɞ BKC
0.3mLșǤȓǥȓɜȢȭɫɒɘɁɆǮ
25mLɎȢȠɩ ǲǉȐǒǟȈ Њ

ɎȢȠɩ ǵ֥ ѝǲ
ǫǋǦBKCȋṊ Ƕ
ǔȓǋǲ ǔ֝Ȓ

ȵɨɱȶșɎȢȠɩ ǵ
֥ǲᾜǞǡȐǞǭ►ǭƲ
ḭ ș ЊǠȒ

̊ʤǵȏǍǲ ǵ ǘȒ
ș ͪǠȒǵǓȱɂ
ș Ǯ ǞǚȆƲ

ǱȒȀǖ ̱ʴǲ ȒȏǍǲ

ɎȢȠɩ ǵ֥ ѝǲ
ǫǋǦ ș ǔ֝Ȓ

ȹɕȽɞɵȠɩɝ
ȫɡɁɕș̂ǘǭ

ǮὭᾏǠȒ

NaCl

BKC

ɖɁɇȷɘɶȷ
ѝșɖɨȤɞǮ
20 ǠȒ

5mLȵɨɱȶș ǋǭḭ ǒȐ
10cmǑǔǲ2ᶥǡǫƲ5mL¥2 10mLș
֝ǞƲɎȢȠɩ ǲ ЊǠȒ

֝ ǵԍ ɵȱɂǶ
ɒȷɆɱȱȠɧɶǯȂȃֿǟ
Ẇζǵ ǵȆƲ ǲ ǔѴǠ

̵ѝǱḭ ș
ȩɁɆǠȒ

̱șǚȃǜǱǋȏǍǲ

̱șǚȃǜǱǋȏǍǲ

ȋṊǓǫǋǭǋȒǯ
Ȫȷ ȓǵԍᶦǯǱȒ

ֻǮ ȈȒ
Ƕ ǜȓǭ

ǋȒǵǮ Ƕ
ҊȓȅǢȚ

ɆɧɁɕǿ

ɖɨȤɞǮɖɁɇȷɘɶȷș ǞǦ ș
ȏǖ ȑƲ ѝǲ ἭǞǭǋȒȪȷș
ɖɁɇȷɘɶȷǲїǠƳǤǵ♥ƲǹǪǖȑ
ǞǭϷ ǲʱȀƲͪἭǠȒƳ

NaCl ᴇ ǲȪȷǓ ǘǱǋƲȅǦ
₡ Ǯ ₳ ǲ ǞǭǋȒǯ̌ὑǞǭƲ
ɖɁɇȷɘɶȷȪȷǵȪȷ ↓ǒȐ
ἭȪȷ ș Ǯ ȈȒƳȪȷ ɵὄὑ

ֿ̬̱ ȉ ȈȒƳ

ֻǮȵȥȢȭǠȒ
ǯǞǦȑ ǙǦȑǞǱǋȏǍǲ
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8.1 ●☻ Ⱬ♇♪☻Ɑכ☻●☻ ─  

 

8.3 ⌐⅔↑╢●☻  

 ●☻ ─ ⅔╟┘ ⌐≈™≡│ Hachikubo et al. 2010 ⅔╟┘

─ OS249 ≤╒╓ ≢№╢⁹╕∏ ●☻◒꜡ⱴ♩◓ꜝⱨ GC GC-2014

╩ ™≡●☻ ╩ ╘√⁹ │ TCD≤ FID⅜ ⌐ ↕╣≡⅔╡ ◐ꜗꜞ

▪●☻⌐│Ⱬꜞ►ⱶ ◌ꜝⱶ ⌐│ Sunpak S ╩ ⇔√⁹◌ꜝⱶ

⌐╟∫≡ ⌐ ╩ ⇔√ TCD ≢│ⱷ♃fi ─ CO2⅔╟

┘ ╩ ⇔√⁹FID ≢│ⱷ♃fi ─ ◄♃fi ⅔╟┘ⱪ꜡Ɽfi

╩ ⇔√⁹●☻ ה ⌐≥╙╩♃כ♦ ⱨ꜡כ

CF-IRMS Thermo Finnigan DELTA plus XP ╩ ™≡ⱷ♃fi─ə13
CהəD ⅔╟

┘◄♃fiהⱪ꜡ⱤfiהCO2∕╣∙╣─ə
13

C ╩ ╘√⁹⌂⅔ כ◔☻─

ꜟ│ VPDB ə13
C VSMOW əD ⌐∕╣∙╣ ⇔ ⅛

╠─ ≢ ⇔√⁹ 

 ●☻─ ─ ⌐≈™≡│ Ⱬ♇♪☻Ɑכ☻ ⌐⅔™≡Ⱬ♇♪☻Ɑ

⌐☻כ ∆╢●☻ ⅔╟┘∕─ ≢ ─ ⌐ ↑ ╪≢™╢ ●☻ ╩

⇔ ↓╣╠─ ╩ ≢ ⇔≡ ╘√⁹ │ ─

╩ ™≡ ╘√⁹ ⅎ√ NaCl ≤ ⱬfi◙ꜟ◖♬►ⱶ ⌐│●☻

│ ⇔⌂™╙─≤ ⇔√⁹ 
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8.2 ●☻ Ⱬ♇♪☻Ɑכ☻●☻ ─ ⱪ꜡ⱨ□▬ꜟ 

 

8.4 ●☻─ ⱪ꜡ⱨ□▬ꜟ 

 ◖▪│ 7 ⅜ ↕╣√ OS263-GC1301 GC1307 ⁹ ╙ ™◖▪≢ 90cm

GC1301 ™╙─≢ 190cm GC1306 ⅛╠ ╩ ≢⅝√⁹ ─ OS249

≢ ╠╣√ ◖▪│™∏╣╙◖▪ ⅜ 1m ≢№╡ │↕

╠⌐ ─ ⅜ ╠╣√↓≤⌐⌂╢⁹ ─ ╩ ∆╢⁹ 

 ●☻ ה ⱪ꜡ⱨ□▬ꜟ─℮∟ ⌂◓ꜝⱨ╩ ⇔ 8.2⌐ ∆⁹

─ ה ⅜ √↕╣≡™≡╙ ●☻Ɫ▬♪꜠כ♩─◕☻♩●

☻ ⅜ ≤ ≢№╢≤│ ╠⌂™⁹╕√ №╢ ─ ●☻

≢│●☻Ɫ▬♪꜠כ♩⅜ ⌐ ⇔ ≢⅝⌂™⁹∆⌂╦∟ ─

⌐ ⇔ ●☻Ɫ▬♪꜠כ♩ ─ ⌐│ ─

●☻⅜ ⇔≡™╢⁹ⱷ♃fi │ ⅛╠ ⌐ ⅛∫≡ ⌐ ⇔

≡⅔╡ ◖▪⌐╙ ╢⅜ 50cm 100cm №√╡⅛╠ ─ ≤⌂∫≡™╢⁹

⌐◖▪╩ ⇔≡⅛╠ ╕≢⌐ ─ ⅜ 1 ⌐↕╠↕

0

20

40

60

80

100

120

140

160

180

200

0.0001 0.01 1
D

e
p

th
 [

c
m

b
s

f]

C1 [mM]

GC1301 GC1302

GC1303-2 GC1304

GC1305 GC1306

GC1307

0

20

40

60

80

100

120

140

160

180

200

0.0001 0.01 1

D
e

p
th

 [
c

m
b

s
f]

C2[ɛM]

GC1301 GC1302

GC1303-2 GC1304

GC1305 GC1306

GC1307

0

20

40

60

80

100

120

140

160

180

200

0.0001 0.01 1

D
e

p
th

 [
c

m
b

s
f]

H2S [mM]

GC1301 GC1302

GC1303-2 GC1304

GC1305 GC1306

GC1307

0

20

40

60

80

100

120

140

160

180

200

100 1000 10000 100000 1000000

D
e
p

th
 [

c
m

b
s
f]

C1 / (C2 + C3)

GC1301 GC1302

GC1303-2 GC1304

GC1305 GC1306

GC1307

0

20

40

60

80

100

120

140

160

180

200

-100 -80 -60 -40

D
e
p

th
 [

c
m

b
s
f]

C1ŭ
13C [ăVPDB]

GC1301

GC1302

GC1303-2

GC1304

GC1305

GC1306

GC1307

0

20

40

60

80

100

120

140

160

180

200

-80 -30 20

D
e
p

th
 [

c
m

b
s
f]

CO2ŭ
13C [ăVPDB]

GC1301

GC1302

GC1303-2

GC1304

GC1305

GC1306

GC1307



30 

╣ ●☻⅜ ↑╢↓≤╩ ∆╢≤ ◖▪ ─ⱷ♃fi ⅛╠ↄ™│♃כ♦

↕╣≡™╢ ⅜ ™⁹ ◄♃fi │ ⌐ ⇔╒╓ ≢ ⅛≈ │

╘≡ ↕™⁹GC1305╩ ⅝ ◄♃fi ⱪ꜡Ɽfi ⌐ ∆╢ⱷ♃fi ─ │◖

▪─ ≢ ↕ↄ ╕√ ≢│ ⅝ↄ 10
⌐כ♄כ○─5 ⇔≡™╢⁹ⱷ♃fi⅜

≢◄♃fiהⱪ꜡Ɽfi╟╡╙ ⌐ ⅜ ™─│ ↔ↄ

≢─ ⌐╟╢ ⅔╟┘∕─ ≢─ ⱷ♃fi ⌐╟╡ⱷ♃fi⅜

↕╣≡™╢↓≤╩ ∆⁹ GC1305─╖ ●☻─ ⅜ ⌐ ⇔

╒≤╪≥ ⇔≡™⌂™ │ ⱪ꜡Ɽfi ⅜ⱷ♃fi ≤╒╓ ─ ╩ ⇔

⌐ ⅛∫≡ ⅜ ⇔≡™╢⅛╠≢№╢⁹╕√ │ 30-80cm ≢

─Ⱨ⁹╢╣╠╖⅜◒כ 

 ⱷ♃fi⅔╟┘ CO2─ ə13
C ⌐ ╩ ∆≤ ⱷ♃fiə13

C│ ─

ⱷ♃fi ─ ⌂ ⅔╟┘ ─Ⱨכ◒⌐№√╢ ≢ ─Ⱨכ

◒⅜╖╠╣╢⁹CO2─ə
13

C │ⱷ♃fi╟╡╙ ─Ⱨכ◒⅜ ⌐╖╠╣╢⁹⇔√⅜∫

≡ ↓╣╠─ │ SMI Sulfate-Methane Interface ≤ ↕╣╢⁹SMI │

─ ▬○fi ⅜♀꜡⌐ ≠⅝ ⅛≈ ⱷ♃fi ⅜ ⌐ ∆╢

─↓≤╩ ⇔ ⅛╠ ↕╣╢ⱷ♃fiⱨꜝ♇◒☻─ ≢№╢⁹OS249 ≢

╠╣√ ─ SMI │ 35~55cm ≢№╡ ○ⱱכ♠◒ ⌐⅔↑╢ GH

◖▪⌂™⇔●☻⌐ ╪∞◖▪─ SMI Hachikubo et al., 2010; 2011

⅛╠ ─ OS263 ≢ ↕╣√ ◖▪│™∏╣╙ ─Ɫ▬♪꜠כ♩

◖▪ ╖⌐ⱷ♃fiⱨꜝ♇◒☻─ ⅝™ ≤ ⅎ╢⁹ ⌐↓╣╠─ ≢│

╟╡ ™Ⱨ☻♩fi◖▪ꜝכ≢●☻Ɫ▬♪꜠כ♩⅜ ↕╣≡⅔╡ JAMSTEC: 

NATSUSHIMA Cruise Report NT13-20, 2013 ™∏╣─◖▪ ≢╙↕╠⌐ ⌐

│●☻Ɫ▬♪꜠כ♩⅜ ⇔≡™√ ⅜ ™⁹ 

 ⌂⅔ ⱪ꜡Ɽfi ─ ™ GH1305≢│ⱷ♃fiə13
C╙-60Χ ≢№╡ ─◖▪

≤ ⇔≡ ⌐ ⅝™⁹⇔⅛⇔⌂⅜╠ ◄♃fi │ ─◖▪≤ ≢№╢⁹

↓─╟℮⌂●☻ⱪ꜡ⱨ□▬ꜟ─ ◖▪│○ⱱכ♠◒ ◘Ɫꜞfi ⅔╟┘

≢│ ⅜⌂™⁹ⱷ♃fiə13
C ⅜ ⅝ↄ ⅛≈ⱪ꜡Ɽfi ⅜ ™↓≤│

●☻─ ╩ ⇔≡™╢⅜ ⌐◄♃fi ╙ ⌐ ™↓≤⅜ ↕╣╢⁹

⌐╟╢◄♃fi ╩ ↑√ ⌐≈™≡ ─ ⅜ ≢№╢⁹ 

 

8.5 ─ ●☻ 

 CTD≢ ↕╣√ ─℮∟ ╙ ─ ╩ 100mLⱣ▬▪ꜟ

⌐ ⇔ BKC ╩ ⅎ≡ ⇔√⁹ ≢│↓╣╠─Ᵽ▬▪ꜟ ⌐Ⱬꜞ►ⱶ

≢Ⱬ♇♪☻Ɑכ☻╩ ⇔ ≢ 1 ⇔≡ ●☻≤Ⱬ♇♪☻Ɑכ☻●☻≤─

╩ ∟ ●☻◒꜡ⱴ♩◓ꜝⱨ≢ ⇔√⁹ ↕╣√ⱷ♃fi │ 23-30 [nM]≢

№╡ ◘Ɫꜞfi ≢─●☻ ≢ ↕╣╢ ≤ ≢№∫√⁹ 
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9.  

9.1 ╩ ∆╢  

 │ ─ ⌐ ∆╢ ≢№╡ ─ │ ≤⇔≡ ⌐

╡ ╕╣√ ≤ ↕╣╢⁹⇔⅛⇔ ⅛╠─ⱷ♃fiה ─ ⱷ♃fi

─ ●☻Ɫ▬♪꜠כ♩─ ה ⌂≥│ ─

≤ ─ ╩ ↕∑╢≤ ⅎ╠╣╢⁹●☻Ɫ▬♪꜠כ♩ ≢─ ⌂

ה ≤∕─ ╩ ∆╢↓≤⅜ ╩

∆╢ ≢№╢⁹ 

 

9.2 ─ ≤  

 ─ │ ─╟℮⌐ ⇔√⁹ 

  (1) ╩ ╣⌂™╟℮⌐ ╩  

  (2) ☻♥fi꜠☻ ┼╠╩ ∫≡ ─ ╩ ⅜∆ ─  

  (3) 10 cm ↕⅛╠ ⌐ ╩ ☻♥fi꜠☻ ┼╠╩  

  (4) ─ⱪꜝ☻♅♇◒♅ꜙכⱩ⌐ ╩ ⇔≡  

─Ⱪכꜙ♅ (5)   ⌐│ ╘₈◖▪ ₉₈ ₉ ╩  

 

 

9.1 ─  
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 ─ │ ⇔√ ⅛╠ ─╟℮⌐ ⌐╟∫≡ √⁹ 

Ⱪכꜙ♅ (1)   ꜝⱣכ ☻Ɑכ◘כ ⱱꜟ♄כ╩  

  (2) ─Ɽכ♠╩ ╖ ╦∑╢ │Ⱪכꜙ♅ 8 ≢  

  (3) ╡─ ╩Ⱪכꜙ♅  ♩♇☿⌐כ♃כ꜡─

  (4) ─ ╩ ⇔√ ⌐ ╩  

 

 ╠╣√ │ ─╟℮⌐╤ ⌐ ▬○fi ⅔╟┘ ⇔√⁹ 

Ⱪכꜙ♅ (1)   ─ ╖ ╩ ⱴ▬◒꜡ⱧⱭ♇♩≢  

  (2) 12 mLⱪꜝ☻♅♇◒ ◦ꜞfi☺ ⱨ▫ꜟ♃כ◌כ♩ꜞ♇☺ ⅝ ⌐  

  (3) ╤ ─ 0.5 mL│ ≡╢ ⱨ▫ꜟ♃כ◌כ♩ꜞ♇☺─ ™  

  (4) ▬○fiⱷכ♃⌐ 0.5 mL╩ ⇔≡ ▬○fi ╩  

  (5) ⱪꜝ☻♅♇◒ Ⱳ♩ꜟ 16 mL ⌐ ╤ ⇔√ ╩  

  (6) Ⱳ♩ꜟ─◐ꜗ♇ⱪ╩ ⱨ▫ꜟⱶ≢◦כꜟ⇔≡ ⌐  

9.2 ─  

9.3 ─╤ ≤  
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10.  

10.1  

 ⌐⇔√◖▪⅛╠ 10cm ≢ ─√╘─ fiכ◖

ⱬכfi∑╪ ╩ ∫√ 10.1.1⁹╕√ ─√╘─

╙ ∫≡™╢⁹ 

 

 
10.1.1 ─  

 

1 ─  

 ─ │ ⇔√◖▪─ ⌐ 10cm ≢ ╩◌♇♩⇔√

◦ꜞfi☺ 5mL ╩ ™≡ ⇔√⁹ ⇔√ │Ᵽ▬▪ꜟ 20mL ⌐ ╣≡

∟ ╡ ╩ ⇔√⁹ 

 

2 fiכ◖  

fiכ◖  │ 10.1.2⌐ ∆╟℮⌂♦☺♃ꜟⱨ◊כ◕☻כ☺╩ ⇔

fiכ◖ꜟ♃☺♦√ ╩ ─fiכ◖⁹√™ │ 30° fiכ◖ │ 9mm

│ 16.8mm≢№╢⁹ │ ⌐ ∆╟℮⌐ ⅝ ≡≈┌⅜ ⌐ ⌐

╩fiכ◖≢╕╢∆ ₁⌐ ↕∑≡ ∫√⁹ ⌐ ∆╢ │ 2 ≢№╢⁹

fiכ◖ qc kN/m
2 │ ╟╡ ╘√⁹ 

 A

Q
q =

c  

↓↓≢ Q│◖כfi kN A│◖כfi m
2 ≢№╢⁹ 
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fiכ◖ 10.1.2  

 

3 ⱬכfi∑╪  

 ⱬכfi∑╪ │ 10mm ↕ 20mm ─ⱬכfiⱩ꜠כ♪╩ ─♩ꜟ◒♪ꜝ

▬Ᵽכ⌐ ╡ ↑≡ ╩ ∫√⁹ 10.1.3⌐ ∆╟℮⌐◖▪─ ⌐Ⱪ꜠כ♪

╩ 30mm ⇔≡♩ꜟ◒♪ꜝ▬Ᵽכ╩ ↕∑ ↓─≤⅝ ╠╣√ ♩ꜟ◒

⅛╠ ╟╡ⱬכfi∑╪ ↕tv kN/m
2 ╩ ╘√⁹ │ 1 10

≢№╢⁹ 
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↓↓≢ M│ ♩ꜟ◒ kN m D│ⱬכfi m H│ⱬכfi ↕ m ≢№╢⁹ 

 

 

10.1.3 ⱬכfi∑╪  

 

10.2  

 10.2.1│ ⅛╠ ╘√ w ≤ ⅛╠ fiכ◖√╘

qc ⱬכfi∑╪ ↕tv╩ ⅛╠─ ⌐ ⇔≡ⱪ꜡♇♩⇔√╙─≢№╢⁹
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─ ≢─ 10.2.2 ≤ ∆╢≤ ⌐ ⅜ ↄ ⅜ ™

⌐№╢⁹↓╣│ ─◖▪ꜞfi◓ │ⱴ►fi♪ ≢№∫√─⌐ ⇔

│ ≢№∫√√╘≤ ⅎ╠╣╢⁹ 

 

  

10.2.1  

 

 

10.2.2 ─ OS249  
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11. ▪fi◔כ♩  

 ₈⅔⇔╞╤ ₉≢│ ⌐ ⇔≡ ⌐ ─╟℮⌂▪fi◔כ♩╩ ∫

≡™╢⁹ 11.1 4⌐ ⌂ ╩ ⇔≡™╢⁹↓╣╠─▪fi◔כ♩ │

─ ⌐ ↕∑≡™√∞ↄ⁹ 
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(1) ∆╢╕≢⌐ ∫≡™√↓≤ (2) ─ ⌐⅔↑╢  

   

 

      (3) ⌐≈™≡         (4) ⅛∫√≤ ℮ ⌐ 

                       ủ╩ ↑≡ ↕™  

  

 

  (5) ⌐ ≈≤ ╦╣╢ ⌐     (6) ⌐≈™≡ 

   ủ╩ ↑≡ ↕™  
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(7) ↓─ ╩ ⌐ ╡ ∫≡ 

  

11.1 ▪fi◔כ♩  

 

 

12.  

 ╩ ℮⌐№√∫≡ ₈⅔⇔╞╤ ₉

─ ◐ꜗfiⱤ☻ ─ ⌐ ⌂↔ ≤

↔ ╩™√∞™√⁹╕√ ⅔╟┘ ⌐│ ⌐№√∫≡

↔ ™√∞™√⁹ ○ⱱכ♠◒ ┘⌐ ⌐│

⌐ ∆╢ ╛↔ ╩ ™√⁹ ⇔≡ ╩ ⇔╕∆⁹ 
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14.  

14.1 ꜞ☻♩ 

      

   M1 1 TA 

₁   ⱴ♥ꜞ▪ꜟ  M1 1 TA 

  ⱴ♥ꜞ▪ꜟ  M1 1 TA 

  ⱴ♥ꜞ▪ꜟ  M1 1 TA 

  ⱴ♥ꜞ▪ꜟ  M1 1 TA 

   M2 1 TA 

   ⱴ♥ꜞ▪ꜟ  M2 1 TA 

  ⱴ♥ꜞ▪ꜟ  M2 1 TA 

   3  2  

   4  2  

   4  2  

   4  2  

   4  2  

   4  2  

   4  3  

   4  3  

   4  3  

  ⱴ♥ꜞ▪ꜟ  4  3  

  ⱴ♥ꜞ▪ꜟ  4  3  

  ⱴ♥ꜞ▪ꜟ  4  3  

   4  4  

♅ꜛ► ◔▬◖fi  4  4  

₁  ⱴ♥ꜞ▪ꜟ  4  4  

  ⱴ♥ꜞ▪ꜟ  4  4  

  ⱴ♥ꜞ▪ꜟ  4  4  

  ⱴ♥ꜞ▪ꜟ  4  4  

  Ᵽ▬○ ꜟ▪ꜞ♥ⱴה  1  5  

  Ᵽ▬○ ꜟ▪ꜞ♥ⱴה  1  5  

ה    1  5  

   2  5  

   2  5  

   2  5  

₁   2  5  
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   ⱴ♥ꜞ▪ꜟ    

ה    ●☻  

  ⱴ♥ꜞ▪ꜟ   CTD  

 ▪꜠ⱨ☻●ה   

    ◖▪ꜞfi◓ 

    

ה     
 

 

   
 

 

     

  ☿fi♃כ 
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14.2  

 

⌐  

 

 

⌐  

 


