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SUMMARY 

I. Title of the Study 

Interdisciplinary Oceanographic Research in the Sea of Okhotsk (I) 

II. Significance and Objectives of the Study 

The Sea of Okhotsk plays an important role on the global deep-sea 

circulation, which is related to the formation of intermediate water in the 

northwestern Pacific Ocean. According to the previous results of the 

high-latitude and arctic regions in the North Atlantic, the deep-sea marine 

sediments preserve the well-defined glacial and interglacial history of the 

global environments. Because the Sea of Okhotsk lies at the high latitude 

of the North Pacific, it is sensitive to the arctic climate and it possibly 

records the paleoclimatic and paleoceanographic environmental variations 

between the glacial and interglacial periods during the late Quaternary. 

Thus, the high-resolution deJX)sitional and paleoceanographic researches are 

key to understand the regional and global paleoclimate in the northern 

hemisphere. In particular, because the Sea of Okhotsk is a typical back-arc 

basin developed along the northern edges of Kuril Arc, we have to find 

out the origin of formation, age of basin, development processes, and plate 

characters and boundaries clearly. Because, at present, the methane 1s 

actively emitted from the seabottom in the Sea of Okhotsk, the effects of 

methane on the ecology, sediments, seawater in the ocean as well as on 

the trace gases in the atmosphere should be elucidated. 

Objectives of this year research are as below 
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1. To reconstruct the high resolution marine stratigraphy during the 

late Quaternary glacial-interglacial periods in the Sea of Okhotsk 

2 To reveal the variation and formation of intermediate water mass 

during the late Quaternary glacial-interglacial periods in the Sea of 

Okhotsk 

3. To investigate the relationship between the development of North 

Pacific Intermediate Water and global and regional deep-sea 

circulation 

4. To study the depositional processes and environments of the 

glacial and interglacial periods in the Sea of Okhotsk 

5. To find out the magnitude of the paleoproductivity during the 

glacial and interglacial periods 

6. To trace the flux of organic matter from the terrestrial and marine 

sources during the glacial and interglacial periods 

7. To judge the circulation pattern and I)Osition of polar front 

associated with the freshwater discharges in the Sea of Okhotsk 

during the glacial and interglacial pericx:ls 

8. To study the regional distribution and characteristics of the 

methane hydrates in the Sea of Okhotsk 

9. To investigate the origin and biogeochemical cycle of methane 

hydrates in the Sea of Okhotsk 

10. To estimate the influence of methane hydrates from the Sea of 

Okhotsk on the greenhouse wanning 

Ill. Contents of the Study 

1. Summary of the database carried out by the previous researches in 

the Sea of Okhotsk 

2. Description of the characteristics of the paleoceanographic tracers 

-JO-



(carbon isotope and cadmium) 

3. Judgements of the merits and flaws of two tracers (carbon isotope 

and cadmium) 

4. Summary of the paleoceanographic results of each basin based on 

the tracer studies 

5. Description of the features of the each tracer for paleoceanographic 

researches 

6. Estimate the possibility of the paleoceanographic research using the 

tracers in the Sea of Okhotsk 

7. Introduction of the most efficient method to analyze the methane 

gas 

8. Verification of experimental results by the efficient analysis of 

methane gas 

9. Summary of the general characteristics of methane gas 

10. Search for the global distribution and reserves of methane gas 

11. Appraisal of the research on the methane hydrates 

12. Summary of the properties, distribution, origin of methane hydrates 

in the Sea of Okhotsk 

13. Foundation of the oceanographic researches on the methane 

hydrates in the Sea of Okhotsk 

14. Description of the regional setting in the Sea of Okhotsk 

15. Reconstruction of the late Quaternary marine stratigraphy m the 

Sea of Okhotsk 

16. Paleoceanographic environmental variation of postglacial periods 

since the last glacial maximum in the Sea of Okhotsk 

17. Paleoceanographic environmental variation of preglacial periods 

before the last glacial maximum 

18. Description of the general oceanographic environments m the Sea 

of Okhotsk 

19. Summary of the foraminifera database of the Sea of Okhotsk 
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IV. Results of the Study 

1. To summanze the 613C and cadmium data m the late Pleistocene 

sediments 

2. To present the distributions of the 613C and cadmium data for the 

ocean during the last 30,0CMJ years 

3. From these tracer data to detennine the consequences of 

glacial-interglacial climate change on thermohaline circulation 

4. The summarized data show that deep ocean circulation patterns 

were significantly different during the most recent glacial 

maximum. 

5. On the basis of the cadmium records from the northwesternrnost 

and western equatorial Pacific, a steep gradient in the deep-water 

cadmium concentration between two basins from the last glacial to 

deglacial periods occurs. 

6. Our study confinns the suggestion that there was a convection cell 

in the northwest Pacific during the last glacial period. 

7. Paleoceanographic proxies obtained from the Okhotsk Sea support 

the role of waters that pass through the Okhotsk Sea as a source 

for the North Pacific Ocean. 

8. In order to investigate methane m the sediments of the Okhotsk 

Sea, the analytic method for methane contained in the sediments is 

introduced. 

9. Analytic precision lies within 1.0-6.3% and the concentrations range 

between 1.8 and 10,(XX) ppmv when methane is analyzed by a gas 

chromatography. 

10. The methane extracted in the sediments of the Okhotsk Sea can 

be directly analyzed by a gas chromatography without dilution or 

concentration. 

11. The distinct areas occunng the methane hydrate are summarized 
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m the Sea of Okhotsk. Methane hydrate is usually found on the 

margin of Paramushir Island and continental slope, offshore 

Sakhalin Island. 

12. The characteristics of methane hydrate formed in the Sea of 

Okhotsk are summarized. Methane hydrate forms within the 

shallower depth beneath the sediment-water interface, about 1 m. 

Sedimentary structures containing methane hydrate is similar to 

the cryogenic structures formed during freezing of silt-size 

sediments. Water contents are abnormally high in the sediments 

containing methane hydrate. Calcium carbonate is also found in the 

sediments where methane hydrate is formed. 

13. The mechanism of methane hydrate formation 1s reviewed. High 

water contents and special sedimentary structures indicate that the 

mechanism of methane hydrate is the same as that of ice 

formation. 

14. Methane concentrations m seawater and methane flux into the 

atmosphere are estimated in the Sea of Okhotsk. If methane is 

emitted in the atmosphere on 15 % of a total surface area of the 

Okhotsh Sea, the total amount of methane emitted during one year 

is estimated. to be 0.13 x 1012 g. 

15. The establishment of high-resolution stratigraphy is necessary for 

the reconstruction of changes m the paleoclimate and 

paleoceanography m relation to late Quaternary glacial-interglacial 

cycles. 

16. The age control and stratigraphic correlation of all retrieved 

sediment cores are based primarily on stable oxygen and carbon 

isotope records obtained from the planktonic(N. pachyderma sin.) 

and benthic (Uvigerina sp.) foraminifera. 

17. In addition, the determination of age younger than 50,000 years are 

based on AlvlS 14C dates. 

18. Furthermore, lithofacies and Magnetic susceptibility records were 
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currently used to define the stratigraphic framework of the 

sediment cores taken in the Sea of Okhotsk 

19. Microfossil (i.e., diatom, radiolaria, and organic pollen spores) 

assemblages were preferentially used for the establishment of 

precise biostratigraphy in the Sea of Okhotsk 

20. Recently, the collection of relatively long sediment cores from the 

Sea of Okhotsk would be contribute to the establishment of 

precise stratigraphy as well as the reconstruction of the 

paleoclimatic and paleoceanographic variations over the last 360 ka. 

21. The sea ice in the Sea of Okhotsk is developed for at least 6 

month within a year and scattered along with the currents. 

22. Surface salinity in the Sea of Okhotsk is controlled by the input of 

the Amur River water and diluted in the depths of the sea. 

23. Grain size of the sediments depends on the submarine topography 

and clay minerals are controlled by the volcanoes and geology of 

the adjacent areas to the Sea. 

V. Suggestions for Applications 

l. Examination of short-term global climatic events (Heinrich events, 

Dansgaard-Oeschger events, Termination I, and Younger Dryas 

cooling event) in the marine sediments in the Sea of Okhotsk and 

identification of the causes and processes 

2. Understanding of climatic variation associated with the cyclic and 

millennial-scale events - Comparison with the glacial periods and 

deep- sea circulation in the North Atlantic and North Pacific 

3. Reconstruction of the paleoclimatic variability during the last glacial 

and Holocene using AMS C-14 age dating - Comparison of records 

between the northern and southern hemispheres - Examination of 

causes and effects on the global environmental variations 
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4. Search for the relationship between paleoproductivity and CO2 

cycling during the last glacial and Holocene periods as CO! sink in 

the Sea of Okhotsk - influence of global greenhouse warming 
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Physiography and bathymetry map of the Okhotsk Sea. 
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Circulation pattern adjacent to the Okhotsk Sea and northwest 

Pacific Ocean. 
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125-300km1l.£21 "11 ,121 ±%~ 0 ]71 s',sflirf;: 51,,g. >121 ~-llirfcJ-. 0 ]<1~ 

.2. §. " .3. 'ii 41 'I-oil Aj 21 ~ w at% otl 21 irf oj * Aj •lPll "J 'a ~I * 21 'ii "r '; "J O I 

~•s,~ @cJ- .2.§.".3.'il •~•~=oil~ -i'!~~ aoil~ <>1 ~~=21 

Al~ff"~ lll~!ll.!i!.~ ..2.~3..3.a]j~ tcl-X-~ ¾*47} ¾~~jl 5:.l. g ~ ~ 'T 

'.UcJ-. 'T''lJ-o] 500db.!lcJ- aJ ,0. ¾¾otl•1 !If~~ •'T'21 -fi-'lJo] '!!-zi."l"l 

750db.!i!. ct ~.g. 11 ¾ofl "i ~ ..2.~3..3. iill "'rSl %½ 0 1 ~7-1 ~ 9-. ..2._~;,:. .3.-aff 4-Sl 

-e:-x.-~~~-1g.g. ..2.. 0 ~AJ..2.t1Hti+ {r~t:1taJlitSl "'r.ilJ~34 :A:f-'t!i5J t:J-e OJ:~% 
.!i!.o:J:Y-2 V.9-. ~. ~"iEJll 0J'T2l, ..2.~33.~"r~ ~~~.Q.5.. c.H: .::j=-sil]'i! 

~oJtj._ ..2.~7-3.'8fl"'r.9.l %,e~~~ uf.q.. 3t.g. 3!.Q.£ ~'i.Ptl.9-. .::J..~,tl-t, 
'<HI~ laf~ •li'll 0J'T';: ¾s'c{]:±21 '1 'll % .!l 01 nj, 01 el~ '; 11 ,,g. 

..2..§.3..3.$l]of1Ai ATI£¾ "'r.ilJ7} tgAj~ 'T 5:J~ ¾..8.~ ~1~ ?,;loJt:J-. 

.2.§." .3. • 21 laf ~ • '1},,g. -11: \'! 4i'aJ '<l 'lFi' '1 'll ><I cJl oil 4i''il '.U cJ- -61 •§ 

{E-~ofl .2H:!- 7)+~¾.£. ¼ ttll, o]jf!: ~E..e} ~~ 7]+;,;]~o]e}J! ~ 'T" 

'.UcJ-. 'll'llit ,,0..£71 10°C 0 1-)}% 7]"°trf;: ¼ i]-,i]7f 700-800°C, cJ-•l 

'lfirfoj \'!¾ 70oil~ SO'll 1J.£7f 10°C 0]AJ21 7],,0.% ¾><]irf;: ',[",'O]nj, 

>J %0] AJ 'lJ-irf;: ',l-",'7} 105'l! oil Aj IIO'll 1J .S'. @cJ-. ¾7.J-'T'"o',,g_ 250-300mm 

?;l.£ 0 ]'1, 'llil-'ir.£;: 75%o]cJ-. 71¾~21 •f~,g- off4- 7.J-~ 'l!o]ojAj -6j>§21 

>J'lJ-¾ -'l]~irf;: Jl.±!i'. 'l¾trf7].S'. ~cJ-. ~"J¾ o]¾irfoj o]*¾ -i'f~irf'1 

-6J>Jo] \g-o] '!)-,tirf;:><], of'-1'1! 'll g 0 ] 'i)o] ;:><Ill- ~Afirf;: ;i,g-, ><].ll.7f 

'l)g.2.s'. \g-o] ,/oj 'l)-i!Jl.S'.• ¾7fA]S]'1 ><]'j'7f Ei1°Jot]Lj><]. 'll 'l!-~151'1!, 

oj,l,°. ¾ tj •¾ ~•= ti:oJ'-11;: ¾.X4• Y'-itjl~cJ-;:~ 

7 I • '1- aJ .2. !i'..£ 21 ° I 7 I '.U cJ-. 

1e- \'! 'i'otl Aj ;: ~ "'1 'ii "Jot \'! 'roil '.U <>l Aj -l! ><l 'i' aJ .2.!i'. Af¾ 51 "- '.U;: 

•ai><1: ~¾oil "-'il"JotaJ.2.!i'. <>l¾"l<>l~c: ¾~¾21 11!{]:lzt•oil~ 

;\'--'>j,;i 11!±%~~±<!- ,,-=-%oil r1!trfoj 7];<,21 "1<1 >lil.:oil 21:,Jtrfoj zt 
•aJ ><121 '; >J;; ¾ :llf")-irf '1 2f '11 °JoJ] Aj 21 LfE\'c! i1"1°J'1-aJ c,J 4: 

1l"1~cJ-. .::J.ej'1 °1<1~ 4"1><1: Af 0 lotl LfE\Lf;: •J-Bc'll¾ 4")-Sf.il 

Jl8J1°J'Of-3l.Q...£. o]%~ .::j=- 5:J~ ~1~% ~o}~cf-. ~!?..£ oJe~~ T 
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•~~="1 ~14 "17-1•"1 •-'l~~V"l .2.~aa4 ~~4 n4V~~ 

•,Fr4 °1%~ 4' ~:: 7f'o-'.J g :uJ-SJ-~ct-

7}. -'J~ 

4'T'"1 "sc%~~±(613C):S >i]oJaf:: •J~~~ .:rein §J-ot~ :uJ-oJ:,"
"l'rr "i'l/>JtiJ%'1! 'r.ilJ"l 'l'-.11.2} .::J. \'!§]-'<! •J~:% Jt~-af:=r~ 0 H4- 1r 

Af%"1:: •~"Htracers)-!< -ll'ilsfn ~ct. -ij,j til 0J"1 4'T'<>il ~:: ¾ 
%i"''/-7]"::C(:EC0,)2j- 613C .i::si :,>-.11.:: 'll'l!~.2.!a. til 0J4Ai '\'!~<]:: 

'T.i!J';i.Q.j ~.¥_~ uj~ -fl--,'-}-&f.tj-. rl}-2.}A'i, A]2:I~~ 613C~~~ i}o]~ 

0 1%."i zJ- tiJV: Af 0 J4-'J >;!c>J-af:: "r.8.~ 4'.ilJsJ -ai}oiJ ti!~ •l¾sJ 
"cfti.}½ ~?.)-~~~ %-}~ 'T ~tj.. =itsl, 7.-lA-lAJ %-t}¾~ 7)-~til Ol~ 

¾ft-( o!l it ~ ~, Cibiddoides wuellerstofi) ~ ~ 0 1 cl~ nl 0J ~ ,q oJ oJl 

t.fe}t.f:: 613C.t:si ~fO] :S oj4- 1r 'l):'iJaj-7] '1fJi'-4 .ilj-7-I tiJOJsj 

613Csl:: "1 'l'- .11. ~ •~al-:: t~ Af%"1 n '.U tj-_ -l'c '!! 4-'l:: "l 'rr 30,000'.'! 
~'tr QJ tjj 0JoJ] Ai ~1 ¥! 613C~ ~ 21 {E- _¥. ~ Ai~"$} 2, 0]i~i ~ ~ 7cl _Q_,£.lj!- t.l 
•J-of7J-'i'!-'li-a\Jlj; "i'-ll:: %'1! {1¾4'T'S! 'll.'ll'l'-1?~4 SI~ 7J~ot~ 

\'! §J- ;; .!ic "I ½ 'It O l ct . 

-l'c '!l<>ll•i:: Cibicidoides ¾<>ll•i 'l'-ol't! %~-tL::o"f.ia.'<!% '--1-"1-'-lln 

~.2."i, til-'1-11'-t C wuellerstorfi ¾<>IJAi 'l'-ol<l~ct . .ilJ-7-14 'i/.li't! 

\'!'i'-:<>11 ej-of\'! 0 ] ¾,"- <114'"1 613CiJ;g 014- 1r 'l):'IJ-afn 'll,tj-(Fig. 2-1; 

Belanger et al., 1981; Graham et al., 1981; Curry and Lohmann, 1982; 

Duplessy et al., 1984). 'Te-J~ ~<:!~ 7},1:,r:'i], C wuellerstorfi~ 1Y"~~~ 

AP,i-'8 -ft-.:g.¾~ ¾oJlAi J}?;J 3¥-.g. 613Cil:"~ .!i!.ol'r2 ~_Q_ui(Woodruff et 

al., 1980), {1¾4'T'"i]Ai e;'jj't! ¾'/-71"::Csj 613CiJ;.ilJ- 7-lsj ~'l!g o]','O, 

'.U ct. .::r <l t.f, Rubinson.ilJ- Clayton(l969)S! I'! ,'-"ii S]-af I'!, C wuel/ersto,ti:= 

7J ti! "1 :: ~ 'l! ill;<>IJ ti! af oj Q} 0.9%, 7,J .S:. \;l >II -I'!:'!< "1 n '.U ct. "1-"l 'l!c, ~ oJ .s:. 

%~¾Oil Ai ~~ -t! &13c~.g. 11¾~1'T2l ¾-¥-7J \1~.9.J &'3c& ~ ~~ ~ti-:il 
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Fig. 2-1. 
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613C Cibicidoides spp. 

Measured. 613C for ambient seawater ~CG.! and core top 

Cibicidoides species (after Duplessy et al., 1984). The isotopic 

compositions of this benthic tax.on reliably reproduce the 

gradients observed. in 613C values in the modem ocean. 

Although the observed 613C values for Cibicidoides species 

coincidentally equal ambient 613C of ~CO2, the observed 

values are lower than expected equilibrium values for calcite 
by about 0.9X. (Rubinson and Clayton, 1969). 
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~ 'T' '.lief .'E~ C wue/lersto,fi9+ ~"1 ,Hts\:: cf;', ¾:(oil;; :<>l, C 

kullenhergi, C brodyii)£ 613CilcoJI '.l).oj>j {JZ}~ ~1°1~ .1!."l'i'><I:: 

u:: cf(Duplessy et al., 1980; Woodruff et al., 1981; Keigwin, 1982). 

1,1 >ii !a. 613Ci<% ~"J •I:: c~ Cibicidoides ¾: o] >1%£1:: "11 71-'I 

¾.8.~ 0 ]¾71 '.I.le+. -Jl~. 11-"1'<! 613Cit:.g, t!l-\'-11- 'l!•H t!l 0JolJAi i.+EJ-i.+:: 

~1°li!: '\! 'fr"il•f"'- 9,ltj-(Belanger et al., 1981; Graham et al., 1981; Curry 

and Lohmann, 1982; Duplessy et al., 1984). ½~. 613Cit:.g, .t±%~-V± 

'll"JoJI 0H-9- 71'11¾ ;;le% '-1-EJ-\!!i:+. ::taJJl, tl:.<'-!a., >ii~'<! i'J:~o]"]'lr, 

'1!'~ 0 1 '\ls\:: 1,of'.l).:: 71"11:oJI 91•1'1! Cibicidoides ¼:.g, -"1-'l'ii

.li'1!oJl>i >1-6J•f"'- 9.lt:+(Corliss, 1985). '1'-lt>l.il.91 .li¾oJl>i 11--oi'il 

%~-ij±91 \'!~<>ii el-ti\'!, <>l'!! ¾:.g, 'l!>H t!l"J.eJ 613C;;l:9j ~1°1½ 

'fr'l!•f"1 U::"1-SJ.£ ~tj-(Belanger et al., 1981). Uvigerina91 71!'9-<>il '.ll<>l-'l 

613Cit0 1 Cibicidoides9+91 i'!:~]7f ~-'It 'll°ll~"i ?,-;,J i.+EJ-i.+:: 5!.g, oJ,;- 0 ] 

-"1"l'ii-.li'1! ofeJloJIAi >1-6J-tf7] "i]l,- 0 ]"1-(Zahn et al., 1986). Uvigerina71 ,;t.g, 

613Ci<: % .I!. 0 ]:: 7f~ ss.:: -"1-'1 %'-1191 ¾ 7] 1(r±91 "a •J% 'l! 7] "i]ji!-o] cf. 

q;,, ¼*91 ~-'l~ ¾~¾ ¼:oJ ~~ W¾ 'lr t ~el~ 4:,Joll 

if-7]t!-:±:!i! it!~oll cJl15}~ ~~ ~ ~ 'y" \l}7] tq!~ofl t!l-¥-~9.J ~-,z.~,g.. 

Cibicidoides¾ ~ % A}%~9-. 

'l!>l tij 0Joll>1 'il'T'"il "t0 f9.l:: %~-'/-7].t±91 613Cilc:t ?SS. 

"'•'aor%4 :i -\'-~'ii-'11 ¾11.t±91 ,1~1(11-'il .<E:: ~§1-Jor¾ ::taJ"

,1" cf;', %~-ij± it:% ~:: 'T'"i: Af 0 191 ~~Oil 91'11>1 >il<>l'<!cf . 

.ii: %<>11 ,1 ,,. •"a or¾ 2- Oil'T' !a.-\'-El 12c½ ,;i "'cai -"-ss. >11:,] •t"l. JE ••1 ?el 

lj!-7]~:±:7} 13C.£.. ¾~BJl~t.1. ~. ~~p~~A}~o] ell¥-~~ ~ 0J~~% 

>11:,J•flll s\\'!, '11?91 613cit: t t!l 0J91 61'c91 'llir;;J:4 ':l 0J'il91 

'll ir-\1' £oil el •l 7.:! ";l 'il q(Broecker, 1982; Broecker and Peng, 1982). 'I! •H 
t!l 0JoJl>i JE%oJl>i 'll 0J'il: 0 1 5'-.!/- >il:,J'ilcf\'!, .li%-'T'el -'/-7].t±:: 

¾%~-'/-7]1(r±91 Qf 10%~ 7,}±A]'{)t:1-. -6J%%"d-3.1'coJI 91•1 >ii,]'<! .t±:: 

Qf -20%,;; .l!. 0 ]7] Uilli'-oll ll¾?:: 0 1ol 'll¾-'1'"1.eJ 'llir 613Cit.l!.i:+ 
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2%.,'li £ >'i;,"- ;;le¾ .!I. '1! c]-(Fig. 2-2). ti! 0J.sj 'll ir 613C;;!:,"- Q%,ol E.!ac, .2. 'a. .t 
.!E¾"11'4'.9J 613C;;l:,"- e, 2%,,¾ .!1.<>l'f'711 '<le]-. ~,1.si til 0Jo!l"i 11¾?:i!J;:: 

:a.-?1 £;<] "l ol]Ai ~ el aj "1-'ll % ,,. .. ,<>I .!E ¾? .9J 'lJ £7} -ll-'irs-f <>I 1J Oil.£ 

1f"-1-el71I -"l\'l"i 'l!ca'oJ~cJ-. '4'"1.sJ .'E7] 1'!±%-?1~±;;/:(.!l..,,_, .'Ell;;/:. 

preformed value).°. ¾'lftil "l"lo!IJ.1 ?:i!J7} nJ'I-;:: %'11-0il Oil?"i]J.i 

'!£'8-"lc: '/f~.,,J'il'"il sis-,<>1 '!l.'ll'<!cJ-. 1l'il!ac s-t1Js-f7I ol'lJ"il 

"lll-~'!J-31'e,"- 12C2j- °J 0J\!l(PO,, NO:,)¾ .!E¾"il"1 >1171 ... ,<>I 13C7} 

A.J-til-'12.!ac ¾'l!:Oll~c]-. ~,j til 0JoJIJ.j °J"J\!lsJ *£7} 02.!ac '<!cJ-\'l, ofof 
613Cej .'E7] ;;/:,"- 7I Sj 2%.,o] 'i/ ~ o] cj-, 

'f'.R. 1l¾?:i!J(tilJ.i'lf1l¾'4':i!J: North Atlantic Deep Water-NADW, 

\l-":->1¾'4':i!J: Antarctic Bottom Water-AABW)a"o] "ll',l"l;:: :-<]"lo!]J.j;:: 

.!E ¾ '4' Oil .,,i °J 0J \!l O I >ii 71 "1 7 I «ii 11-"il l\l ir ti! 0J Oil "1 .-, <>1 13C O 1 ¾ 'l!c "11 ~ cJ-. 

.:ie1'-I-, °J 0J\!lsJ *£;:: O.!l.c]- 3.71I 1'!:~"1:a. 613C;;l:a'£ ofl~"l;:: ;;!coll 

"IS-}<>! Sl'TI "I-.°. ;;!:% .!1."ii?cJ-(Table 2-1). tilJ.i 0J1l¾'4':i!J;:: ~"11 

til"J"il-"1 "ll'8"1C: ?:i!J 7}¾ti] ',} 0J\!Jo] 7}'l}- aj,°. '4':i!jo]c]-. o] '4':ilj;:: 

!c..s-WJ 01 - .:i \'! ~"-"11 sJ .!E ¾?:i!J 7} s-}7,J-S-}"i "ii J.J £j oj, ;<] ¾"11%½?:i!J 

(Mediterranean Sea Outflow)2J- "-l-.!!."-i-£""11 '4'"'121- :,O:~'<!c]-. 0 1a" til.!/-l;'

'4'"'1.sJ 'l)i,-£;:: 'll'l!:"12.!ac ',;!-:>11 '-1-Ef'-l-"1(<1 µMJKg), NADWS! 613C 

~7]i{,€;- l.QoJlJ.i 1.4%.,.£. ~~~t:}. 'a°~Ai¾'T°:i!J~ tjJAi 0J:~¾4-:i!J~tj- ~t 

'1) i,- £ ~ .!I_ "i 'f' 1!., 613C;;/: .°. 0.3%,,!ac ',;!-71] ~'lJ 'i! cj-, 

til 0Jo!IJ.i .!E¾ ?:i!J7} 11¾2.!ac S-}7,l-s-f:>11 -"l\'l 1l¾'4'"'1.9J 613CY:,"- 'i!"I 

-'f- 7}>'1 "i-'lJ-%7]\'!±.sJ l;'-oj(,U~)2j- J.j!ac q~ 1'!±%-?1~±Y:g >t;:: 

'4'"121-.sJ ;o:~-"11 .sJ.-f<>I \'!~'<le]-. '114-'12.!ac, "11'4'.sJ 613CY:.°. 1l¾'4'"'1.9J 
.!I_ e',J 'f"-'j :-<}7} o}y el-;:'. ~ o] q, .:1 cl '-1-, ti! J.j OJ '-Ii Oil ,1 ;:'. .2_ 'a_ ',f 1'f~£j ;:'. 

613CY: sJ l;'-.l'.;:: .!I. "°';j 4-'1 :-<}2j- '!le,"- OJ~~ S-} :>IJ £j ;:: til, -'II <{S-} \'l 0 ] 

:-<]OJ"il-"1;:: ¾7]1'!±.sJ >8-U"i- l;'-"11 4;'£7} off~ 'c.i!]7] «1111-o]q, o]e1~ 

',j,fr~;:: ';S-] tiJJ.j 0J.sj J.j~ l;'->]o!J 01~ ~ "1%-"l;::t-ll, NADW2J

AABW ,'}01 .9J :,0: ~ .i'!."f 7} ?1J ¾ !tJ-"-i-"i ?:i!J a' Af ol "ii 613CY: .9J ~, 0 ] Oil 

.9J Oil ~ '1l s-t 711 '-1- El-I± cJ-. .:i ,1 '-1-, \l- ti! "i 0J Oil "i ;:: -?1 £ "ii ItJ-~ 613C ;;le .9J 

~¥_.j:]-0)7} ~~! L-}E}1-J..:i! oJ T 4-321~.g. %~~.£. ti".?_1a_Ai Ai.£~~£]~ 

'T~~ ¾'r.uJ (Circumpolar Deep Water)~ ~ 1 ~9-. 0 1 ~ 4-.ilJ ~ ,l.} 0 1 ~ 
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Fig. 2-2. 
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The depth distribution of 613C m the Pacific (triangles) and 

Atlantic (circles) oceans. The warm surface layers of the 

oceans, where stratification is strong, are generally nutrient 

depleted, and all surface water 613C values in these regions 

approach 2.0 %o (PDB). The 613C differences between the deep 
waters reflect the presence of nutrient-depleted, high 613C 

deep water in the North Atlantic. Data from Kroopnick (1974, 

1980) 
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Table 2- L The end-member values of a 13C and [P04} for North Atlantic 

Deep Water (NADW), Antarctic Bottom Water (AABW) and 

nutrient-depleted surface water (SW). 

[PO.] auc 
water mass µmole/kg %,, (PDB) 

NADW 1.0 1.1 

AABW 2.3 0.3 

SW 0.0 2.0 

Table 2-2. Stratigraphic control points and their estimated ages in Core 

Vl9-3. The ages of the control points are from Imbrie et al. 

{1984), except for the control point at 1.16 m, which is from 

Shackleton and Pisias (1985). 

Depth (m) 

0.00 

0.93 

1.16 

2.60 

4.70 

Age (kyr) 

0.0 

12.0 

15.0 

24.0 

59.0 
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i"~t Oll4'.eJ \!l£.2j- {!±%-'11~± Qt !1.i"'A.J~±-.:; AfojolJAj !l.oJ9-:: 

3Pl Q 0 1 ¾%i"'-'/-7Jl1±-"l 613Ci1J:-.:; AfojoJJA1£ 311!2..l'. '--l-E}l±cJ-(Fig. 
2-3a). 

~¾9-:i!J.Q.J 613Ci(½.': A]-,1-~~ TT£~ it" u:JI, ~.:n. .!i!.e,...Jol o}lg ¥ 

i::,•i, A~{!A.jo] ~.g. :<J"l-"l c]j 0J"1 ij'5'.olJA1 !E:: 'z\ftA]i'Hresidence 

time)o] i'!: 11-,q '-1\olJAi !E~ !1.,'oA.jo] 'ii 4' ~cJ-. ~ '<].sc, c]jAJOJ-"J %'1' 

*"I oJI Ai:: 613CilJ:oJ "I !1.i"''\! 2-.sc t.j-E} l±cJ-. oj :<j "l olJ Ai:: Ai~ *"l oJ] Ai 

%'11~ -ll¾4':i!J7f ..il',JQ..il lli-& 0J-"l ~"I -:}7Jl1±7f 'iJ7J-~cf(Fig. 2-3b). 

"i"-"1:: cf;,, 931\-.:;-"J 613C~(!E~ %i'={!±'o-£)oJl HJ;;foj 'll'i!:"12..sc 

Aj~l,':<J!l.cf %~l,':<loJJAj \<"t ~g !l.oj¾cf(Fig. 2-3b2f Fig 2-3a;s 

l:l].ii!.); ~. %~ ~Al°<f.Q.J 11¾4-~21 3't..g- A]~"-J ~±(off¾ ~c>J. Si0z)7} 

'<i: t 'Ii-£ {a !I. oJ '1' oj, oJ :: i'l ~ "1 :: 613C-"l ,.. t ~ "1- ',l 3<] ~ :>11 

'i!cJ-(Broecker, 1981) ojaj~ :c<J§j-o}aj \'!§f:: 0 ] 0<]"1-"l Oll-1ti?~.i!f 

'll 'll 1/c;? ~-"l 9-Jl. -0- ¾oJI Aj 'l! oJ I± ..il ',J 'i! ~ 1'lJ '11 {1-'1] 'l! oj cf. % cJl Ai°,} 

'-11 oJ] Ai !I. oj:: i'!: i'l:-\1-AJi']:.g. Ai cJl Ai 0J-"l -jJ ¾9 31\ o\l "] ;;foj ¾ 7] '1;±-"l 

l/-Oil7f ¾7fQ..il 613CilJ:oj \<"711 '--tEt\:!9-. -J}Af-.j-:,JJ, EiJ'lJ 0J-"J -jj't,4':ilj£ 

9 :i!J '.'; -"l i" ~ "1- ~ "11 ¾ 7} 'i! * 7111 ± .9j ~ §f olJ .9j '1 t.j- E} t.j- :: "; ~ ¾ 

!1.oJ¾cJ-(Fig. 2-3c). oj -ll¾4':i!J-"l ',I£:: *~7]~-"l 4':il\.2J- \j-~7]~-"l 

"r:i!J7f ztzt J:3 '-11"1 ]:4-"J "1%.sc i"~'tl¾ !1."l9-..il, 613Cill:-& 613CoJ 

~ -li ;;J !I. i"' '\I 'll :;J -9- "i] ~ "1 :: ill: !I. cf et 0.4%, 1 £ \<" ,11 elf 1 '<! cJ-. 

~ ,n 111 °J <>11 A1 t.J-El t.J- :: 61'c ~ -"l "l ai ai '11 11! ,i. :: 4' "1 -"l 'll '1l ,i 'li 
11-.J'.;, '1):'lj i;ft>j, 111Ai 0JolJ Ai EiJ'lJ OJ _2._sc -0- .S:: {1¾4':;,j -"J '!f~¾ 7] >f~cf. 

'r .a 4' "1 '11 NADW .2J- AABW:: 111 Aj 0JolJ Aj ~ ',J "1 oJ 111 °J -"l ".l ir ill: !I. cf:: 

k:>11 i'\~Q:<]'11 ztzt Aj_sc cf:: 613Cill: ~ 7}~cf. Eil'll 0J2..sc -;l¾"r:il\71 

co: .s :: % '11c 4' :i!J .9J % -'1l ~ ± "i :: % 1 I 11 ±-"l ~ §J-21- ;! ~ olJ -"l '1 11! §f "1 oJ , 
sf111Ai'lf sf-\'-0<JS!j:il} 1elJ",J 0J.9j -lJ¾"r:il\AfojolJ 613Cill:.9J >f 0 J7f 1.2%,;s 

¾"I Aj '(!cf. 0 1 '1/711 i'\~'i! 613Ci1J:-"l >1°1 ¾oJI 0.4%,:: ;,_§f(aging)oJ] .9J ~

is' Aji'J:oJ -O-¾olJ ttfi!} -:}7]11±-"l {!§j-oJj -"l~ 'lj•J 0 Jt>I, t.j-ojc<J 0.8%,t 

\j-;:a 7J~-"l "r:i!J(AABW).2J--"l ;!~oJJ -"l~ .!j.i!fo]cf. sf111A1°,}oJJAi \j-C(-"1J;'; 

%Oil EJl",j 0J% 'J~ "J-"J2..se. 9-.ll. -lJ¾4'"17f -0- .s:: '!l-"J 0 j 7J,f,;j:: 

11°19-(Kroopnick, 1985). 
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Fig. 2-3. (a) The relationship between salinity and 613C values in the 
western Atlantic demonstrating the mixing of North Atlantic 
Deep Water (northern component) and Antarctic Bottom 
Water (southern component) from GEOSECS stations (613C 
data from Kroopnick, 1985). The end-member compositions of 

salinity and 613C values, respectively, are 35.0 %o and 1.2 %o 
for NADW and 34.66 %o and 0.5 %o for AABW. (bl The 
relationship between salinity and 613C values for eastern 
Atlantic locations from GEOSECS data (613C data from 
Kroopnick, 1985). For comparable mixtures of northern and 

southern companent deep water, the eastern basins are 
depleted in 613C values relative to the western basins. This 

difference in 613C values results from the isolation of the 
eastern Atlantic and the greater input of remineralized organic 

carbon. The depletion in 613C values is ~onal to the 
enrichrrent in other noocooservative ir=ties ([Sil), showing that 

both degradation of organic matter and mixing affoct the 613C 
distribution in the Atlantic. (c) The relationship between salinity 

and 613C values foc the Pacific Ckean from GEOSECS stations 
(61'c data from Kroqrick, 1974; salinity data from aiung anc1 

Craig, 1973). Note that this deep water mass is a mixture of 

NADW and AABW, but its 613C cxuposition falls off the 

mixing line between northern and southern companent deep 

water. The effect of long residence time within the Pacific 

Ocean allows more degradation of organic carbon within the 

water mass lowering both its 613C values and [Oil. 
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-58-



Table 2-3. Mean values of 8 13C for late Holocene (0-5 kyr) and glacial 07-22 

kyr) for each core listed in Appendix 1. 

Core 
Holocene Global 

/Jltlo a1jc /JlllQ B"C Ll"'O Ll"C 

North Atlantic Ocean 

V28-14 2.5.5±0.14 0.80±0.16 4.32±0.14 1.21 ±0.16 1.77 0.41 
CH73- 139 2.70±0.04 0.93±0.04 4.54±0.17 0.62±0.20 1.84 -0.31 
CHN82-24 2.65±0.04 1.02±0.14 4.09±0.01 0.53±0.08 1.44 -0.49 
V26-176 2.70±0.19 0.87± 0.22 4.!E±0.00 0.18±0.00 1.35 -0.69 
CH72-02 2.96 ± 0.06 0.90±0.00 4.20±0.06 0.77±0.10 1.24 -0.13 
CH75-04 3.01 ±0.27 0.67±0.ZI 4.55±0.05 ·0.16 ± 0.18 1.54 -0.83 
CH75-03 2.83±0.08 0.87±0.04 4.65±0.00 0.31 ±0.00 1.82 -0.56 
CH74-2Z7 3.27±0.00 0.46±0.00 4.43±0.02 0.09±0.13 1.16 -0.37 
V30-49 2.30±0.09 0.91 ±0.08 3.94±0.16 0.20±0.09 1.64 -0.71 

Ml2392 2.51 ±0.22 0.97:4:0.10 4.31 ±0.14 0.36±0.11 I.BO -0.61 
KNRll0-82 1.92±0.08 I.II ±0.12 4.07±0.14 0.21±0.21 2.15 -0.90 

KNRlI0-75 2.46 ± 0.12 0.97 ± 0.2.5 3.74±0.11 0.28±0.14 1.28 -0.69 

KNRlI0-71 2.26±0.08 1.10 ± 0.16 3.86±0.26 0.40±0.14 1.60 -0.70 

KNRlI0-66 2.16±0.14 0.71 ±0.21 3.72±0.32 0.19±0.18 1.56 -0.52 

KNRll0-91 2.28±0.06 0.71 ±0.26 3.81 ±0.16 0.08±0.15 1.53 -0.63 

KNRll0-50 2.53±0.19 0.65±0.37 4.02±0.16 0.20±0.07 1.49 -0.45 

KNRll0-58 2.62±0.16 0.62±0.21 4.09±0.16 -0.03±0.13 1.47 -0.65 

KNRll0-55 2.45±0.24 0.40±0.18 3.97±0.30 -0.01±0.17 1.52 -0.41 

V25-59 2.56±0.10 0.89±0.06 4.28±0.07 0.02±0.11 1.72 -0.87 

V22-!97 2.71 ±0.16 0.77±0.20 4.37±0.05 0.18±0.09 1.66 -0.59 

EN066-38 2.66±0.04 1.14±0.13 3.97±0.04 0.51±0.09 1.31 -0.63 

EN066-16 2.78±0.50 0.8.3±0.23 4.19±0.13 0.45±0.07 1.41 -0.38 

EN066-44 2.59±0.00 1.04±0.00 4.35±0.08 0.50±0.05 1.76 -0.54 

EN066-10 2.2.5±0.00 0.82±0.00 4.01 ± 0.14 0.33±0.20 1.76 -0.49 

EN066-21 2.52±0.03 0.80±0.04 3.92±0.14 0.24±0.18 1.40 -0.56 

EN066-36 2.81 ±0.08 0.69±0.08 4.23±0.07 0.11 ±0.07 1.42 -0.58 

EN066-26 2.64±0.00 0.84±0.00 4.12 ±0.11 -0.07±0.15 1.48 -0.91 

EN066-32 2.77±0.10 0.89±0.03 4.09 ± 0.05 -0.25±0.07 1.32 -1.14 

EN066-29 2.57±0.00 0.85±0.00 3.75±0.35 -0.19±0.05 1.18 - 1.04 
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Table 2-3 (continued) 

Core 
Holocene Global 

a1~0 s"c 8 "'o 0
1"c LJ"'o L1uC 

South Atlantic Ocean 

BT4 2.52±0.07 0.38±0.07 3.56±0.10 0.04±0.05 1.04 -0.34 
RC13-228 2.66±0.24 0.49±0.19 4.19±0.14 -0.11 ±0.16 1.53 -0.60 

Southern Ocean 

RC13-229 2.65±0.17 0.33±0.07 4.18±0.07 -0.36±0.16 1.53 -0.69 
MD84-527 2.95±0.19 0.29±0.14 4.27±0.05 -0.55±0.24 1.32 -0.84 
RCll-120 2.74±0.26 0.42±0.04 4.45±0.00 -0.48±0.00 1.71 -0.90 

Indian Ocean 

MD76-135 2.49±0.16 -0.14±0.04 3.85±0.35 -0.16±0.06 1.36 -0.02 
MD79-254 2.63±0.14 0.65±0.04 3.95±0.00 0.27±0.00 1.40 -0.38 
MD76-125 2.66±0.14 0.23±0.05 3.95±0.08 -0.19±0.05 1.29 -0.42 

Pacific Ocean 

TRl63 2.76±0.21 -0.03±0.31 4.26±0.08 -0.40±0.08 1.50 -0.37 
V28-304 2.68±0.01 0.28±0.14 4.35±0.02 0.07±0.12 1.67 -0.21 
KNR73-4 2.47±0.12 0.25±0.06 3.80±0.18 -0.22±0.11 1.33 -0.47 
Vl9-30 2.82±0.15 -0.01 ±0.07 4.31 ±0.07 -0.61 ±0.13 1.49 -0.60 
V35-05 2.42 ±0.18 0.01 ±0.03 3.86±0.06 -0.38±0.11 1.44 -0.39 

The mean isotopic values were determined as averages of all data which 

fell within the prescribed stratigraphic intervals. The data are presented 
with respect to PDB, with no corrections for disequilibrium fractionation. 

All data are from Cibicidoides species L1 equals the isotqj.c difference gla:ial 

(17-22 kyr) aoo intffgia::ial (0-5 kyr) means for each ccre e,qressed as (gla::ial 

inta-glacial). 
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Table 2-4. Mean values of S 1'o and S 13 C for late Holocene (0-5 kyr) arxl 

glacial (17 -22 kyr) summarized for each ocean basin. 

Late Holocene Glacial 
Ocean 

8180 813c a'"o a"c 
North Atlantic (nc::29) 2.59±0.27 0.84±0.18 4.13±0.25 0.25±0.31 

South Atlantic (n=2) 2.59±0.10 0.44±0.08 3.88±0.45 -0.04±0.Il 

Indian (n=3) 2.59±0.09 0.25±0.40 3.92±0.06 -0.03±0.26 

Southern (n=3) 2.78±0.15 0.35±0.07 4.30±0.14 -0.46±0.10 

Pacific (n=5) 2.63±0.18 0.10±0.15 4.12.::t.0.26 -0.31 ±0.25 
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(I) Ell 'll 0J (Pacific Ocean) 

Eil'll'li'.eJ 'l!'!l"i'<l 61'ocaf 61'c.ei 7l's-asfc Fig. 2-4"'1 '-1-Ef'-Hli:J-. ¾ 

s 7i .ei 'l' -'II-A 1 .a "' .a aa: :: -'I- ,,. 1 ot1 ">I "1 "1 "1 'l} ~ oi • '1! -ot 7121- n '1l -., 71 

AtoJ ofl '-]-Ef '-]- t "a ir>t0 i t 618O7t 1.49%,,o] ]l 613C7t -0.41%,01 i:J-(Table 

2-4l. %~~±.eJ \'!:§J-asfc '1)s-t71%'1!:.eJ 61'021- 613c 'l!ir.las.eJ 

.lE ¾l/l >toil Ai !a. oj "i ;' 01 "1 ct! "J-Ot71 %'11: ¾ 7t'<l >,! "'l 'll !a. '11 i:J-. 11: '!I -ot Ji1 £, 

Eil'\! 0Jo\l-'i i'!""f'<l 'f-\1-AJ_a.ej 'ic:Sf7f "17] "il~ofl 0 ]"1~ >t 0 1t 0 H-9-

¾ Jl. ~ >,! 0 1 °t y i:J-. .2. 'a \t Eli 'll 0Jfc 613C;;l a, "ii 'l} "1-'i 0i-9- 'l! ">I~· 
_i;_oJ]l 'l}~oj(Kroopnick, 1974, 1985), 0 1"1~ ij-•AJfc i'i.-'ll:f7].ej 613C 

'll ir .l "ii -'i '-1-El '-1- t >,! ;af Q O I nff -9- "I fc '1l •t otl .eJ "11 '1! 'll '<l q( Table 2-4 l. 

¾-' f -ot >II , Ell "a 0J .eJ ,lJ ¾ 'r :iJJ ofl -'i ~ 5'. "1- 'll 5'. .eJ \'! :§J- t 0 i -9- oJ-~ o! , 
~-'1]~7].ej Eil'll 0JAl.a ¾otl Cibicidoides.eJ -U±%~~±.eJ \'!:§]-£ nff-9-

oj- ~I '-I-El tli:J-. Ell 'lJ 0J _ej '1) S-, 7] %'11:otl tt '!f "] t ¾ 7t'<l \'! :§J- t Ell "a 0J o] 

6~.ej ~~otl 'l}oj~ "1"1£ ~~_i;_q tj. ~ir-:§J-"iti%% Jil~s-tt 

>,! o I i:J-. 

(2) \J--=i-"1 (Southern Ocean) 

Fig. 2-st \J-a:-t11ot1Ai ,ff'i1'<l '¥' ,n.ei 'rAJ-AJ.aoi1,1 1"-"i'<l %~~'"' 

el ;af :S !a. oJ 'r ]l 'l} i:J-. RC13-229(Oppo and Fairbanks, 1987)"4 

MD84-527(Labeyrie et al., !986)fc •Js-t1]2j- {}'1)S-,7] %'11: \J-C:-til.eJ 613C;;l 

\'! :§]-7f til 0J o\l -'1 i'!""f '<! >,! " ¾ otl 1f 'l} 3. ~I '-I-El \J-% -"- oj "'q. "J -Of 7] 't 
n•J-ot?I %'11: 613C.eJ 'l!ir>t01t -0.81%,oJ]l 618Ot 1.52%,.sc i'!'!t"itii:J-. 

'E~ 7t'l} ¾Jl.~ >,! ¾o\l iif'-]-t, \J-C:-til.eJ 'f-\!-A].a7t "J-oi-71%'1!:o\l i'!~'<l 

613C;;la, ¾ 7f'l} ',lfc .1% '-]-Ef\!!i:J-t >,! 0 ii:J-(Table 2-4). 9-e t11°Ja,.ej 

613C i\lir.lfc ';J-ct•i-"-9- "1"1£ 0.15%, •Js. '11-~I i'!'!t'<li:J-. 6180"4 613C"il 

Eil~ .lE¾l/l>t?t 0.1%,, 0 1-ot.ss ~1-U'<l 3!•1'tl •J-of112J- n•JS-,71 %'11:0ll 

\J--=i-•i.eJ 613C;;l.eJ e<JcJ"i'<! \'!:§]-t -'t'l}i:J-(Table 2-4). 
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Fig. 2-4. Stable oxygen and carbon isotopic records for Pacific Ocean 

cores demonstrate the changes in 613C values which are typ.cal 
of this basin Interglacial-glacial changes in 6180 and 613C for the 

Pacific Q:ean as a whole equal 1.49 %o am --0.41 %o, respectively 

(Table 2-4). 
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Fig. 2-5. 
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Stable oxygen and carbon isotopic records for two southern 
ocean cores showing the changes in 613C values which are 
tyµcal of this basin. lnt.ergla::ial-glocial changes in 6180 and 613C 

fer this ocean equal 1.52 %o and -0.81 %,, respectively (Table 
2-4). 
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(3) '11 £ 0J (Indian Ocean) 

'1)£ 0.}ojAj •l'l'!'i! -'ll 1j.oj 'J'%AlK<>IIA1 "c'll'i! %-'1!~Jc"1 '.'a!"i-::: Fig. 

2-6<>11 '-1-Ef'-1-'l!cf. MD76-l25.2J- MD79-254::: ztzt "J~7l.2J- <1'!l~7l %'1lc<>il 

'1! .§)--,! 613C<l: 01 71 91 .('! til 0J '!I iI '1! .§1-( -0.4%.,)<>il 7f '7h~- ;! % .l!. "i i? cf. Al] 

'1\~ 'J''1}AlK(MD76-135)::: 613C.J: 01 71.o) 1'1,,§)--.\:sl ?.,-'.l);,&-% Lj-Ef\!!cf. 

MD76- 135.2} MD76- l25::: 7191 ,/:,0,. 9{1 ( -1800m)<>ll Ai >j 'i'! .s] 'l/ xi '1!, 

6 13C .J: .sJ \'I .§)-7 l 'i:l s? ~ 711 9¾ .sJ 9 {I ,, 0 I <>II i'! ~I -"1 "l ?.t- g ~ '-1-Ef \!! cf. 

olei~ 'll£0JSj AlK'i,,0,. "Jof7l "1til<>II 618O.J:,O,. 1.33%, s'i:711 '-1-EfY-JI 

613C:'. 0.28%, "1711 -i'!:4£1'.l/cf(Table 2-4) . .5'.:" ?A.J-AIK'ai:'. '1)£ 0JSj 

?'1!<>11 7f'{J-711 .!/J,1-.fJI 'l\71 "1!;1-<>ll, ofof ol tii 0J.sj ~ 0JAJ 0<l"!<>il<i 

i'l:~ "1::: %-'11 ~ Jc '1!~~ til Jl. ~cf JI '1- 'r 'li cf. 

(4) til Ai 'lf (Atlantic Ocean) 

t!lAi 0J~ uft4" ¾~~ 1B-~~~~~:i'-}- .z}tf~ ¾Aile!-~ :Ii'.fil. t1ftJi!

\lt ,0,. 1c xf .s] 'i' % Al li 'is "11 ;1- <>I] {I ¾ 'r "I s? .f!-<>11 til ~ ,g-~ -'1l ~ \'! 'r 7 l 

-ii •» -"1 'll cf. :;! "I- "I .2.-"-, <'c 'l! <>I] ::: x1 'cl: "d -.\ 7 I OJ- <'!: '!l -.f 7 I <>I] ti1 ~ sf R 1 l 

3171.sJ ?%AlR<>ilAj "c'll'i'! %.!/l~±•)il.7) .5'.0f'l{cf. ol'a, ?-l/-Alil.'ai 

%<>11::: \l-ti1Ai 0Jotl f- 7j.s] A\J:l.7f .!/l'l~JI 'l).2.nj "I'd: •J~71%'1lc<>ll 

'-1-Ef'-1-::: 6180.2} 613C.s] 'llir<l:'ai :'. ztzt 1.29%, i't71l :::ra1JI 0.48%, '}711 

7l>i--"1'.llcf(Table 2-4) . .)j\-q\Aj 0Jot1Ai >1'i11'! 2971.s] ?%AIR<>11Ai::: "l'<r 

'!l -.171 % 'll-1 61'O.i:,o,. J.54%..oJ- 61'c.i: :>. o.59%., at 711 ~ 7il .si :11 cf. Ell '!I 0J"i

of~ 7f "l-"- .1s\-t!IA1°J.s] '!l~7lot] y-E}y-::: 61'c.i,.g. ~"1+71.sl lii?J/l,f.l!.cf 

~ 2•1 7f "ef "'711 '-1-Ef '-1- 7\ "11 ,'-otl ~ •1 .l!. cf "J ~ 71 % 'llcotl 613C .J: 91 "I a1 "l '11 
1"-3'.<>ll '.l)ojAj Ci*,' •lir'.PJol 'licAJ~g ~ >!lAl~cf. 

q\ Ai 0Jotj Ai •J ~ 71 .2j- <1 "J -.f 7\ Af oJ .o) 613C.J: 'i, iO 0<l ej ,j :::I "1 JI 9'-;j <>il 

aJ-el-Ai '1!~~cf(Fig. 2-7). ;;t,O,. 9'{1(2000m0\of)ojAj >l'i'l'i! AlK<>ilAi::: 

•J-.f7l%'11c<>ll 613C.J:ol %7f'i! ;,;).2,.,;. '-1-Ef,;J:cf(Boyle and Keigwin, 1986; 

Zahn and Sarnthein, 1986; Cofer-Shabica and Peterson, 1986; Oppo and 

Fairbanks, 1987). xs.111°1-:::r\'!~'e•l-'l 9{1 1855m<>11Ai >1~'1! 

-65-



5.0 
0 

5 

';:: 10 , 
- 15 • • < 20 

25 

30 

-1.0 
0 

5 

';:: 10 , 
- 15 • • < 20 

25 

30 

Fig. 2-6. 
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Stable oxygen and carbon isotopic records for three cores from 
the Indian Ocean. Interglacial-glacial difference in 6180 and 

li13C average 1.33 %o and -0.28 %o, respectively, in the Indian 

Ocean. These cores are from marginal locations in the Indian 

Ocean; consequently, the average isotopic changes may not be 

representative of pelagic regions of the Indian Ocean. 
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Fig. 2-7. Stable oxygen and carbon isotopic records for Atlantic Ocean 

cores. V28-14 is from the Norwegian-Greenland Sea at about 

1800 m water depth. It is the only core in this data set which 
increases in 613C values during t.D.= glocial rraxim..un All cores 

from below mi m decrease in 613C values during the glaciation, 

am their arrµitude increases toward the equarcr (V2S-ce). Highest 

arq:litude 613C records am lowest glacial values are observed in the 

oo,p eastan Atlantic below 4700m 
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V28-14AJ.aeJ 14-, 613C.J;oJ '1)~71<>11 0.4%,, %71•1'.l!g-& .'i!."l¾t:1-(Table 

2-3). '\'{1°1 2000m oJAJ-'1] "i"l<>l]Ajc: 613C.J;OJ •J--'I} •J•l7l<>il ~"1]~7].'i!.9-

o!J!I ~'\1'<!9-. lai-t1JAj 0Jej lii-'1-"l"l<>IJAj 0 Jej~ >1°]c: <} 0.3-0.5%,,>'

'lfal sJ 9-. 0 ] •i ~ •1°1 C: ';l-.:f 2.>'- 71\'! Ai 'll 'll % 71~9 (Fig. 2-7), 

lii-.:f'\''11., 'il".:f'r'SIJ 71 ~ 'ii ~ ~"1.:il 'U:: "I 5'. "l "l <>II Aj '" a/1 '<! A] .il. <>11 Ai:: 
~Al NADW<>II eJ'11 'il~% '1!.:il 'll"l'1r, •J~7]<} '{}'1)~7] AfoJej 613C.J; 

•1°]C: 0.5-0.9%,,£ 4Et\:r9-. fi13C.J;ej 71>.} ~ \'!§1-C: tjJAiOJ %.:feJ 

{1"1(4700m oJ~)<>IJAi 'lfAS~c:c~. 'll•f7]2f '{}'1)0}7].Qj •fo]c: 1.0%,, 

opJ-2.>'- 'lf al sJ 9-(Table 2-3). 

Table 2-4.Qj 7.l."1-<>II eJ•I\'!, 4-i!Jc: 11¾'\'SIJ<>l]Aj y.E)y.c: 618O.J:"1-
613C.J;ej l\Jif \'!§}¾ olJ~~ 'r 'U9-. zj- tjJOJ 1,'-;<l(Eil'l!OJ, tjJAjoJ, 

'1)5'. "J)<>I] "l >la/1 '<! 'c'-l)-AJ .aeJ ;<f _a a,% 'll if•l.:il, zJ- Eil 0J 0 ] *f"]"f C: 

'/-Slj ~ .:iJ. iJl ~9-\'!, 4-i!J C: 11 tjJ 0J<>IJ Ai Y,E} Y, C: "\ Ai AJ i\--l/¾eJ fi 13C.J; ej 

'liif \'!§]-¾ <'I'll~ 'r 'Ut:1-. 0 ]2]- ,!-& 7.l."1-c: Table 2-5<>11 ;J]A]"]oj 'Ut:1-. 

>a if "I 2.,a_ 11 ¾'\''11 ei 61'c.i:-& ~Ail~ 71 oi1 •l •I "l "11± 'll •I 7] % '1!<>11 <r 
0.46%,, {1-±"1 '.l! 9-. 0 1 <} '!!-& 'll if .I:-& Boyle"1- Keigwin(l985/86) 0 J .<ii AJ ~ 

.J:"1- {\-Af•luJ, ::ta, t E!l>a 0J"1- tjJAi 0J<>l]Aj zj-zj- ~ 71.Qj A].a¾ o]%0f"l 

,fl -l! •I '.l! q. ttf i!J-Ai ' .,, 7.l. "1-<>II Ai y. El-y. :: ;<f .il. <>II gJ Of\'!' ::i " eJ 9' AJ- AJ .il. 71 

'lJ'l):"J.2_,'_ zj- Eil 0J<>IJAi {J¾'\''1Jej 'llif\'!§1-½ EilJ!.~9-.:iJ. -l!, ',' 'Ut:1-. 11 

"l'i'"i "l.a.2f ~'Ill 'il""''il"i- '1!£<>J2f ;<f.a71 ~,i~ 14-, •J"f7J<t 

n •J •I 7j %'1!<>11 I'! §1-'<! 613C.2l 'll if .I: t Boyle"1- KeigwinO98.5/86) 0 1 ;a!JAJ ~ 

.J:<>11 cj* 7177}~11!9-. 1,, \'!'r<>IJAj ;J]Al'i! 7.l.:i!fc: tjJAj 0J:i!f E!l>J 0J<>i1Ai 

'1!"11! lltt ;<f_a¾ 0 1%~~171 "1lli'-<>II, 1JAf 11¾'\'SIJ<>il Eil~ Al>'-¾ "l.il.71 

c1'111!"1- ~"ii!J-5'. o] 'llif.l:(0.46%,)t 71"1- 1'!§1-•l"i l'.t% -,! 0 1"1-. 'i:!"I 
'1]5'. 0J<>IJAi cj* lit ;<f.il.71 '1!"11!"1-\'!, •J•l7]-'{}'ll•l7] %'1! 1'!§1-'<! 

-ll ¾ "" "1 "1- 51'c >a n ., <>11 'il •J % "1 ~ J! 0 1 ci-. "l 71 oivi t:1--'f-"i 1! 'r'-'11-A 1 .a 2f 
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t:il.!/-1,< 0 1 4'-ll 2000m 0 1-ofoJI Aj >H-il "1 'l/71 Uil1i'-oJI, ,Q-l]:@ 'lJ iBl ~ 0 1°1 

{l%4'.ilJ7} ~~ 613CQJ iMii-~'i! ~§l-~ ~ 01~ ~ 019-. ~~-9-1 Oll~¥! iJ:.g.. 

Duplessy et al.(1988) 0 1 ~1-l!~ 0.32%, .!i!.tj- 3.,!I t.J-Eft.j-;: tl 0 1°1 :i;_; ~ 

"i I± "d sf ,J %'1!:0il t.J-Ef t.J- c: ¾¾4'"1 e.J 613C..t \l! :§1-'1!:% i:J-'1' '.ll ,1 Oil 1t-'1! 
5'.Q_.5l Af,l_@tj-. 4',ijoJ ,,t_g, ;t]QjoJIAj ',!<>j's) A],l.;_;oJIAj ;1:-"j@ 613C.J;_g, 

;<]\! '1Jsf71%'1!:0i] ¾7f-of;: 0J'l,'g .!i!. 0 171 Uil1i'-<>II, oj7JoJIA1 'i'•l~ 
'lJ rr .J; e.J \I! :§1-;: of Pf .,) :,] Taj '1) 613C.J: e.J \I! :§1-oJI '.l/ oJ Aj al t:il 'a. "i] ~@ 

'\! 2-sl ·~ zj-@ tj-. 

t:il Aj 0J Oil J.j e.J 1? ti: <>II '.ll oJ J.j ~ Jl. \I! • ;: tj- g :slf {[ tj-. CD * t:il J.j 'li' <>II J.j 

'lJ OJ <)I o) jl-!f@ -ll ¾ "14'( "r -lJ 2000m0] AJ )e.J •~ AJ oJ '1-± ~ . (Z) 'iJ-sll'Oi] Aj 

•1@ 6~..t<>l ,,;.g, -ll¾"i'"i~ ~- .'1'2-'a. ,.~@ "i'-ll<>l 

2000m.!i!.tj- ',t~ :,]<>joJ] 'l! 0J'll 0 1 Jl{[-t! ¾¾'?(intermediate water)7f 

~~tr- 0 1st i{,g- ~.il}~.g.. l:lJti}7J%~oJl y.q.y-~ 613Cit~.Q.J .Al~~~ 

1,<YoJI~ '\'!:•"1;: \l!:§l-<>11 e.J~ '\!<>l~ ~I± 'llsf~e.J alt:il<>li '.ll<>l~ 
\.f~~oflAi 7)1t!i5}~ {1¾4':i!J ~ -3:j~.£ 0.8%06]-'ct {}:::!::.~ };J_Q_~ 

t.J-Ef\li:J-(Table 2-4) NADWe.J 'l!~J~ 'I!;: "i"loJIJ-1 •H~'i! ~'/,'J.Jil.e.J 

'!j :slf;: .i,. t:il J.j 0JoJI J.j "i 1± •J-.f 7] %'1!: 613C..t 0 1 Q} 0.5%,'ll £ {l-±-of '.l! "1 'il, 
aj£:,]<>j2-sl 7}\'!_,_1 :i \I!.§]-;: ¾71-of'.,ltj-(Fig. 2-8). 0 ]J.]7]0i] "1£ 

Ai4'-A]~oJ]Ai ~~~ A].fi.~oJ]Ai ~~'fl %~-¥:!~1:IJ~ ~qJAi 0J: ~4'-A]Q='!i!} 

'a"'s°"1"1"l Af 0 1<>11 'geoj~tj-(Fig. 2-3a). Aj'a. tj-~ %~~±•1:S ;t;: 

~:i!J~Sl ~~.g.. cHAi 0J-9.J Ai~ {E-AJoflAi 013c~~~ ~.¥.~ 1i!!§.l-Al7l~ 

9'--8..~ 1t!1IoJ7J ufl~oJl, 0 ]~l~ ~.i!}~ ~~7)~4 if~7]~Sj 11¾'1'"3!]~ 0 ] 

~9"1;: ~"l<>l 'llsf~<>II ~- .'1'2-sl <>1%"1'.ll:% 4~sf,Q @~ 

oJaj~ '(i!:slf;: o]o] '1!.ll.@ OppoSf Fairbanks(1987)e.J "1"1-21- 'l!~l~~ 

.!i!_cij.~9-. 

"d ,sf 7J % '1r .i,. t:il Aj 0J oJI Aj '\'!: • ..i 613C.J: e.J al ±;: "r -lJ 4700m 0 1 Sf e.J 

t:ilAj 0J %;,a:,]<>joJIAj '1l,'('!,aJ'.ljtj-_ CurrySf Lohmann(l983, 1985)t 0 ]ej~ 

.J:;__,o] '1j,.;f7] %'1!: NADWe.J A~AJoJ {l-±"1oJ -ll¾"i'"ie.J 's!¼"]'U: 0 1 
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Fig. 2-8. Carbon isotopic variations m KNRll0-82 from the western 

equatorial Atlantic Ocean. Lines indicate the 613C cl1anges in 
me core !rem the North Atlantic (Solid line: CHN82-:?A) and one 

cxre from the southern ocean (Dashed line: RC13-229). Note that 

the equatorial Atlantic core and the North Atlantic core have 

equal 613C vab-"S chning the late Holocene. DJring the glaciation, 

the equatorial Atlantic core has values which are between southern 

ocean and North Atlantic values. Since mixing is the dominant 

process affecting the 613C distribution within the western basins of 

the Atlantic tcx:lay, these results dermnstrate that the nixing zone 

between northern am. southern corrpment CEep water migrated to 

the north during the glacial maximwn. 
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%71-¥! '>!"i-0\l !i\~9-:il >l]Al-.f:llcJ-. ::i~.,O, ;,J~.£-'l"l!i\ 'it'l!t:il(fracture 

zone){< *"1 t:ilA1°,} ·lF'~"l "i E..s'.. ¾'ll "1 l'c {l ¼?:i!J !i\ "'7] 613Ctl: 0 l 

,l:'l! t:il !i\ 9{l .s!. i::J- 'if t t:ilA1°.}!i\ "l .sc. %"i'"l "l oJl Ai 'l! oj '(:) 'r-\J'Al ll.!i\ 

61'ctJ: "I- ¾J.1-.f i::J- :i1 1f 'll-.J-:ll cJ-. ttf aJ-Ai, ::i %.,O, o. 7%,,iis tf El- tf::: 61'ctJ: !i\ 
9 {l otl ttf ~ -i' •H 7 I t:il "l "J al .sc. -'l "I '4 %"i' "I- J.i "i' 11: -'l Al O l O\l '1! -\l "1 ::: 

613C it !i\ -'l "I "\ 'll >l- 0 1 21- i\ !i\ 'Ile i::J- :ii 1 IO\! ~ 5! 0 1 i::J-. ~J %1-1 l % 'll: 

'a'"l'-'l"fO\lAi 7]~~ {l¼?:i!J71 t:ilAi 0J Ai"i'-'l"IE..s'.. ti* llt-,0, 0J 0 l 

¾'ll "1 :il(Oppo and Fairbanks, 1987), o] aJ ~ :it"i-71 rJJAi 0J %"i'-'l "i E..s'.. 

-!aJ ~<>1,1c ,.J¼?:i!J!i\ 01'c.to11 'il~J~ ~i::J-:il ~cJ-'ll, '110\l-'1 l'c"1-¥! 

Al1,! .,0, 7j "1 tl-1'! -.f 711 '<! i::J-. 0 1 "1 ~ {l ¼?:i!J (Romanche Fracture Zone, sill 

depth 4000ml!i\ o13Ct!-.,0, t:ilAi 0J Ai"i'"l"iotl,.i •l./1-¥! KNRII0-50"1-

KNRII0-580\JAi 71'8' 1i: 7]'s,,aJ'/l, 'l!"i-0\l "1-a\'ll 'IJ-a\7]ej 613C ",lirtl-½t 

Zl'zt 0.20%,,;;,f -0.03%,,!is ~0\! "1 oj '!I ct(Table 2-3). t:il Ai 'lf al .5'.!i\ %"i'-'l "i !i\ 

",'{l 0 ] 71'8' ,l-,0, :l,O\]Aj 'l!oJ'(:) 613C.,0, EN066-292t EN066-320\JAi ~'lJ-¥! 

3!E..s'.. -0.19%,,2} -0.25%,,!is 7\'8' ',[71] tfEf,J:i::J-. "''°' 613Ctl:~ 0 1 Ai"i'"l "i!i\ 

<>l -= CJ, O\] Ai .s!. tj- % "i' -'l "f O\] Ai i'f '!, ,aj 7] uj ~ O\l , {l ¼? :i!J 7\ % "i' l,- -'l O\l Ai 

¾'ll-¥! ~O\] %~~±.<! \1!~71 '1£'~-¥1 3! 0 1 ~-ll•li::J-(Fig. 2-3bl. ::i"1tf, 

t!i Ai 0J %"i'"l "f !i\ •J iif 7] %'ll:O\l ~'ll-¥! %~ ~± ::C nff 4- <! oj '(:) 'IJ:-l,-AJ TI !i\ 

'!I ~J E..s!.. %"i'li'-"l O\l "l i'!:'!1--¥! 0.7%,,"i- 9{l Oil ttf ~ "±.s!. i::J- Sf 0.1-0.3%,, 

7;l .SC. ail t:il !is >I]~-¥! 3! o] i::J-. 0 ] 2} .;o] 0.1-0.3%,,!i\ ;>fo]::: ¾7f-¥! ,&7] '8:±!i\ 

~ ~ O\l 9j ~ :it '1f O] nj .2. ~ ,r t:il 0J O\l Ai Y, Ef Y, ::: :it llf 2} 7j .sj % At~ 7il .I. ;, 

.s!.'<lc]-(Fig 2-3a2} Fig. 2-3b;1 •Jjit). 

9-\1 2000m 0 1-.J-!i\ ?:i!JO\lAi tfEftf,c 613Cil):.s] ¾71::C nff4- "ii~-¥! 

:<f ll. O\l "l ti: '!I-"1 'll i::J-. 0 I aJ ~ % ¾? :i!J .sJ -'I cl aJ '11 ;,f O I ::: Zahn "1-

Samthein O 986l O\l .s] "11 >!]Al "1 'llE. nj ::i ~ .,0, of.!'. cl 71 t:il ;;.'r \I! -'1-

Aj "i'-'l "I O\l "l ,1 ~ ~ Aj Ai '.l ¾t>'¾!i\ 'IJ iif 7] %'ll: 613Cil): !i\ ¾ 7Hi 9-ll Oil 

tt]-aj, tfEft!l'lli::J- ~cl~'ll:"1!i\ 'll-.J-~%'l} ~"11 ¾t>'¾oJ .~ • ..., 

% 1f-.f :ll :i1 Cd-,0, "± ~ Af1,! o I oj •l 'i'FrO\l !i\ "11 .s!. :i1 "1 'll cJ-(Boy le and 

Keigwin, 1986; Cofer-Shabica and Peterson, 1986; Oppo and Fairbanks, 

1987) 7fcl•l'll:"1::: 9{l 1800m"i- "1ll¾ ¾"1 €t!: 0 1 °]'1-oJ-'171 U!l~O!l, 

oJ "1 ~ 'r \I! "1 Oil Ai ":' ';j-¥! t:il .!/-11:.sJ ill:~ .,0, *t:il Ai "J.s] ?{l 1800m"i] Aj 
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'--tEl-'--t::: 613C.l-ol '/.! ~~ g % 'l!'ll ~t:J-. 01 al~ 'o'¾'i"sl 71 ~ .g, ~-l! of 11I 

l!fal "I "I ?,Jc•:<J 'l!c, Zahn.i!J- Samthein(1986).i!J- Oppo.2} Fairbanks(1987).g, 

7'] ¾'1171 ::i 7\ ~ 'l1 ?;\ 01 "1-:;,. '1'':l-~'l!t:J-. Oppo.2} Fairbanks(1987).g, 

'!i•7J%'l! :<l¾Silot)Aj %½"1::: 'f'.i!J<c ~,<!Jot) %½"1::: r,\ ::;&t:J- Jy.g, 

613C.l-% 7\J! t:J- :it 1! '!I of 'l) t:J-. 

El\11! 0Jej 613C.l- :<f li::; .g, ofuf 5c. El\ !!J 0.}ot] 'll 0.}'l! oj :it'll:'<\ 4'.i!J 71 

~~'il ~~oJ Btit:J-:;,. 11\~-:;,. Bt:J- El\11!Votl~ 4~'<! ~~~ 

%-l.'¾ot)Aj 1;'--'>j'iJ. 613Cej '\lir.1-_g, '!lof71%'l!ot) \J-ct'iloiJAj '--tEJ-'--t::: 
'll ir .l-!i.cj- t::j '11: 111 '1t7!! "1 ti cj-(Table 2-4). 1. 'e '<t, \J-ct '11 sJ 'd ¾4' .i!J Oil Aj 

'--tEJ-<-t::: 61'ci.1:.g, srtilA1°J11¾4'.oJ- Ell'!IVsJ 11¾4'71 J;!-::: 61'c.i-::;ei 

¾.'.fr~% ,!i!_oJ~, :::I.. oJi}~ ~ 7}.AJ 'rJI]sJ ~ti- til~~ 3-!E...£. ~~.A]j]_ 

• cj-_ u}i!1-A1, \J-Cs-"1\ ofl Aj >l ~ 'iJ. 'I[ "1J -l-7\ Sj ~Aj ',j %-l/¾OiJ Aj 1;'--'>j 'iJ. 

613Ci.l; .g, El\ '!I 0J sJ 7,! .I!. cJ- '11: 11\ '--t El-I:± t:J-(Table 2-4). :<\ 1:± •J of7\ % 'l! 

\J-Cs-"11 ei ~ Ai •a %-lf ¾ t Ell '!I 0Jei 51 !i. cJ- st 0.15%.sJ \;[ .g, 61'ci.1:-t 

J;!-:::q. z} tilVofl~ 1i'--'4'i! 0<fll.71 uff1- "JojAj 0\"1~ '!l.i!J-ofl til~ 

,;1 '!I •a o I o 17, B cJ- '!t "l "'5c., 01 .oi- .i-.g, "111 .g, Ell '!I 0J ei 11 *"'"' "'~ oi1 
oijq.. ¾..8..~ S!JoJ¾ ¥-ol~t:J-. ~tjj.1.ioJ 1J%'r~2} 'Ell~OJ:Sj 1l¾"r:i!J, -'f-

7}:<\ 5'.-'i' \J-'s''1! Sj {I ¾4'.i!J .!l.t:J- ';,:.g, 613Ci./;% 7f ;<\ :it • 7\ "111"-otl. 

\J-Cs-"1\Sl 11¾4'.i!J::: 1.=.tot1 '-+El-'--t::: s\-til~Vi¾'i".i!J~ El\11lVsJ 

{I ¾4'.i!J 71 '1:'ifol 11I ~ ~"1 ::: '){El\¾ .I!. oJ :<I ?,Jc::: t:J-. Oppo.2} 

Fairbanks(1987) t "1 g ~-"' El\ '!I 0J.i!]- \J-Cs-"1!Sl ~ Aj ~ %-i\'¾OJ Aj .£ %Al~ 

613C~~ ~~9"]1 ~lf_'i>}.JI, l:IJ"5}7)%~ *tilAi 0JSj {1¾4-j!lJl- OJ .A]~O\lAi 

~ ~ "1 "I ?,Jc::: cJ- :it 'i'"J-of ~ t:J- 1-"1 sJ '!l .i!J-::: 0\ "1 ~ Af-l/ % ,;! 'l! {l of uj. 

'l!V'l!o\ :it'll:'<! ~,J'il 7J~Sl i¾4'.i!J7f \J-ct"1\Sl i¾4'.i!J.2J- ~~"1oJ 

EJ\11! 0Jej {)¾'f'.i!J7f .\!. 0 1::: 613C.l-% 'l!cct:J-:il. -'i\A\'!c 'f' n::: 7,!olcJ-. 

Ell 'll V sJ ;<f li ::; % t::j ~ ,cf ,n .11\ 'lr Jij .l!.11\ "1 \'! ' oj 11! a;.')} A\ li sJ 

\;lJ"3}7] 613C~~ 1it~3"JlsJ -5!'i!-% ½t7ll ~78~~.AJtfr, q-~ ~~~ oijf- E'.g. 

613Ci./;~ .l!.'1Jt:J-(Table 2-3). o\.oj- sl:t BJ,r~•.Jt 'l!'l!"J~'a. •Jof7\%'l! 
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eJl3liOJotjAj >i- ?jSj ',".aj7f ;!W'1:,/cJ-::: 7\1/% -,l'/!'iJ-oJ-::: ')!olcJ-. ~,flSj 

e!l"i1°JoJl::: 613C;;l:O1 "1<1"'1.2.• .3.711 'l!•l"l ilf]I ',l.2.oj, Table 2-4otJAj 

.I'. "1 c<J :,;- 0 l '!l it .1: sJ J!. ire '1l ~\ 7\ uJ q. ~ ;,iJ cf E} I± cJ-. ft ti1 •. '!I -o!-7 l % '<! otJ ::: 

<fl-¥- ~ J!.ifcl/l~\~ .sJ. 0 loJ CI 'ifAloJl 613CiJ:Ol '"''if~ e<l;a]"'!'<) \'!-~ 

.l'.'.l)g% >iJAl~cJ-. eJl"iloJ lt-'l LJlot)Aj ol.2} >J-~ "1<1"'1'<! \'!§J-::: eJl"iloJ 

L!lo\J~ 'll¾4'.aJ~ ,,,,]1, "'~4sJ 'll¾4'.aJ.ot ;o:wsJJJ ot1~oJ2)j1 

11 '!I -o!- j1 'll cJ-. 0 l .2} >l' ~ ;o: w ~ .2. ~ 'or .aj- '!1-o!-7 l sJ * til Aj 0J oJl Aj i'! % "1 ::: 

.H.¾~*l-off 11-JJl-¾ 613c~~ JI¾~~l-~ li!. 0 Jj1, T /»~ J.i.£. q~ T:i!J1l
tl-%"'!.2.• ~~-"l-711% '11:ll g g_ "1"1~4. ::ia-Jcf, qg >i- 7f"l ¾ll-{;l'.l t 
'11 "ii 'lf 4'-"l Af 01 sJ ;o: wot! til ~ ~ {':% >il ~ .. I j1 'll cJ-. (]) '11 "ii 0JoJl Aj 'l! oj ~ 

;<f.ll.7} •I-¥- "'!71 ot]~oJ]. ,t,O. li¾'ll~I::: ,,-,o~"'!.2..£ CI ¾.ll.'.Jol {1-::0'l! 

'r 'l!4. ,;j.g, Wit 613C;;l:o\l ti]~ "Ill.~ ~=;>1Jo]c'l} '!! ')!o)q. (1) 

,Y-af7J%'<! 7}'l} ~ 613C.l:g_ .1'. 0 1::: >i- 1j2) ?'"'"l.ll.(V28-304, KNR73-3)::: 

"1• 7f~I¾ "l"io\J ~~1-a1"1 :l!'7l ot1~oi1. "i• cJ-e %~1!::o-!< ,1-::: "i' 

7f"l ',".aj7f ;!~,J::: "l"iJg_ uJ:~7\ot]::: '1~-8\AJ ?,!-4. 

(1) ~•1 til"i'lf Aj'l'"i"iotJ '-fE}cf::: 613CiJ:2) 1<-.¥:::: *t11Aj 0J 

'lJ¾4'.aJ2\ "'~•Jot]~ 7]1[~ 'lJ¾4'.aJAfo]Sj ;!~o\J Sj,j cE'l/>loJ, CI 

oj it~ 0J ¥ T:i!J 71- Ai.£. z}-Zf ~ r.l{ l3J~J: ..Q.~ -&- £.jl '.Jl.2.. P=l *r.lP•i 0J 

J!.¾otl~ ·~-~ ot!+ '171 ot]¾ojcJ- fte!I•. eJl~'l}Sj %'1'~"1-"l
e!l"il 0J sJ 51'c ii:~ ;o: ~ otJ sJ 4 cE 'l! "1 oJ otl 'l.' "1 ::: ii: .I'. cJ- '1 >IJ i'! ~ '1 j1 
'.UC-t. o] T ~A]oj]Ai~ {!'ff"A]Z}o] ~7] D1j~ol] ¾7]"t!:±2l {:1-~oj] ~till 

613CiJ:o] tilAj'lf %4!coJ]Aj::: Q.2%,, eJl3ll OJoJ1Aj::: Q.4%,'\IS. ',!-;,IJ ~'\1-,lcJ-. 

oj.2}~,0.A.aJ-:::4'.aJSl~-ot]Sj~')!ojq 

(2) Ai,-'•i-'18 ¾i'-¾~ CibicidoidesSl 613C~t {l¾'r.i!J~ 613C~% uflf- ~ 

7]"i--;;fj1 'lief. ufc)Aj_ **• z]-7,,!2) ""'"' AJ"1t tii 0J2) .aj-;,j 613Ci!:"1 
~.£~ 7)~1[ T 9.l~ ¾..8.~ Tt!- 01 ~~ ~o]tj-_ 613Ci{~ A]cl~'t! ~.£~ 

'11.!/- l1- s? ~ oJl "1 4 cE '!I '1 7 I Ui1 ~ otJ 613C ii: "1 I'! :ol-o\J "1 4 'll ¾ 4' .aJ s? ~ sJ 

-73-



(3) "J&7]-{r'l)Sf7] %'l! 613C;;l:.!l1 7f"J- e' \'!~~ 'a"at"1i(08%,)<>l]>j 

'll,>.j~.Q."i, la\-til>i 0J'(0.5%,) ::!."1.:il til'll 0J'(0.3%,) ;r.Q.!a. 4El-\!:cf. ~>l 

til 0jof]>i~ 7f'lf ,t.g, 613C;;J:O] til'll"J'of]Ai 'l'f'!f-"l"i o)~ {! Z:!i'tA]{r<>I] 

-"1~ %7)1'!:±-"1 'll•J,.Q.!a. Qf 0.4%, ';t>I] ~'ll'<!cf. 'l).-f7]%'llc 'il""l-"11-"1 

613c;;J:.g, 7f'lf ',<;,i] ~'jj-"Joj l,\-qj>jOj 'll¾"r-"l7t 'lJ&7]%'l} c>j>I) AJAJ-"Joj 

'ifat"11<>1l c>j.g, 'll"J'½ oj~ ~_Q.!a, 1!'ll'<!cf. ~'ll, til'l! 0J'-"1 613C;;J:.g, 

'lJ a-f 7) %'ll: 'il"at "11-"1 ~ .I!. cf * >11 't'!:'!l--"l 71 "1111-<>ll, 'll 0J 'll o 1 2 :;i: '<! !E cfe 

{J ¾ ",' .ilj 7 f til 'l! OJ' <>I) >j >J AJ -"J 1'c ~ % >J] A) Sf .:i1 'l! cf. 

(4) til Ai Oj aj S.A] "1 oil Ai 4Ef 4 ~ 613C;;l: "1 ,i cfi'!: \'!~ ~ 'lJ .-f 7) %'llc 

1,;!.g. 613C~¾ Q~ 'a"~'5ll!!.l {l¼"'r~7l- c7~ *~.Q...£ ~~-&J-~ ~tt¾ 
0)7] ~7] uj,t-_Q.!a, -1;! 'lJ '<! cJ-. "J £;<) "1 ofj >j 7f'lf ,t_g, 613C;;J:_g, tii>i OJ' %',' 

{lojoQ>i 'llcZ:!-"1~<11 oj ;;1::;:.g, 'il"at'i"l -ll¾?-"l<>ll-'l li':"'1'<! 613C;;l:-"l

%<fsfcf. ti1>1°J' aj.'r,;,cJQjllj >j','oll>i.'r. "JSf7]%'l} ,t_g, 613C;;l:0] 

'\'!:~-"I"] '1!, %'1'"1 ~.!,. cf <l' 0.2%, Ji >I] ~'ll '<! cf. 0) 9} :,1-.g, ~}0] ~ 0}nf 

Z:!-ii- >l n ° l ¾ 7 f-"l 'll 7 l "11 11- .Q. ;a. '1 "'1 '<! cJ-. 

til 0J oil "i llJ SIi "r, 'll li':, 'l! , :of~% 7., ,; llJ o J % _g, 11"] T aj 7 J :f ofj {J ZJ-~ 
~tiJ:~ np.1jl '.V_c}-. tjJA-iOJ'oJ]Ai ll}-~~ JI¾iSJl"r7}- *~.Q.__£ fr .S;: -5!.g. 

~l-7h} ~¾'8119-71- 'a"~.2..~ tr E.;: ;!.i!}- ~~ g 0J~Jl '.V.9-(Bryden and 

Hall, 1980); 0) cl~ ;r~.g, til 0j .Q.!a.-\'- Ej "I'll "J .Q.!a. ::1. "1 l! til "d'ofl >i til 7) ;a 

¾"11 0)%-"l~ ?li':-"1- 'l!ofl "1"11 {!:'lJ"J_Q.!a, l!~.'r. ;,cJQjoll \11".g, OJ'-"1 'l!~ 

?¾.-flt 'llcJ-. o:}e]->1, o)ai~ €-¥<"1 "J'-j}.°. \.Jlaj.Q.;a.~ 'llli':oll "l•l ::i.ell! 

Slaj.Q.!a.~ ?¾7] 0jofJ "lOII 'll•J,~ 'l!c~cf(Reid, 1979; Warren, 1983). 
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ell7]¾ofl 'l);:: 01~~.!±(-'l'i'.eJ -&~:a.i!fotl {lzj-~ 'll~¾ n]>l;:: 7]>11);:: 

ell 0JoJ)Ai 'll 0J'll.eJ -'l~~,sj s?~ofl .eJ<il 3c'l!¥!4(Broecker, 1982a; 

Sanniento and Toggweiler, 1984; Siegenthaler and Wenk, 1984; Knox and 

McE!roy, 1984). 's!Sfofl 4-"171 :<]1/Alell• .... ~ 7]~ I'!~• o]'1]-of7l• 

~ ~ q '<!, 4- 2j C: ell 0J _ej ~ ;:j- ,sj 1r 1l! .ilf \r ~ otl ell '11 .!/-~ _II_ q '1J ;<\ O I '11 • 
'1]0/~ 'Ji oj cJ-. 

Wust(l978)ofl "1'11 .'r.'ll-¥! o]~otl 'll£9f -&.'r.-i, o]%-of"1 sic~ 0JAJ¾ 

<>11~1'1;:: 3! t %2J'11°J~ofl 'l)oJAi 014- 'lt Af%-"loJ'?-!4 . .:iclt.f, Wustc: 
5:.~ q-,e §1-~~ ~~.-ct~(ajf~ ~Oi. {fl:, '?..!, irl:. %).£, ~Al}..£. oj~oj 

.!i!. ~ AJ 4 aJ -'I ;:: 0 I 1-] -'I '1!' 'r :ilj .ej 1,-.'I: t.f ~ ~ otl ell ~ '!I .!i!. i< -'II i\' ~ q j]. 
'\'"J-"l'llcJ-. 01: :ofuf'l 4"1-'li½.eJ .:<J]3c<'.!-& ell'it.!i'..eJ '11°Juf'l 

~~%"1ai.eJ ;\'-.'l:if 'll'll•f;::c~ ~~"1 'l!-%'!1£.!i!.tj- ¾¾ ci~ ¾..8."fcJ-. 
JI'8jj 0J~A}~~ tH 0JSj "r~~ oll~'8"}~r:~] ~~~ ~~At~ J't%ii}"E A~£¾ 

{l,J:~.sc .!/-'J1'f2 'll4. o]cl~ 1",ot9.J 3'7] '<!'re: Ai.sc q~ "\<VJ 

¾ii'¾: .ej ii-ell 'j '1] 'it.5'..ej \'!~otl {l ¾1'f,19-. j].A~ 11luf-'I = .g. "f7-j 

11¾'114'.eJ &{!¾ *~"f;::c~ "\<VJ ¾i\'¾~ 0]%1'f;:: >,1°] 7f';;-1'fCfj]. 
¾'li"fj]. 1/oJ~Cf. Cf~ ,}'j;<l(SjAjAJ ¾i\'¾.ej ~±%J11~±, §j'j,,

'lJ;<} .eJ 'lJ .'r. Sf '!f % , -"J aJ jl- .ej j].;<f 7] ,sj AJ ',/ ) = .'r. !JC. ~ '\" 'l} .<j oj :'l! q.. 

~,1 !/- 1f-'l ~~"1 '}aJ,f: 01 11'119.J 2'11°.l'~¾ 1'f;:: ,~ 

Af%-"l oJ-'l 2 'll q.; ,, AjAJ ¾i\'¾9.J zt'l! oJ) Ai 1"--'1 ¥! .!±%~ ~±(613C; 

-'1]2"J- %&)Sf ,t E. %'If£( CcVCa). 613C9f Cd-& !/- 7}-'l £ !/- 'ii ¾'11 'i".eJ 

'llV'll'lf.<r.91- .!/-~.!±'lf.<r.a 3c'l!1'f;:: .i!f'll.i!f '<!•-"loJ 'll~ ~*ofl 
ell 0Jot]Ai Ai .SC ¾Af 1'f '11 ;\'-.'1:-of j]. 'll 9-. 01 !/- '}"f -'I: 0] aJ oJ £ oJ 'l'! 

¾-i'i-9.J >j AVJ ¾i\'¾otl 2] •1 '!I ~•I 711 7] .,.-"I ]1 'll;:: >,! >HJ .!i!. 0J 7] ~ *°'I 

<>1: 4"1;<}• "1%~ •t '<!'i':oJ ~~on 4'1-"loJ:'l!~ ~ •on~::: 
>iAi':J ¾i\'¾oJJAj 1"--'1£1;:: Cd.eJ 'r..8. o]{"-¾ 'l)-01.!i!.2, AJ,c~ -'Ilia 
±1J•f'<!<i, Cd¾ o].§-~ \'.l'i':9.J :;j.ilf;:[ lJ2j~ 3!o]cJ-. 
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,!P,f,;o] '-1-Ef,J:cf. '1l 0J:§f.,,:f,;o] ojaj "11 %'1! 01"1~ li->i],;% ~"11 

•,Fr-i< 'i-'ll"'i"J, -l!>il"i'l! 1t1-,g. "11°J.,"i Al.ii.=% 'r'lisf::t~ °F71"1:: 
,2_ 'lJ = .ilf {) ~ {) 1,--!,j o] ~,',j "] J!Aj Of "] -".5' ',! <>j :;! 'r '.ll ~ cf. tii-'/·1,

.ilf :,j «ii 'r'li 'i! ~"I "I-,; 21 "''.ii.: ,g. lJil 7] "i ~ cf. 'ir"'l "'l \:! 10"1 \'! %'1! 
'r'li'i! '!!.ilf: 0 ] '1al'i! '!l' 0 icf(Bruland, 1983) . 

.o'l¾~,t, '1! 0J.,91 oJ~ lll:t QjAf%'1!otl 7}'lJ- '11"'1 '!!7,'!'i! 'I!: ¾«ii 

sf'-1-7} ,}S%(Cd).ilf 'l!(P)Al0]«1] '-1-Ef'-I-;: -ll"'i'i'"i'l! "iil\l-\'!;,Q 0 ]cf(Boyle 

et al., 1976; Bruland et al., 1978; Bruland, 1980). Cd.21- P;: til 0J91 Jf.¾ot]Aj 

••;«11 21"11 A.ilf"i~.'l. 4:>l'i!cf; tj; ~,t,;,g. ••4«11 ~~"i<>l 
714~~\'!"1 til 0J Jf.¾«l]Aj >121 stoichiometric fashion~-". 1'-"11-'i!cf(Martin 

and Knauer, 1976; Collier and Edmond, 1984). ttl-4"1, til 0J91 'll 'l!"i 'l! 

"'~,g. 0 1"1~ 'l!•l"i'l! src~% '<-"11 tii 0J21 'r:i!171 71"']'1 '.ll:: :§I.,"! 

~-'J21 I'!:§!~ 0)7]&711 -'i!cf. 

'l!t "!!'r"i'l! o]<:J 0j')lo]oj >§%«ii .21] ~~"];:,:];:off~ 'l)- o]'1!"1<>J 

'.lief. :iaJ'-1-, Cd91 ¼"!-«I] '.ll<>JAj;: 'l!- 'l!-al:<i '.il"'i -~9. -<§%.,"\ 

"!!.8.-'J«I] tllojAj;: >191 ~Al-'i! "171 \l!J! :i;l! 0] ,c,g. 'i\'.'r.'ll 7;1~0!1 

1%4«11 '11•4" 'l!-al:<I '.ll~ "!!'T'"i'l! <>J'llV'll'l! 'i'-4.21- ¾4~ 
:§I., "I 'l! .a. 'i' «ii '.ll <>J "1, • '!Hi: ,g. "11 'r-"-'I-•l Cd% 91.<r. "I ~;a_ >il 7l sf" 
'.ll:: ;l!c>J,lj .sl.'l!cf. -<§%4«11 ""•"'l .711 "!%sf:: ,qej«l]Aj;: 
aj-,',j %'11 o] '-I- ~"!!Jl. ~ ~"'; % >I] >1-ai-:: o] %7;1 .'l.¾ 'l[',i-A] '!! cf. til 0j«I] Aj 

'l!.i!f ,IS%21 ¾-<I~ 1,-~:: ¼'1-.i!f 1'-"1171 "]:: <10171 Aj.'l_ "i~-aJ-7] 

"ii ... 0 I cf. 0 I "1 ~ 'f- '} "I "I :: Jf. * •l 'r 21 'r * «ii Aj ~ " " :,j 21 til a,t .Q.-"-
1,- "11 "1 :: .iif 7i1 % <'I :: ¾ 7 I • ~ "11.21- -\'! 7ll "i <>J '.ll cf. 

Cd-P91 -\'!71l:: "'i'i'"i'l! -it.'i'..'l. ~ "ii 'll1!'-l-711 'll7il"lcf(Fig. 3-1). 
o] ej ~ '(j_ .ii}:: oJ~ q 0J~ ~7;1 Oil "1 Aj-". cf,c :§I .,'1 ¾Al,',J % ,;!- ;: 'f

~,t,91 -\'!'l!Oi]Aj oJ~ "I--!,!~ ;l!o]cf. -l!-'IT'"i Cd-P91 'l!1~ -\'!;!];: 0}0 1 

'!l.•~ 0 1'1! %'1!91 "11°JOJ-"i "lAl'lf0<] :,J~el'slcf. Delaney(l987)71 "11°JO!IA191 

Cd ·~-.'r.~ uf<>l-2-4.21- '!i.44<>J«il 371] l'.!:§1-sf~ •• c]-'1 ~:,J: 

>l]A]sf'l'l-'l'l!, -']'lJA]til: -'a-"11 Cd:P91 .;<!71];: l'.!:§1-~% 7l'o,',J 0 ] '.lief. ~>l 

1!AFr'-~~ Cd-P -B']l].£.4'-E-L =itil K¾'r, 9-~~Al, :Z.clJl cJl~-18-'r.i!Joll 
til "11A1:: 1,--!,j 'Of '1 ~-"- ¾ Jl. ~ '1! •I 71 'llal "1 '.ll cf(Boyle et al., 1981, 1982, 
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Cd versus P for open ocean samples below the mixed layer. 

Solid squares represent the northeast Pacific (Bruland et al., 

1978; Bruland, 1980). Open squares represent samples from 

the northwest Atlantic {Bruland, 1983; Sakamoto-Arnold et al., 

1987). Concentric squares represent samples from the eastern 

North Atlantic (Boyle et al., 1948; P. Statham and J. D. 
Buton, unpublished data, 1986). Hatched Squares represent 

samples from the Arctic Ocean (Danielsson and Westerlund, 
1983). Plus signs represent samples from the Gulf of Mexico 

(Boyle et al., 1983). 
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1984, 1985; Bruland, 19831. i:il 0Jej -ll¾'r"i"il '.l)<>JAi 'r'<>J~ 'l!'t'5'."il 

cJl<!IAi ?fE.%.QJ '5'5'.t SI ±7%ei '1!*1 'l!"ilAi 'l!'ll-~l ~'ll-Bcf. Cd-P.QJ 

fl: :>ii <>ii '.l! <>I Ai 'l! el '!i-5'.7f J.3pmol/kg'l! "ii, -j/-',J--.1 1l tr "el Afej \'!.:§}71 

'l!'(!'<!cf. 'l!.QJ '!i-5'.7f l.3pmoVkg o];;f'l) "il-9-(i:i1Ai 0J:,,j- .!!.¾<Ii'r), Cd-P 

f!:>ilt ::i "iJAf71 SI 2.lxl0 4o]nj 'l!"1 '5'£71 0'l! "il-9- ~1 •l.ss 01'11~ 

½"1-trcf(Fig. 3-ll. 'l!.QJ '5'£71 1.3pmoVkg 0 f')l-'l! 11f-('a'c/1Ai 0J, fl/~ 0J), 

Cd-P i'l711t ::i 11Af7f SI 4.0xi0 401"1 'l].QJ '!i-£71 0'l! 114- Cd.g, -0.25 

nmoVkg¾ .l!.'l!cf. 0 ieltr \'!.:§}el ~'l).g, ~{l;;f71i 'l!ill"1 '.l);a:]1,; ?¾2.1+, 

ofuf£ 'l]<>lf e]-.foj ?fE.% 0 1 ')/-qj"f.£..ss e}{! ,1.g, ;a:J<,j"IIAi ½''111/-'ll¾ 

!;_o]t ;! "ii,'-2..ss AfJs.-Bcf. o]eJ 'It:'. *fo]c: i'ft-J, 0 ] \?~?"f;a:f_ssAi 

A I% "1 t 114-"ii .3. 711 .,. ,ii "1 ;a:] t • ;a:] 'l!' ,} .s % 0 I 'l! "1 * 5'. ¾ i:11 \'!. .. , '1! A1 

'11-'l "1 t "el 4-"il t CJ. 'll .'r. 7 f 711 tr "1 <>J '11 cf. 
Boy!eO981) :'. •1 g 2..ss ?fE.% 0 1 '119"11 ~of'.l) C: '!i-5'.<>il •I i!l]1'foj 
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1985). 'i'-l/-Af Js."1 AJ-\'-olf A1 •l ~ 'ii -\'-%A.j %-lf¾(Bo!ye, 198ll"i- :<j Ai A.j 
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%-ll¾eJ ,,.s%'li-£t %-lf¾ 0 1 '.l'll-tl- •l're! ,,.s%'o-£<>11 •i'il"f-" 

'.l!g ~ 'l! 'r '.lief. De!aney(l983)g. {,!1{,)olfAi •1°Jtl- -'1-%-'.l %-t'-¾4 
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'r ~t:J-. o]aj~ 'Jc;!'°' Btl'll"1"1"1-%0] qJOJ21 71.'e.%-'o-.£21 l,'-.¥.oj 7J21 

'il'll¾ 0 1*17'1 \lf7l "111/o<>il ¾.ll~ 'l!oJt:J-. 

ct ,e- fit -& ~ % -~U::. ~ -& ell 0J oQ ;.7 r: i * 1r ~ al ~ ~ ~ ~ ~ ~ ;i;J-~ 31.f

¾A f 'J ¾ !;!.~t:J-. o]~ ¾Oil <>1'1! ~±~'°' !f.~ ¾i'¾21 zj-c;!oj .¥.~.!ijoJAi 

:;,j-;,j '1! 0J% 0]'1!1'l~ti] Af¾'l! 'r ~% :,!o]t:J-. ¾i'¾Oi]Ai ,l.'e.%21 <>ii~ 

ci4- llt'°' \'!,'71 'l!.ll~t:J-~ AH)% "111"!~.s'. .ll.~~" ~~9. 
Btl'll~",l:,f Off'r21 ~'.JAf0i<>il ~{,!~ '\'!:,i]7f ¾'il.!iJ<>Jo/ ~cj-'1 !;!.ojj?t:J-. 
0]ej~ l,'-0s<>i]Ai 'ifs.\ 01 ::J.aj '\1711 % ')!o]iej-s, ofl~•lAi~ '1!'tlt:J-. 

%"'14 Btl'll Afo]2I 'l:!"10,al '!l'l! 01 °]','oj~t:J-\'l, Btl'llofl .¥.~'ti 

•l"-%4 "~ 27121 '1¾~±ac21 'o-.£~ %"'121 'o-.£<>11 i'!:>11"1" ~t:J-. 
0 I 2f {/: ,<: i'l ,ii ~ cJ- g 4 "~ .a,~ 'l! % <>ii 21 Oil .ll. ~ 'ii '\' ~ cJ-: 

(T dc,,!Cdl) 
( T c,,I c.,[ Ca)) 

(1) 

(2) 

oj7]ojAj DH~ ~aj2I 'lJ~¾ o:f2~ l,'-_¥.,i]'\'o]s,, T~ %"'121 ',!01.,aJ 

'i!-%~1~(27}- 01.g-91 ~Al~~ 4r,q.15}7J trJl~oJl -¥-Al~ "r ~q-)oJj]_, r:: 
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"'0 1'.l!::: ,,,:<e.%.sJ 'Ii-£'!- •lilll&>il !f~;;f.:il. '.l!.2.oJ, -'I- % .5'.-'I- 'll-il~ 

~ ~ 7;Jl T~ .!i!. ~ .. P=l- J!. 'T'"AJ-iil-~ ct. ~ ;41 Pt'..@:- 1l ~ ~ .,7- ~ 01 ~-¥-T~Al li. ~ Q.J 
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TAJ- Aj li 9-l AJ-¥-oJP•i ~ 61 ~ Al- li. <>ll 9.1 '8"}-~ ' -?r- .:g-¾ 2-l 7 l- E. % "if.£ St 
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>}.il.7f .5'.-'I- '\l-,'>- "]"loll \' 0].:il. '.lief; Lj] 7f"i %:S Afo]oJI <>J'l'! 2Eaf"l'?J 
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Table 3- L Near-core top foraminferal Cds 

sample Water Estimated Cd/Ca, 

Core depth, Latitude Longitude Depth, P, µm/oJ 

(cm) (ml µm/kg Uvi kul wue umb 

CHN82 !PC +0-4 36"06' -Cll • IO • 830 0,60 0.016 0.049 
CHN82 4PC + 1-4 41·43· -32·51 · 3427 l.19 •0.CY74 
CHN82 llPC +4-8 42 '23 - -31 '48 - 3209 1.19 •0J)52 
CHN82 I5PC 43. 14, -28. 08 - 2155 1.18 0.050 0.051 
CHN82 20PG +4-10 43' 30. -29' 52 . 3070 1.18 •0.CY73 O.Cll3 
CHN82 21PG 7 43. 17 . -29'50' 2103 1.18 0.053 0.056 0.064 
EN66 lOGGC 1 06. 39 - -21·54· 3527 1.45 0.157 11<1.()79 .0.146 
EN66 16GGC 1 05. 28. -21 "08' 3152 1.44 0.117 11<0.086 •0.116 0.124 
EN66 21GGC +4 04. 14 - -20·33· 3995 1.48 "'0.087 •0.129 0.089 
EN66 26GGC 1-5 03. 05 - -20. 01 - 4745 1.48 •0.123 0.082 
EN66 29GGC 6 02. 28. -19·45· 5104 1.54 •0.085 "'0.089 
EN66 30GGC 0.100 0.093 
EN66 32GGC +5 02 '28 - -19·44- ,003 1.54 0.117 •0.092 
EN66 36GGC 3 04. 19 - -20·13· 4270 1.48 •0.114 0.090 
EN66 38GGC 4 04 '55, -20. 30 - 2931 1.43 0.231 0.064 0.113 0.163 
EN66 44GGC 1 05' 16. -21·43· 3428 1.45 *0.237 0,088 •0.114 *0.141 
EN120 IGGC +0-10 33. 40' -05. 3 - 4479 1.34 *0.(171 •0.082 
EN120 2GGC +8-15 33. 40' -57"37' *0.076 
1S082PCS01 +0-2 42' 23. -23 '31 . 3540 1.2.5 *0.085 
KNR64 3PC +1-3 17' 01. -74 '26 - 2681 1.40 0.050 
KNR64 5PC 4-7 16' 32. -74 '48. 3047 1.40 0.095 
KNR73 3PC + 12 -00·22· -100·11· 3606 2.39 *0.172 
KNR73 4PC +7-12 04. 02 - -114·01· 3775 2.42 0.191 
OCE86 2BC 0-4 38'13' -71"30' 3000 1.21 -0.068 
RCI0-6.5 +5-8 -00·41· -100·37· 3588 2.46 •0.199 -0.202 *0.207 
RClO-ffiTW +8-10 -00·41· -100·37· 3588 2.46 0.217 
RCI0-288 3-7 35. 32 - -73·2.5· 3678 1.19 0,059 0.099 
RCll-120 +5-7 43·31· -79 - 52 , 3135 2.07 0.153 0.150 
RC12-267 8-1 -38"41' -25·47· 4144 2.26 0.152 
RC12-294 +5-8 -37' 16 - -10'00' 3308 1.79 *0.117 0.150 
RCl2-339 4-7 -09 • 08 . ffi'02' 3070 2.48 0.182 
RC13-205 5-8 -02·17· 05. 11 - 3731 1.47 *0.145 •0.096 *0.124 
RC13-228 +6-7 -22. 20 - -11·12· 3204 1.61 0.119 0.074 0.103 
RC15-52 5-9 -29. 14. -35·54· 3780 2.31 0.152 0.123 0.125 •0.161 
RC15-ffi 5-8 -53"04' -78"57' 3200 2.41 0.179 
TR163-31TW +6-18 -03·37· -83"58' 3210 2.42 *0.212 •0.210 
Vl7-42 +5-7 03·32· -81"11' 1814 2.71 0.200 
VlS-68 +0-12 -54·33- -77"51' 3972 2.31 •0.145 
V19-29 +5-18 -03 '35 - -83. 56 - 2673 2.51 0.227 
Vl9-30 +5-7 -03. 23 - -82"21' 3071 2.42 •0.151 
V2'2-174 +9-11 -10'04' -12"49' 2630 1.52 •0.089 0.103 0.Q75 
V2'2- 182 7- 10 -00'33. -11·15· 3937 1.45 0.123 
V2'2-193 5-7 4956 1.53 0.105 0.123 
V2'2-195 5-7 13 ' 17 . -19·40· 4770 1.54 0.135 
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Table 3-1. (continued) 

sample Water Estimated Cd/Ca, 

Coce depth, Latitude Longitude Depth, P, µ ,d/oJ 
(cm) (ml µ a,J,/kg Uvi kul wue umb 

V22-196 5-7 13 '50. -1s·ss- 3728 1.48 0.139 
V22-197 +4-17 14 • 10 . -18"35' 3167 1.43 0.116 •0.111 •0.113 
V22-198 4-6 14. 3-5. -19·40· 1"32 2.11 .0.009 •0.074 0.064 
V23-6 5-8 42. 29. ·61'48' 2246 1.16 •0.133 
V24-109 5-8 00. 26 - 158'48' 2367 2.55 •0.209 
V25-59 +6-9 01. 22. -39. 29. 3824 1.26 0.104 •0.059 0.080 
V27-60 s5-8 72. 11 . 08'34' 2525 1.03 •0.058 
VZ7-86 +5-8 66"36' 01·07· 2900 1.03 *0.071 
V28-56 +3-4 68. 02 - -06'07' 2941 1.02 •0.060 
V28-304 6-9 28. 32. 134'08" 2942 2.60 •0.140 0.147 
V28-345 3-6 -17·40· 117. 57. 1004 2.40 0.151 
V29-29 5-8 05·07· 77·35· 2673 2.47 •0.124 
V29-179 +5-8 44·00· -24·32· 3371 LI7 0.086 
V32-128 4-7 36. 28 - 177'10' 3623 2.54 •0.000 •0.162 
V34-52 1-4 06. IO. 89'48' 3984 2.33 0.109 
V34-54 1-3 oo·os· &5. 10. 3254 2.37 
V34-55 5-6 06' 02. 88"57' 2992 2.36 0.171 

CHN and EN cores cures curated at Woods Hole Oceanographic Institution 
(WHOI), RC and V cores curated at Lamont-Doherty Geological 
Observatory (LOGO), and TR core curated at the University of Rhode 
Island (URI). Sample depth is given from "top" of core. Sample depths in 
WHO cores are determined by markings on core liner (in which samples 
are stored); shrinkage may result in the actual physical top of the core 
being several centimeters from the top of the core liner. Sample depths in 
LDGO cores are given relative to marker pins inserted into cores upon 
extrusion and splitting. Latitude and longitude are degrees, with south and 
west negative. Cd/Ca is given for Unigerina spp. (Uvi), c. kullenbergi 
(kul), c. wuellerstorfi (wue), and N. umbonifera (urnb). This table includes 
all data collected up to July 21, 1988. 
+: Cores for which the author is aware of published isotopic stratigraphies 
indicating more than 15 cm of Holcene sediment. 
* : Duplicate or triplicate analyses of these foraminifera samples. 

-84-



Fig. 3-2. 
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tops that there is at least 15 cm of Holocene sediment 

(underlined in Table 3-1 ). 
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Downe ore paired- species analyses. C wuellerstorfi Cd datum 
for each sample is plotted on the horizontal axis. Vertical axis 

is the Cd content of species other than C wuellerstorfi. The 

symbols indicate the species: filled squares are Uvigerina 

spp., open squares are C kullenbergi, crosses are C 
wue/lerstorfi and concentric squares are N umbonifera. Most 

of the solid squares at high Cd are from Pacific core 
TR163-31B. Other cores included in this compilation are 
CHN82 Sta 50 20PG,PC; RC13-228; KNR64 5PG,PC; 
KNR73-3PC; EN120 GGCJ; Ml2392; V32-!61; V32-159; and 
several EN66 cores. 

-88-



Table 3-2. Estimated distribution coefficients (D) for Cd m benthic 

foraminifera, excluding samples with D>4.75. n is the number 
of core tops included in the estimated mean. 

Selection Species D 
standard 

n 
deviation 

All core tops Uuigerina 3.43 1.73 20 

C. kullenbergi 2.49 0.63 23 

C wuel/ersto,fi 2.89 0.78 46 
N. umbonifera 3.05 0.87 14 

All species 2.93 1.05 103 

Well-documented UJJ.i~rioo 2.75 0.80 11 
core tops C. kullenbergi 2.75 0.5.5 13 

C wuellerstorfi 2.90 0.58 19 
N. umbonifera 2.65 0.19 7 
All species 2.79 0.58 ell 

Well-documented [[1,2i~ril1Q 2.49 0.35 6 

core top C kullenbergi 2.90 0.54 9 
replicates C. wuellerstoeft 3.00 0.49 9 

N. umbonifera 2.71 0.22 4 
All species 2.82 0.47 28 
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Porewater data from Mangnaese Nodule Program site M. Cd 
data are from Heggie et al. (1986); 613C data are frcrn McCorl<le 

et al. (l!ffi). Note the rapid decrease in 613C and rarid iocrease in 
Cd in the Opt.ff cent.ureters. 
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1'f 'lJ "ii Aj £ ;<f ll-"1 ~-'! 0 1 'l! Jl. •I 9-. '11. til eJ % 2-f 811. 'I aJ 1'f 'lJ <>ii Ai AJ -'I'<! 

•1-ll-Sl r~ 0 I 'l!2..ssc: 0 lel~ '<!i'• ¾•1"1 ,J-7] <lll 0JeJ €~"ii til•l 
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High latitude planktonic Cd (N JXJC/ryderma) for core from the 
Southern Ocean, Indian sector (MD 80-304). The oxygen and 
carbon isotope data are provided by Labeyrie and Duplessy 
(19851. Data are reported by Boyle (1988). 
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qJ 0Jej ,?~oil "1"11 -l!-il-£1::: 'lP'I- 'lH1-"1 'I!~::: 'll"l-7)"1 7):f '/!~oil 

'll ~ g 0 1 >]32 :ll tj-(Weyl, 1968; Newell, 1974; Broecker et al., 1990b). 

7 I Cf o\l '1l ti "11 °J "1 31 'll '1 ° I jl % "1 '1 'l! 'll 'lf .2J oil ' '11 "J "1 11! ± i? ~ ,fl ::: 

'1J7].2j o]-l!~iJ± '5'.£-l,- &'l!-.fJl, 'lj-.f',a1!-A].Ki.i1.2J 7].'foll • 

7l•"1oJ~::: oJ-l!~'1!± 'o'.s:.sJ \'!~71- 7l'fl'!%sJ ¾.8.ti .8.±.£ 31-%"1-2 

~ c\-(Hansel et al., 1984; Barnola et al., 1987; Neftel et al., 1988). "'i tl 

>1]47] '9'-7]sj 'll"l-7)2} {r'lj-.f7]sj AIT"l'll 7)'fi?~%ft "1! 0J,?~sj 0J1!-"1-

0]-l!~'1!±:'iloll 014- il"~"l'l! \'!~71- 'll-'l!Bc\-(Boyle and Keigwin, 1982; 

Curry and Lohmann, 1983; Shackleton and Pisias, 1984; Boyle and Keigwin, 

1987; Duplessy et al., 1988; Cuny et al., 1988; Broecker et al., 1990a). 

"1! 0Jo\]A1 o]aJti l'!~:S-& "JS\7]%ft o]-l!~iJ±sJ ,?~oil 014- ¾.8.ti 

~ '8"J¾ o] ~ ¾ :;! o] tj-(Toggweiler and Sarmiento, 198.5; Ennever and 

McElroy, 198.5; Wenk and Siegenthaler, 198.5; Boyle, 1988a, b; Broecker and 

Peng, 1990). '1\ 0Joll"1 11!±%~~±, '1f.=.% .:IajJl '1!±71]2} '<!:,!-<) c\-<'c 

'a'l!:S"1 11-.'1::C t:iloJgJ 'll'l!"l'l! ,?~;,]- i'!::'ilB ,J,.-~"l !I:~;,]- 'lt-l!Afo]ej 

"1-toll Sl"11 &'l!B~ "1-~ "11"JsJ '1!±%~~±21- ~=-%<>l ~-oJ 

~"1¾"1 ~~'a W •¾'11 ¾-l!-¾Sl ~-oil'!!- ~@"1oJ ~~ ~~oil, 

oJaJti ~ ~SI •ai~:oll '1lti ~K::: ~tl w~ ~<! ~• '!!

"f aj "1 oJ ~ tj-( >ii 2 'll w >I) 3 'll {} 3'c). ,,. • oil Ai ::: 01 2t {!-0 I 'lt .l!. B 

iJ±%~~j,_ '!/ '1fcjj-sj ;<fJ'l.2} ~'1fl A1iif~] 4EJ-'<c ;<}Ji.:S% o]-§-S\~ 

oJ: ~ •ai~:si 11-.'1:~ ~tl 'll"i-~%ft oJu:fB:::~ ~~- ~oJ~ 

u:fE]-Ai, o]2} {c:0 ;<fK:S:0 "']'<! 'lj-.f7]%ft ?C]','caj'l) :i'.~~aj .caj,cf:_ssj 

~.£~ ~ 7cl% A]]-"N-~ :;!o]q_ 
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:aJ- 71 91 \g, .g. 'l! 'i' a' .g. >PPa ¾ i\'-¾ 91 zt "1 OfJ .¥. ~ B 11 ± % ~ ~ ± 2t 

9)S% 0 ] -ll¾'1J'r91 :§1-'1-"1 ~-1J"i] i:JI~ ~<!j>f,sJ.-1 °)%~ 'l!-.fq:a. 

'lf.l[-&-f'.ljtj-(Duplessy and Shackleton, 19984; Graham et al., 1981; Boyle, 

1988a). -ll¾'1l'r91 :§:J-'1-"1 ~-1J<>il i:JI~ ¾ii'-¾ zt'l!S! '/!¾.g. 'r''I/AJil.91 

%¥-<>11 Ai 'l! oJ ~ * ii'-¾ 91 ;,,. "1 :aJ- 11 ¾ '11 'i" 91 :§:f ~ ai ~ •a :.J-91 "1 :u, oi1 91 '11 
C7* 'iJ',/-&-f71) "1,~'i!c:J-. 11±%~~±'<] 7;J4,o!J;: 4i'ojy- ¾ofl ttf2}A7 

-ll¾'1l'i"Sl :§:J-'1-"1 ~-'aOfJ ztzt 9-e "1°1~ .!1."l¾c:J-(Duplessy and 

Shackleton, 1984; Graham et al., 198!; '1l2'll %~). Uvigerinaot "1-e 

s!ca'91 A]il.Afo)oi] y-Ej-y-;: ,,oJ;: -ll¾'11'r91 {l-7)11±91 OJ'Jlj- AJ-l}Ajo!] 

91e~"1-(Zahn et al., 1986). 0 14 i/.g. 0 )% aJl-/i':OfJ 'l'l>l91 'l!'i'::=.g. 

7)-';-t)-~ Cibicidoides ¾~% A)-%"3}:i!. ~9-. 
'1)-'1)./>j'l! ;<jAj-\J -fi--l.'¾ ¾1;'91 zJ-'l!OfJ 'l!C: 9f'e.ij-'ff£"iJ i:JI~ )l'iJ.g. 

s!ca'S! 3/½ofl eJsfaj <}'<J:-.fq; '1l''11"1'l! -/l-i\'-¾ s!c½.g. ¾::= Afojofl ;,jSj 

,)0 ]7f \l).oj {1¾'1!?91 :§:J-'1-"1 ~-1J"i] {l-Af~ i'!,iJi< & 0 J:a. 'l!"1-(Fig. 4·ll 

~ ~ "1 'll ;,,. .¥. :,fl 'i" 91 'll if R .g. "1-% :aJ- ii O l R ~ ,a "1-. 

'11'i"'l!OfJAi 3000m.!l.9- 'll.g. 'J<"i] ~"I~ 'r'-'J-A)il."i)Ai •l~B 'll-'11"1-,! 

¾i\'-¾ ¾a'ofl i:J1'1]J..1;: D = 2.9£ ,iJ-l}5'J'l!"1-(Fig. 4-l"i] 'lie: >fil.;is.!/,Ej 

DR: ~]-l}sf7) ~'11Ai;: '1l'rofl ~of'l!;: 11-l!'ll's-£, 0.0lmol/kgofl i:Ji-&-foj 

•l"'-%91 'ls-Soi< 'il 'll':§:f -.,oj 0 ) ~"1-) . .::teli.+, ztzt91 ?'1/A)il.OfJAj ,'~ 

1,'-'1::>il'i":S 'llir-.f"l 'i'~ 0 1 a.g. ii'.°. •I"-% 'ff£,s "1-i:Ji'!l1f "1'.11"1-; 

~:ail 1,'-'1:,iJ'i"c: <l' 10% 'il£ ',!-71) :,fl-lJ:'1!"1-. D=2.9R: -ll¾'11'i""il 

J..l~sf;: ¾i\'-¾ofl "1%sf~~ 4il.91 '1)-!>j.g. DR<>l '>t: 'r ti"1-c: 

7)-'o,.,_J ~ ..ll~t;l]o]:1l} ~t:l-. 
',t.g. 'r-ll "i)Ai >fl~ 'i! ?'J-Aj il.(Table 4-ll ::= 91 .!1.'il ,°, 1,'-'1::>iJ'r7f 

'i"-ll"il i'!:>il'i! ~'i"etc: ;1: il'll~"1-(Fig. 4-2). 'l!"l"l"I ~{!a'% :a.ej~ 
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Cd(foram) vs Cd(estimated for bottom water) for samples 

>3000m. The average value D ;;; 2.9 for all calcitic species is 

shown as the solid line; a dotted line is shown for a 

distribution coefficient that is 10% lower. See text for method 

of estimation of bottom water Cd. 
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Table 4-1. New core-top Cd data. Latitude and longitude are in degrees and 

minutes, with south and west negative. Cd/Ca is given fonn 

Uvigerina spp. (Uvi), Cibiddoides kullenbergi or Cibiddoides 

pachyderma (kull, Cibiddoides wuel/erstorfi (wue), and Nut,aJ/ides 

umbonifera (umb). 

sample Estimated Cd/Ca (JlmOVrnol) 
Core depth Lat. Long. 

Depth p 

(cm) 
(rn) 

(µrnol/kg) Uvi kul urnb wue 

Alll07-104GC 1 -3 -31°16' -35"55' 1389 2.22 0.5.'ll 0.084 0.060 

MD77-203 9-11 13"05' 73"11' 1712 2.81 0.199 

MW88-4 0-1 12"39' 111'56' 3530 2.87 0.105 0.123 

MWBB-7 0-1 11°00' 118°29' 990 2.72 0.102 0.101 

MW88-8 0-1 11°35' 118°43' l:Jffi 2.90 0.135 0.122 0.114 

MW88-9 0-1 11"38' 118"38' 1465 2.90 0.115 0.139 

MW88-10 0-1 11°43' 118"31' 1605 2.97 0.163 0.211 

MWBB-11 0-1 11°53' 118"20' 2165 2.87 0.272 

MW88-12 0-1 11°56' I 18°13' 24~ 2.87 0.249 

MW88-13 0- I 10"36' 118"17' 990 2.72 0.105 0.114 0.083 

MW88-14 0-1 1'42' 116"15' 825 2.14 0.093 0.079 

MWBB-19 0-1 1'49' 116"10' 1835 2.93 0.154 0.178 

Vl9-Z7 5-7 -0"28' -82°04' 1373 2.74 0.135 0.105 0.112 

Vl9-30 4-7 -3"23' -82"21' 3071 2.51 0.140 0.157 

V21-29 3-6 Cf57' -89"21' 712 2.69 0.151 0.177 

V21-30 9-11 -1°13' -89°41' 617 2.72 0.124 0.387? 0.137 

V28-304 6-12 28"32' 134°08' 2942 2.60 0.140 

V30-51K 0-3 19"52' -19"55' 3409 1.44 0.109 0.084 0.133 0.095 

V32-159 5-8 48"40' 141'24' 1235 2.91 0.135 

V32-169 15-17 48"17' 149"04' 1600 2.84 0.169 
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Fig. 4-2. 

Distribution Coefflolent 
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Distribution coefficient vs depth for major calcitic benthic 

foraminifera. Note that C JXJChyderrna, which occurs mainly 
in cores shallower than 2CXX>m of water depth, is plotted with 

the same symbol as C kullenbergi, which mainly occurs in 

cores deeper than 2500m of water depth. Also note that the 

one high D at shallow depths was for the only (unreplicatedl 

analysis of P. ariminensis. 
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all 'll OJ % Ell Si ,'- .¥. 711 'T' 71 -& £.2j- 'lJ-,j oJ\ -1! 711 ¥! cf .R "1-"i '1!, ¾,'-~ 

'l!"l"0!-"1 ,cf]i.~O, Cjj~Sj->11 'll"J%E!ISI 1'!>1-¾ <>11~-of;acl::: *~cf(>ll31! 

'i}.:E). ltj-2.fAi' .,Jc~¥! I'! ~71 .g. £, 'lJ-,j' 'E::: •I 'l! "l "01-"1 ~ ·~ ~ "01-"1 

..8..~(ofl~ ~<>i. ".J.AJ--i-. ~ 0J¾SI ¾~1:i ~ ¾if- %)oJl 7]~~';:_ -5!1}?;]-~ 

'll.'i!-Of::: ,!.°. uff-9- oJ'!lcf. 91!4-0f\'!, 01<1~ l'!<r £4'71 "'1°J~7J:ilf 

¥!-7-0£171 Ul1~ 014. ~ti] ¾.8..~ A}{l.g. Uvigerina9t Cibicidoides ¥ ¾ .£.!¥

;;!-0 I 'r {l <>11 -i'l 711 ¥! ... -"'- 711 'r i!: .!I. ~ cf ::: J! 0 l cf. oj '!! ~ 1 <>11 Ai ::: 'r {l 'E ::: 

<r'lJ:ilf -i'lso¥! \'!?~ 0) -&£.!I.cf ¾.ll.S}cf::: ¾7J~ >J)A)Sj-.R 'l/cf(Table 

4-2). 'i'--')/-A).il. CHN82-41-15.2t KNR64-5-5::: -fl-Af~ "1¾-&£~ st::: 

;acJ "l oJ\ Ai ,j ~ £1 'll "l 'fr, ,'- .¥. 711 'r::: ,I .fc ,c) "l Si Ji .!I. cf ',;!-.fc ") "l Si 31 °) 
uff-9- ',;!Ji! 711~£i'l!cf. -&£7f i',.R ?'lJO) ',;!-.°. "i"lsJ 'i'--')/-A).il. CHN82-l.°. 

<r-\l .fc -fl-AfS};ac! '1! -&£71 ',;!-.fc "' "l 01 'i'-%A)Js. MW88-!4GGC.2J- -fl-Al~ 
,'-.'f 711 'r i< JI. ~ cf CHi Y,, 0 p,j ~ JI. 'i! oJ\ '-IJ .'f £1 oj 'l) ::: ,'-~ .fc Ci * "1J 'l/ ~ 

.:EAf¾ Jl.,'-Ofaj, -&£7f ¾Jl.~ \'!','!I.Ai i'}:ilf'i! 'f' \lJ.cf.R 7J-.:E¥!cf. -\lAf 

?{1°1 -&£.!I.cf 1,'-.¥.711?¾ 'll.'i!-Of:::c~ Ci* ¾.ll."1-711 ¾'!!¥!cf -Ofcir.f£, 

'lj-,jo]y- cf:: ?{JoJ\ ¾4;'¥! \'!'r7f Ci ¾Jl.~;<I::: ~~~S}cf. 

•.JsJ-1JAJcJ1si "'1<>JoJIAi "'"'*si 1,'-.¥.711?::: 'r%AJJi. %.!/-oJ\Ai ~1..i 
;acfK~oJ\ Si"'1 i'l:,l:Sl-711 ~~"1.<c!i. <>11~..!cf(Table 4-3) ¾i'¾Si 

't!-±:%-'fl~±:7} "T'{loJ] ¾4r~ Oi~ 't!'ToJl {!l{J£]';:_ A]~ o}';:_ -5!.g.. ufl~ 

t,u],1.¾ ',!o]cf. 'i'-AJA]Js.Si %.!/-oJ\Ai ,1~..i ")Ai"J ¾i'¾Si 

.!:±%~-iu,::: >l¾'il<rSI ~oJ-"1 .:E'aoJ\ cJI-Ofoj ?-\loJ\ -i'l711¥! I'!?~ 

.:EAf~ "1-fc \llcf. Duplessy.2J- Shackleton(l984).°. 01•!~ Af~oJ\ cJ1"'1 

?-\loJ\ .,J:711¥! 'i'l!~ 0]%71 \llcf.R 'lf~cf. ::ie)Y,, 0\~Si ;<fK::: cJl.!/-1,'

?-\l0) ',;!-.fc >l"loJ\ 's-~"i'l!cf. Slowey(i990)::: •f-ofofa,J><l"lSI 

400-1500moJI 0]s'-::: ?-\loJ]Ai 'l!oJ~ 'i'--')/-A]Js.7f ,/.°. "i"lsJ "'1<roJI •J-ofoj 

0.2-0.3%, 1!£ i't>il ~'i!"i'l!cf.R 'lf~.<caj, 9--')/-A]Js. V!9-27(Mix et al., 

1990 l Si cJI .!/-1,'- 'i! Ail ;,f .il. ::: 'i! •H Si "1 ¾ '11 'r oJ\ •I "1-"l "I 0.4 -0.5%, 1l £ l't 711 

.,Jc ~ £I 'l! cf. ::i el '-I. 'i! >II !I. ::: er±% ~ ~ ± oJ\ cJI "1-"l <r {I oJ\ -i'l 711 B cf .R 

~~ .. ,>II -ll'll~ ?::: \ll.<caJ, ltj-2.fAi cJl.!/-1,'-SI .1a.si::: 'i!>lSI 7f'jj ~ ltj-2.f 

Cibicidoides';:_ 4-{loJl -t!-lll\tl 0 l {l¾~TS!l 1t!±:%-'fl~±:otl u]n!.,¥!tj-2 ~ 

4- '.il 9-. 
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Table 4-2 Comparison of distribution coefficients at different depths and 

temperatures. 

Depth Temperature Distribution 
Core Species 

(m) (deg C) Coefficient 

CHN82 Sta41 wue 2155 3.65 2.04 

Core 15PG 

KNR64 Sta5 wue 3047 3.70 3.14 

Core 5PG 

CHN82 Sta21 Uvi 830 10.8 1.28 

Core !PC 

MW88-14GGC Uvi 825 6.8 1.56 

Table 4-3. Empirical foraminiferal Cd distribution coefficient used in work 

Depth (m) 

<1150 

1150-3000 

>3000 

Distribution coefficient 

1.3 

l.3•(depth-1150)•(1.6/!850) 

2.9 
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c<]i'J'~I;,] .!i!.2'<'! 'l/•17]%'1!-"J 7IE% c<l.i<C: ¾<>I] a:taJ- -\'-"i-2<>11 

')Ji!]sjoj 'llt:J-. ztzJ-21 ¾a,.g- Fig. 4-3otl i+e+I± •121- '1: 0 1 Uvigerina spp.21-

C. wuellerst01fi<>il <1l I '!I ir;;J:.Q..sc •]:iilsj '.11 t:J-. <11-\'-,'--"l "r%AI .ilc <>ii <1l •l 

• " .(} -"l ~1 ° I ::: -ir 'I -'1 ° I c<I ilf "- <11-\'-,'--"] ,'-{!: 0 I I : I {:j AJ- otl l' oj 'll t:j-. 

icJ~ t:J-:otl •~si::: '1'%~•.;.g- ¾aa"-1}-"l ~oJ~ ui+ a~ 

'-tEt'-t'l/71 ulll-otl '!lrriil:"¾ •1+ "r-"l ,l~I 2e,t011°llt:J-; Vl9-29, 

Vl9-240, V25-59, MD77-176, MD79-254, RCl4-37, RC17-69. Table 4-4c: 

zt "rAJ-AI Aotl J.j ,'-oj '<'! ,1 E % ?.iPH!· 'if ±%~Ml± ;,f R, zJ- c<I "I otl "1 

ot1•"1c: ~¾9-"l ~"'-% -~ ii!]2 'r%~K %-\'--"J ~E%~ 
'ii:±%~-!!± c<fKaa"¾ ')Ji!]isj-2 'l/t:J-. ~¾9-"l ;,ft%~ 'ii:±%~-!!± 

c<fKa,.g- 3!>11, 7f'l/- 71~1¾ "1"1-"l GEOSECS 0<fKoJIAj % 91!<>11 Oil<a-"1c: 

'?J.Q.J ~5:.~ oJ%iil-.ll, ~~. ~¾~~ <?1!!1 "5'5:.~ ofl~%}7l ~ ~~ Cd:P~ 

si"l'i'-'1'11 <!'Al ;a Af%isJ-2(Boyle, 1988a), ~>ii. Duplessy et al.(1984)~ 

Kroopnick(l985)<>11 -"lOII ~.!EB 0<fAoJ]Aj >1¾9-"l 'i!:±%~-1!±:S otl<li'I 

"i"l-"l "rAJ-,.1• AJ--\'-otl,.i o13C.2J- PSl <!'Al• ,1%"1-:l!t:J-. i•ii+ . 

.§1 '11 {:! AJ-.Q..sc 'I- ei 'J! oi i+ ::: -;i ,iJ ;;J: o 1 •J-% e ,ii •I ::: ,1 -& 'lf O 1 ° 1-.1 ni . oJ '!! 

"i"loJ]Ajc: {!0<]'/--'1'11 <l:'AloJIAi "il<li'•lc: J/.!i!.c.J- -S:-c<l-'1'11 >}Kit Af%•1::: 

,1°1 t11'! •Hr"i•lc.J-. "' \'l'l-<>11,.1::: si "i'i'-'1'11 1'!1J<>11,.1 * ui, "i"l-'1'11 
<l:'Al2J- c<l'i'-'1'11 <l:'AIAl 0 loJI '-1-E.fi+c: ~loJc: •l+ -'1t:J-. Cd/Ca-"l 'llrriil:i 

'i'•lc:ti] •1+ 'itt ;;J:~ _sl.o]c: ?J+<>ilc: .2.'/l'<'! 7f'o'Jo] ,t7] ulll-otl 
0 ]•11 >l.i<aa"t ;<i]-"]A]~t:j-; 0 1'>'~1 "1].21'<'! 0<fA(-\'-'s- 2otl ?71 'it'1 

Al-li~)~.g. * Al-ii.91 <?.} 7%~to\l £JAJ ?i°7J Ull~on 4-i:-l7l- m~J..llAl- 51-~ 
,f-'joJ] iq;,] e 'lJ~i oj>];,] \lfC: J/.Q..sc AfiJc'i!t:J-. 

"rAJ-,.1•oi1,.1 1""1'<! .2.c ;,tile::: Oll 0J"l-"l "l"l<>1I -"l-.foJ oi-;1 7J-"l 

'j'sej.Q..sc i..f'foJAj 9"1"1'111".l'.:'i •l:uJ.•f'.llt:J-(Table 4-4). 0 1"11 "l"laa"t 

i ',l~ll uff+ ';;Jt:j-c: 11¾ 2e,t•J 0 llt:J-; "i]:'i aa"oJ, -!efAj11Pll 0J(Northwest 

Pacific) 0 ]4 •II'! Aj'1!'!1°Jot1Aj 5°S.sc-\'-Ei 53"N~f;s];a .l'.Wiifc: "l"ioJlAj 

~oJ~ "r~~•Sl Aile• oJ%ft J!oJc.J- oJ~I ;,f"laa"otl-"1 <1l.!!."1c: 
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Fig. 4-3. 
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Table 4-4. Data summary table. *Actual depth of core is 3047 m; nominal depth is sill depth of Caribbean overllow. 

w: western basin; c: centural; e: eastern basin. 

w,~ '"""'" 
Modem Cd Core top Core "" 

Glacial -Glacial Glac-lnt Modern Coro w, 
Glacial 

• Cmc "''~ La). Ulni.. ,.,,., . (nmoV Cd/Ca CdW we, s,1 CdW CdW c" c" c" 
ldec. dell) (µmoV " 

)m) (cm) kill (µmoV (nmoV "'" (nrnoV (nmoV _, 
=» '"'' mol) "'' ""' PDB 

Northern Atlantic: 
V2!1- 14 l<i5 64 78 -29.57 170 - 200 022 0.045 0."'7 4 024 000 I e, 1.12 !'3 

2 CHNR2 Sta41 Corel5PC 2153 4337 ·2"23 'Zl - 31 025 0051 0.24 0.041 , ... 2 0.19 -005 100 0.63 I !9 

3 V24-I 3012 3050 -73.50 151 • 1911 0.25 OJf/3 0.013 9 025 0.00 100 

4 CIIN82 Sta50 Corc20PC ,mo 43.50 ~29.87 73 - "' 025 0.101 0.014 18 035 0.10 102 I 21 0.6" 

5 CIINR2 SLa.11 CorellPC 3209 4238 ·31.lll 73 • 98 0.25 O.C62 018 0.100 , ... 4 0.34 0.00 1.01 1.18 0.76 

6 V29-179 3.131 44.00 ·24.53 76 - 93 024 0.090 031 O.l<E O.ot5 9 037 0.13 103 1.10 0.63 

7 V'.\0·91 3371 41.00 -33.83 131 • \W 0.25 OWl 0.0ll ' 0.34 '·"' 1.01 

8 CIINR2 Sta24 Cwc4PC 34Z1 41.72 -32.!fi 58 - 64 0.25 0.074 '-" 0.111 O.OC6 7 0.38 0.13 IOI 1.ll 0.48 

9 IOS82 PC SOI 35<) 42.38 -2352 52 - 88 0.26 0."16 0.29 0.137 0.015 14 0.47 OZ! ,_., 0.76 0.44 

10 V26-J71i '''" 36.00 ·72.00 355 · 385 0.25 0094 0.010 3 032 OJf/ 1.00 018 

Tropicol Atlalltic: 
11 KNit64 Sla5 Corc5PG 1'00 1652 ·74.lll 35 - "' 025 0{119 0.010 4 0.21 --0.04 ,,. 

"'' 1.31 

12 KNRllO 82GGC 2'16 4.34 -43.49 8 · 71 OZ1 0."'8 0.010 3 0.32 0.05 0.93 I.II 0.21 

13 V25--59 3824 1.37 -39.48 «; - 73 026 OJf/5 0.26 0.168 0.042 " OM 032 o.o; 1.0..1 OJf/ 

14 V22·174 2630 · I0.07 -12.82 49 - 53 0-35 '-"" 0.34 0.003 0.017 s 036 0.o! 0.77 0.80 0.72 

15 M12392 2573 25.17 -16!C la> -131 0.58 O.f/17 0.014 3 0.30 O<rl 0.00 0.00 0.16 

16 EN66 3/IGGC 29.11 4.92 ·2050 Z1 - Z1 0.31 0.127 045 0.203 0029 4 0.71 0.40 0.84 0.98 069 

11 v~-49 "93 18.43 ·21.C6 62 - 84 0.31 0.164 0."'7 22 0.57 0.26 0.84 0.21 

18 EN66 15C.GC 3152 547 ·21.13 34 - 34 0.32 0.107 0.37 0.210 0.1125 5 0.72 0.40 OKI 094 0<1 

19 V22-l97 3lb7 14.17 • IR.58 135 - 167 0.31 0113 0.39 0.112 0.014 13 0.39 0.00 084 049 017 

a> V30-51K 3409 19.87 • 19.9'2 52 - 72 032 0.!0l 0.35 0.136 0.0IJ 14 0.47 0.15 0.83 

21 El\"66 JOGGC 3527 6.65 ·21.90 34 - 34 0.32 0121 0.42 0.198 0003 7 06" 035 O.R2 082 019 

22 V:>.oo-40 3'.100 0.20 -2.'\.13 62 - "' 0.32 0.150 oms 16 0.52 0.20 0.82 -011 

23 \'23-100 4579 22"l ·21 ~ ::!1 - 57 0.34 0.152 0"'7 8 0.52 0.18 0.79 000 

24 EN66 ~GGC 5003 2.47 ·19.73 33 - 33 0.36 _Q_!_@ 034 0.138 0.026 3 0.48 0.12 0.76 oo; __ _:9.32_ 



Table 4-4 (continued) 

Wak'r Sample Modern Cd Core top Core top Glacial Glacial Glac-lnt 
Modem 

Core top 
Glacial 

Lat. Lon11. CdW C-d/Ca Std. CdW CdW c" • Con· dc,lli dc,,ths (nmol/ C-d/Ca 
(µmoV " c" Cl' 

<ml 
(dee. dCKl (cm) lq,;) (µmoV (nmoV dcv. ,-v (nmoV pennil 

_moJ) "'' mol) "'' k,1 PDil 

Southern (kf!Q11: 

25 Alll07 6.5GGC 2795 -32.03 -35.19 34 - 43 0.29 0.120 0018 6 044 0.15 0.88 

26 Al1107 J'.lIGGC 2925 -:"(I.AA -38.(6 ;,; - "' 0.:IJ 0.101 OOIR II 036 oa; 0.87 0.96 0."5 
'll Vl9-240 310.1 -30.58 -13.28 61 "" 039 0.164 0.04.1 II 0.58 017 0.70 0.02 
2R RCll-120 313.5 -4352 79.87 ol - IO'l 0.57 0.151 052 0.149 0019 8 051 -0.0R 038 0.46 -042 

29 RC13-22& 3204 -22.1.1 11.20 IOI 132 0.39 0.099 034 0.117 0027 2B ,., O.DI 0.71 050 -0.31 

.10 RC12-294 3300 -'37.Zl - JO.IO 42 "6 0.46 0.1:?ll , ... 0.16.3 0024 II 058 0 JO 0.58 O.RI -OZl 

:u RC:17-69 3300 -31.50 32.60 49 75 0.45 0.193 004) 7 0., 022 0.59 
32 RC15-61 3771 -40.62 -77.20 00 86 064 0.161 0020 II O.SS -0.09 0.25 
:l-1 RC:12-267 4144 -3888 -25.78 70 - "' Offi 

~ 
0.152 052 0.122 0.0..1.1 8 0.42 -023 024 

s: :l4 RCJ'.l-229 4191 -25.50 11.33 59 - 86 057 0.137 0.47 0.155 0.038 18 OS> -000 0.'7 019 -0]6 

I 
lndiun. Oc-11 (moinly northern): 

3.5 MD77-191 1254 731 764.1 684 - "" osa 0.064 0028 3 046 -037 -0.06 024 

36 MD77-204 14.10 19.18 5826 93 - "' 094 0.070 0.011 I 045 -0.49 ·0.28 000 
'Xl MD77-176 1'37 14.50 93.10 542 - 542 0.8' 0.078 0.021 3 048 -0.3.5 -0.09 

38 MD76-!Zl 1610 12.08 75.90 35 - "' 0.87 0.112 0.013 19 0."6 -0.21 -0.16 -012 

39 MD75-l2R 1712 13.08 73.18 11!6 - 26.5 o.s; 0.199 1.11 0.00! 0.012 13 os; -031 -0.15 0.00 -0.15 

40 MD77·l7l 1760 ll.47 94.0! 279 - 300 0.111 0.00! 0.016 4 0.'3 -0.Zl -0.04 

41 MD76-125 1878 8.35 75.20 114 - 145 0.78 0ll0 0.027 13 0.57 -0.21 0.01 0.29 -000 

42 MD76-135 1"'5 14.Zl 50.32 233 294 0.70 0.120 0.011 12 0.61 -0.09 0.15 -014 -0.07 

4-1 MD79-254 1004 -18.00 39.00 239 - 239 0."1 0.124 0.022 24 0.62 -0.ot O.Zl -0.02 

44 RCll-147 1!63 -19.03 112.45 45 - 61 0.70 0131 0.022 16 0'6 -0.04 014 
45 RC14-'37 2226 147 00.17 " - 62 0.74 0.178 0.042 14 000 0.06 0.07 
46 MD77-202 2427 19.13 60.42 175 • Zl8 0112 0.152 0.004 18 0."1 -0.19 -0.06 0.17 -0.39 

47 MD77-203 2442 20.42 5933 335 "" 082 0148 0015 IO 0.61 -0.21 -0.06 -0.38 

_4!'!.._V_1_9-18R 2258 687 00.07 " - '" on 0 15R 0014 5 0.54 -0.17 0.12 



Table 4-4 (continued) 

Moo,rn Core "" """''" Glacial Glacial Glac.-lnt. Moc:b-n Core wp w, .. Sample c" Glacial 
Lat. L.:ing. Cd C<!/Ca CdW WC, Std. CdW CdW cl' c" • Co,c 

depth (dee. deg) -· " <=V (µmoV ,_v (µmoll ""' - (nmoV (nmol/ 
_, 

(ml i=I 

'"'' =II ,,, =II '"'' 
,,, PDB 

Eestem Tropia,J Pacific 
49 Vl9-27 ]373 047 -8207 ., - '"' 0)14 0117 0.78 0]23 0.017 15 OKI -001 -0.10 0.40 -000 

50 V17-42 1814 353 -8118 78 - (12 0112 0.200 LUI 0.181 0.031 12 O.!< 014 -0.00 -0.24 

51 V19-29 "'13 -3.58 -83.93 (25 - 154 074 0.227 0'1 0.171 0.023 9 O.ffi -009 007 0.02 

52 V19-2!! 2720 -2.37 -1!4.65 118 - 142 0.76 0.188 0.027 ' 0.71 -0.05 0.04 0.19 

'1,.1 V19-~ am -3"' -82.35 127 - 158 0.74 0145 050 0.la3 0.0.12 22 0.64 -010 007 003 -04.1 

54 TR16.1·31Il :mo -3 62 ·l!J.97 ., - 100 0.71 0211 073 0 !S>l 0025 3' 0.68 -003 0.13 0 (I -0.2.1 

:,5 RCll-2."JJ 3259 -880 - ll0JJJ 24 - 34 0.70 0194 0.'125 2 067 -003 0]5 -015 - c.i6 Kl\"R73 :we '606 -100 JR 69 - 132 0.17l 059 0 (87 0.00 " 0.64 -0.06 0.15 0.29 -0.27 
~ 0'7 070 

I 
57 KNR73 4PC 3681 10.85 -110.27 45 - 55 071 0191 0.66 021.l 0.017 5 0.73 0.Q2 0.13 0.29 -0.21 

Western North Pacif,c: 
58 V32-J59 1235 48.67 147.«l 44 - 74 0.91 0.135 098 0.143 o.ou IE L04 0.13 -023 
59 V32-16I !RIO 48.28 149.Q7 145 - m 0'4 0.100 LOO 0.136 0028 21 ,_., -0.04 --0.10 

60 V28-2358 1746 -5.45 160.48 29 - 44 oro 0.162 0.023 13 OJl!I 0.09 -0.03 0.16 

61 V28-Xl44 2942 28.53 llU3 64 - 128 0.78 0.J«l 049 0.J37 0.000 ' 048 -0.30 0.00 029 007 

62 Rama 44 ,,., 53.01 164.65 111 - 126 0.71 0.145 0.014 4 0.50 -021 -0.JR 0.17 -0.37 

6.1 V?Jl-2.l8 3120 L02 160.48 52 - 59 0.76 0149 I 051 -0.25 004 -049 
64 V32-l28 362.3 36.47 m.11 " - 46 0.76 0.16'2 056 0.139 0.009 2 0.48 -0.28 0.04 031 --0.17 

ti.5 V32-126 3870 3.:,.32 _ -- 174.9"J _ 42 - 46 -- -- 073 0.138 O.OOl 3 0.48 -0.25 009 -025 



GEOSECS ~•JoJ]Ai '11"1<1 "1"1 '?a.JaJ',] ,1-.l'.71 Fig 4-4ofl ,t]AJ,ajoj 

"I ill~ 'r '.ll i:J-(Bainbridge, 198(); Craig et al., 1982; Weiss et al., 1982). 

o]S]- ,to} \ii~ e<J"JO\}Aj '11"1<1 e<fil.:;% ;;''lJA]'!\7} "i}~ofl, {,i,t]_;,_ 

y-E} y- :: 'r lJl aj ',) I'! ~ :: 'r a,J ,1- .l'. ofl Aj o I of ,1-~ ,a) :: OJ Ell -"- Y-E} ',r 

c;! 0]i:J-. Fig. 4-5ofl ,t]A]-,! ,Y1lf7]%"1:"i 613C:ilJ- CdW >ctil.:;~ 21- 0<]"10\]Aj 

m-oi<1 '<!,1 i:Jl 0J"i 51'c:aJ- Cd"i otl~ i,J;ofl "I~ 7lii'1!"1- "iill"l"1"1.:il. 

'.ll q-(613Ci,l;~ "J-.} 7] %"1: "i 'l! 0<] ,' "1 "1 613C 'll ir i,l;ot] '!i •J{! ~-£ .!a. '!l 1l"t 7] 

~-.j-oj '<!Ail"! i,}oflAi 0.3%, O]%Al'!\i:J--,t]2'l! '!}s.). <?'lrA}il."i %'1-oJJAi 

,1--'j-,! 0<fil.~~ nj4" l,\-{l-t}% ll}1lf7} ~Oil .l'.t}AJ;Je<] ~'l!.<>.'-1-, Table 

4-40\J:: ;flAl£l"1 'lli:J-. 61'csJ- Cd "lil.~"i \1!~71 Ai-"- "~ '1!-11-"--"
i+s.ti+>II 1lf7l ~&"1 613C:: .::r'i'JO\JAi "I'll-<! ~% Af%&5:!i:J-. 

"1- 71 ofl 'l!- l!.-<! 'll -.j-7 I % 'l]: "1 ,1 .s % "I il. ~ ~ i:JI -\'-,1- 0 I * tl1 Ai °J' "1-

% "l.S:Eil3110J e<J"IO\I ,!]~"l'l!i:J-(Boyle and Keigwin, 1982, 1985/85, 1987; 

Boyle, 1988a). -le \'!,'oJ}l<j 'l!-l!."l:: 0<fil.~OJ 01 e<]"i~ofl tll~ Aj_ia.¾ 

;<f il. ~ % .l'. tr "I .:il. :: 'll 0<} 'tl, "1- 71 O\] 'l!- l!.-<! \'! 'i" "I -l! 3lJ- ~ 3lJ- 71 "i % A I & i:J

<>il :S ~"1. ~"1, %"l£Eil311°J "i"i"i 1l¾"ll'?"i ,t.s%0<fil.:: '<!•1 til°J'"i 

c;! .';!. q- "f :fr '5t >ii 1'f ~ ,a) 'l! .:i1., ~ "1, -!'1- tll l<J 0J .2J 'lJ -of 7} % 'l]: O\l {I ¾'r .2J 
7f.S%0<fil.:: '<!,jgJ 5'.!a.9- "f 30%1.S: ,t>II ~'!l"l'l!.<>."l, -1,.2._ia. ;J!,iJ, 

'l) "f 7] %'l]: l,\- J11Aj OJgj 'lr¾'r"i (150Q-200Qm):: {) %'r"i ofl H] -.j-oj 7}.S % 

'I;- .s: 7} '5t >II '-I-Et y-nj '<! ,1 111 °.l'"i c;! "1- "I ill Oil .s: '5t >II '-I-Et \:!9-

q-~ "i"i~ofl i:Jl'5foj, AJ¾>II -\'!:~-<! 'i'll~~ q-g:aj- .ti:J-. 

(71) 'l)'5f7]%"1: 'it's-'ll"i {l¾<r:: '<!Al"i 111°.J':;,J- 71"1 -&Al~ i7f.S% 

is- .s: :, 7 HI i:J-. 

(Lf) l,\-',}.S: 0J"i 'lr¾'?"i(l000-2000m):: '<!Ajgj J11°JoJI H}iifoj ajoj.S: 

30% i,t,g- ~5:.~ ~ 01~, ~5:. 0J9l 1J¾4-~.£ o}%7l-AJ.£. ~ 30% ~.g. 

'l;-.S:"i i7}.S%% ;t::i:J-. 01•1~ 0<fil.:;~ \1±%~~±oflAi 1'!:~-<! 
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Fig. 4-4. 

(ffl) 

Phoaphorus <,.mollkg) 

0.0 1.0 2.0 ... 
•~;'°"i;;:=:~~:::----~-, 

I" .... -~~ 

1000 

.... 
4000 

··--.:::•-:--.. ·u -.:.:::..-:-. ,~ .. , 
"'"t'" .-. (u1 

;.] 
I I 

HI • ~ 
' I > . • I 

( 
\ 
'" \ t .. 

/no 

! ,.....__ ___ ..... _.....,_ __ ..J 

0.0-.0. Statton• 

28: Allanllc, (northaillt) 

93: Antan::lc (-.rn AllanllcMCtor) 

111 : A11M11c: (...a.m tropicll) 

221: Pacllc(norlur.•) ..,,,_, __ , 

GEOSECS station phosphorus profiles from regions. 

-108-



(a) 

(b) 

Fig. 4-5. 
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(a) Glacial maximum CdW profiles. Dotted line signifies 

modem bottom water Cd as estimated by method outlined in 

text. Error bars are the one-sigma reduced standard 
deviations( a I✓ n) of the averages reported m Table 4-4. 

Units: nmol Cd/kg. (b) Glacial maximum &13C i:rofiles. Dotted 
line signifies ITlJ0011 bottom water 613C as estimated by rrethod 

outlioo:! in text, sbifurl by --0.3 %o to compensate for the global 

average 613C shift Note scale reversal. 
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*'<l .s:.. °o'Sl A.J-¾?.i!J ojJ rJI ~ 'lj 0J'll S1 -'o'Eil~ .!i!.'il• n '.U t:J-(Kallel et al., 

1988). 

(t:j-) SJi;f7)%'1! *'1ll\l 0J"i {l¼?.i!J(>[500m)::: ~>j.!i!_t:j- Sf 30% 'lj.£ 

13!-.g_ 7}£,§- "5".£it JlO].Jl ~c}. !§;\51, *J.~Efl~OJ:~ 1J¾~i!J:: 
%aJ.£'1/'ll°o'.!i!.!:f Cj \<°-& ,fE.-!, '6'£~ ,;r:::q(Fig. 4-6). ¾i'¾ zt•o/JA1 

;'-.;J'<! ,}E.% '6'£S1 ;'--".74l?o/J rJI~ .::r*'<l ojJ~oj Fig. 4-5aot) 4E}'c! 

;;!.i!j- .)-oj ~•1S1 rJ1°J4 '1)i;f7)%'1!S1 ;;! A}ojojJ CdW >}oj~ cj .i!j-'j/-Aj~ 

'T' n q({l¾;</ "I "I -l/:-".Jil?7f 297f ofi..J 2j- 2.60/ 2+\'!, of Pf "J i;f7).2j

'(}•J i;f71 A}oj.sj >}o)::: 20%£ ½"1; -5)ojq.) ~'1!, ;'--".Jil?"il rJI~ 

~~1!A,j_g, EJll\loJ.sj ',- ;<)QjAfoj9.j >fojojJ rJl"1) :(l_.s, 'li'll'~ ½ 'T' (:J,t:J-. 

9Jl1 .. ,s}\'!, ¥- "]"/ .£¥- <,.°. ~} 0 )-"l 'li'lf~ '/l-'.ll7) ll/l,'-0/t:J-. *'lEl/'!l°o'-"l 

•J;;f7j %'<! \<°Jil i'!:~'<! CdWS1 7}'l/- ~ li'·"1)1J.g, oj "l"loti<J 11'--'l'il 

<HPI .::I,/Jil llf"i ?,tt:J-::: -51°11:f(Table 4-4); 0) "l"/otJAJ '1!"1~ {JOIIS1 

'r-'o'AJiJ. ;<fiJ. ¥- 7J::: ~•iS1 Oli?otl Bj-..foj ::t'i/Jil <" ,fE.-!,Sj '6'£>1°1 :S 

.!i!. "l 2r"l::: ?,-::: t:J-. 2r-'o'A) li RAMA44otl Aj 4 E)-1± ?aJ 1i'--".::: '1l. 7} 

+-"I t;f \'! Aj ,f E. % 9.j -\,' .'r..7} % 7}-"J ::: -5) ~ "1) Aj .;<) 'llc, 2r-'o' A) li '11-.!/-Sl 

At li ::: (iJ, t:j-. 2r-'o' A) li Sj 'IJ-.!/- ;<f li 7} \lf o) \lJ, t:j- ::: ;;! _g, ~ ;,j Ell 'fl °,f otl Aj 

**'ll~ • .!i!.~-"l~ Rn %Oll-"ln~ ll/1,'-~t:J- .:re+~ -"laJ¼ rJlotl~ 

~-~aj -~ ll/1,'-ojJ '1l-~~rJl"i ~~~ **•=~ -'o'.!/-£ ~--"1"1 
0]%!cl 7].£ ~Cr . .:J.~ofl.£ ~T'8"\-2, "r%A]Ji..!ij %1f-A}it7} ¥-~~ 'iJ ~ 

>1¾?'1 ,fE.% -\,'.'r..7} 7,1-±-"lnt:J-::: Af1'!otl t11•"l ofaj.£ '° ~~01 -"In 

'.U!:f. 01 ;<)"/otJA1 '1l"f71,>f n•J-..f7)otl 7,!~ ,IE.% ;<fil_Sj 'lf.l!.7} 'l!E-£ 

?'!l•Jo)~ ;e< 'll'r.i!J-"1)%.sj i;fi..J-o)!:f. 'lJce)'ojJ oj ;<j'!joj 'ljOJ'ljoj :a.Q'i] 

{l¼?Sl ';l•J~ '/l-'.llt:J-\'!, AJ£¾ 's-Eil'll 0J.sj {l¼?.i!J OJ~ 7J~otl rJI~ 
u~.q- ¾.8..~ 7},'c;,,_J~ ~JA]i5}?Jl ~4. 

(ej-) Eil'll 0JS1 A.J-¾?"1(<2500m)::: ~sj.sj rJl 0Jotl Bj.oj ,fE.%-\,'£71 
0fi,a '1711 7,1-±'il ¾'ll~ ;<jQjo)t:J-. 'llceJ'oJI 7,1-±7} '.ll'.Ut:J-\'!, 

%aJ£EjllJoJ.!i!.cf::: 1'\-AjEjJ\lOJoj c1* ~¾ ;!o)t:J-. 
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Fig. 4~6. 
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B ± % ~ -11 ± .2J- ,f .s % oJJ <ii ~ si "i 'i' "I '11 <ii 0J 21 .s!. te ".l' "I- 'll rr "I '11 

'i" "11!'--"'- ;; zJ- <ii "J Oil <ii ~ -'l->1121 -i)-i:JI "l '11 • I i< 2 a! "' oJ <l! Ai <'c 

'T".R.~Al(qlA~oJ, EJl~oJ, ~£OJ).£. T~t}.ll zJ- ~A]9l ~'IT¥-Iil~ ~{J 1-2, 

2-3, 3-4, ::i"-1.:il 4-5kmoQ 'il'iJ-51;: 'i'"l"il qj1'foj "1~"1-'llt:1-(Table 4-5). 

-il-¾'r"i !km;: •J "' 7] % '1! 21 :<f K7f -'1-il'r ~ ti: 7ll ,a_ .!/-Al "I'll 9-. oj -'>! ,121 
'i"'l 1!'--"'- zj-zj-~ qj 0J21 zj- 1/::<l oQ '11 'il-'9;: i:JI .J!.Aj ¾ ~;: q .:i1 7178 ~9-. 

zJ-zJ-21 'i"{l'i'"loJI <il"i-"l B±%~-!1±.2J- ,f.s%21 'll1'f7l.2J- ~•l 'llrrl.l"¾ 
"ii~ "I'll t:1-. •.J 1'f 7] ,1 K71 \ti;: :<] "I Oil qj '11 Ai ;: • '1! 7f7JI~ :<] "121 31 ~ 

<>1%"1-'ll~ <>11:>ll 4%B 'lll<>I "l'n~ 'i't!:"1'11 31~1 .s!.<>I~~ 
,f;J] 1'1711 7ll-\!1'1 :>II 51 'l! zJ-zJ-21 'll rrl.l"¾ •l .iit1'f 7] Oil 1= "I 'il-~ 31,2_,a_ 

Af KB t:1-. 
0 11711 7ll-\!B ~,1 qj 0J21 s!:±%~-11±21 7fC%2I '!Irr?.!:~ zj-zj-

0.25%.21 0.63nmol/kg.2-ia. '-t~t:1-( >!121! "I- >1131! ¾ %"" 1'f oj •I .iit ). 01 "1 ~ 

oq~~ 9-e 'lll-2-ia. T~ ?.l:"i- "l'n t:1-.s:>ll '-+E},;l:q. GEOSECS21 'll'i' 

"'"I-Oil 211'f'll, 'l! qj 0J21 '11'8-S. '!Irr?.!:~ 2.2µmo!es/kg.2-ia. 

t!:~'9'.llt:1-(Takabashi et al., 1981). B±%~~±. ,f.S%, ::i"-1.:il "1'8-£ 
Af0]2I tf:>il~ .:ilaj~q'lJ, 0]"1~ '1)21 'l],r'8-£ofl qj"foj sJ:±%~~±21 

,f.S%~ zj-zj- 0.2%,"i- 0.6nmol/kg¾ .s!_ojo)~t:1-. 0121 'llco] Aiia. t:1-e •J-l"il 

21'11 'i''il~ ?,/::,o] "l'n21 *fo]~ .s!_o];: 31~ 'iJ-'lj..-f7] t<lili'-<>11, Table •oJJ 

'll "-I B 'l! ,1 'i' "I '11 'll rr ?./:Oil <ii~ 1f¾ ~1 ;: .!/-"-I 7f \ti <>I .s!. '11 t:1-. ".l "1- 7] 

%'1!<>11 B± %~ -11±21 ,f c %~ zj-zj- 0.04%."i- 055nmol/kg.2-ia. 7ll~ '9 <>I 

s!:±%~-11±"1 '<l-¥-<>11;: -0.30%,,21 '1!:§]-Jf ~'.(l.Q.9 ,f.S%21 '<l-¥-oJJ;: 13% 

7<J-±1'f'llt:1-. 0]1711 "il~B 613C~ Duplessy et al. (1988) 01 >!]Al~ -0.32%."i

ul,¥- ¾Af"ft:1-(>1121! %£). 0i'l!oJJ Boyle (1988a)~ ~qjAi 0J"i- t11'll 0J21 
,,K;; o]%1'foj 7fC%0] 'll1'f7]%'1! e '1!~:s .s!_o],] @;:q.:il 

'}'l}"f'llt:1-. oj7]oJ)Aj 7ll~'<! s! qj 0J 'llrr21 ,fc% '8-£21 7<J-±;: aj ~ 

31 ° I 9 ¾ ti-¾ 21 '8- sc. 'i,; .s!. 'll 1'f ;: 'll 'll sc. '11 <>ii ~ q ( 'l! "l' Oil 4' 'll 

3000mo]>J2I 1/:-'>'.7ll'T'7f 2.971 ofyi!} 2.6o]i!}'l! •,J1'f7121 ?f.S% '8-£;: "f 
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Table 4-5. Global ocean inventory estimate. Numbers in parentheses are 

for the glacial ocean. 

1-2 km 

2-3 km 

3-4 km 

4-5 km 

Cadmiwn: 

1-2 km 

2-3 km 

3-4 km 

4-5 km 

1-2 km 

2-3 km 

3-4 km 

4-5 km 

North 

Atalntic 

Tropical 

Atlantic 

Volume fractions: 

0.0260 0.0260 

0.0237 0.0237 

0.0197 0.0197 

0.0115 0.0115 

Atlantic 

0.0479 

0.0445 

0.0384 

0.0229 

Cd Values for Depth Zones: 
0.20 (0.201 0.25 (0.201 

0.25 (0.231 0.30 (0.301 

0.26 (0.371 0.32 (0.551 
0.28 {O_ffi) 0.35 (O.ffi) 

Mean Oceanic Cd: 

Mean Cd Depth Profile: 

0.30 (0.40) 

0.30 W.40) 

0.ffi <0.5.5l 

0.62 (0.471 

0.63 (0.551 

0.64 (0.62) 

0.62 <0.51) 

0.62 (0.53) 

0.6.5 (0.52) 

North 

Indian 

0.0438 

0.0417 

0.0373 

0.0229 

0.80 (0.5.5) 

0.75 (0.601 

0.70 (0.501 

0.70 (0.501 

Northwest Equatorial 

Pacific T Pacific 

0.0796 0.0796 

0.0756 0.0756 

0.0689 0.0689 

0.0152 0.0452 

0.84 (0.80) 0.83 (0.87) 

0.82 (0.5.5) 0.75 (0.6.5) 

0.75 (0.45) 0.70 (0.6.51 

0.75 (0.451 0.70 (0.6.51 

Carbon isotopes: 

1-2 km 

2-3 km 

3-4 km 

4-5 km 

1-2 km 

2-3 km 

3-4 km 

4-5 km 

1·t Values for Depth Zones: 
1.10 (1.60) 0.8.5 (1.60) 0.70 (-0.40) -0.10 ( 0.20) -0.15 ( 0.25) -0.10 (-0.15) 

1.00 (1.00) 0.85 (0.70) 0.70 (-0.40) 0.00 (-0.ffi) -0.10 (-0.10) 0.05 (-0.30) 

1.00 (0.60) 

0.90 (0.201 

0.83 (0.20) 0.60 (-0.40) 0.10 (-0.40) 0.05 (-0.30) 0.15 (-0.30) 

0.78 (0.00) 

Mean Ocean 1JC: 

Mean 1JC Depth Profile: 

0.40 (-0.40) 

0.25 ( -0.051 

0.20 ( 0.27) 

0.25 (-0.10) 

0.30 { -0.2'2) 

0.25 { -0.27) 
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0.10 (-0.40) 0.05 {-0.30) 0.15 (-0.30) 



]0%'lJ.'r. ;i!f±l\171 '<!9-). IIfi!}Aj, '1Jtil7]2} '(}'l)ti)-7). ',-"IAj ',! tJIO.J'.Qj 

'>IE.% 'i\'.'r. 'llitil:t 71.91 \'!til;<) i'l'llct:1-::: .!l"ofl t:}A) ft \'! .'r.,l:til~l 

'<le\ 

Fig. 4-7.g, 'if±%~ ~ ±st '>I .s % oj) tJI tif oj ',! tJI 0Jofl l\l it'<! 

4'-'11!'-.l'.• .s!.oji?t:}. 0 ) 'f- 71;<).Qj ,}aj;,la;.g, "Jtil7]2} '{}'1Jtil7] Alo)oj) 

Ai §.. tj-~ "r .'.3J ~ .£ ~ tf E} tlJ l!. ~ tj-; \:!-±_ % .!tj ~ ±_ ~ ¾¾ "r :tj .£. -¥- E-i 

~¾?"1-A •VI ';;'.'r..Qj \'!•: ~~ti)-~~ ~.s:.%.g, ?-'l'lti \'! •• 
_s!.o):s) \'l:::t:1-. o)a,Jft ~lo):: 9£ 'lltif7)%'ll:21 Eil'll 0J21 "IKo!] 21"11 

o)',-oj~ '.l!o]q. oJ ;<)Qe)oj)AJ 'if±%~~±::: ¾¾?"1-71 ~¾?"1-.s!.t:1- cj 

';!--€:- ~% }!O]Allfr, 7}~%9.J 7<14-ofl~ i'¼T7} ~¾"r.!2.tj- t:i ~-€:- *£~ 
'-1-Ef~~ ~"ift ~~::: 'lltif~2f '(}'l}tif~ %'ll:21 t!l~21 
0 1{]:-'if±.!/-1i'-'lhPc02lo!l tJltiloJ •l• ,c • •J¾ 9;,1] ..!t:1-; 'l!\'!ofl ,l.s:.%.91 

1•ot1:::4'~ofl1Ife4'-'1'lti\'!-~~"l'l~••tt4':::'l!~~t!IV 
',! 'I! oj) '(j ~ Aj tJI 7 J .9j o] {!, - 'if± J/-11, 'lJ-oj) tJI ti)- oj 7j 21 n] n l t 'lJ .'r. 21 \'! ·• 

°F7l lt:1-. 

"J ti) 7J %'1} tJI OJojJ 11, .J'.'<l - ':J-aj ~5'.; 21 's >j ojJ tJI "11 'if±%~~ ±st 

,1.s:.% "IK::: c\%"1- '!!.g, 's'aofl t!l"11 'l!~Hl¾ & 0 1.n 'lie\. 

(71) sf tJI Aj 0J, /2j .'r. tJIAj 0.}, ::J. 2j .:il sf ti£ O.J'.Qj -'IJ-¾9"1-::: '1) til 7J %'1} 

~¾?-•HI "'"1'9 , 0J1 'i\'.'r.71 •l• /2j~J '\'!~'<le\. 

I '-t) sf tJI Aj 0J .9J ~ ¾ T ::: '1! >l tJI 0J ofl "l til oj • V I * .'r. 7 I ¾ 7 I "1 'l! q. 

( q l sf tJI •l V "1- /2j .s: tJI Aj V 21 .ll ¾? "1- 2f sf ti .s: 0J .9J ¾ ¾ 4' "1- oj) •l ::: 

•
0Jl 0 ] '1!>1 tJl 0Joj) •Jtiloj >I'll'<! ;! 0 ] '\'!~"1'l!t:1-. 

"J til7) %'lr tJI 0Joj)Aj '-1-Ef c+::: :ofo:J-'l ~± a; .9j 1,1-.l'.o!I tJI ft 0 J 2] ft 

~~~.g. ~±%~~±~ ~£% ~~~~~ ~~ ¾1~~. o]~~ tj-~ 
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Fig. 4-7. 
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Global average 6LJC and Cd in glacial oceanic deepwat.ern. Tutted 

lines (/=Interglacial) refer to the modem ocean; solid lines to 
the glacial ocean (G=Glacial) as inferred from benthic 

foraminiferal evidence. 613C repcrted as %o relative to PDB 

standard. 
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'1!-i'-:; "1 -!l.l!f'\- 014- '!!- 'll*]t<fSI ~cj-(Boyle and Keigwin, 1982; Curry 

and Lohmann, 1983; Duplessy et al., 1988; Cuny et al., 1988; Kalle! et al., 

1988; Oppa and Fairbanks, ]~; Oppa et al., ]~). !lf'11£"J~ "11"1"1-'1, 

oj ej ~ ';';I:, .g. '/'-'l)-Aj .a"1 ?"1 "1 ... .'1: Oil Aj '!!- '\'!:%'<! cJ-. 'l-tJI Aj oJ"1 

;,;f.ac: '!l"J'llo] -!l.'ll'<! 'l-"i'7]~"1 ?"1'11 tJ1),j 0J ¾¾?71 cj~ ti:'l!c<S] 

1-';l~oj 1"J'll~ -!l.'ll'<! t!l~"J~¾9"1"1 ,1~ <>114- ~-~'-1-
¾B~n• ;;!~"1'1 4"1'<!cJ-. t!l"l"J -'l!-¾9l!f"ll 1"J'll~ -!l.'ll8 ;;!.'.: 
0fof ':l 0J'll 0] .!/-ire~ -"]¾4%½?l!f7f ¾7f~ti7] "1],'-0]0<]'lf(Zahn et al., 

1987; Oppa and Fairbanks, 1987), tJl>j "J '11-¾?l!f .2j Ba* £9}(Lea and 

Boyle, 1~). ?elo:J-"1 ~il-xc<!(Thunell and Williams, 1989), ::rejSI .!/-"IOI] 

cJI~ Siel~ "1](Boyle and Keigwin, 1987) 01'1~ 4.;j.g. 0fof li'-"1]-jj 0] 

.'1: ~"I--"' ~ cf. Kalle! et a!.0988) .'.: 'l-'11£ 'l}.ej ¾¾?"ll Aj '-1- El- '-1-::: 
qj 0J'll"1 -!l.'ll"ll tJl4 q.g :ilf .,0] 7f'o';l% "i]A]"fSI ~cf; (j) ¾'lt'!f0] 

¾7}~}J! *0}2}t:1]o}!Jl~ JI.¾'r .g-,£7} ~±,&f-°4 ~~~ ~.X.7} ~.g- 'r.J!J, 
CT) 'l-"i'"1 ;<) OJ aj '1) 7) ~ o) gj C: -'lf <IJ "l) Aj 'if"J-¾¾9(AAJW)7f -"\',s .Q.,c 

10°S~f;<j ~'l}, d) '<)£ tj) Aj of cJ-£ 4 ,cj OJ% ¾:ilf "foj <I) 'lJ 0,)' £..SC.!/- Ej 

¾¾?71 ¾7Hl. "i¼~l 'l!c.l!.8 ;,fs%"1 -"I.a::: CD:ilf ®"1 '11"1"11 cJl4 

¾ 'l! % ~ ? ::: fil"l '1!, 'll <Sf 71 %'11: i't ~1 LJ-El-'-1-::: ,1 s %"'Ila.::: 

'l)"f7]%'1J:.2j <1}'!) 0
,} ¾¾"f'oJI tJI~ d)Oil.;j"l) C: %xc• "fj1 ~cj-. oj7j"l)Aj 

"I] A] 8 ,1 s *"''.a::: Kalle! et al.(]988)0!] "14 -'I] A] 8 .l:± %~ ~ ± 

,cf _aOl]Aj '-1-El-'d ;;! :ilf ".'.: %el Oil OJ.,aj 'l!-l!.2] o] %"ll tJ1 '11"1::: 'll *] <Sf:<] 

?,lee: cf. 

"J <;f 7] %'11: tJI O,)'oj) ... .'1: '<! :§} O:j- aj ~ ±" .2j ~AJ oJ) tJI '1] <!"'- % ~ ~ ± '\-

7f cc% -"f.ac: cf%:ilf .,.g. 's"J"ll tJIOII '19-1'! *f0J• !l.0]:;r ~cf. 

(71) oj7]"l)Aj -'!]A]@ ;;!:ilj- o]n] 'lt.l!.'<! 1'!±%~~±.2] ,cf,J.<>I] .2]5f\'! 

'iJ-~4'1- '1)£",l'~ i¾?l!fc: 'll"i-~%'11: ~~ ~OJ~ ?:i!J"ll ~-oj 

1 °,l''ll oj • .._,,, ~I '-1-Ef 'def. ;,f cc% sf .a Oil .2j t<f \'! "J <Sf 7] %'11: 'if~ Oil "1 

{l¾'T~?;: ~;i;floJJ ti]~~ uff4" ~t 1t!~~ 1i!_O]J! ~£.o,J=9.} 'T":it]~ 1:,!.g. 

'!JV'll *£• '-1-Ef~cJ- ~~ ~ ~ ~OJ.2J ~¾?:i!Jc: 'll"i-~%'11: 

%aj£1'i)'lJOJ~ i¾"rl!f"i] B]<Sfoj ',!-.g. 1°.J''lJ .£ • .li'1Jcj-. 
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( '-+ I 'i! '" 9.J qj 0J :;if "I '" ~ 1'11 ' "J -.1 7 I % '11c 9.J I'!±% -'1M! ± :<f _a cc 
EljllJ 0J9.J -\}¾'T'"1 'll 0J'll -'lf£7f 'il¾'T'"1<>1I "]-.f"i >;!,H9.J 7-19.J "]::::-.11-1>+ 

"f<r 7<f±B 7,!_2._ia. '-+E-f'd:t:f. 7}-'=.% ;<f_a<>I] 9.j-.f\'! Eli'll 0J ¾¾"f'.9.J 14-

"f<r 9.J • 0J'll "±71 '-+E-f '-+ '-I 'll' -,! 'l!"l .2.!a. ¾¾'T':i!J 9.J 7,j • 'll "J 'll * .'r-71 

'il ¾ 'T' "1 <>ii "I -.f "I l'l: ,U ct E-f 'de t:f. 

( t:f I I'!±% ~ "" ± :<f li cc * ,, Ell 'll 0J :;if % "l .'r. Ell 'll 0J 9.J {l ¾ "r :ilJ • 0J 'll 
-'lf.'r.7f 'i- 0<]'>joJIA1 ;fo]7f 7-19.J \t\ 0 1 'i!>H.9.J 7,!:;,} ¾Af-.1711 

t!:";.<J';J,t:f(Keigwin, 1987). 'l!\'!<>11, ,fE.% :<f.a<>I] 9.J-.f\'! %"!£Eli'll 0J9.I 

"cl 4-<>1I cc ti--l! -.1711 ,1-,0- 'll 0J'll 'If .'r. ~ "i A] -.12 "\-Ai Ell 'll 0J9.J "il 4-<>il cc 
'i!~<>il ~-"I 1'114- ,1-,0- 'll"J'll -'lf.'r.~ t1:•.<J';J,~ 'i- ~"l4"i<>ilc: 
%"!£Elj'lJ"J<>i] "]-.f"i "\-AjElj'lJ 0Jo] cj ',;/',0- ,fc,,- 'If£;; .s!.'<!t:f. 

( 2}) 'tr± % ~ "'1 ± CC -,j ;,] T "i J\! ir: i(i; .2. 5' ¼ 1'il rJl 0J 9.J -\}¾ "r :ilJ 7 f 

{l ¾'T':i!J .s!. t:f cj ,1-,0- 'll 0J'lj 'If£;; .s!. o] 0<] 'l!-, ,f S %9.J ;<} li CC 'll. 7] 9.J 

<l'll.7-1 4"i<>il 'll"J'll.9.J 'T'~"i'<! ~~~~ .s!."i~ 82 7-19.J •••,u 
t1:•..i t:f. 

'iJ-qjAj 0JoJIAj 'l!"i~ 'i- 7H9.I '1'-)}A]_a9.J 'iJ-'<).'r. 0JoJIAi •1"1B ~ 7H9.I 

'l''JA].aC: \'!±%~"'1±9.J i7fS% :<f_aAfo]oJI uH4, i" ;fo]-jj~ 

.s!."i<?t:f(Fig. 4-8; '1-af 2). RC13-228(Curry et al., 1988)"1 RC13-229(0ppo 

et al., 1990 I :'. 'if qj Aj 0J % a'i' "i "l 9.J Wal vis "11 'a 9.J 'il'a'i' 7,l A I '1! <>ii "I 
•H.;J.<J<;J,:;,, RC11-12O(Curry et al., 1988),0- '<).'r. 0J9.I 'il'"l-"11a'i'<>IIAj 

•H.;J'i';J,cJ. o]'a;_ 'l''JA]_a"i]Aj ~"1B Cibicidoides9.J \'!±%~~± '-I.ace 

%"1.'r.Elll\! 0JoJ]Aj •1"1..! ,;a,)},].a(V19-3O, TRJ63-31b; Curry et al., 

19881<>1]<1 ••B Cibicidoides9.1 'ti:±%~~± '-l.a9.J "i'"'i';J,cf. "114•1\'! 

%"!£Elil\!<>J9.J 1'!±%~"'1± ~~cc 0*£ @~'i'~'<! 'tl:±%~"'1±9.J 
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Fig. 4-8. Downcore compansons of paleochemical data from the 

Southern Ocean with data from the Eastern Tropical Pacific: 
cores RC13-228, RC13-229, and RC11-120(Southern Ocean) 

shown as open squares with connecting line; Eastern 

Tropical Pacific cores TR163-31B(dark squares) and Vl9-30 

(dark circles) shown as symbols only. Benthic foraminiferal 

6180 and 613C values from CTbicidoides SW reported as %o 
relative to PDB standard (no species offset applied). 
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.ir\l!~;'; :s]A]-.j-7] Dl!Ji'-O]C,. \l-~811 :s]"!otl>1 ~llB ,I!=.% ;<lil. !E~ 

% "I £Ell• 0J :s] "l Oil Aj 'l1 <>I ~ ,1 '=-%"I il.2t •I .ut "1 '.l! q( ,1 s % .91 7il ~ Oil 

nj i!1 710<] ¾.\l-.91 ¾ ~ o] >1%"1 '.l!.2.4, 'll '/!c"i .2..s'- ¾ ~ Alo] .91 >lo]:: :>1.91 

'l/>JAj ~ .!i!.O]O<] e.t::c+). ztzt.91 '71!=.% Alli:: '/!c~"i'1J ;\',-',jOj] .91811 

c';'jjs]'.lj7] affli'-otl 'ilir.J:~ ,101oi1 .!i!.01:: Sl'Zl:.91 ,10].:E>I un~ ','Jl,',j ~ 

:s] A] ~q. 

'if ~"11 oj Aj ~ll .\'! .'i'. C: \Sr±%~H!± :sf il. ~ .g. 'l/ i,f 7] %'<! ;,j .91 1%, 

o] ')f >f01 ~ .!i!. 0] uj ')f ,ri,] ',t t '1:.2..s'- \'1~"1 '.l! "i '<! '7f S % ;<I il. ~ .g. :>1.91 

'/!~~ .!i!.O]:s] e.t:Ur+. ,..cJl,j 0JE..ss.\'El :s]'!!aJ.2..ss ;';',ajs]'.ljq.:il:: i,f;<]'<!, 

'\'-\l 3204m"i1>1 >H~B RCJ3-228 'r')fA]il.:: cJI.\';';', *cJIA1°J.91 *"'1'71@ 

'r"i.91 'll"J:, '/!:=ct(Broecker et al. (1991)0!] .91-.J-'1! e, 65%). ::i '(;!.i!f 

Ei111l 0J.91 -ll¾'r"IO!l •l>Slnj ~•lf•7].9j \'!:±%~@±.J:.g. S, 0.6%, J>i:Jil 

~78"1.:il 91'=-% 'Ii-£:: S, 0.4nmol/kg '5tJil ~llBr+. 01 "i"lotl>i 

'll-.J-4%'<! \'!:±%~~±.21 u.g. Eil•v.21 D.i!f ¾4811~~"' oi~~ e, 
0.3%oll£ J>i:Jil c':ll'i'lr+. ::iel1+, •Js;l1l%ti ,l'=-%.91 'Ii-£:: Ei1• 0J.91 
1/¾'Tl!JoJl t1]tta:J 1114- 5!"~ ~¾ .12_o]uj, op~~~ ,q1).g.. ~t:JlAi 0J2] 

'l! 0J'll 01 .:ils[.\'! -ll¾'r.aJ !El', 'J~811 "l°'lotl"l •H¼Jil '1/'J'il 'l! 0J'll 0I 

~~~ ~~~ ~~~~ ~t!-¾ ~~~~ ~o]cJ.. ¾tj ~~ ~~~°J~ 

'r')}Alil. RCJ3-229(419Jm).'c. nj ~"I '<l-~•H"l¾'r.ai.91 'll"J% '/!.:il 'l/.2.uJ, 

Eil11l 0J.91 -\l¾'T'"i "ii •I •l"'i ~ Ail+7l .91 \'!:±%~ ~±.J:.g. e, 0.4%, '1i: Jil 

"; 1l sj "I 'I! "J •I 7 I oj :: Ell • 0J .i!f :>I .91 •IO I 71 Ill O I i'!: "; "1 '.l! q.. ,1 C % .91 

"ril.:: ~-'1l+7lotl Eil•V.91 -ll¾'r.ai"il •l•l"'i SJ' 0.25nmol/kg 'etJil 
c;'jjs]'.l!.:il, •Jo)1lot1:: o]i!j~ >)0l7) r+± {}±"1'11"1'1!, %aJ£>1Pll 0JEj 

-\l¾'r.ai"il •1•1'1! O.lnmolJkg '5tJil *"1"1.:il 'l!ct. \l-~811"'i'El '1!£0Jotl>i 

~~~¥! "Y°"'JA]li RCll-20~ ijA~ !\l°Jt!-1oJlA-l 9'~{J¾'T.i!J(Circumpolar 

Deep Water)otl El"11 'l!'!!:, '/!.:il <U:: 7 101.2..ss ~-'11+11.91 \Sr±%~~±:: 

%'1£Eil11l 0Jotl •i•l"'i SJ' 0.5%,78£ '1i:Jil ~78"1.:il 71'=-% 'Ii-£:: SJ' 
0.25nmo1Jkg '5,Jil \'l~'ilr+. ::i2]4, 'l/%17l%'<!otl:: o] 7 101.91 

\'!:±%~@±:: 'll-.J-4.91 Eil•V-ll¾'T'"i2t :>1.91 ;\',•<>I "1~ e.t~'<!. 

'11'=-%"1 ;;Jq-oi]:: Eil11l 0Jotl •1-.J-"'i "'i~"l ,;.g. U(-0.2nmo1Jkg)% 

%;:(l 8'} jl '.U, q._ rr}c}Ai, o] A]~~~ 'T'-AJA] E._Q.j ~ 3!} ~ ~If:J-tk- o:JI, 
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l'f±%~~22t i7}E.% 0<}.E.7} .'i'_-'f- '11'7°91 'lJOJ')! -'/i-£2l- i'f;,j],;!tj-o! 7}'\J~ 

all, -'i- 9"c,j0<f~ Afo]<>I] {lzj-~ •fo]7f 'lt'~sto! :l/;:: ,!o]tj-. 

Fig. 4-9::: l:i-Ai•IPll"J.i!f %"1£Ell'll 0J91 ¾¾?.i!f2l- 11¾?.i!f<>il 1118}"1 

:l/<1-(*AiEJl'll 0J"1 %¾?"1 14- Cibicidoides91 \'!±%~~±::: (litj-). 

I'!±%~ ~ ± "' .K <>ii 91 st\'!, *Ai Ell 'll 0J.i!f %"I s_ Ell 'll 0J 'i' ;,j QJ _,,,_ -'i-
11 ¾? .i!f '1! 14-<>il ~•»(Fig 4-4; Craig et al., 1982)2l- ~,<J]:q:.7] :re.I:;, 

"J8}7]%ti(Keigwin, 1987) 71"1 ¾Al~ 'll 0J'l! 'Ii-£~ LfE.f'-11:i! :ll~uJ. 
\s'¾'r'<J 7il4'<>I]::: 'l/8}7]2t ~,<j]3o7]%ti %"J£Ejl\JOJ<>l]Aj {)¾',°!l.tj- ti 

';t,Q- 'll 0J')! -'/i-£7} i'!~"i :,l tj-(Mix et al., 1990). 'l!\'! <>ii, i7} '=- % '11 7il 4-<>il::: 

'l/8}7]"] l:i-AiEil"i! 0J<>l]Aj ti ';t:C 'lj 0J')! -'/i-£71 LfE.ft.j:;,(Fig. 4-6a), 

• "' 7J"i] ::: %"I£ Ell 'll OJ.i!f l:i-Ai Ell 'll OJ .'i'.-'i- ';t:: 'll OJ')! -'/i-£71 

i'!~"i :,l tj-(Fig. 4-9). l:1-Aj Ell nJ 0J"i] Aj ;:: 0 ] •i ~ i'!1J "ii Aj 9''-J-A] .K91 

'))-'/,<>l]Ai "c'\l't! Cibicidoides91 \'!±%~~± 0<l.K7f '/-~8luj ¾¾?91 

Cibicidoides \'!±%~~± "r.K7l (litj-;:: ,! 0 1 11-al~ 1i~!a. 

caf%~tj-(Morley et al., 1991). \'!4c"i'<l ?'1~.'f"i 7],;;;.o] o] ;<JQJ"il :l/oJAi 

• "' 7 I 2l- ~ Ail :Io 7 I "1 A] li <>ii 91 st\'! "1 tj-\'!: •l O l ~ !I. 0 I ;<J ill' ::: tj-. st "] 'l!' 

%"1£Ell"il"J'<l 1 • <>11::: 'l/'1-71%'1!:~~ ?'l"i'<l ~.K~ '"14- i'!~&"i 

1'!±%~~±91- i7lE.% 0<l.K~ ,, 0 1oi1 'll:'8&::: •l 0 ]7l "rll."1 'I-~ 

all l1- 0 l "1- ::: '11 "1 :: aJ % "i ;<j ill' ::: tj-. 'l!Ai 11 'll ~ 111 !a. 'll '11 'r 3lj <>ii Aj •l E. % "1 

~ .'f ;,JI 'rit oJI ~ "l ::: tll <>ii .2.*l 7 l 'lt 'J '<! tj-:;, ~ "l 'll-, 'f''))- A] .K VI 9-27 "ii Aj 

'-IE.fl± 1'!±%~~±91- i7lE.% ;<l.KAl 0 1"1 •lo]~ D<>l]J.j 'll:'881;:: .2.*f!a. 

'11"1&7]<>1];:: 'i' •ff"il 7lnl~ *lo]it -tl'llsJ-7]"11::: 'l-~"19-. 

:I'l/tj-\'!, 1'!±%~~±91- ,IE.% -'/i-£Al 0 ]<>1] LfE.fLf;:: *1°1~ 61'\l~] 

-tl'll~ ,!'1]71? 0 ]"]~ ';~a;,<- ,Y-tl7]%'1!:91 "1"1~<>1]Aj •i+ 1l' LfE.f'-t;:: 

';',lo]ai,::: ,!¾ 7J-z'1IO)~q; 'i' ~"10<la; Alo]<>I] >+s+>+::: ,,01~ 

-t!'llst:::,~ 'I-~~ "rll."il "1~ 'l!'l/£91 'l-~ 0 1"1-::: l'!'ll:: ~'ir"l"i i\!'tl. 

(a) 61"1\'!, 'i' ~aJ0<l%91 &1+::: 0 lt.\\'! ~ .'i'.'i' ll-"1]71 :l/~ "1£ .'i'.'1,tj-. 

ofl:. ~\'!. >iAHJ ¾i'¾,O- •J'))- >i¾?"i ~~aJ z'J¾ 'll~"l~l 'l!'ll"l"i 

f.l:::r+. 0 ]"1~ J1-;<1]1Jo] Cibicidoides91 1±±%~~± 0<l.K91 ~.si'-J<>il 111•1 

'l!ir"i'.i!tl(Keigwin et al., 1991). (b) ti~ 71',;-'-Jo] :l/::: '11"1:C ,jAj'J 
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Fig. 4-9. Downcore comparison of paleochemical data from Northwest 

Pacific and Eastern Tropical Pacific. Shallow cores indicated 

by open symbols; deep cores shown by filled symbols. 

Eastern Tropical Pacific cores indicated by squares: 

Northwest Pacific cores indicated by diamonds. Benthic 

foraminiferal 6180 and 613C values frc:m Qbicidoides sw. 
(1R!63-31B, Vl9-27, Vl9-30) reported as %o relative to PDB 

standard (no species offset applied); Uvigerina spp. 6180 data 

from V32-161 plotted with 0.64%0 subtracted to be comparable 

to Cibicidoides spp. 
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-ll- i'- ¼ 0 I 'i' • "l -'I <>ii rJI "I "l "l ¾ "i" .ilJ 91 :of ot "l ~ 'a ~ 'l! '1l "' ::: 0 H 4- w-& 

11"1'a¾ ;!--'l'l!, 'i' •"l-'171 ~"11 ¾-"1"1'11 ',!%~t:1-::: 4-"1.9.J otJ~ol {I-* 

W "i"£ :U~ oJ~~ •ai~:oJ li'e1W "i" :Uc: ~:ol-otaJ .ilJ-'lloJ 

"Ji>"l7]%'l! Ci* ¾.ll.i>"l711 '<!t:1-\'!, .:Iitl AJ-'l-o] 'ifAJ~ ",'.5'. :Ut:1-. o]ajt, 

7l'o-'a." 4-"171 ;!-11. :Uc: -'l"i.1!.t:1- oJ"i\'! '))-'))-<>11 71771¾ ~'ll -'I£ 

.'i's-'l'l!, ci-g4 'llc01 711-"l-"I::: <>l'= 'll£.9.J 'll-11.:U::: :§j-"Oi-"l 4%"1 "1<11 

'i' •"l-'I, '1Ll:%!/1~±.2J- 7}"-%.9.J ,'\!!o] 1.-]-E}',l ~o]q_ 

(7f} '11°J.ilj- rjJ7]Afo].9.] 7]>i]ill~; o] .ilj-'jj," ,}E.% 's-.5'.<>l]c: 'IJ~J¾ 
0 1•1-'l ?,-11. l!.½"i".9.J 11±%!/1~±.9.] ;.!-¾ \l!:§j-A]Z)q_ 'll'l!aJ~,s, 

7]>1lill~ 0 ] l!.¾"i".9.J 11±%!/1~L±•l¾ \l!:§j-A]7]C: 'jj.5'.c: ofl4" 71]~ajo]el1l. 

•Jzt'<!q(Broecker, 1982). Charles2f Fairbanks(1990)c: ~>l of'iJ-'s'"l"i.9.1 

J!.½",'7} o]~~ .ilj-'jj"i] .9.]i>"foj '1!:±%!/1~±7} Cj -,;;-€, ;;t,& _i;!_',)q1l. 

'r"J-i>"f11. :U~t+ . .:i:-& !Etc oJ -'l"i"il-"i 7]>1lill~.9.J 1£71 "Ji>"l71%'l!<>ll 

11 ZJ-i;f 711 'its!:::: -'l :,,.,] "1- Sil q. "i-{1-~ ')}-'I .'i' 'll "1 'l:! 4"11 91 '11 7] >ii ill ~ 0 I 

rJI 0J"il Ai 11 i:_ % !/j ~ i:_ "1 T-'i "l ',) I'! :§j-¾ ~',I_~ 9-1). <>11 ~"1-5:l 9-. 

( '--1-) 7t C % "ii rJI ~ ')f rJI aj ',) 11 i:_ % !/1 ~ i:_ .9.] % !/j ~ i:_ aj .:1 e1 1)_ :of -.i- aj 

•I 'l! ¾ 71; ~ >l 'it'a'-'l "i <>il -"1 "i "'"° "I 1,-,,...-=11,,-& q;,,. "I "I .9.J 5!: .I!. q 
Sf 8%,'ll .5'. '>l711 41 '<! c.\(Sackett et al., 1965; Rau et al., 1982, 1990, 1991, 

1992). 0jej~ %!/1~1:_•]¾ ;t::: c,jl,-,¼"d-=11',-0j 'l)i;f7]%'l! Cj* 0Jaj~,s 

:~'<!t:1-\'!, ~"-% *£"1 \'!:of GoJ '1!:±%!/1~±"1 RoJ '>l'11 '--1-El-V 
~ojq ojaj~ ']J•j"i] rJI~ 71\t!:-& "i".ilJ.9.J &7]',!*£71 oo] -"]ojo)i;foj, 

"i" .ilJ <>il i'- 'if -"I ::: .'i' c: 't'1 e1 "l '<! 11 ± 7 I '>l ," ~ 'a ¾ .I!. "l O l-"111. 0 I 14- "ii 
0.7%,"1 •1°1-i< _l;!_oj~ "i" :Ut:1-. .:i•i'--1-, 01°1 %"ii>"llll '1--"lW 'T'C: G"l"Jc, 
ajoj.5'. {,!;<!] '))-'l-"i] :UoJ-"ic: o]aj~ 'IJ~Jo] uj4, o]Sj,~ ~o]q_ 

(tj-) ~AJ71~ 1t!-±2J {t;-"BH; 4-*3::,&,i!} {f.g.. %7]1J,±(uff4- ~ t 
7p::%~ -a'-£~ Y,';:)~ ~~';: 7l-~%~ \!!:§"}- ~01 lJ.±%~~.±~ 

\!!~Al~ 'T ~c+. o]~~ %7JlJ.±7} c.}-i'g'.Q.£. ¾~~ 7}-"5'-"J.g.. uff4" ~7] 

rqj~oJl ~.g.. tHoJ:A]QfoJl ~"OJ~ op:].A]';: ?€~ 3Io]tj-. .::z.~~tf, o] 7}';AJ:?=::t} 

-122-



{J¾"ri!l~ ~'Of~ .::f:-'a ~ "811~"8"1-~ t:f~- .z!.!!~'il ~'€t-& oJci~ T 
'}aj;<f '1l:±%~~±2f 7f.S% Afo]sj >fo]~ 'll~"l>ll o]'1J"I::: :,)o]cJ-. 
0 J•i~ >f 0 Jsj -:,l:<i] ~'11% °F7]"};:: 7f'o~ 7]~% ~"l"f>IJ -ll'!l"f7Joll::: 
oj,:j;<]'l!, ij<IJ~sj 7}',f"J-& ~>l)sj '1JOJ% !e_c]- 'lf oj'1)"f::: -'S-'l-ollAl 

o]ei~ ~~A}~Sl {!~,.,J¾ cf~~ .Jl~'Bf-~ ~o]tj., 

(1) "J-'11-'l~ "1APJ ¾i'l-¾S! 7}'=.% -'8-£::: ?11oll ¾4i'"1.:il '.l/2.9, 

ajoj.5'. ?11 3000m 0 ]"fsj :,!oil "i"f"l !OOOmollA1 LJ-Ej-y-;:: ¾i'l-¾sJ 7}'=.% 

',r.5'.;:: "1"15'. -'f- "HSI >f 0 J7f \:l-c]-. 0 Ja-J~ ?11"11 sj~ 7J~sj ~'1],0. 

~ -:el "I >ii ~~ "l "l * 2 '.ll 2. LJ-. 0 l cH!: ~ -'S- 0 l -& £ .!I. cJ- ::: 'll- ?'I O l LJ- ? 11 oil 
-i't ~ '<J q- ;' AJ c,! oil sj ~ '5) '1c q-. 

(2l \l"-'1-'1JS! 11¾?"1 7fc% '<?£::: 'll"l7J2f '{}'lJ"\71 %'<! 71sJ 

¾Af"l9, %"15'.•lPl!°J'sJ 11¾?"1!!c]- cj ,t,O. ';r.'r.~ !!'1lc]-. oJej~ 

;,!,]-;:: 'll"f7J%'<! cj ,t~ tk~ !;!_o]::: .J:±%~~±21- >f 0 ]7f \:l-c]-. 

(3l ?11 2500m 0 VJS! "1-'11£0J ?"1S! 71'=-% '<?£::: ~>iloll "l"l°l "f 

40% '5t cJ-. 0 l 21- '1c-& 's! 4 ::: '1l: ± % ~ ~ ± oil SI ~ 0 l {! SI 's! 4 21- % 'l1 "I 9 
o] ;<]"loll '!J<>J'lJo] 's!'ll'<! Aff.!1.¾ ¾¾?Si >;i'J% :<l]A]~c]-. 

(4) 'l)Sf7J%'<! "1-A1EIJ'!l 0JsJ 11¾?"1 7)'=.% ';?£::: ~•l!!c]- "f 

20·30% '5t >II ~'ll "1 9, %-'1 .'i'. Ell '!I 0JS] 'll "f 7] 11 ¾?"1 SI 7}.S % '<? .'r..!I. c]

st>il 'i'J:~'<!cJ-. o] ~,J-;:: o] ;<]S'joll '!J<>J'lJoJ ~'ll'<! AJ.!1.¾ ?"1sJ >;i'J¾ 

;<J Al "' ;<] '1!' '1i ± % ~ ~ ± sJ 7J -9-oll ::: '!l 0J 'll sJ * .'r. oil ,,. '/! .§} 71 fil ::: ;! % 
;<)A]~c]-. "1-A1EIJ'!l"J"1- %-'1£EIJ'!l 0Jsj 7J-9- '1!±%~~±::: 71S! *'l"l>il 

~ 'll '<! cJ-. 
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(5) 11!±%.\'l~±-"l ,,s-ll-.g "l-'11•1°.}-"l ¾¾'r.ilJ7f ~,Joi) "isf"l 

'il 0J 'll 0 1 '!! '11 "1 '11 4 Ef 4 oJ, 1J ¾'r.ilJ ol] "i sf\'! 'il 'lf 'll 'o-£.::: ~H,! Sf '11 
\.!ct. -'\-cj/>i°,}:i!f aj £. cj/ •i OJ-"J 1J ¾'r.ilJ::: ~ ;,Jf oJI "I sfoj "a OJ\!J oj ¾7f ,J Jjf 

4Ef4oj -'\-'lJ£. 0J-"J ¾¾'r::: ~,joJj "]'foj °a'lf\!JO] ',!}i] i'!:~sj'.ljq, 

(6) i,!±-,/-.\'J~±.9} 7}£-lj--"J ~fOji, "1J,;Jsf::: ~0j ~E_§. ;a:JT§fO/"J 

'}aj;a:f~ \'!'i'Sf::: 0 1'11.eJ ¾.8.~ .ilJ-;<!]71 'l! ~o]q. 

5. 'i'-~Xl-(Cd, 613C)~ ol~~ ~AIEJl'i"l~.21 :i!.iil~~~ 

!'; ~ :,,.j- £ ~ "' ~ iill .21 :i!. iii ~~~ % 2. ~ 

!970\111lol] GEOSECS (Geochemical Ocean Section Study)\'!'/'::: 

'll¾'r"17f "l-'11•i 0J"il"l >]'3\Sfoj "l-e!l'll 0JE.s!. 'i?~•l:::<il 01' 100011°1 

,!\'!r+::: '!!:i!f;s -ll'l!•l'.l!E.oJ, 0 1"1~ •HJ.g Stomrne!0 l >1•1~ 'lPl"l'<l 

11'11 'i?~ .5'.lol] '!! -'i'-~'<!ct(Stommel, 1952; Broecker and Peng, 1982). 

o]<,/>I] cj/ 0J% 7f§_;a:];,.::: 1J¾'r.ilJ-"J \?~~ cj/ 0J*;a:]ufq 'l] 0 ]4 ',l-l}\!l 

{)-.g "a oJ'll SJ * ~ ;s ,4 "1 Sf::: c~ oj,+ ¾ .8. ~ SJ~% ~ct. ~ >1-"l cj/ oJ"i]Aj 

1l¾'r.ilJ::: lai-cj/,<iOJ.ilJ- ',J-"c'1fojJ,<j ·•j.<j;a:]'/):, fll'lJOJ-"J ~4-ol] '1f'r7f ',!.g 

,&£.;'; !l_o];,]'I): \!l£.7f ',!7] u\1'11-"il 1l¾'r.ilJ~ 1"1&><1 ~~q(Warren, 

1983). * '11 'll 0J .g O I e1 ~ 'll * 'r .ilj 'i? ~ -"l ¾"I-SJ 0 I 7 I "11 '11-oi] "a 0J 'll "i
,'} ,q ~ AJ~g ]i!_Oj~ f:!J:::=;.9l ~X.7~ tj-,e tjJ°J!4 ~-:~j]2_tj. uijq.. R°Jl) 

i'!: ~ '<! q. 

:a.'1] 0Jo:t"l'l! i'!:'ll"il"i ~ "11, lal-t1Vi 0J.g '-I'd ~1471 ~7]%'l!<>il 4Eftl 

'lJ ¾'r.ilJ €-tf-"J \I! §f~ *~sf::: <iJ off q. ¾ Jl. ~ ':J-± '.l! ct 911 \..jcSf \'!, 

'll¾'r"1~ lt"l::: ~Sl'l! "l-111Al'lf-"l "J"J'll 'o-£.~ ~ ~Slol]AJ 

1l¾'r.ilJ7f l"a"l::: 4s'£.<>il 014- '11'}~ >fr%g sf7l "111i'- 0 lct(Boyle and 

Keigwin, 1987; Oppo and Fairbanks, 1987). "l-'11 >j 'll'"i- of{! 7f,<] .s'. 

la-Ell 'll 0J£. 'll ¾'r.ilJ €-~% \'! T "11 °) Sf::: 9- :' ¾ .8. ~ ;a:] Sl 0 1 r:1-. 911 '-)sf\'! 
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"'\-Ell 'il 0Jo\l Ai ,Ht"i;: 'll 'lf'll ',-.lc.ej ¾i!J' .°. -il¾'r:ilf ej ~~ 0J•J:ilf 

I'! ~it ~ 'I! ')I ~ cJ--"' •~ zj- £1 7] "11 li'- o] cJ-. :,_ ej t.f, "'\- EJI "iJ OJ ej -"' 'ii <>Joj-sj 

•,l,'-;: s1-EJIAi"Jofl •].icSl'l! ojq. .l/-'S"Sloj \':l->'1 ',! 71"1Sl ~Oj-sj t!±Sl 

"- :of 'fr O I .!i!.-"' '9 '.l! -& \\" 0 I cJ-. :1 ¾ .8. ~ 0 I * ;: * Ell "il 0J ofl ;: 11 ~ 'll 
"i .af %.eJ 1,' .¥.71 ojq. o] "J'SI .'1 'il-'ll ~ ~ "I "I ofl .l/-'ll ~ 01 '11-•J SI JI. ~ 7] 

trJl~o] q._ 

1,- -l/ <>\] Ai C: ;,] j;' JJI ;,] lsl-Ai EJl "iJ 0J "fl Aj 'I[ .Ji-@ ;<j Ai ';J % ii'¾ <>\] qj ~ 

11±%~t!±sf ,IS.% "lic~ Ci* ;<l-'l]sfJII 'llelsf-"' ~cj-(Fig. 5-1; Table 

5-1 ). "l Ai >J % -t'-¾ ,g. >j ¾'r:ilf .eJ :of~ .af ~ ';l ¾ off q. ~ 'I! ')I Sf JI. 

~cJ-(>112-ll, >113-ll, ',l >114-ll %~). ~-"l ;,f-'11"1 1l'il~*01 ,I'=-%~±;: 

')IOJ'lJ ~Josj- offq. -fi"Af~ Aj{,!% 7f;<]J!. ~7] "1ili'-ofl, :1 ;<f,c",g_ 

{I ¾'r:ilf .ej ')I 0J'll ',- .le l'!:of l!f "i A] sf;: c~ off q. ¾ .8. ~ "I~% ~cJ-(Boyle 

et al., 1976; Bruland, 1983). uf"-fAi, 1,- -llofl>i;: 01"1~ ;,ft% ;,f,c2f 

11±%~~± -"lie~ 01-s-..-1oi s1-AiEJl"il 0JoflAi ;<]'de 'lJSf7]oflAi ~•1771"1 

t.f Ej- 'de {I ¾ 'r :of .ej ')I OJ 'lJ ',- .le \'! ~ ;, {I ¾ 'r :of '!J ';J ofl qj ~ 7 f '; '>J ~ 

.se.eJ •I -"'"I ~cJ-. 

Fig. 5-Zofl;: ?~Alli. KT89-18 P-4oflAi 1,'-.;j-,! Cd/CaSl 'r"l"l'<! 

~~7} ¥-%-'a %-"g-¾(Globigerinoides succul1fer)O!]Ai ~~~ ~5::%~~~2l, 

>iAPJ %-t'-¾(Melonis bareeanuslo\]Ai 1"-"1-.! 11±%~~±21 ~"ii 
t.fEj-t.f~cJ-. Table 5-2ofl;: oj7]oflAj Af%-@ ;,f,c"o] :jJaj£ioj~cj-

7}.!=..%~ ~~oJ];: r.ll¥-~ Uvigerina spp.~ ~"i,,,J %.:g.¾ 01 A}%£i°i~Cl-

A·IJ,,i,1,.:l i'd?-¾ 01 fil;: "'J¥- 180cmol]Ai;: 7f'C: .. %.2l _7;}.fi_~ ~% ~ filSj_tj-_ 

26kyr01 ~ofl :i •I -l!: 01 0.12lµmoVmolo\l <i 11 ~Pl £..se ;g-± sfoj 15kyro\l ;: 

0.056µmoVmol 01 <'f';J"i:l/JL :i 0l~ofl;: ia"'ISl.111 ¾7fSloj 2kyrL\lofl :i 

•]%0] 0.13lµmoVmolofl £'i!lcJ-. 15kyr<>l!Ai ~'ll-.1 ,l'=-%.eJ ',-£71 ~•l 

~¾~~~ 1~£1~ ~;: ~r.ll~~~ ~£~ ~~ ~q~ ~· ~~~~ 
~ o] cJ-(Boyle, 1992). 
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Fig. 5-1. 
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Location of five cores used in this study. All of the cores 

were recovered from intermediate depths (2490-2980m) in the 

western Pacific. Contour interval is 2(X)m. 
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Table 5-1. Results of benthic foraminifera and manganese analyses for 
core KT89-18 P-4. 

Depth 14c Age Cd/Ca S.D CdW Mn/Ca 
(cm) (kyr) ( µ od/md) ( µ od/md) (nmd/kg) ( µ md/md) 

186.1-190.1 9.79 0.141 0.010 0.799 141.4 
205.0-209.0 10.83 0.090 0.006 0.510 112.1 
261.0-265.0 12.30 0.106 0.012 0.618 120.9 
281.0-285.0 12.64 0.131 0.005 0.742 145.0 
301.0-305.0 12.93 0.066 0.011 0.561 97.6 
321.0-325.0 13.21 0.066 0.009 0.561 123.7 
341.0-345.0 13.54 0.094 0.009 0.533 101.9 
360.4-365.0 14.13 0.070 0.003 0.397 124.5 
380 0-385.0 14.71 0.060 0.000 0.340 133.0 
399.6-404.6 15.29 0.056 0.005 0.317 107.9 
419.2-424.2 15.87 0.062 0.005 0.351 124.9 
438.8-443.8 16.45 0.065 0.006 0.368 107.5 
458.0-463.0 17.02 0.076 0.011 0.431 144.1 
478.0-483.0 17.62 0.086 0.008 0.487 125.8 
498.0-503.0 18.21 0.082 0.003 0.465 130.2 
518.0-523.0 18.81 0.064 0.012 0.363 77.3 
538.0-543.0 19.98 0.085 0.009 0.482 72.8 
559.1-564.1 21.50 0.100 0.011 0.567 120.6 
579.2-584.5 22.96 0.109 0.008 0.618 110.5 
599.9-604.9 24.42 0.105 0.003 0.595 109.5 
620.3-625.3 25.88 0.121 0.006 0.686 62.8 
640.7-654.7 27.27 0.080 0.000 0.453 85.9 
661.5-66.5 28.65 0.084 0.001 0.476 103.3 
681.5-686.5 29.98 0.111 0.003 0.629 87.3 
701.5-706.5 31.14 0.102 0.003 0.578 84.5 

S.D.=standard deviation of replicate analyses. 

CdW=Estimated cadmium concentration in sea water. 
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Fig. 5-2. Isotopic and 
(a) Planktonic 

elemental results of core KT89-18 P-4. 
foraminifera (Globigerinoides succulifer) 61110 

values. (b) Benthic foraminifera (Uvigerina spp.) Cd/Ca ratio. 

(c) Benthic foraminifera (Melonis bareeanus) 6
13

C values 

(Ohkouchi et al., 1994). 
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Fig. 5-3a"il:: -a\-Ajt1Pll 0J:,f Aj-ojSC.tJl']j 0J"ilAj 1"-!4-'i! '1}E.% e<}li.7} 

.il4'9l '1} c % 'If 5'..s'. "].iil.sj oJ 11 cJ-IBoy!e, 1992; Okouchi et al., 1994). 01 ~ 

'1''J-A]Kej ~*I:: Fig. 5-14 Table 5-IoJI t+El-t+11cJ-. 'i'.c' ','AJ-AIK:: 

4'-;J 2490m"i]Aj 2980m"il 0is:: ¾¾oJIAj >l"i!-"l~cJ-. Fig. 5-3aoJI t+El-1± 

"1"1- >l- 01 7']\:! 22kyr"i]Aj 10kyr77}7']:: Aj-oj.'c.tJl']j"J .il4'9J 9}E.% 'lf.'c.71 

*Ai ElP~ 0JE] !ll4-oJl ti]~ "gt:Jiil li g g la O:j T .JI <_U. 9-. =i ~1. l:IJ i5}- 7}

~:<j-Of jj_ 11:: A]7]'1} 15-8kyr%'1!.°. -'j' e<]ejej '1}E.% \,'5'.7} 'l/-';l--0] 

'/1 ~-0} 2 119-. -al-"1 tJI '1l 0J"il Aj t+El-i.+:: 'i' ,ij 91 ,1 E. % '.' .'r.7'1 Ji.el '11 ~:: 

RAMA 447} P-4"11 "i-O}oj Sf{) '11:>il i.+EJ-t+e<l'l!c, Aj_ss nij4- ¾AH!: 0J'l/-¾ 

.ll.'<lcJ-. 8kyr0l~oJI:: 'i' e<]ejej 9}E.% 'i,-£71 0.9Jlmol/kgoJI 1f11H1"12 

'1!,1 -a\-tll'll 0Jej .il'r"i!A1 -i'Ht-"l:: 'If£"} 7191 >l-0}{)cJ-(Bru!and, 1980). 

0] aj ~ 7]..;. :S -& "i I:! "J -OI 7] %'1! -a\-Aj tJ1 '!l "J(RAMA 44, KT89-18 P-4):,f 

Aioj£tJl'!l 0J(KH90-3-2PC, !9BX)Afo]ej 'F¾"i"loJI ;<;71-0I:: -;)¾4'.ilJeJ 

7}.1=..%~.5:.A}-o]ofl 0)4"" 'C" "r~~~ ~}-0]1}- ~;{1~g ~ A]A]<5}-~ -?;!o]q_ 

"ii:! 'l]-0}7]%'1lcoJI 01 "i"loJIAj '\'!:~-"l:: 9}E.% \,'5'.ej *1°]:: 0.7nmol/kg"il 

o]soj, 01,i~ *fo]:: '1!>1 cjAjOJ.ilf tJl'!IOJAfo]ej -;]¾4'.ilJ"i!Aj i.+EJ-i.+:: 

*1°1 "1- 7191 ¾A}-O}cJ-. 

'1}"'-% 7'}K"1-:: cJ-s>il 'i''l/--'IK KT89-18 P-491 ,pj,J ¾-l;'-¾"il-'1 

~~~ ~::i:%.'?-1~::i:~ 4K~ .:I tj-~ ~ ~-- &oJ~ ~2 ~\! 
30kyroJIAj 12kyrA}o]oJI -1.3%,"i]Aj -1.6%,eJ \,'5'.'lJ~:S ;,::cJ-. 'lo~ 9}E.% 

7'}K"i!A1 ¥-5'-0l>II t+El-1± 15kyr9J ':l 0J'l! '6'£91 ,J±c,;t~ _llo]7'] 

U-::cJ-(Fig. 5-2). cj-:;s e<jAjAJ ¾-l;'-¼(Hoeg/undina e/egans)oJIAj l,--!,j-',l 

~::i:%!?-J1t!::i: A}-.fi. EE~ ~~A}-.fi.£1 'y"~ .:Iej ~A]~ £iA]~ A]\! ~t 7]n 

-'i}'1}oJI 1.3%,"i]Aj 1.4%,ej 719J ¾-'}~ JU:¾ ¾7']~9-. aj-t}Aj, o] ;_; 'j' 7ijej 

·'1~. ~E.%:,f fi±c%~~±:: ~\:! 'l]tj7l·~ '1!44~ ~.£ 9-~ 

'iJ"cf'i! 'lf.'r. \'1~9j ejA}:S 7]-'r-012 119-(>1]4~ ')1-z). 

Fig. 5-3b"il:: -a\-A1"1' 7}1)-7'}2-](RAMA 44), -a\-A1"1'(V28-304) ::12-]2 

Aj-oj.'r.(KH90-3-2PC)tll'li"J"ilA1 >1'11-<l ',''l/-A]Ji."i]Ai {;t-!,-f-,) AjAjAj 

%.:g.¾~ -1J%"r.iil ~S:%!?-lft!~1l- tl].ii!.~<>l'.U.9-. P-49l Tf!::i:%.'?-1~::i:~ 

oj1]<>1l .'c1,A]'1]7'] U-:U:=t1] :i 0 1¾:: "1-'i'J ¾-l;'-¾, Melonis bareeanus<>il 

t:Jl5}-~ t\14-S?t ~~~,"}o]~ ~::i:%~.<tl::i: JJJ1o] o}-3/77}-A] 1Jl-aj.A]A] i'€~7] 
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Fig. 5-3. 

0 
a---,g 

5 
~--.• 0 

IO ,-.£:::::,_,, - o:········ 
" 15 ·······.o >, 

" ~--··· -• 20 .. .., 0 

u 
25 • 
30 

35 
0 0.5 1.5 2 

CdW (nmol/kR) 

0 

l 

- JO 
" >, 

~ ll 
• .. .., 20 
u • 2l 

30 

3l 
·I -0.5 0 O.l 

613 C water (%o; PDB) 

(a) Deep-water cadmium concentration (CdW) reconstructed 

from benthic foraminifera Cd/Ca ratios of four cores 
recovered from the west Pacific. closed rectangles: KT89- 18 
P-4: closed circles: RAMA44: open rectangles: KH90-3-19BX: 

open circles: KH90-3-2PC. All of these cores are from the 
mid-depth range (2490-2980m). (b) Deep-water 613C 

reconstructed from benthic foraminifera 613C of three cores 
recovered from the west Pacific. closed rectangles: V28-304; 

closed circles: RAMA44; open circles: KH90-3-2PC. All of 

these cores are from the mid-depth range (2490-2980m). 
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"1!1i'- 0JcJ-. P-4 ;,\.Ktil{!oti, •I~~ 'r'il¾ ?<'::: 7\~ 7\JJ\¾ "'i"lotl '.1J::: 

V28-304.QJ .t±%~~± ?<\.Ki,- 0J%'1-'.l/cJ-(Fig. 5-1, Table 5-1; Curry et 

al., 1988). oJ,; ',''I};.) .K otl t1l %\oj >l "l >J ¾ti-¾ Cibicidoides spp.7\ 

~"'l"i'.1J.2.nl, 'i1¾"11'r.21 .t±%~~±~ otl<\--'1-7] ~;,\oj cJ-% 'll-'ll"i ~ 

A\%-a\'.l/cj-; 

Fig. 5-3b"il '-1-E\'rl "II 7ijej 'il¾4-"1 .t±%~~± ?<\.K,;,& e\S% 

?<\ .K.2j-::: cJ- g >II 'll "\ 71 otJ Aj ~ All otJ O l g::: %'<! % til "I .2.!a. ;,J gJ %A\~ 

\'!:§}~ !;!_o]j:!. '.1JcJ-. oJal~ ";71!,°_ oj ?<J"lotJAj ;,J'rl 'll"\71%'<! -"J¾4-"1.2J 

'1!±%~~±1\ o.o-0.3%,, '\!£!a. '-\E\'-\cJ-7\, :i 01+otl ~•~Sl '\l"'-1\"il 

£',rS\::: %'il Qf 0.3-0.5%, 'lJ:,,- "5'7\"\'.l/cJ-. 'l)'Oj-7\ +-"I"\::: -"J7]%'ilofl 

1'\-A1EJl'll 0,l'ot]Aj Qf 0.2-0.4%,.21 ggJ 'l!'ll'¾ {!.;!-~ 4- :l!cJ-. "'11± 'll"\71.!\'-El 

~Allot] oJ e::: %'<! i:jj0,l''1\4-.21 '\!'it '1!~%~~~7\ Qjc 0.3%,, ¾7\"f'.l/71 

"1!1f-otl(Boyle, 1992; "113'!! %~). 4-i!J7\ .t±%~~±2l- '1! '5-£A\0JgJ 

1'! 7ll otl ti1 %\oj "J "\ ,1 ;.J ti1 21- ~ ,q '1-cJ- .:i1 7\'ll ~ cJ-1'!, ~ All & cJ

'll ;;\ , I -"l ti1 % '<! otl 'll ".l' 'll 'o-£ ,,,,_ 1'11 s= Qf <'.! ci l'< '<t cJ- .:i1 otJ ~ ~ 'i" :l! cJ-. 

"1:±%~~± >\.K½.g, >\S% >\.K2J-::: cJ--"->11 ~Aj -l!'ll~ All i,'tlJ.21 

?<J"lotJAj ?<j\:J: 3Q'lJ:\1%'il 'lJOJ''lJ '5-£Sj \'!:§}7\ 'i)-i:Jj"J,2.!a_ ;,j.Qj ¾A\;,\~j 

1J.;,.,aJ.:i1 '</cJ-(Fig. 5-3). oJ2j- .J-oJ ¥- 7ffej 4'"J?<\,; A\oJotJ '-\E\1-\::: 

o l 11 'a .g, oJ Pj 'a'a:'"1121- 1'11 '\! 0,l'?<J "I "ii Al 1'!-!!-"i '.1J cJ-(Boyle et al., 1998; >ii 41! 

%~). ojaj~ ~\oJ'IJ¾ -l!'ll<>\71 ~"11 ojaj 7\?<J 7\-l!"oJ %~"\'.l!cJ-. 

Broecker2l- Mainer-Reimer(1992)::: •J;;\7]%'<! 'a'"t'1iotJA1 "11°.l'4 

ti17JAfoJgJ 7J>IJ:a!.~Sj \'!~7\ til 0.l'.e1 "1:±%~~±"11 'll~,l':, Pj'.) 'r '</cJ-.:il 

.c<J"J%\'.l/cJ-Uil4'l! %~). :raj'-\, 2"11°,l'Ol-;,\a, AfoJotJ::: oJaj~ ,'-"1J'IJ% 
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·••::: -~~£ •0=~~~ •x u~~ ~~~ 991~£ ~0u::: 
~ 11 o] cj-(Broecker, 1993). 

0 I el ~ f 7j .sj -'} 'I ;,cf: Af 0 ] <>ii ft±%~ -?_! ±.!i!. 9-::: '7f E % 0 ] 'l] 0J 'll .sJ 

'ti 5'. 'I, t:il \'! ~ 9 U::: cj ~ ~ "1-'>l o] U::: -<I A] ;,cf£ i'.!9'-"l 2 U cJ-(Broecker 

and Mainer-Reimer, 1992; Ku and Luo, 1992). Broecker2\ 

Mainer-Reimer(1992)~ §J%~~2} ~ 0J~.g. 'BJ1°J¾ %!llJ·-l 0J%£1J1 

trtr~~llfr, ~&:;: !11°J ~ ql7]½ l-tlJA-l %.cJ~tj-..iI Q;j~iil-~9-. ?}£%~ 

7}'°'%111£ o],%-.sa]>C] •7] ollo'-<>il ft±%~M!±.!i!.9- cj~ '1l',i5'..sj \'!;}<>ii 

Jf'iJ-9-. ft±.sJ .ii!~ "1-11 <>ii Aj %~ -?.1±.sJ ii: 'lPJ-% 0 1 Aj £ q-.s ,j 'Ile•~ "I 2 

>1]47] .f7]'i, '<".Aj ftJ:%~-?_1±,_sj .!i!.""',Jo_sj '1)-1117} \'!.§j-tif'.,17] ujo'-oj 

• OJ oj Aj ft±% ~ -?_! ± 2j '11 "1-.sJ 'i'f >ii 5'. uff + llf o I \'! ;} tif '.,I¾ '5! 0 I cj-(Boy le, 

1986). 

ft±%~-?_!±·~ 0LJ-i!J- ~E%.sj l+oJls. 'l]"J'lJ¾ t:illi&c:111 

o'->1]1Jo] UcJ-. <>J'l! ~-<I:~ t:ilAj 0JoJ]Aj .92\- %'I.'¼ Afo].sj ?fE%<>1] 

t:il~ l,'-.>'.;,fl97f zj- • 0J i/:;<]ofq- cj-.scj-2 .!i!.X&'.,!~~. o]ej~ 

~ .¥. ~14-;: {I ¾'8Jl4- tr'-¥!-ofl 9-] ,e&;: opl:1 uij 7~ ~ 4-otl 2J ,e ~q ..ll. 

tif'.,!cj-(Saagar and de Baar, 1993). 0 ]'5! 0 1 ~'l!"il Af{,!o]i!]-\'!, 'll"J'll¾ 

'}'!tile: ?fE%.sj ~-"1-'Joj t:IIBti] ;a. 'll~¾ op],j'<!cJ-. .::i.eJLJ-, -lt 0 f'Uc: 

•Fi-'J %'I.'¾ ;,cf,toj] t:il~ ';;';,j :llo]::: o]ej~ "11'11~ -4'%tif7]<>llc: of"J 

oJ.scJ-. -!e\-Ai111l\l 0J'1]- %'ls.11ll\1°J AfojoJ] 'l/tif7]%'11 'i'f"f'<l '7fE% 'tis.oJJ 

qj~ ?:}oj ~ 7}£%9.] ~:E.?il'Titl~~ ~l8i5}7)oj];: Li-¥- -¥-~"ij- 0] f.€9-. 

~~oJl~c: ~E%'1f ft±%~-?.!±4<>JoJI LJ-~LJ-c: .',Jo>j'1] ~<>J: 

'1111&::: 'l)-~oj .!/-'l'tifq-2::: tif;<JoJ-, '7fE%OJ '<!±%~~±.!i!.9- 'l] 0J'lJ g 

-'}'ftifc: .!i!.9- ~.<i-'J u::: -<JA]-<lat::: '5!% ,1.;;12 UcJ-. ;,c]\:]- 'l/tif7J2\ 

'l/ tif 7f +"i tif::: A] 7J %'11c -!e\-Aj 111 l\l 0J'1]- 'l 5'. 111 l\l 0JAfo] o\J 'i'r~'e ,)l-',j- "i 

~q-ft ~E% ',is.2\ ~<>Jc: -!e\-111."J2\ <>Jcj-oj~~ i¼9"1-2\ 1-'>J<>J 

,it •J ~ q-::: 7,! % .!/-11 tj-2::: -'J 'l! 'l! "J- '1l o] ill q-; -'II '-le "I\'!, 'll "I 7J % '11c 

'a"~Ai¾<i=-.i!J(til~OJ {1¾4-.i!JSl q~ 7l-'o~J)2j '1}£% 2cf-.£;: ~A-lE-!l~OJ,Qj 
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,!otl "i•<>l •H1 'it7l uii.,_ 0 ict(Boyle, 1992). 

o]c]~ ~AJ¾ '\!'ll~ 'r ti:: ~7f;<] Jf'o~ 1)71::: ct%'1f :,lee]-; ;<]\:!: 

')}-of 7] %-'ll sl-"11. V"il P-4'-l- RAMA44"-l "l "1 {l ¾4'"1 ,f E. % ',,-£'ia

'1J-±Al 7]:: 4'"1 ~,j ,?~o] ;<,Al~¾ :,! o] c]-. .:::taj '-J- o] "1 ~ {l ¾4'.i!J Si 

",j,\j t .::J. 'II 711 7J.;,c] ?t0 fAj 'l £:a]"\ JJf:a] .,_ 3<: •"I:: * 1J. cJ-. 

Aj ,j £ "1] 'li O.},aj %¾'r.i!J (2500mo\]Aj 3000m):: 'if~>!] sj- .1'.Jl Aj O.}"i] Aj 7] -I!~ 

{)¾4'-"1"1 ••• ~~ uil.,."ll IVI ',,-£~ 'it711 e•a~ <>1'11711 

4''ll'l.2..sl. 4'-"1"1 .,_3<:7f "iir>,ioi~ ,;!,g- *A1fll'll 0J'4 Ajaj:<r.fll.'l}Af0 l"ll 

'Jt-'8"\:: 7\S% 'lf-£"1 ~ *\o]ot]Aj '1!'\!"1:: :,!o]c]-. sl-'1l'll'l}"llA1 

{)¾4'-"1"1 l~t t•~ ·~•:: k~B711"1l %."lti¾ '>!<>I~ 

*"1l•vsi -\l¾4'.i!J:: <>I~ ~~"ll ~oi:<r.'11.VS! ¾¾4'~~ 19¾ 
o]>jAj Ajaj£"1]. 0J :a]"l"ll AJ¾4'.i!J"1 \'l.7\ '\'!:-ilra\c: ,!o]c]-(Fig. 5-3a) . 

.::J. 'II ct\'!, o] ej ~ {l ¾4'.i!J:: <>I t:J "ll Aj '!l-'J "1 :: :,! ~ 7t? Zahn et 

aJ.(1991),g_ .%"1]'ll 0Jot]Aj ;j,}j~ ','-,)1-A]Jl.Si .'/-¾~ 'J1 AjAj~ ¾i'°¾Si 

'i!:±%~-l!±s\- -U±%~-I!± "-fll.;°s '""-0\oj 'l}.7]%-tl oj :a]"\S! 

A.j--\}4'.i!j7\ ,Jo]£ ~>ff"1 :,Jco] 'tl78~¾ 7f:a]:;,_ titicj-JI m-~cJ-. u:faj-Aj, 

{l ¾4'.i!J "° *"" '11 'll V"il Aj 1-'.J ,;\ :a] ?t~ct 2 .i {'CA] ti ct. ~ ,j Si 

.Aj"1]'!1°.}S! 7<14-"ll ¾¾4'.i!J7f "1½-!!"ll "11'llS! '!l~"i- 7J~ 'llzJ-oJI Si-O\oj 

.2..0:zc.3: '11 "1 ','- ;,i 'l! £ .'/-i' "ll Aj 'fl -'J 8 c]- '1 'lf e,j "1 ti cj-( Ohtani and Nagata, 

1990). "J-Of7]%'tl .2..o:zc=l'11Si Cd/Ca:afll.1f ~>l"ll "1-0foJ ~ 10-30% '\!£ 

~711 '-l-El-'-l-~ ui1•ot1 ,.~%-tl"ll <>Is\- :,let ¾¾'r W -\l¾'r~ 
,J .,;J ti~ ;,! 0 1 c]-(Boyle, 1988). CLIMAP 'i'!'i'"ll Si -of\'! "1 ½-!! oJI ','-;,i \!!£ 

i'~"ll '11'll<>I uii+ ··~-711 '!l78"12 ti.2.<>l <>I ~"l"ll~ ¾¾'r 'l1 
{l¾4'7f 7J-Of711 'lF.J8c]-2 !l2"1tict(CLIMAP Project Members, 1976). 

*AiE-Jl~°J(~~Sj %~8Jl~)2l 4'-%-'8 ~ A1Al-"J %i1-¾!'4 ~tjJJ.}o]~ 'r{l 

978mS! ¾¾'T'S! 7<14- 15.6kyrot]Aj J3.lkyr%'lloJI oj4' ,i,g- *f 0 1(310yr"ilAj 

440yr);.; '-l-El-412 tict(Duplessy et al., 1989) . .::J.cj'-J-, 'r'li-A]Jl. P-4oJIAj 

fa.ff~.@ -¥-¾~ ~ A1A1AJ ¾~¾~ ilJA}AJ ~~%~~~ ~?zj.}-oJ~ 7}S% 

;<f li oJI Aj 'l1 oj 's! ,! '1!-ll- .::J. 'ii ~I 4 ~I '-l-El- '-t"i :,t QI ct. S\ o<] '1!, 'i'! ill •f O I "1 

4.il.~ .::J.·~ -~ -~ uii•"ll 44-~ ~-@ 4K"ll~ ~t ~oj~ 

,fS%Si 7<!4' ¾%.c]-JI Afll.@cJ-. 
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oj7]oJIAi :,J]A]"]JI 'l):: 7,1j-@- ,',;_ 7}:'=.% :Sfll.oJI 91;,.]t<foj :s],! 

•J t<f 7] ~I Ai "J t<]-71 •-'l t<f:: A] 7] %'1! lal-Ai Eil 'll 0J~l-"l {l ¾9"17f 1!! '11-<! cJ-:: 

~o]tj- . .:J.~t.f, 9--E ..i1.B~OJ"O:l-~ 9'-~Aj,~.g_ o]~~ 7}~,& %1,~~<5}..il. 

'll-'l:: \ltcJ-. 0 ]cJ~ 7f-\lo] :;j-{!OfJIJ ¾'ll"17] ~'1JAi:: cj-g -'i' 0<JQj~JAi 
Cj* llf-@- \'J'j'-7} 9'!i"]ojo) ~cJ-. 

(7}) "I'd "Jt<]-7J%'l! l 0J'll 0 1 JI-,t-<! {1¾9:i!]S]- 'll0f7f ·-'l•f:: 

A]7]%'1J: {l¾9:i!]91 ~-oJI tiJ~ \'!'i':: lal-AiEi1'1J 0JoJJAj Ci* {l!-~ ;<jAi>J 
%-t'¾91 7ft% ;<fJl.7} '/!Jl.t<i-cJ-. 

(Y.) "r!=.% O<fll.9]- \'!"°%~~"° ;<fJl.Afo]oJJ l.j-Ej-y.;::= *} 0 1• 

••'1~• '11••~ ~~ oJe-& "171 "11VoJJ-"l IV'll •£91 ~~• 
,;j-l.j-,s ¾'lJA],j -li}~of;::=tJ] '/1Jl.Ofcj-_ 

Eil'llV-& ~~ tilV91 {l¾e&oJJ 'lloJ-"l 9"191 ¾~"loll '119"1-~ 

~~oJJ 'llt<i-~91- n'll•~ %'1! lal-Eil'1lV91 e&oJJ ••~ ~•o11 tilt<i-oJ 
'i'.FT"iil-:: ~.g.. ql7]2.) o]{!~'t!-&:-¥-~~~ ~~~ o]'!Jl'B}::c-fl 0)4"" ¾..8..~9-. 

is7J tiJ 0J91 e&-& Eil'll 0J91 {J¾y:i!]oJI O]-l.,~\'f"°. ~,jA]7]:: QjV,% 

•l"i 'l!, •J i,f 7] %'1! Ej '!i 0JoJJ Aj AJ •¾ {I ¾9"17f 1!J AJ 'i/ 'r 'll 'll cJ-:: \l!"-& 

~>J- 01 'll'llcJ-(Mammerickx, 1985; Keigwin, 1987; Keigwin et al., 1992; 

Zahn et al., 1991). CiiccJ-4, lal-Eil'!i 0J91 "r~'1JS!ja,~ ¾n9¾~,;_ ~-']91 

e&: 'IJAJt<fJI 'llcJ-(Reid, 1973; Talley, 1991). 'l! til 0J91 "1-= *~IAil.j-

0]2]~ ¾¾9"1:: 'll•f7]%'l! {)¾9"191 SJ'.oJJ 91"11 'J-til'l~• e&01 
7J-."1 'll cJ-(Boyle and Keigwin, 1987; Kallel et al., 1988; Oppa and Lehman, 
1993) 

:i!];,.] \'!'?-:Soll 91"1-\'!, .2.~&a"11:: :i!];,.] ~•91- 9"1e&91 -~= 
\'!'i'•f::c;J uJ~ '1~~ -'l'1%:S% !/_<,'tifJI 'llcJ-JI ~"1"\lcJ-IGorbarenko et 

al., 1988; Morley et al., 199ll. .2.~"-a"11 ~"l~]Aj •H~'il {l!-,0, 

,'~AJ ll. a, oJJ Aj '1!~ 0J>J -'l '1 %91 -"I '1 <\" £7f uff ~ 114-.ss Ji! l.j-Ej-4 JI 'llJI, 
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i\j oj £ "J sf 7] %'1} ;,j Aj AJ %'/1-¾(Cibicidoides)e.] ~"J'o] ftofAJ ¾¾'r.i!J e.] 

€~% 'l-.Y,-.fc: 'll'i'otl ;,J~afq-(Fig. 5-4) . .'E~ 9-)}A].K Volkanolog 

34-91'!} ¾Al~ 014- ~.g, ;ac}_il.i,- .l'.~-.fc: A].il.;; 0 ] 'r-il IOOOm"i]Ai 

3200mAf 0 ]"i]Ai Akademia Nauk Risee.] 'r'\'!% ufelAi IOOm'(}Zj.2_.s!. 

,1 ~ -"l '.l! q-. 

.2-§C * .3.oj ot1 Aj •1 <Ii'<! 9-)}A] .Ke.] 11:-'1 ;,cf .K.2} ~Ai Ell "ii 0Je.] Emperor 

'ii¾~ "i"lotiA1 '1!oJZ:! 'r'')}A].il.21 ,f.K,;o] Fig. 5-4"'1 ~,n "i-"-"l<>l li:J-. 
0] 'i- ;<]Ol"i]Aj >1~-"Joj ,'-'j'<\ ,9,£, 'lJ£, '1J, .J:±%~.Y,±, *"'~5'. -'g-e.j 

oj "1 ;,cf li ai -€c .2-§C3 .3. '1 e.] +-il 2300motl Ai JOOOmAf O I e.] 'T'.i!J a; 0] 

Eil•V4 &~sf~ 'll•-"12 1:% &"l'r''.l!~ "1"1~ 4~-€c ~~ 

.3.-\''tl 3 "1 'ii 'll (Kruzenshtern Strait; sill-1600m) ~ % 'ii Ai 2-§C3.3. 'ii 'a. 

¾'ll-"12 .!/-½'il'll(Bussol' Strait-2300m)% ¼'ii Eil• 0J.2_.s!. ¾¾-"le: 

¾¾4-~ "r~ ~-t!4 °14-- ~ '1! *l ~ ~ -3:! oJ 9-(Fig. 5-5). 
Cl 'i/ 9- \'!, 'l/ sf 7] A] tj] "i] £ 0] 'i/ ~ .2_ §C 3.3. oj .2} Eli 'l] 0JA f O] "i] % ;,] -"J C: 

¾¼'T'.i!Je.] s?~o] ~•1.2} oj4- -l\-Afli!¾ ,:;!o]el2 7}'1J~ ',' ~9-. .'E~, 

~>ii 2-§C"-.3.oje.] 1,'-;ac]ot]c: Cibicidoides¾Si ;,jAj';c! -ll-'i/-¾ 01 'l!-Z:!-"l"i 

l't7] «1111-"il 01•1~ ¾..-0] -iJ¾'T'"i i?~e.] 'll 0J'll ;ac]A]e<f'a. 4%-.fc: ,:;!:tj

of{l7f"I"- ¾¾'T'"iSi 'lJV'll ')}Ellii- 'l!'lJW 'r ~C: ½¾~ e<IA];acf.s!_"i] 

4%~9-2 7f'lJW 'r lcJ-. "J-.}719.] A]tj]ii- LfE}\l! 'r ~c: ;,jAjAJ ¾%¾ 

Uvigerina~ ~~%~ ~ ~ A}, li ~ 0 1 %ill~ Cibicidoides0lP·i ~~ -t! 

\'l±%~.Y,± ;acfil_7f Fig. 5-60!] LfE}Lf~cJ-. Fig. 5-60J]Ai ,t-€, ~{!.2_.s!. 

'll•B ;acfil.c: Emperor 'l¾~"i]Ai '1!oJZ:! \'l±%~.Y,± ;acfil. 0]2 7}C: 

~{!:' _2_§C*.3.'il"i]A1 1\1--'11'! .J:±%~.Y,~ ;<fiJ.oli:J- 'l,Aj -lj'!J-.fS(!c',;ol 'i

"I "1 ot] Ai +-il 2300m'1- JOOOmAf o] ot] Aj c: % el '11 °J '1-"l .2_.'a. 'T'.i!J sj 'i' 1,- o] 

-"l"I l'tc:cJ-. ~•1 -il'lsJ "1"1%"'1-'i •loNB CibicidoidessJ e!:±%~.Y,± 

;acfil.(t!""J.Y,)c: +¾Si ;ac}il.2} 719.] ¾Af-.fi:J-. -'l~\'l-'ii(Sakhalin)Si -2-<iloJIAi 

+-il 1000m "I "1 Si 2-§C ""-"-'11-"-.!/- El •l <Ii '<! 'r'')} -'I il. BC-32"'1 c: ¾ 'l! sf 711 

9-)}AI.K ')}.!/-Oil Cibicidoides ;,JAi-'1J ¾%¾ 01 'l!-'i'!-"12 lcJ-. 

'l/-.f7] %'11: Cibicidoides "l -'i '1J ¾'ii-¾:' 01 "i "1 "i] Ai Ai-'1 sfsa 9-. 

"JSf7J-'lc!le.] ¾'il-¾O!IAi 1'1--'1'<! \'l±%~.Y,±({l :'""l.Y,) ;<fil.c: 9-)}A].Ksj 

')}-'1-oJl-'i 1'1--'1'<! "l"-21- "i-"W «II -'J-'ir~ ~101;; 1012 1.2_oJ, 01•1~ 
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Stable isotope record from core Volkanolog 34-91 at 1200m 
water depth on Akademia Nauk Rise. Oxygen isotope results 

on the benthic foram Uvigerina and the plank.tonic N. 

pachyderma (s.) show that there is about 150cm of Holocene 

section, with glacial maximum conditions deeper than 200cm. 

Carbon isotope analyses of Cibicidoides from the glacial 

maximum level at this and many other locations are used m 
malung the paleohydrographic section shown in Figure 5-6. 
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Ocean. 
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Modern water column hydrography (613C of total CO2) in the 

Okhotsk Sea (thin line) and the open northwestern Pacific 

(thick line), compared to 613C values of Holocene Cibicidoides 

(open circles) and glacial maximum Cibicidoides (filled 

circles). The paleohydrographic data depart from the modern 

circulation pattern above 2300m, where 613C value increases 

indicating better ventilation. The fact that this change occurs 

at about the sill depth of the Okhotsk Sea suggests that that 

sea may have been the source region. 
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4~:: ••~.21- n••~• ~q:: %'l! •fraj.2.• ~•8 "1!'i'-"1 
'1!±%~~±•](0.3-0.4%,).2j- 71"1 :,l:t:J-. o]i!j~ 's71),g_ "JS)7].2j- nt&7] 

%'l!oll -ii ¾?:i!J "'~"ii oJ u:j ~ ~-£ \l:l :11 t:J-t 3! % ,q -'] sf oj, '>t 'l! "ii ,1 

1!'ll~ "r"-%"1 :sfli.21- 'IJ-'l!:"ioJ 4EJ-4:: ;! 0 Jt:J-(Boy!e, 1992). ::i,l:s]'l!, 
?-ii 2300mo]'l)-olJ,jt .2.:<:."-.3."1!"1 ,!±%~~± :s}li7} '1)-tjjaj.2.• ¾7}8 

"'~"1 °J'I)-% .!1.aJ'ruJ, 0 ];!,0. '11°J"i t:j-'1,- -'l"lo!J,j tl-~8 ~'1)-:ilj- 0 H1-

%-'f&t1-. •J&71.2J- n•Jsf7J %'l!oJl ~•8 '1!'i'-"1 •fr '1!±%~~± 
~.§f,t'l) 0.3oJl,j 0.4%,% .!1.'ll~t:J-'1!, ?:i!Js?~"i ~.§ft ofuf 

.!/-½"1!~(Bussol' Strait)"i ?-ilo!J-'i -'1"1£1:11% ;!o]t:J-. 0 1"1~ ;;!"'i-t 

.2.:o:..ae.=1"1171 '1l •f 71 %'l!"il -!ii- Ell• "Joli %~-l!:±71 ¾1"-t! ¾¾'i'-"'i • cj 
tr'll•fJII '!!-'ii~ 7]~:sJi!f:,,. "i]-']&:: ;!oJt:J-. oJ'l,1711 ~'ll•I 'll:'<!8 "'~oil 
Si~ 'll~J,g- \t~.2.ss 0 i%&aJ ',!!aj.¥_\..jof'l!(Gu!f of California) ;ac]Qjoj-']£ 

::i "5"7-i~ ~~ 4- <Uti . .2..~\t E!l~ 0J¾¾4-~(Pacific Intermediate 

Water)"l 'll~.2.• '¥--l!:±~7i!.2.• 4EJ-4:: ,'-ofo]of61"-;<J(Guayma 

Basin):: '1)Sf71%'l! %~-l!:±7) ¾1"-~ -il¾?:i!loll "1'11 "!,j>.J >J%:a;'oJ 

~'lt"l ,j"!&~t:J-(Keigwin and Jones, 1990). ::i'l,lt:J-'l!, "r=-% 4"aj;acf• 
0 ]%Sfaj "\'!±%~~± ;acfli"il-'l 4Efl± '!Pi-ii' "1'1':'il ~ ',!.ll.7) cj~ 

'l! {! sf oj, .2.§C.ae..3. "11 <>11-'i ,,,"-% :sf liii' ~ '; -af:: 2 "11 'li'1-"l '1! 'i':: 

-!il--'1'11. 0J 'JI @ ;acJ,'-aj'l) ~7i!~.§f• "1!:;!Sftc~ uff1- ¾.ll.~ "1~% ~ 
;! oJ t:J- . 

... ,1E11, 0J"1 ¾¾?:i!J<>l],j 4E}4:: ,j,j-'J %-t'-¾"1 ;>f=.% :S)lit 

"JSf7]%'l! -il¾'i'-:i!J"l ;>fC% 'o-£7} ~"loJl •ISfaJ Qf 20% 11-±•1~%% 

.!l.aJet:J- ~• ~'l!~@si '"~•~-::~~"ii:: ~"-%"1 'o-£~ 
-!il-'11-'l'li"i 'i'-:i!l"il-'l qEJ-q:: a'l!e aj~ -•"int:1- -!il--'lt11•'li"'i

"i"l£E11•0Joi1,1 tl-":8 "'"* :s}li:.;'% ¾~'11,:, "1 qg:ilj- :,J:,g- ;JI 7}"1 
=; ~% {!~~ 4- v_q._ 
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lil- "1 E!P!I 0J !I. cJ- 01 ~ .3. >II ~ '\1-"l '(I cJ-. 
('-f) 'l/i;f7f .:q:.,<ji;f;: '-)7)%'1!(15-8kyr)oJI;: 'i' cs)"!"i ¾¾4'"1<>11'-i 

'\'!:~-,! ;,f-'=. % -"t K 7 f \I! % i;f 'l/ cJ-. lil- Ai '1 'll 0J oJl J.1 C: 'lJ i;f 7f .:q:."] i;f 7) 

A)"}i;f;: ilo7]'i!711'1! 15kyroJI ,l-'=.%"1 1,-£71 ~>l"i tjJAi 0JoJIAi fl-~-"l;: 

3!~% uff1- ½!'Jll ~1l~~tj-. 

(t:J-) 8'i! 'd 'l! 0 1 ~oJI ;: 'i' cs] "l <>ii Ai 5'f-'=. % "i 1,-£71 ~ >ii "i '1 'll 0JoJ] Ai 

ct El ct c: ~p,f 'll: 0 I 71 "i 'll: 0 l :ll cJ-. 

5'f-'=. % "i csf K2t;: cJ-" 711 ° I el ~ cs] "l :; oJl Ai '<!± %-'11 'I!± "i ;: 
'lJi;f7]oJIAi ~-'il.ia. .2.;: %'1Jc 71"1 %Afi;f7I] ¾71-"]:il '.ilt:J-. o]ej~ ";',j-& 

lil-fJ"aOJoJl"1 ',t,°_ '<!±%-'1J'l!j-_;_; !l_o];: Jf.¾'roJI 7]'1)~t:j- J!:¾'r2t 

¾¾'T' Alo]oJ] 4'"1"1 sic~o] lil-AiEJ'lJ 0JoJI ~,ji;f:il '.U-&-o] >J]A]-,!t:J-. 

lil-"11SJ'll'\l'<>l]Ai 0 )eJ~ sic~-& 'lJi;f7f ~"]i;f;: 3'7]'i!,t]oJ] 7J-:§f-"]'(!.2.oj :::J. 

,i-A] oJl lil-"1 '1 "a 'll' "i ;,f-'=-% 1'i-s: ;: ~ >I "I lil-<ll "1 °J oJl "1 ct El ct ;: 5! '1! % 

st .g. 1,-£ it ¾-"I ;;1 'l! :il :::J. ';J- A] oJl Ai -'I £ '1 'll 0J "i ;,f-'=-% 1,-£ "i \I! % ¾ 

"' '1 i;f 'l! cJ-. 
.2.~33. Oil "i '<!±%-'11 'l!± -"I K <>ii "i i;f '1! "J ;;f 7] %'1! 4'{1 2300m 

o] 'l!-oJI Ai C: '-J-tjJ -'j .2. .ia. ~ 7l',! sic~ Si '\l''-J-% !I_ oj 'f' uj , 'lJ i;f 7] 2j- {r "J i;f 7] 

%'1J:oJI \'!:§f-,! "il'r"i 'lJrr '<l,±%-'1J'l!± \'!:§j-']f'1) 0.3oJIAi Q.4%,,% 

!1.71i~t:J-'1!, 4'"1sic~"i \I!§};: 0 1°l -l'-½'11ll(Bussol' Strait)"! 4'{1oJIAj 

A]aj--"]'(/.~ ;)o]t:J-. U,2fAi, .2.~3.3.'1!7f 'lJi;f7]%'1JcoJI lil-fJl 0JoJI 

%~~±71 ¾;\'~ ¾¾4'"1~ cj ~~i;f,U 'lj',j~ 7)-'l!cs]a,:il ,ljA]~ 'r 

'.U cJ-. :(;! :,f-'j .2. -", ;,f -'=. % -"l li 7 f -1'-"r ~ .2. ~ "- .3. "11 oJl Ai c}-'j ;<f ~ o] % ~ 

:il "11 °J Or-'! 'll ,' ;: nJ ~ 'l! il i;f "I lil-Aj 1SJ 'll "J' 'J,l 'l! cs) ,' -'l '11 ~ 'ii I'! :§f ¾ 

'11 :(;! i;f;: ti] ;,j t:J-'1: 7] oj j,- ~ ;! .2.5'. Af K-,! t:J-. 
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Geochemical Proxies and Paleoceanographic Study 

of the Okhostk Sea 

Abstract : We summarize the 613C and cadmium data in the late 

Pleistocene sediments and present their distributions for the ocean during 

the last 30,()(X) years, and from these data determine the consequences of 

glacial-interglacial climate change on thermohaline circulation. These data 

show that deep ocean circulation patterns were significantly different 

during the most recent glacial maximum. In particular, based on the 

cadmium records from the northwesternmost and western equatorial Pacific, 

a steep gradient in the deep-water cadmium concentration between two 

basins from the last glacial to deglacial periods suggests that there was a 

convection cell in the northwest Pacific during the last glacial period. 

Paleoceanographic proxies obtained from the Okhotsk Sea also support the 

role of waters that pass throught the Okhotsk Sea as a source for the 

North Pacific Ocean. 
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APPENDIX I. Isotopic data for Cibicidoides spp. from core distributed throughout the world's 

ocean. 

Depth, m Age, kyr &''O 8 13 C Depth, m Age, kyr &''O a13c 

Core: V28- 14 Core: CH73-139C 

llS'N'ffW 55"N lff'W 

185!5 m 2209 m 

0.500 3.5 2.45 0.91 0.000 0.0 2.67 0.96 

0.700 4.7 265 0.69 0.150 1.2 2.65 095 

0.900 5.9 2.64 0.28 0.200 1.6 2.65 0.93 

0.900 5.9 2.82 0.23 0.300 2.4 2.68 0.89 

l.(XX) 6.6 2.56 0.32 0.400 3.2 2.72 0.96 

l.100 8.7 3.02 0.58 0.500 4.0 2.75 0.88 

1.200 11.2 3.23 0.51 0.600 4B 2.74 0.'!I 

1.300 15.0 4.54 1.13 0.700 5.6 2.83 0.76 

1.490 17.0 4.32 1.03 0.850 6.8 2.90 0.69 

1.500 17.l 4.20 LOO 0.900 7.2 2.91 0.76 

1.600 18.1 4.42 1.07 1.000 8.0 2.97 0.67 

1.600 18.l 4.06 1.32 uoo 8.8 3.01 073 

1.700 19.2 4."5 1.45 1.200 9.6 3.48 0.89 

!BOO 20.2 440 1.47 1.300 10.4 3.49 0.79 

1.800 20.2 4.00 0.98 1.350 10.8 3.54 0.81 

1.900 21.3 4.42 UE 1.450 11.6 3.50 0.76 

2.200 24.4 3.93 076 1.500 12.3 4.14 0.41 

2.300 255 3.68 0.22 1."50 13.0 3.98 0.69 
1.600 13.7 4.42 0.59 

Source: Shackleton [unpublished data] 1.700 15.l 4.81 0.61 
Species· C. wuel/erstorfi 1.7&} 15.6 4.59 0.71 

1.850 16.7 4.54 0.72 

1.900 17.3 4.61 0.74 
2.000 18.3 4.56 0.80 
2 100 19.4 4.30 0.56 
2.350 21.0 4.70 0.36 

2.350 22.1 4.69 0.36 
2.450 23.2 4.56 0.61 
2."50 24.2 4.22 0.43 

2.650 25.3 4.18 0.51 
2.750 a;., 4.30 0.65 
2.850 Tl.5 4.57 0.54 
3.000 29.1 4.76 0.26 
3.100 30.1 4.47 0.25 
3.200 31.2 4.49 0.06 
3.300 32.3 4.33 0.25 

Source Duplessy [1002] 

Soecies: C. wuel/erstorfi 
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Depth. m Age, kyr 8"0 ai3c Depth, m Age, kyr 8'"0 a1.1c 

Core: CHN82-24 Core: V26- 176 

43"N :JJ'W 36"N 7lW 
3070 m 3942 m 

0.040 0.4 2.69 1.11 0.000 0.0 2.54 I.IS 
0040 0.4 2.68 0.99 0.100 0.6 2.53 104 
0.070 13 2.66 0.85 O.>JO 12 3.C,S 1.14 

0.100 2.2 2.61 LZ7 0.300 18 2.72 0.84 
0.100 22 2.58 1.01 0390 2.3 2.69 0.62 

0.130 3.1 2.59 129 0500 3.0 2.48 0.63 

0.1&1 31 2.63 10.S Ofill 3.6 2.7'.l OWl 

0190 4.9 2.69 0.91 0770 4.6 2.88 0.66 

0.2'20 5.9 2.67 104 1000 6.0 2.80 145 

0.250 6.8 2.84 LOS 1.100 6.6 2.96 1.16 

0.250 6.8 3.00 0.87 1290 7.8 2.63 0.79 
0330 9.2 3.13- 0.88 1400 84 168 2.81 
0.545 13.6 4.16 0fil 1400 8.4 2.81 123 
0.590 14.3 4.37 0.42 1450 87 2.46 1.01 

0.620 14.7 440 048 1500 9.0 2.61 108 

0.660 15.5 4.41 0.S3 1000 96 2.57 1.11 

0.730 18.6 4.08 0.48 169() 10.2 2.95 \.33 
0.7~ 193 4.00 0.59 1000 10.9 2.74 0.95 

O.&lO 224 4.08 070 2.010 11.R 3.31 0.74 
0.910 25.5 3.95 060 2.110 12.0 3.33 0.84 
0.970 27.8 3.77 0.76 2.200 12.2 3.45 0.40 
1.100 32.9 3.93 LOO 23/JO l2.4 3.e<l 0.€15 
I 165 35.4 3.81 0.63 239() 126 320 0.60 
l.l90 36.3 4.02 123 2620 13.0 3.53 0.00 
1260 39.1 378 0.!6 3.200 14.1 3.51 060 
1300 406 3.69 0.93 3.470 14.6 4.01 0.03 
1.330 41.8 3.93 0.86 3.710 15.4 4.17 0B2 
1385 43.9 3.42 0.89 3.810 16.8 3."6 0.90 

3.9'20 18.4 4.05 0.18 
Source: Boyle and Keigwin [1985/86] 4.200 23.4 3.76 0.55 
Spec-ies: C. wueilersto,ti, C. kul/enberfd 469() 29.2 3.45 0.35 

4.790 30.6 3.70 0.17 
4 . .., 33.2 2.61 115 
5."30 34.6 3.69 0.24 
511') 36.0 3.71 0.31 

5.320 38.0 4.01 0.6.l 

5.430 39.6 3.99 -0.51 

Source: Keigwin [unpublished data] 

Species: C. wuellerstor/i., C !wllenberg1 
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Depth, m Age, kyr 8''0 8"C Depth, m Age, kyr 8"0 8"C 

Core: CH72-02 Core: CH75-03 

- 'tZ'W 
IO"N ,l'W 

3485 m 3410 m 

0.000 0.0 2.92 0.00 0.013 04 2"8 0.aJ 

0.040 2.2 3.00 0.00 0.075 2.3 2.71 0.84 

0.100 54 2.76 0.92 0.150 6.8 2.99 0.78 

0.250 13.l 3.78 0.75 0.225 85 3.3.3 0.55 

0.000 15.1 4.Z7 0.00 0.512 ll.4 3.58 0.76 

0350 16.5 4.29 0.82 0.lfil 15.1 4.68 0.04 

0.400 18.0 4.24 0.70 0.937 17.5 4.ffi 0.31 

0.520 21.4 4.16 0.84 1.237 24.6 4.25 048 

0600 23.7 4.00 0.92 1.268 25.3 4.28 0.39 

1450 29.6 4.69 0.04 
Source: Duplessy [unpublished data} 1.487 30.5 4.64 0.15 

Species: Cibicidoides spp. 
Source: Duplessy [unpublished data) 

Species: Cibicidoides spp. 

Depth, m Age, kyr 8"0 a13c Depth, m Age, kyr 8''0 a13c 

Core· CH75-04 Core: CH74-227 

IO"N fifW 35"N?JfW 

3820 m 3225 m 

0.000 0.0 2.82 0.86 0.000 5.0 3.27 0.46 

0.125 4.0 320 048 0.400 6.7 3.27 01'i 

0.425 75 3.ITT 0.56 0.500 84 3.24 0.68 

0525 86 3.31 0.52 0.600 10.l 3.76 0.23 

0.613 96 3.75 0.62 0.700 11.9 3.84 0.22 

0.637 9.9 384 0.49 0.000 15.2 4.41 0.16 

0.687 10 4 3.14 0.51 0.000 18.5 444 0.18 

0.962 15.1 4.60 0.08 1.000 21.7 4.41 -0.01 

l OB7 16.6 4.48 -0.03 l.100 25.0 403 0.03 

J.I75 17.8 4.48 -0.02 1.200 283 3.87 0.l>l 

1.288 19.2 4.58 -0.05 1.300 31.5 3.98 0.29 
1.375 :,J.3 4.60 -0.41 1.400 34.8 3.75 0.11 

1.475 21.6 4.56 -0.17 
Source: Duplessy [unpublished data] 

Source: Duppley [unpublished data] Spec1es: Cibicidoides spp. 

Species: Cibicidoides spp. 
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Depth, m Age. kyr &"O a13c Uei,lh, m Aa:e. kyr a'"O &"C 

Core Ml239'2 

Core: V)J-49 ""''"' 2573 m 
IS°N 2l"W 

3093 m 
ooo; o., "" 

,,. 
0.00, " '"' '" 0.00, " '" < H 

0.010 0.4 223 a.a; 0.00, " '·" rn 
0.040 16 2'/Jl o.ro ""' '5 "" ""' 0."30 3.3 2.22 0.91 om " "' ,w 

0.00 " 2.15 ,~ 
0.100 41 2.18 LOO 0.!25 '' '" ,.~ 
0.100 41 245 0.94 0.138 ,0 "' ' " 0.120 4.7 2.44 0.97 0.138 ,0 '"' '"' O<ITT " 2;; 0.00 
0.160 5.6 2.17 0.7l ow S< '"' ,~ 
0.240 7.3 2.22 0.48 02" S< ,,. 000 

o.:ro 86 2.69 071 0312 " m ,,. 
04!2 " '"' oe; 

0.3'20 8.9 271 0.47 0.512 '" s~ oro 
0.400 102 2.92 0.53 '"' "' 331 o;, 

0440 10.9 320 0.49 0.611 '" U:J '" 
116 

0.61.l '" 332 '·" 0.480 3.09 0.43 07!2 '" SITT 0.51 
O.~ 12 1 3.'5 02() O,ITT '" "' ,~ 
0.500 12.l 3.49 051 0812 '" SITT 0.0 

0913 '" s~ ,,. 
0.520 12.7 3.36 0.56 1.01.1 ,so w 0.41 

Oefi) 13.9 3.45 046 l 01,1 "" "' '·" 
0600 IS.I 4.10 0.25 1 ll2 "' ·~ , ... 

I 212 "' 'as ,~ 
0.640 15.9 4.0l 011 1212 "' ',. 00 
0.700 17.1 3.69 0.16 l 312 "" ·~ "" 0.720 176 4.20 0.32 I •13 '" <S< ,,. 

""' "" "" "' 0.700 !H.4 4.00 0.23 H,B "' ,.oo "" 0800 19.2 3.84 0.22 1612 "" ·~ oas 
0.840 20.0 4.04 0.14 1712 "' ·~ ,~ 
0.8"' 208 

1712 19.2 •.37 ,,. 
3.74 0.02 1812 '" u ,~ 

0.900 21 2 3.88 O.Z7 l 913 ,,s w 0.12 

0.920 21.7 377 0.23 201~ ,,, rn 021 

1000 233 398 
2.0JCI ,,, rn o,;.1 

0.54 2112 21.5 4 13 "" 1 040 24.l 3.26 002 2.193 no rn 021 

1000 249 3.25 -0.Ql 2 312 n., ,.,. ov 

1100 25.3 
2 412 m 4.18 o:KJ 

3.54 0.37 2513 ~, .l.98 045 
Ll20 25.7 3.46 0.38 2.612 :so "' ,~ 

2.713 ~, "' '" Source: Mix and Fairbanks [l!:ffi] 2.l!l0 m w ,~ 
2ill2 v, w ,~ 

Species: C wu~/lerstorfi 2912 ~, 'ro 000 
3013 ~, '00 "' 3 112 ~, ,~ '" 32Ll "' "' '" "'" 313 "' "" 33ll ~, Sffi '" 3412 m '" "' 3.513 ., ,~ 0.2~ 
3:'192 ~, ,n ,,. 

Sm.nee· Shack~ton [1979] Zahn 01 al (l!ai] 

SDCCJes C: wu~/tr.,lorli 
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" = •= '" .. = ,m .. , . = !.Ul ., .. .. 
OD .. " "' ,m :llOI ,. = ,m •• 00 o• ,m " . ,. ,. 
•= .. , . .. ·~ JI~ SITT .. 
•= ., , . Ofil ·~ JL~ ,. .. 

~"'n:c,. Curry 111d u,hmann (m manusrrip1) S<l\lm! Curry 111d Lohmann [in manuscnpt) 
Species C Wut!Utr.mxji Spec;,,., C wut/1~,.;to,fi 
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0~ = •• "" om :l<S .llL "" 0~ "" •• 021 om to ir, ~ 

0~ ao JJ", 012 0~ :,,i "' "" 0~ .. "" ov - 21.:l •• "'' 0~ .. 343 .. - ., ,m "'' 0~ ,. aro 000 ~- = .1"' "11 
ow "" "i"-1 ,. - ·= •• 010 

ow :1rn ,. .. - ., "' 0'" ·~ ., 37'.a '" 
0~ ,,;s ·'" ow ·~ ., ~· OJI 
,w = .. "" .. ,w = •ii o.JI ·~ ,. .. 
0~ ., '" O'!I ·~ •• rn ow 
0~ "" ,. o• ·~ •• on ... ·~ .. .. o,; ... = :tTJ 000 ,oo .. ,_ . 0" ,m fil .,. rn ,oo .. ,. 

"'' ... m ,. 
"" ·~ JI 5 ,. ""' 'rn m ,. .. ,,. S:,3 .lOl 0" ... - ,. '" 11:ll = .,m °" 

"" ~ '" '" "" = ,,, °" ,m .m HO .. •= .. = ,. 
,u •• ,. ow •= = " "' ,m .. •• 0 " •= = ,. '" ,m '" ,. "" 

121l '.l.'.,3 = .. ·~ •• "' o• ·~ ~· ,. 000 ·~ '" 
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Spe<ie• C wu~lltr,!u,fi Soorre· Cum· ond L,,hmann [1n mMusenpt] 

Specl<'s C w!J#!/1~,storfi 
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V.,U,, m Alfe, kyr ,"o 

Con,: ¥25-59 

!"Nm/ 
3824 m 

0.000 0.0 ,., 
0025 0.9 252 
O.<EO 1.8 2.41 
O.D75 2.7 263 
0.100 3.5 2.55 
0.150 53 2.78 
0.175 6.2 2H1 
0.200 71 2.75 
0.225 8.0 2.94 
0.250 8B 2.96 
03)() 10.6 350 
0.125 115 3.0l 
0.350 12.2 3.71 
0.400 137 3.1'1 
0.425 14.4 3.51 

0450 IS.I "'' 0.475 156 ,.en 
0.500 162 4.23 
o .... 17.4 4.28 
O.OOJ 18.5 4.29 
0675 20.5 435 
0.700 218 4.18 

0725 Zll 4.15 

0.?50 24.0 3.93 
0715 244 300 
01'JO 249 384 
01125 254 3.76 

0&50 25.9 3.00 
01'75 264 3.00 
0.000 26.9 3.1'; 
0.925 27.3 3"' 
0"'1 278 372 
0.975 283 3.61 

1.000 288 3.62 
1.025 29.3 3.68 
l.<EO 298 3.62 
I (fl5 "·' 370 
1100 3l.7 354 
1125 31 2 3.76 
USO 31 7 3.58 
1.175 322 3.54 
1.200 32.7 3&1 
1.225 33.l 3.69 

Source· Mix arid Fairbanks [1985] 

Species· C wuel/erstmfi 

,•c 

0.96 
0.81 
O.!< 
087 
0"5 
o.ro 
0.94 
0.92 
0.00 
O!< 
0.71 

O.!< 

004 
031 
O.<YZ 
0.00 
O.IY2 
0.14 
000 
0.06 
014 

-0.13 

O.Ql 

--0(6 

OIY2 
-0.16 

0.Ol 
-0.()3 

031 
0.23 
0.62 
0.33 
0.51 

042 
OSI 

0.71 
0.61 
0.45 
0.54 
070 
0."6 
037 
051 

Do,h, m Aae, kyr •"o 8"c 

Core: ¥22-197 
14"N lr:JW 
3167 m 

o ... 0.7 2.55 0.6' 
O.IBl 0.7 2.51 046 
0100 0.8 2.67 0.67 
0.150 1.2 270 0.79 
0.150 1.2 21!0 LOI 
0.200 1.6 2.88 I.Ol 

0.250 2.0 2.75 0,,,, 

0200 2.0 2.00 0.75 
03)() 2.5 250 0.62 

OJ5<J 3S 2.71 000 

0.400 4.6 2.ro 053 
0.450 56 3.12 0.69 
0.\00 6.6 271 0.71 
0.550 7.1 3.64 031 

0.1'Xl 75 3.15 0.61 
O.ffiO 8.0 2.70 1.17 
0.780 9.4 340 O.IY2 

0960 11.4 339 o.,; 

J.IEO 13.l 4.31 0.19 

l.150 15.l 4.55 014 
USO ISi 426 0.1'1 
1240 163 4.42 0.25 
131'1 17.8 431 0.21 

1.450 19.l 4.41 0.27 
l.""1 20.5 4.41 0.(6 
J.ffi() 218 4.35 0.18 
1.750 23.2 4.39 O.Ol 

11'50 24.5 3,,,, 0.03 
l."'1 258 4.04 018 

Source: Shackleton [unpublished data) 

Species: Qbicidor~s spp. 

-170-



Depth, m Age, kyr 8 "'o 8 13c Depth, m Age, kyr 8"'o 8"C 

Core: ENOf.6-38 Core: EN000-16 

5"N 31'W 5"N 2l°W 
2931 m 3152 m 

0.040 LI 2.54 0.94 
0.030 2.2 2.52 0.96 Q.[171) 2.3 2.44 0.99 
0.030 2.2 2.75 Lil 0.100 4.9 3.35 OSI 
0.000 4.2 2.69 1.24 

0.140 8.4 2.81 0,55 

'·"" 6.3 3.17 0.00 0.170 11.0 3.09 077 

'·"" 6.3 2,82 0.&5 0.300 12.9 4.14 047 
0.120 83 2.% 1.09 0.2'0 15.0 4.38 0.44 
0.100 I LO 3.17 0.00 O.Z70 15.7 4.19 0.31 
0.190 12.4 3.99 0.41 0.300 16.3 4.35 0.43 
0.220 13.6 ,.re 0.50 0.340 17.2 4.38 0.43 
0.260 15.1 4.23 0.00 0.370 17.8 4.30 040 
0.29J 17.l 3.96 0.5!! 0.400 185 '"' o.o; 
0.320 19.2 393 0.41 0.440 193 4.13 0.51 
0.350 21.2 4.00 0.52 0.440 19.3 4.15 0.50 
0.300 24.0 3.94 0.55 0.470 20.0 4.20 0.54 
0.300 24.0 3.90 0.00 0.500 20.6 4.14 0.44 
0.420 26.0 3.&5 0.62 0.500 20.6 3.96 0.28 
0.460 28.8 3.89 0,7(! 

0.600 22.8 4.02 0.71 
0.490 30.8 3.!12 0.53 0.7(10 24.9 3.55 0.84 

0.700 24.9 3.97 0.81 

Source Cuny and Lohmann U!R3, 19851 

S-pecier.' C. wuel!ustorj'i Source· OJrry Eld l.clunanl\ l19B3, 1985\ 

Species' C w~lltm<lo,fl 
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D,pth,m Age, kyr 8 "\) s"c D,pth, m Age, kyr 8"1:l 8 13C 

~: EN066-44 Core: EN066- IO 

5"NZfW 1'N ZfW 

3428 m 3527 m 

0.040 2.8 2.25 0.82 
0.040 2.4 2.62 1.15 0.070 5,2 2.49 0.80 
0.040 2.4 2.55 0.94 0.100 7.7 2.69 0.85 
0.070 7.8 2.ffi 0.ffi 0.140 9.6 3.21 0.48 
0.070 7.8 2.00 l.15 0.170 10.9 2.82 0.55 
0.100 9.7 3.69 0.61 0.240 13.9 326 0.53 
0.140 11.6 3.59 0.59 0.270 15.2 4.02 0.40 
0.170 15.0 4.40 0.60 0.300 16.9 3.87 0.36 
0.200 16.4 4.31 0.54 0.340 19.l 4.ll 0.19 
0 200 16.4 3.87 0.40 0.370 20.7 3.91 0.47 
0.240 18.3 4.36 0.4.'5 0.400 Z2.4 3.81 0.54 
0.270 19.8 4.60 0,62 

0.440 24.6 3.79 0.44 
O.ZlO 19.8 3.94 0.48 0.470 2li3 3.79 0.54 
0.300 21.2 4.71 0.48 0.470 26.3 3.89 0.48 
0.300 21.2 4.16 0.50 0.500 27.9 3.79 0.65 
0.340 231 4.65 0.75 
0.340 23.1 402 0.55 
0.370 245 4.14 0.61 Source: Cuny and Lohmann [1983, 19851 
0.370 24.5 4.01 0.57 
0.370 24.5 3.81 0.53 

Species· C wu~ll~rslorfi 

0.400 25.9 4.04 0.69 
0440 Zl.8 4.17 0.62 
0.470 29.3 3.94 0.71 

0.470 29.3 3.97 0.84 
0.470 29.3 3.82 0.6'7 
0.470 293 4.01 0.49 

Source· Curry and Lohmann 1198.1, 19&5) 

Species· C wueflerstorfi 
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Depth. m Age, kyr 8'"o s 0 c Depth, m Age. kyr 8'"o 8 13c 

Core: RN066-21 Core: E.NIX'£-36 

4"N 2I"W 4"N '2!1'W 

3995 m 
4270 m 

0.040 2.6 2.59 O.!>l 
0.000 2.5 2.50 0.78 0.040 2.6 2.91 0.51 
0.060 4.0 2.54 0.83 0.070 4.8 2.87 0.63 
0.110 6.5 2.55 0.90 0.100 7.1 2!>l 0.60 
0.160 9.7 3.06 O.ffi 0.140 9.3 3.56 0.58 
0.200 12.1 3.42 0.54 0.170 10.7 3 12 0.75 
0.230 13.0 3.53 0.34 0.200 12.2 3.75 0.33 
0.360 13.9 3.88 0.17 0.240 14.9 4.28 0.38 
0.300 15.0 4.09 0.12 0.270 16.3 4.24 0.19 
0.330 16.2 4.07 0.19 0300 17.6 4.18 0.06 
0.360 17.4 3 72 -o.az 0.340 19.4 4.29 0.23 
0400 19.0 4.03 O.Z7 0.340 19.4 4.33 0.16 
0430 20.2 3.98 028 0.370 20.7 4.ZI 0.03 
0.460 21.4 3.!!7 0.42 0.400 22.0 4.16 0.14 
0.500 23.1 3.84 0.39 0.440 23.7 3.95 0.22 
0.560 25.5 3.42 0.09 0.470 25.1 395 0.14 
0.660 29.5 3.54 o.s; 0.600 Z0.8 3.70 0.17 
0.660 29.5 3.82 0.43 

Source· Cum- and Lohmann [191'1.1. 1985] 
Source, Curey and Lohmann ll983, 19851 

Species: C w!llllus10,r, 
Spccics: C Wlllll~rstoif< 
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Depth, m Age, kyr 8''o 8"c Depth, m Age, kyr 8''o 8 13C 

Core: EN066-26 Core: EN066-32 

3"N '2fJ'W 2"N '2fJ'W 

474.5 m 5003 m 

0.040 25 2.64 0.84 0.040 1.4 2.76 0.86 
0.100 63 2.67 0.52 0.070 2.9 2.68 0.91 
0.140 8.8 3.04 0.24 0.100 4.5 2.88 0.90 
0.170 10.7 3.28 0.51 0.140 6.6 3.18 0.60 
0.200 12.6 3.62 0.20 0.170 8.1 2.!Jl 0.82 
0.240 15.0 4.19 0.19 0.200 9.7 3.31 0.54 
O.Z70 15.9 4.11 0.10 0.240 11.8 3.46 0.63 
0.200 16.9 4.16 -0.16 0.200 15.0 4.11 0.41 
0.340 18.1 4.23 -0.18 0.340 16.l 4.09 0.04 
0.370 19.0 4.113 -0.25 0.370 16.9 4.00 006 
0.400 19.9 4.10 -0.06 0.400 17.7 4.05 -0.3'.l 
0.440 21.1 4.23 0.10 0.440 18.8 4.12 -0.20 
0.470 22.0 4.01 0.05 0.640 24.2 3.89 -0.19 
0310 22.9 3.97 0.13 0.700 25.8 3.89 0.22 
0.600 26.0 3.59 O.ITT 0.740 26.9 3.73 OJ4 

0.770 Zl.1 3.74 0.17 

Soma,· Curry and Lohmann [1983, 1985] 

Species: C: wurllrrstorfi 
Source: CurTY and Lollmann [1983, 19851 

Species: C: wiullrrslorji 

-174-



Depth, m Age, kyr 8 "'o 0 13C Depth, m Age, kyr 8 '"o 8°C 

Core: EN066- 29 
Core: BT4 

2"N ?J1'W 4"S lefE 
5104 m 1000 m 

0.(fi) 0.5 Z.'57 0.:>3 
0.040 2.9 2.41 0'6 

0.100 3.2 2.47 0.43 
0.040 2.9 2.72 0.84 

0.290 8.6 3.00 0.15 
0.100 6.1 2,.; 048 

0.390 9.9 3.0l 0.09 
0.140 8.3 3.01 0.71 

0.500 10.9 2."7 0.20 
0.200 11.5 3.14 0.21 

0590 ll.4 293 0.00 
0.200 11.5 3.19 0.18 

0.600 12.2 3.36 0.10 
0.240 15.0 4.00 -0.04 

0.790 13.2 3.46 -0.()5 
0.300 16.5 3f!I -0.29 

0.900 14.3 3.70 0.24 
0.300 16.5 4.24 -0.34 

0990 15.2 3.83 0.19 
0.400 19.0 3.50 -0.16 

1090 16.6 3.71 016 
0.500 Zl.5 4.00 -0.23 

1.l90 18.0 3.49 0.00 
0.540 22.0 3.99 0.01 

1290 19.4 3.63 O.IJI 
0.600 24.0 3.62 O.ZI 

1400 22.2 3.59 0.02 
0640 25.0 3.44 O.Dl 

1.500 :>3.6 3.47 0.02 
0.700 26.5 3.75 0.06 

1600 25.0 3.30 0.19 
I 790 26.4 3.52 0.19 

1890 'Zl.7 3.48 001 

Source· Curry and Lohmann [!!Kl, 19&5] 

Species C wu.,:/1,:rsto,fi Source: Shackleton [unpublished data] 

Species: Qbir:idoiars spp. 
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Depth,m Age, kyr 8 "'o 8lJC Depth, m Age, kyr S'"o 8 13C 

Core: RCl3-228 Core: RCI3-229 

2'2"S ll"E 26"S l l"E 

3204 m 4194 m 

O.CXXJ 0.0 3.19 0.14 0."25 3.2 2 73 0.31 

0.020 03 2.62 0.44 0.025 3.2 2.16 0.47 

0.070 0.9 2.58 0.64 0.045 3.9 2.73 0.25 

0.130 1.7 2.53 0.75 0.1"5 4.6 2.76 0.3.'i 

0.180 2.4 2.51 0.40 0."'5 5.3 2.81 039 

O.ZlO 3.1 258 0.49 0.100 5.9 2.66 0.27 

0.320 45 2.63 0.55 0.100 5.9 2.83 0.25 

0380 54 2.77 0.59 0.145 7.5 2.fi/ 0.41 

0.430 6.1 2.75 0.42 0.200 8.9 292 0 44 

0480 69 2.87 O.Zl 0.250 95 3.114 0.20 

0.520 7.5 2.70 0.12 0.300 10.2 2.% 0.19 

0.880 90 3.21 0.00 0.310 10.9 3.>J 0.16 

0.730 9.9 3.54 0.00 0.350 12.0 3.61 -010 

0.820 10.7 3.81 -0.15 0.400 12.7 3.ffi OIXl 

0.880 11.2 3.82 -0 12 0 410 12.8 3.72 -0.15 

0930 11.6 3.47 -0.25 0.450 15.0 4.26 -047 

0"'1 12.7 4.22 0.113 0.500 15.8 4113 -0.20 

l.070 15.0 4.51 0.09 0.550 16.6 4.1!7 -0.42 

1.130 15.6 4.33 -0.29 0.600 17.4 4.20 -0.29 

1.180 161 4.44 -0.00 0.600 17.4 4.31 -0.52 

1.200 16.3 4.34 -0.09 0.1\50 18.2 4.23 -0.48 

1.230 16.6 4.39 -0.02 0 700 19.0 4.00 -0.20 

1.270 17.0 4.50 O.D3 0.710 19.2 416 -0.57 

I 320 17.6 4.23 -0.14 0.750 19.8 4.21 -0 33 

1.430 18.7 4.18 -0.15 0.800 20.6 4.15 -0.16 

1.480 19.2 4 21 0.00 0.000 22.2 4.114 -0.42 

1.500 19.4 4.12 -0.49 LCXXJ 233 4.03 -0.37 

1.630 207 4.15 -003 

I 680 21.2 4.12 -0.00 Source· Owo and Fairbanks [19871 

1.730 21.8 405 -0.00 Species C wurl/lrr~torfi, C kullenbrrgi 

1.820 22.7 4.16 0.33 

1.880 233 4.21 0.20 
1.930 23.8 3.94 0.09 
1.980 24.3 3.81 0.21 
2.020 24.7 3$) 0.27 

Sourc,-· Shackleton lunpobl!shed data] 

Spe,;ic,; C,bicido,des spp. 
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°""'• m A&e, kyr ,"o 5"c Depth, m Age, kyr ; "a a1~c 

Core MD84-5Z7 

44"5 5l"E Core: RCII 120 
3269 m 44"S "1'E 

3193 m 

'"" 03 3119 028 

0.130 OB 305 0.51 
0230 14 303 0.19 0,1") 0.9 2,Sl 039 
0.300 18 284 0.45 0.150 3,9 2.37 02!1 
0400 25 2.S1 0.13 

0.150 3.9 2.74 0.61 
03)(1 3.1 2.1" 0.23 

05.lO 3.3 3.17 0.42 0.:<JO 8.5 284 0.45 

0600 3.7 2.84 013 0.400 10.7 3.88 0.15 

0700 " '.US 0.37 0.4"Jl ll.4 3.4.') 0.12 
0730 45 299 031 O.ll'.JO 14.9 4.52 -0.2.1 
01l00 49 284 0.14 0800 20.8 445 -0.48 
0830 5 I 2"5 026 0.850 22.2 45,5 -0.32 
0.900 55 289 om o.sm 23.7 443 -0.46 
I 000 62 302 0.00 
l!OO " 213 -024 0.'Bl 25.l 4.36 -(l.12 

1130 70 3 19 -0.16 

I 200 74 2.1'2 - 1.25 
!JOO 80 2.65 -0.18 Source: SllllckkLon [unpublishc:d datal 

1430 87 3.03 -0.18 
Specks: Ci/Jicidoides spp 

1500 9.0 3119 -011 

1600 9.3 3.21 000 
I 700 97 3.30 --0 15 
J ,00 JO I 3.26 -051 
2.100 11 2 3.42 -012 
2."111 11.6 356 O.Dl 
2300 11.8 374 -012 

2.400 12.1 379 -0.40 
2.500 123 38] -0.31 
2600 125 3"3 -0.22 
2700 12.7 397 -029 

21l00 !38 449 -038 

2000 150 4.54 -035 

2930 152 4.40 ·0.55 
3.000 ]5.6 4,28 -0.38 
3020 157 462 -0.44 

3.100 J6.2 4.34 -0.3.1 
3130 16.4 4.38 -on 
3 "'1 lG.9 4.29 --0."1 
3>JO 175 4.31 -0.45 
3 400 18 I 4.33 -00< 

3.500 !8.7 4.30 -0.54 

3.600 19.4 424 -0 "1 
3.700 200 4 22 -0.47 

3ll00 20.6 4 22 -0.47 
3.000 21.2 4 21 -0.()9 

4000 218 4.32 -0.86 

Source-· Labeyne [19871 

SQ<.'Clc~· Cibiriw:Jifks iP\l, 
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Depth, m Ai:e, kyr 8 "o o°C Depth, m Age, kyr 8 "o 513c 

Core: MD76-135 Core: MD79-254 
14°5 510E !!I'S "1'E 
11'l5 m 1934 m 

0.000 0.0 2.41 -0.14 0.000 0.0 2.74 0.71 
0.100 2.1 2.29 -0.17 0.100 05 2.71 0.62 
o.aio 3.5 2.45 -0.15 0.300 1.5 2.65 0.66 
0.300 4.1 2.64 -0.06 0.400 2.1 2.43 0.62 
0.400 4.6 2.68 -0.16 0.700 5.7 2.59 0.64 
0.500 5.1 2.75 -0,07 0.100 6.9 2.62 0.65 
0.600 5.6 2.64 -0.10 0.000 8.0 2.BJ 0.51 
0.700 6.2 2.54 -0.08 1.000 9.2 2.74 0.46 
0.1'Xl 6.6 2.52 -0.17 1.100 10.4 3.ll6 0.30 
0.000 6.9 2.64 -0.27 LaJO 10.9 3.ZI 0.09 
1.000 7.2 2.72 -0.08 1.300 11.5 3.19 0.31 
1.100 7.6 2.62 -0.10 1.400 12.0 3.Tl O.lO 
1.200 7.9 2.73 -0.17 1.500 12.4 3.95 0.00 
1.300 8.2 2.86 -0.26 1.600 12.7 3.32 0.118 
1.400 8.6 2.51 -0.11 2.100 14.7 3.58 0.33 
1500 9.1 2.62 0.02 2.200 IS.I 4.22 0.118 
1.600 9.6 2.91 -0.45 2.>'.XJ 15.8 4.19 -0.(12 
1.700 10.2 3.ZI -0.61 3.100 21.3 3.95 0.ZI 
I.JOO 10.7 3.33 -0.85 3.400 23.4 3.77 0.08 
urn 11.3 3.20 -0.20 3500 24.1 3.00 0.39 
2.000 12.0 3.26 -0.13 

2.IOO 13.6 3.93 0.00 Source: Duplessy imd labeyrie (unpublished datal 
2.200 15.2 4.16 -0.11 Species Cibicidoicks spp. 

2.300 16.7 3.95 -0.ot 

2.400 18.3 4.16 -0.10 

2500 19.9 3.95 -0.21 

2.600 21.4 3.47 -0.17 
2.700 23.0 3.83 -0.20 
2.1'Xl 24.6 3."3 -0.12 
2.000 26.2 3.55 -0.24 

3.000 Zl.7 365 -0.13 

Source: Duplessy arxl Labeyrie [unpUbhshed data] 

Species• Cibicidoides spp. 
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Depth. m Age. kyr 8 "'o 8l.1C Depth, m Aie, kyr '"' ~"c 

Core: MD76- J25 Core: TR163-31 
s'Sm 4'S.,.. 

1878 m 3210 m 

0.010 0, ,~ '" 
0.000 0.0 2.62 0.29 

.... , ,., ,.~ _,,, 

'·""' " '·"' "" 0.100 1.2 2.85 0.21 0.110 " 
,., 0.00 

0.200 2.5 2.52 0.17 0.120 " "" ... 
0.200 4.3 2.ffi 0.26 

0.13:) " 
,,. 

'"' ""' "' "' '·" 0.400 61 2.!E 0.12 ""' " rn 0.11 

0.500 7.8 2.72 0.26 '"" " '"' '·" 
0.600 9.6 3.33 0.14 '"' .. ,oo -OU ,,., ., ,., -000 
0.700 Il.4 3.32 0.14 .,. " , .. -OM 

0.000 12.7 3.50 015 0,00 "' 
,., -0~ 

1.000 15.0 4.03 -0.02 
.,., 

"' 'M -0~ 
om "' 

,.,, --000 
1.100 15.5 3.75 -0.04 0.310 ,, ,~ --0.~ 

l.200 160 404 -0.08 '"" 
,, 

"' -0.• 

l.300 16.5 4.00 -0.07 ... ,os 'ffi -0.19 
0,00 '" rn --0.ITT 

l.400 17.0 '·"' -0.22 '"' '" ,~ -0.10 

l.600 17.5 4.01 -0.15 ... '" ,~ -0.ll 

""' '" '"' ,. 
"~ 11.9 ,oo 0" 

'"' 12.2 ,,, 000 

source: Duplessy 1md L.ibeyrie [unl)Ublish.ed data] 0.510 12.~ "" -om 

'"' "' , ... "' Species· Cib1cidoides spp. '"" '" 
,., .... 

'"" '" "" -0.01 ,,., ,,, ,.oo -0" ,,., 12.7 '" -0.<S 
0.610 12.9 '·"' 000 
07]0 13.• '·"' -0 11 
o.m '" ,., -0~ 

'·"" "' 
.,, 

-0" 

""' "' '" -0.~ ,,.,, 
'" rn -0.00 

0"" ,,. <6 -0~ 

'·'"' "" rn -O.ro 
l 210 '" ·~ "" '"' 17.5 . " ·~ ' "" '"' '·" -0~ 

""' '" 
.,, -0~ 

1710 oo, . ,. --0.•3 

""' "0 '" -0.> 

'"' ", ·~ -0.28 

"" "·' • 00 "' 2.150 ~, •.l• 000 
2.l!ll ~, ,.oo _,., 
'/..3\{'l "·' '" -0~ ,.,, 

"' "" -0.~ 

'"" ~· ,oo --().10 

'"' '" ,oo -0,S 

Sourco:· Shackleton [unpublished data) 

Species: Cibicidoicks spp. 
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Depth, m Age, kyr 8'"o {Jl'lC 

Core: V28-304 

29"S 134"E 

2942 m 

0.000 0.0 2.ffi 0.11 
0.040 1.4 2ITT 0.85 
0.120 4.1 2.69 0."7 

0.160 5.5 2.59 0.20 

0.100 5.5 2.ITT 0.28 

0.200 6.9 2.80 0."3 

0.400 13.0 3.71 -0.12 

0.440 13.7 4.22 -0.02 

0.480 13.8 3.85 -0.16 

0760 14.6 4.15 -0.11 

0.900 15.3 4.42 0.00 

1.000 17.0 4.36 -0.01 

1.100 18,7 4.33 0.16 
1.300 22.2 4.12 0.05 

1600 27.3 3.77 -0.00 

1900 32.4 3.55 0.11 

Source Shackleton I unPOhlished data I 

Species· Cibrodoides spp 
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Depth, m Age, kyr a '"o 

Core: KNR73-4-3 

O"N IOO'W 

3600 m 

0.100 0.7 2.58 

0.135 1.5 2.46 
0.170 2.2 2.31 

0200 3.2 2.54 

0.270 5.3 2.57 

0.300 6.2 2.64 
0.33.5 73 2.81 

0.370 8.4 2 57 

0.400 89 3.13 

0.470 9.8 299 

0.500 10.2 304 

0.585 10.7 3.29 

0.600 115 312 

0.635 12.l 3.37 

0.670 14.0 3.84 
0.700 153 4 01 

0785 16.1 4.00 

0.770 16.9 380 

0.800 176 3.59 

0.885 18.3 3.72 

0.900 19.8 3.86 

0.950 21.0 4.01 

1.035 22.9 3.78 

1.fil0 23.7 3.56 

1.100 24.4 367 
1.135 25.2 368 
1.170 "3.0 3.56 
I 200 26.7 3.ffi 

1.270 28.3 3.85 

1.300 28.9 3.ffi 

I 33.5 'ta.7 3.43 

Source: Boyl~ and Keigwin [1985186) 

Specie<;" C wurl/r:rstorfi, C k.ul/rnbr:rgi 

tJ 13c 

0.29 

U.29 

0.28 

0.16 

O.DI 

0.22 

097 

030 
-0.11 

0.00 

0.DI 
-0.09 

-0 13 

-0.39 

-0.11 

-023 

-0.Z2 
-0.20 

-0"' 
-0.21 

-0.10 

-0.19 

0.DI 
-0.11 

0.09 

U 03 

0.19 

0.00 

0.03 

0.DI 

0.19 



Depth, m Age, kyr 8'"o auc Depth, m Age, kyr 8 "o 5nc 

Core: V19-30 Core: V35-C6 

O"S Sl"W 1'N 112'W 
3001 m 1"50m 

0.320 4.1 2.66 -0.09 0.J]2(J 02 2.68 -002 

03l/J 4Ji 285 0.•3 0.IJSl 0.4 2.32 0.02 

0.380 4.9 2.95 0.04 0.a70 0.6 2.27 -0.0'.2 

0.480 6.2 284 0.08 0.125 I I 2.46 0.11 

0.500 6.5 2.fil -0.03 0.125 LI 241 0 02 

0.560 7.2 3.(17 0.00 0.125 I.I 2 34 001 

0.600 77 3.22 -om 0.fill 55 2.43 00\ 

0.630 8.1 3.41 0.03 0.725 6.2 2.46 -0.15 

1.180 15.l 4.47 -0,39 0.,.,, 7.7 2.60 -0.10 

1.200 15,3 4.36 -0.26 0.925 7.9 2.71 0.01 

1.230 15.4 4.42 -0.3.3 0.975 8.3 2.42 -0.25 
1:no 157 4.20 -0.44 1.075 g I 2"5 -0.lR 

1.300 15.9 4.35 -0.41 1.125 9.4 2.75 -0.20 

1.320 16.0 4.26 -0.19 1.175 9.7 2.ffi -0.37 

1.350 16.2 4 24 -0,53 1.230 JO.I 2.89 0.00 
13"' 164 4.Zl ·0.33 1.250 10.2 2.90 -0.24 

1.410 166 4.28 -0.47 I.325 10.7 2.87 -035 
1440 167 4.12 -0.56 1.375 II.I 3.29 -022 

1.480 170 4.36 -0.51 1.425 11.4 3.05 -0.19 

1520 17 2 4.26 ·0.70 1.560 12.0 3.2.'i -0.14 

2.475 15.2 3.87 -033 

Source- Shackelton [unpubhshcd data] 2.475 15.2 3.92 -0.39 

Spcci,:s· Cibiado/d,:s spp 2.775 17.2 3.9:J -0.31 

3.09:J 19.3 3.81 -0.46 

Source: Oppo and Fairbanks (1987] 

Species: C: u,u,:/1,:rstorfi, C lr.u/1,:nb,:rgi 
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APPENDIX 2. Cd/Ca data from cores distributed throughout the world's ocean. 

Uvigerina spp. data 

Core 
Depth Cd/Ca Core 

Depth Cd/C. 
,~) ( µ lri/Jd) (~) ( µJd/ai) 

CHN82-4 58 .103 .ll0 .ll8 MD76-128 186 .109 .cro .<l38 
61 .rr75 .114 .109 215 .194 .108 
64 .?J.'/J? .111 .115 MD76-135 Zl2 .115 .115 

DHN82-11 73 JOO 294 .108 .093 
78 .H15 MD77-176 542 100 
83 094 MD77-18'2 63 .068" 
"1 .091 75 .134? 

CHN82-20 73 100 MD77-191 684 .069 .082 
75 .093 MD77-202 175 .158 
79 .114 1'6 .131 .141 .132 
81 .109 215 .155 .170 
83 .rm Z35 .151 
86 115 258 .126 1.47 
f{/ .094 Z78 .143 1.52 

EN&HOGGC 34 .157 .161 MD77-203 3.35 .143 160 
EN66-38GGC Z7 .152 378 .151 
1S082-1 62 128 .145 .147 132 408 .148 134 

64 .148 .151 .142 MD77-204 93 .fJ/0 
67 .154 .147 MD79-254 239 .100 
69 .146 .1~ RAMA 44 Ill .125 153 
78 .126 126 .152 1.51 
86 .106 RCII-120 67 .120 
88 .lll 88 .158 1.42 

KNR73-3 69 .182 .217 .213 102 .130 
72 .190 217 HCll-147 45 .132 
75 203 .'2JJ7 .170 51 128 .IZ7 .111 
79 .178 .202 61 .128 .138 
82 .186 RC12-2.30 34 .211 

"' .174 .18'2 HCl2-267 70 .132 
92 .2Cl3 Z/9? 81 .136 

103 153 RC12-294 42 .154 .173 
114 .194 45 JC,O .134 
132 .186 56 .144 .134 

KNH73-4 45 .210 RC12-3.39 40 .143 
48 221 45 .122 
50 185 219 55 .096 .133 
52 .228 RC13-228 102 .183 .561? .132 .152 
55 .112? 107 .143 .109 .112 .113 

M12392 131 .093 112 .110 .092 .339" 
MD76-125 114 .098 .110 117 .192 .112 .144 

1Z7 .llS .120 .845? 122 100 .422? .388? .112 
156 .122 .Hl5 127 .148 

MD76-127 35 .118 .110 132 .123 .148 
43 .106 .CB4 RC13-229 59 .150 .160 145 
55 .098 . IOCi .104 72 .132 .156 2!Y2 .13!1 

RC14--37 53 .134 .154 86 .144 .164 
56 .142 196 V22- 197 147 .118 .100 
62 .147 193 135 132 .124 

167 .139 .126 
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Uvigerina spp. data (continued) 

Core 
Depth Cd/Ca 

Core 
Depth Cd/Ca 

(cm) (µIE/~) ,~) ( µ Jli/mj) 

RC15-61 60 152 .126 .152 V25-59 46 .113 .134 
71 152 .178 73 .117 
86 131 .179 56 J30 .100 

RC17-69 49 .l~ .216 .196 V26-176 355 .006 
75 .146 .201 J58 "37 .177? .151 

TRI63-3IH 00 .191 .200 J43 J45 385 ('15 .183 
84 .203 .180 .212 V28-23!5 29 J46 
ff/ .2'22 .201 36 .150 
ff/ .303? .189 44 .167 
90 .210 .173 .228 .246 V28-238 56 .149 
94 .170 .199 J86 V28-304 69 .134 
97 .215 .140 90 J40 

100 .193 99 J28 J32 
Vl7·42 112 .153 .140 128 J34 Jffi .!<YI 

88 .157 .115 V29-179 76 .lffi .161 
78 .188 93 117 

Vl9·27 99 .100 V30-40 62 .142 J22 
127 J29 64 .141 .113 
112 .130 .200 76 .140 .200 .177 
133 .154 9'2 .124 

Vl9-28 118 .19'2 .216 .169 .171 V30·49 62 .164 140 
127 .224? .184 64 .133 198 
142 230 74 J54 131 

Vl9-29 135 156 .201 84 .172 J29 
127 .178 .175 V30-51K 52 .137 .009 .089 .120 
125 .183 .231 .240 .169 61 .136 .006 
154 .189 .229 .1"5 .160 V30-97 131 "" 001 

V19-30 158 .138 .176 J93 214 142 "" .150 
127 .157 163 .191 199 169 JOO .171 
144 .188 .152 .151 V32-159 44 J54 .Ill .122 
137 .219 51 .?El? 

V19-188 58 .150 .437? 56 J26 .226 .212 
65 .154 150 59 J23 
47 357? 164 ffi .200 .088 .llO 

VI9-240 1(18 106 302? 71 .!ITT .135 
61 .144 122 74 ·"'' .148 171 
71 .328? V32-161 145 .150 .147 .139 

V21·30 31 111 156 .173 .153 J49 
48 .Ill .133 165 .143 .129 
53 J27 175 .127 
36 .136 .108 185 JOO .096 .131 
43 .167 186 .132 .101 

V22-174 49 110 196 .005 
53 .159? 200 .100 

V24-l 174 .075 .072 220 J69 
198 076 079 237 .9C6? 
161 .078 004 
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Cibicidoides wuellerstorfi Data 

Core 
Depth Cd/Ca 

Core 
Depth Cd/Ca ,~, (µai/sj) ,~, (µE/ad) 

All\07-65GGC 34 .098 .120 MD77-IRI 125 IAA' 
39 .122 .144 145 .222? 156? 
43 .133 .102 MDTl-182 75 .194? 

Alll07-131GG 26 .108 .109 MDTT-183 ll5 .141? 
29 .088 .113 MDTl-191 684 ·"" 32 .122 .118 MDTl-20'2 175 .177 
35 .084 076 195 .170 162 
38 .112 .IOI 079 215 .170 .158 

CHN82-15 29 .036 235 .154 .134 
31 .047 Z78 .421? 

CHN82-20 73 076 MD77-203 335 161 
75 .098 378 .141 .138 
77 .IZ7 408 .164 .140 
79 .093 MD79-254 239 .139 
Bl .121 RC! 1- 120 67 178 
as .102 88 145 
85 .092 RC! I- 147 102 168 

"' (02 45 .132 .128 
EN66- lcx:;c;c 34 200 .209 .18.1 229 51 .150 .266? .142 
EN66-16GGC 34 .218 .228 .172 .223 71 .159 .174 
EN66-32GGC 22 .109 HCll-230 24 .349? 
EN66-38GGC Z7 .14/l .214 237 34 176 
KNRf>4·5PG 32 .026 RC12-267 Bl .172 

35 .039 86 095 
39 .0S3 RCl2 ·294 42 203 .162 
41 038 .040 45 175 .163 203 

KNR73-3 69 .184 RC13-228 107 121 093 
79 238 112 .151 
82 150 117 .0"21? 

MIW2 120 .007 122 .rm 
131 071 127 .I 19 

M1J76- 125 114 098 132 .Ofil 
IZI .131 .102 RCl3-229 59 .282? IOI 092 
145 .096 .134 72 .184 .140 

MD76··127 35 .108 144 RC13-229 86 .234 .12\? .205 
43 .242? 124 RC14-37 53 .183 .218 

"' 112 IZ7 56 201 225 
MD7fi-128 100 .01\1 .114 62 .243 .269 

215 .103 .llO HC15-61 60 .294? 182 
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Cibicidoides wuel/erstorfi Data (continued) 

Core 
Depth Cd/Ca 

Core 
Depth Cd/Ca ,~, ( µ11]/nd) (cm) ( µ ad/llO) 

MD76-135 232 .114 )J(l RC17-69 49 .219 .121? "" 294 .II I .l40 62 .179 .218 
MD77-171 279 .~\? 75 .)99 .225 

289 098 )()7 V25-59 46 .206 .269 
MDn-176 542 .054 56 .171 )82 

THl6:i-31B 80 .173 73 .214 .244 
84 .177 V27-60 )89 .00) 
87 202 .l88 V27-88 50 .llfi .228 
94 181 122 !Ill "13 
97 .195 V28- 14 170 028 .2\l4 

Vl7-42 100 .231 200 033 .205 
7H )82 .22'2 V28-235 29 134 
88 195 :Iii l&S .lfl3 .ORI 

112 283? .487? 44 212 
V19-27 99 100 .l29 V28-304 fi4 .141 

109 12ll 79 .126 .036 
112 .1"1 90 .141 .158 
)27 100 99 .145 !49 
J:l1 158 V29- \79 76 .187? .!&1 

VI9-28 118 148 .192? 93 .107 
127 304? V30-40 62 .119 
142 278? 17fi 64 17) 

Vl9-30 127 1:,2 .220 7fi .)55 
137 210 92 .184 .lffi 
14' .213? .134 V3(1-49 62 .145 .07:\ 
158 148 .170 fi4 .327? 131 

Vl9-188 47 .767? 74 126 
58 .182 84 .136 !fi2 

Vl9··240 61 .119 V30-5JK 52 160 196 
71 .4791 666' SI .139 .173 148 

108 .161 .T55 72 1Zl 
V22-l74 49 mo .AAS V32 126 42 .142 190 211 17 

53 093 43 .129 .)82 .148 
V22-197 135 .108 .108 V32- 12/l 36 .15.3 .145 

147 .096 .091 46 .)66 .140 
167 .099 V32-161 196 .108 .)26 

\123-100 37 180 V24-I 174 041 081 
57 .121 194 198 074 
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Cd data from core RC13-22R 

Cd/Ca 
Depth ( µ od/o:l) 

(cm) Uvi2 kul wue avg., sd" n' r' 

7 .119 .074 .103 .099 .023 3 
12 .150? .ll l .Ill I I 
17 .II I .085 .098 .018 2 
22 .115 .097 .087 .057 .103 .092 .022 5 
27 .093 .267? .125 .106 .108 .016 3 1 
32 .121 .087 .151? .128 .112 .022 3 1 
37 .097 .090 .109 .099 .010 3 
42 .129 .105 .117 .017 2 
47 .156? .092 .092 1 
52 .121 .113 .121 .118 .005 3 
57 .121 .113 .II I .115 .005 3 
62 .140 .106 .101 .116 .021 3 
67 .128 .120 .118 .122 .005 3 
72 .130 .136 .122 .112 .108 .122 .012 5 
77 .130 .082 .103 .105 .024 3 
82 .124 .126 .125 .001 2 
87 .143 .103 .099 .ll5 .024 3 
92 .136 .129 .092 .102 .115 .021 4 
97 .127 .113 .120 .OIO 2 
l02 .132 .152 .183? .561? .130 .138 .012 3 
l07 .102 .112 .143? .109 .087 .093 .121 .104 .013 6 
112 .110 .092 .339? .099 .151 .120 .027 3 I 
117 .144 .092 .112 .128 .021 .095 .057 5 1 
122 .112 .100 .388? .422? .066 .072 .087 .022 4 
127 .148 .119 .134 .021 2 
132 .123 .087 .105 .025 2 
137 .130 .087 .108 .030 2 
142 .147 .133 .140 .010 2 
148 .156 .122 .139 .024 2 
152 .136 .137 .137 .001 2 
157 .122 .119 .120 .002 2 
162 .147 .176 .161 .021 2 

a Uvi~Uuigerina spp: kul= Cibicidoides kullenbergi: wue=Cibicidoides wuellerstorfi. 
b avg=average of analyses at a given depth. 
e sd ~ standard deviation. 
d n=number of analyses included in average . 
• r"'number of analyses excluded in average. 
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Cd data from core V19-27 

Cd/Ca 
Depth I µud/md) 

(cm) Uvi Cpaa wue 

6 .135 .105 .112 
24 .rm 

36.5 .139 .128 
49 .102 

60.5 .130 .163 
77.5 .139 .126 
93.5 .159 138 
98.5 .106 .I 15 .108 .129 
108.5 .128 
\11.5 .130 .104, .108 .120 
126.5 .139 .110 
127.5 .108 
132.5 .154 .141 .158 

• Cpa=Cibicidoides pachyderma 

Cd data from core Vl9-30a 

Cd/Ca 
Depth (µad/ad) 

(cm) avg sd n 

4.5 .134 .123 .129 .008 2 
6 .139 .163 .151 .017 2 
14 .167 .173 .170 .004 2 

23.5 .168 .169 .197 .178 .016 3 
33 .204 .193 .189 .151 .184 .023 4 

44.5 .160 .159 .174 .158 .163 .008 4 
54.5 .182 .155 .203 .175 .176 .020 4 
68 .167 .179 .184 .177 .009 3 
77 .182 .231 .184 .199 .028 3 

84.5 .181 .164 .172 .012 2 
94.5 .180 .181 .173 .178 .004 3 
105.5 .194 .189 .167 .183 .014 3 
1]5 .197 .168 .197 .187 .017 3 
127 .195 .160 .157 .229 .185 .034 4 
137 .191 .199 .219 .163 .193 .023 4 

144.5 .193 .214 .188 .176 .193 .016 4 
157.5 .138 .231 .240 .169 .195 .049 4 

• Uuigerina spp. 
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Cd data from core RC13-229 

Cd/Ca 

Depth Iµ ad/ndl 

(cm) Uvi2 Cib wue umb avg sd n r 

5 .137 .150 .144 .141 .143 .122 .102 .144 .149 .137 .015 9 0 

59 .150 .160 .145 .183 .282? .101 .139 .067 7 1 

72 .156 .202 .138 .132 .184 .092 .159 .028 6 0 

86 .164 .144 .144 .234 .140 .169 .043 6 0 

.121 

*Uvi =-Uvigerinn spp; Cib ocCibicidoides spp; wue =.Cibicidoides wuellerstorfi: 
umb =.Nutallides umbonifera: avg =average for sample; sd = standard deviation of 
samples included in mean; n = number of samples included in mean; r ccnumber of samples 
excluded from mean. 
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Cibicidoides kullenbergi data Cibicidoides pachyderma data 

Depth Cd/Ca Depth Cd/Ca 
Core (cm) (µad/rd) Core 1cm) ( µ nd/!ld} 

CHNS2-20 77 .069 MD76-125 114 1(:t) 

81 .101 127 .165? 
84 .104 145 .095 

KNRII0-82 34 .094 MD76-127 35 104 .137 
44 .094 43 90 .100 
71 .077 55 .1'23 .006 

fu'JR64-5PG 32 .034 MD76-128 186 .104 .075 
35 .042 215 .101 .090 

39 .023 MD76-135 232 .148 .129 
KNR73-3 72 .147 294 .114 .117 

79 .185 MD77-171 279 .068 
RCll - 120 102 .149 308 .118 
RC12-339 45 .188 MD77-176 542 .071 

55 .121 MD77-181 ll7 .181? 
RC13-228 102 .130 145 .109? 

107 .087 MD77-182 75 .175? 
ll2 .099 MD77-202 175 .232? 
ll7 .128 RCll-147 45 .l~(l .105 
122 .066 51 .112 

RC13-229 59 .Hl3 641 .113 
86 .144 V17-42 78 .237 .183 

RC14-37 53 .155 88 .193 
62 .141 112 .198 

RCl5-61 60 .159 .187 V19-27 ll2 .104 .108 
86 .lff.l 127 .110 

TH163-31B 97 .165 133 .141 
\'l9- l88 47 .504? 
\'22-197 147 .100 

135 .115 
\'23- J(X) 57 .142 
V25-59 46 .219 

56 .145 
V27-86 50 .100? 

\'28-235 200 .000 
V28-235 29 .156 

36 .129 
\'29-179 76 .117 
V30-40 62 .243? 

92 .187 
V30-49 62 .100 

74 .110 .190 
74 .153 
84 1.624? 
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Cibicidoides spp. data 

Depth Cd/Ca Cd data from core RCll -120 

Core (cm) ( µ .;/nd) Cd/Ca 
RC12-267 70 .1/79 Depth ( µ oo/nd) 

89 .ll9 (cm) Uvi2 Cib wue 
Vl9-240 61 .138 .151 12 .153 .150 .195 

71 .6.53? .8?:7? 46 .152 .154 .157 .210 
108 .207 .204 53 .196 .154 .173 .161 

V30-51K 61 .152 67 .120 .178 
72 .132 88 .158 .142 .145 

102 .130 .149 .168 

Nutallides umbonifera data 

Core Depth(cm) Cd/Ca Cd data from core Ramda 44a 
( µ ,cl/nd) Depth Cd/Ca 

EN66- l OGGC 34 .242 (cm) I µoo/ad) 
EN66-16GGC 34 .197 31 .171 
EN66-32GGC 33 .160 .144 36 .174 
KNR73-3 79 .138 51 .202 .180 

82 .203 56 .186, 
109 .166 .187 61 .143 
132 .182 91 .163 

MD76-127 55 .133 96 .157 .153 
RCll- 147 45 .242? 106 .151 .151 

61 .003? ll I .125, 
RCl3-229 86 .121 126 .152, 
V23- IOO 37 .172 .142 141 .525' 

57 .139 .125 
V25-59 46 . 468? a Uuigerina spp . 

73 .120 
V32-159 74 .101 

56 .122 
V30-51K 72 .135 .115 
V30-40 92 .143 
V32-126 46 .143 
V32-159 6.5 .166 .164 
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2. .2. * .3. oH all 'E:1-9 .2.~ ~ <21-=r-

( Studies on Methane Hydrate in the 

Sea of Okhotsk) 
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.8. "I' : ,ij i=' "r {I';'!%~ .2.~~.3: "11 "i e-i 'J,oJI Ai oJl \1-'r§i-%0] '!f Z:!!<J oj lll" 

.g. 'l!'i'1I Z:!'!1"1"1 ~t:J-. uti\1-"r'§i-%.g. 01'11"1 ell>lloJlt.i>:l, >:l>,l~aJ ~~Hl, 

-&{171"'"1 •l½ %4 'lf~ o]-& '1!l1-oJI 'l!'i'- 7tJ<]71 l'tt:J-. .:rejE..'a. Z:! -'11"'1 

"! .2. 'il ll!" _g. >:] "i oJl Ai oJl \1-"r §1-% oJl ell ~ 'l! 'J' 71 ~ '!f O'] Z:! '!J '9 oj ~9-. >:] jl

'71 >:] .2. ~ "- 3. 'i] oJl Aj nfl \i"r §} % oJl ell 'i] 'l! 'J' 'iJ LJl % ~ .I'.\'! , .2.~ "- .3: 'ii PJ] 

li'r .#% ej "; A,j 'J.1 1i' .'f, ·~ 'lJ 71 'I, oil li'r .#% '1f Z:! "'i "i ej "'i 'i'% el aj '/J
Ai ~')j.i!]- >:]§}'}aj ~'ll. "11'r¾oJIAj <IJ7]'il 'll-½"1~ nfl\'l:7l6°J, 'il'i\'!oJI 

Aj 1i'¾ "1 ~ oil ,J-71"' ~ ~ % 0 I '.U <!-. 0-1>:J '1!, 9. ~ ~3'" oJl Ai oil 11"r' .#%oJI 

<ii ~ '<! 'i' 1 I 1980 s! t!1 'lt oJI 1-'- :at aJ .2.!a. , I 'I "I '.ll? I '11 ;','-oJI o I~ s. o I ¼ ~ 'll 

o] lll" t:J-. 'l£ .2.sl .2.~33. 'ii oil li"r §J-%oJI tJ1 ~ '<! 'i' ~ <!-% -'I] 7f >:I Af •J-oJI 

;} 'lJ % 'Jt'i"oJ Z:! •J '9 oj ;<j o) ~ tj-, j "I, 5'.~33. 'ii oJl Aj >:] jl- JJI>:] oil \1-"f' §f 

% 0 I 'lt Z:! "1 ;<] \l!" ~ >:] "I oJl Ai oJl li'r .#%% * ~ <!-. % "I, "11 'r¾ oJl \'!--if .'r. 

\'!§} 'il-\!-Ej '11 °J >:] zJ-¾%% oJl~~tj-. ~ "I, "i 'I 1,-oJI Ai '11 "f'¾ .2_,l •J-¾"J 

~ oJl Ii 7 f 6 % ½ "ef ~ 31]-"} ~ 9-. 

1. A-j~ 

il ;:ioJI oJl 11!-"r" .#%"ii t!I ~ '<! 'i' 11 Z:! -'II ~I "I .2.!a. ~ '1)-o-] Z:! '!I "l .i!. '.U t:J-. 
o]<,1711 ufl'1!-'T'§i-%oJI <1!'11 i'J:{)o] lll".g. 31.g. olll'l:'r§i-%oJI .l':~"loJ '.U~ oJl 

\171671 0]'11"1 ¾.fl~ oJlt.j>:J >:H! 0].i!. -&{JJl:.>'1-it ¾'11 ;:J'j' -&,±§j-i,' 0) 

7]A]'7]~ 7]'11°]7I '1!l1- 0ltj- (Kvenvolden, 1993). •l 0J31]- tJl7I Af 0l"1 ufl,J-71 

"° 0]%"el'% {]-½ol;,j "!\'! ufl\1-71671 "'i'i' -&'<±§1-oJI 'l:! 01'llc'il- 'll•Jc% 'r~ 

,:J 'lt "r '.U tj-, ~ •» Ai llJI el Of oJI Ai ~ oJl li"r :§1-%% ~ 'll ,1 "II O'f .i!. '.U 9-. oJl 11! 

"r :§1-%.g. 7,j_ -'II ,jJ '11 °JoJI Ai '1f 7,j_ '9 >:] '1!:, oil '1! 7) 6 ej 'i/-B' o] oll 'll"r .#% '!P,l 

5}7lotl ¼~15}.ll. ~.£2} ~~~ ~78~ ~~~ 'i!~Al7l~ *°']A~?.£ ~Z:! 

¥!ct. o]~ ~.'(!~ g ¾~A]7l~ AJ~.g- lf.¾till"r~Ai ~?:} .1.f~}~o] 3..]l ~ 
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11 °] 500 - 2000 m-"l :: '11 'fAf \'! o] t.j- tl1 'f tl1 oj t:f. "; o-] .2.&c"- .3. '11 "i] Aj :: vi] 

\'!'T'§f%o] <>le! :Jc<>IJAi '1}7,_\-"]oj ~"' lll"-& 'i'Fr71 :;!•»-"l.:il '.Ut:f . 

.2. &c " .s. '11 :: sl-Ai Ell "ii 0J oO ~pl .-1 "I Ell 'll "J <>il Ai -'I- 'I! all ;,_ ~ '11 'f 9 
\'!"110Jt:f. sl-Ai 'fr~_Q_,s ofA]of '11..,_-'I- '!l'11 '.l).:il 'it% ,g-.-J_Q_;,_;: .3.',!-'i} 

>l•I 'll..5'. (Kurile-Kamchatka Island Arc)"i] QJ'11 llil"J'11QJ- Ei1'!1°J_Q_,s'/-£i 

;\' el -"] oj '.U q. .2. §-"..3. '11 :: % ~ <>I] ~ >] ~ <>I el '11 ~ ~ ¾ '11 Ell 'll 0J -'I- '11 'T' 

7 f -j)-§ :ii! t!: & :: ~I o] .J '11 ',° :ii! tf-@- "l-Ai •IP!I 0J "i] Ai "11 'T' ,? t!:-'1- ¾ {JC '11 

'T {intermediate water) ~,,.doll 7"]tj-~ ~~J:~ o]~t:1-. .:Z.lL~.£. o]'ti ~'r.ii!. 
ti:-& sl-Ai Ell 'll 0J 'l! >I];<) "l Qj '11 '}-'f 7] .:f<>I) 7j) 4;',J '11 ':l .-J ~ n] ~ t:f . .2.&c-". 

3. l,'-;<):: 'its\- "J-•J_Q_,s §7f0].sc..2j- 'Hr\'! -:,J<>I] 9.J•l %"11QJ- ofA]of tH'f 

.2...£.¥-Ei ~2-1£1°"1 ~"C} . .2..~2:..3.t]l~ ~'T~ A]2fT3'::, ¥-~~ A}?.11~ 1;,.,,J, 
~~ ~~} A]{J,"-J -§- ~ci ~1~'i.! ,I.a~ uff~ofl 9--e tH~ 'T"~tll~tj- ~ 

ji!--'j %D]7f llf-@- :JcO)t:f . 

.2..~.&3. sJl 21 7}AJ- ~ 1 ~ '?..! ~ .g. * ~Toll ~ ~ ~ OJ¾ .2...:2:.;;.: .3. a~ Oil Ai 

vi],!7_}67} 7f'l}- \lfO] A»A.J-\'!t:1-:: ;!o]t:f. ::J.ejP';s .2.&c-".3.'1l"i)Ai AJAJ-\'! 

<>l],!7}67} '117],s "J-½-"]oj tJ17]¾ <>l],!7}6 'a-.£ i,'7f<>I] ,jq,! ':l.-J~ o] 

~ct. 7}6 ~¾T7l- A}~~~ ¥-t tll~*~ qj~Al-lB, .:Z.clJl .3.~ ~!i:.2-I 
"1-ef.!j'-,;joj -:,J ic'1l"i]Aj 1',"0] '1,7,_\-\'!t:f. 7}6 ;\'½'i':S ¾"il <>l],!7}6, o]-;} 

t.l-'t!.:f::., 'r.:f::. %0] a~Ai'a..2...£.¥-El 'B"Jl'r¾.2..S.. ~½~2 ~¥-~ tj-A] qj?J¾ 

_Q_i,_ '-tTI:cf. oj.J 7}6 ;\',½'j'-7f '1IOJ AjEJl:,fl, '1! 0J-'f tJ17]9.j ll-',! ,?tf<>I) 

~o}1?_}~ °J%J=~ JJP]~ A]~ o}~ ~~~cS}ct . ..2.~*.3.8Jl~ !E~ ~.g. ~Jl
AJ-;}AJ<>I) QJ'11 's'll"1"1 ;;)t:f. 'l!>I AJ-;}A.J-& :>11'1"'1 \'!§f1f ¥-'l!-tf.:il -'r'ss 

'if5e.',!Qj -0)%-'j ::'l!-.s.1'- (siliceous phytoplankton)"i] eJ•l 'l}a;oj:;!t:f . .:iel 

.:il .2. &c "- .3. '11 <>I] Aj :: '11 '1 \'! T z .2j- 'T' 11 °] \'! §f 7} oj ~ 3. t:f. Cl e] 0 ,s •1 s] 

5.j~~t ~oJ,1.J ~~oflJ-ilj!-Ei %7]% 0] fJ"~ r.Jl~* ~~~7J}A] ¾*7} tj. 

0J•lcf. 

~ \'! 'r"i)Ai:: vils!'T'§f%QJ 'l! '1!"'1 "; AJ, 'l! -'I] 7j) ., .l'.2)- 0 H 'l!-"J, Pil """ 
§f%2l •1Fr11>1 %<>il t11'1Ai '11'1 'lfOf.l'..:il i .:f<>il .2.&c"-='"il<>IJAJ 'ltZ!"l 

:: vi) \'! '," §f % Qj "; -'j , ;\' .l'., Aj A.j 7] ¢}, Cl el .:il <>I] 'tr'T' §f % -'f \'J: ilJ_ £I oj 'if JE -'i! 

'1l T 7., :i!\ :i 1 el •I el .:il ~ t:f. 01 "] "f _Q_ £ "] -il" -"I;<) 'l!-31 :;! AH,/ a; ¾ "I Sf _Q_ 

;,_ &<>I 'll-_Q_,s .2.&c * .s. '11 vJl s!'T' §f%<>1J i'f \'! •l<>I "1 '!! \'! 'r :a 'T' '!I '11 °1 •I 
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<>ii 11?~':l- ,°. <>il\17}c'o7} %11<"} '4 ;<f '-11 <>ii .l'. ~"i oJ ;<f'lj aj _Q_,s OJ "J '<! 

3'.;\\ cJoJt\ 0 \q (Fig. 2-1). <>IJ.J:?:§J-½.g. '!l-O] 'l;!~~;;J ~Zj-,'-¾ 

(hexagonal systern)7f of\:! %'l! ,'-¾ (isometric system).£ '!! 'll :§j-'<! 'l! 0 1 i:J-. 

<>ii 11 'r :§j-% <>ii .l'. ~ "i oJ :Uc: <>ii 117f "° £1 Ci! 'll' .°. <>ii 11? :§1-% -"l '(! 'll 'i'-¾ Oil -"l 
811 'lo'>! "i oJ 's! i:J-. ~ 'l! %] .l'.:§j-'<! u\111? :§j-%o\] ';: 1 % (mole) u\l .J: 7} c'o 71 5.75 

% %1,'-i<f 4/<>il .l'.~"ioJ'.Ui:J- 0]~aj2-,s I m3 <>ll\1?:§j-%0] %81\-af\'! 0]~ 

-'l'<! AJ-Ejjot]Ai 164 m3 <>IJ\17}-'-71 'l!-½'<!'1. :rajE.,s "11"1\'! 0]-af l.5 km 

0 l Lil ~ 9J-€:- * OU ~ ~ u\l18:'T :§l-'"€ .g. ~ .g. -¥-n\ S1 7 l-6 -'cJ- E-\l £- ~ ill i4 ~ ~ !i. 
tj- 'i:r~ .!/->lj 'a° Ci \lt.g. <>IJ\1¾ ~%i5f.:i! '.U9-. 

;<f 'lj AJ-<11 oj Ai <>IJ \'r'r .§J-%-"J ½ ~ _g. _g. £, 'lf i!j, :§j- O:]-¾AJ :::; Af o] .2j ,)j- §. 

i'! ~I <>ii -"l "11 '!! 'll '<! '1 (Fig. 2-2). u\111!? :§1-%-"l -& £ 2} 'll-"i 'll "I o\l Ai 7J ~Hi 
-"l ~•le: 7}-'- ~~'!l--"l ¾'a '//' ,rro}yi!} %-"l 0]-&~'lf"il tt}i!}Aj.5'. '!!"J 

'<! q. 'l! \'!c ai 2--"' -"I aJ % i'-~ '-11 <>ii :U ::: , I"° 2J- % -"l 'll ~ ~ :§J- '< ¾ "J .°. 'l! "1 
Ajjl '.U,AJ ?t°7]ttll{t-oJ] Fig. 2-2oJlAi y_~~ ~4"~ ufl~-% A]A~~ A}q!~ 

2..£ >j>J '<! <>ii 11?.§i-'!l-o] '1!:'ll "i 711 i',Aij •f C: -"1-'l½ l'1°12} -&.SC. ;a ofl~•I 
7] ~~ ~Ojtj., oJlOJ §j~~ojJJ.i uJl~"r:§}%.g_ 2r~ ~¾4- -&£7} Q °C 7}

s,"i.:i! ?11°1 300 m7f \le: "i"\"IIAJ 'lf'(!'<!t:1-. <>ill'!-?:§J-% 01 ½~ 7f';;~ 

11-'J- <I .°. <I O I c: "I 'l! -1i- 'lf O I <I O I <>ii tt} 4 oJ ¥ >ii \I! :§J- -af ::: "I <>ii ttf 4 'it 4 "I 
';: <ii. 'l! \'!c-'l 2.-"' "i .:i! ,I,°. <I 01 c: "11 "'i \'! 2-£.!/-ol 2000 m 71 'll''<! '1. 

Pill'!-?:§J-'!l- "JAJ•lc:<ll 'l! 0 }'1!~ <>il\17f67f \11.8.~"IC: of~ %1,'-'ll-af 

'1. <>ill'!-?:oi-%<>11;:: J!.€'¾<! (standard condition)"i]Aj 'i:l-'11 '!l- -1'-"i<a- 150 

.!/-"1-"l <>IJ\17fc'o7f .l'.~sloJ :Uc+ (Sloan, 1990). :rejt.]- •l?<>ilAi <>IJ\'!Jfh 

%tH.£~ uH4- -31-0}, .H..~:f:.Z:ioJJJ.i B-'?-l % lj!-JilrJ- ~ 0.045 % -¥-nl9.l vll"'t! 

71-'- 7f ec::: tj-_ :r ej ."." u\111? :§1-% OJ "J <>ii \11.8. ~ nJl I'! ,16 'lf-& % <>ii Aj Pil 
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Fig. 2- I. Gas hydrate structure. 
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Fig. 2-2. Phase diagram showing the boundary between free methane gas and 

methane hydrate for a pure water and pure methane system. 
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s!Jt6 %Oil£;; -!l-\'! :1c4tl:cJ-. a\\'14'§1-% '!PJ"il ~<>!<1 oj',l~I \ll"," 0J 

91 a\\.,7,,..7t 'llJ'Liit71 "1111-oJI "l'i'AJ-oj\<1 nj.,4'§]--!,-:C >lite<'! "i"i<>i\<i 

a\\ .,,;,§1-,..,o. a\\ .,7t6.9.l 's'il"o\ vii.,,;,§]--!,-¾ OJ '>l iif 7] "ii ¾,,_ii,..,,_ & 

£Sf ~;,j.9.] ';1t, ~<1¾ 'l!cdl'rA\71::: *oj<j AJ',j'iJcj-, ojsj ";'lj~ ~<}i 

'l!c?r<l,l:C *," 'r!a. -'f' -<1"12.!a. qg:aj- .tcJ-; (]) K\'!-&£7f O "C .!i!.cJ-

5!"~ JI$-]£ t:ll~. (2) Ai¾"r _g-5:.7} O °C 71-~ £12 1ll-~ 01 3Mpa oJ,'•J~~ 

1:\J~,"}~.il} t:ll~r:ll (continental slope). .::iclE..~ ull1c!"r§l.'i-~ .£.-£7} ¾~ 

iii ',;t0 f '3 'i'% !a. ¾(permafrost) 0 \ ;,s;q/ iii::: -'I Scio/] <i '11::i'J. 'i! cJ-. ell ,,,_T \'.! -'i'

~ 0J§J ~ %0lP·i ~ 11ll~4-~%1l- ~¾4- .£.-£otl rtl-c.1- "r-11°1 500m 1.-d:: :.£oil 

<i '!l-:t!'i!c/. 'll-'ll~\"12.!a. nj.,4'§1-% 0 \ '!l-:i'J."i::: *'a: 0 1 Fig. 2-3<>1] .!i!."l'sl 

c/ (Kvenvolden et al., 1993). 

*~A]Q:joJ]Ai~ o}-y 5!"~ ]I~.g.5=.~ 't!tll '1F?-%.£.¾ol ½~iil-~1£12 

-"I "1 * 41 <>I] a\\ "'"' §I-% OJ '>l o/] "1 -l! ~ ~"I 4 ,0. £ 7f 'l!c a: oJ <! c/. vi\"'"' §1-
11-01 '1-']~]aj 0f9l Pil-'"'°F,f (messoyakha) 7f~¾"ii<i '!l-TI"i'.llc/ (Makogon 

et al., 1972). iaj:,:, E1'fr (Timan) •1122]- (Pechora) "i"l, ls-%-'\~\ajof, ',} 

~Pf ;<\ Sci ~ '[ ~ &t C: ls- 2-\ A] 0 t .9.] cj- ;,' '3 T % £ ¾ oj -'1 £ a\\ "'',' §I-% o I '![ {j 

<'!c/ (Cherskiy et al., 1985). '3'i'%!a.¾"1- ti-ii!<'! nj.,4'§]--!,-0] sl-u\ ls-'s'-<\ 

~ oJl "i £ EE~ W:" Z:! ,¥1. tj-; Mackenzie Delta, Sverdrup Basin, Arctic Platform, 

Arctic Islands, North Slope of Alaska (Judge, 1982; Collett, 1990). 5}~A] ~ 

ell~~ ~ 7'-% £. t ~ ~ 0 1-Y t1 'Sl1 °JQ.J <~F?-% £. ¾ 0lP•i £ ofl 11'.!Y~~ 0 1 ~ Z:! 
,¥1 tj-; Beaufort Sea shelf of Canada, Continental shelf of Siberia (Weaver 

and Stewart, 1982; Bell, 1983). ls-'s' '3'i'%-"'¼"i1"1 a\\.,'i';J-%t "iiif 130 

m - 2000m '1 ° I "ii <i "r .s'- '!l-TI 'i! c/. 'it's' "i 01 o/] <1 £ a\\ \'r'r §I-% 0 1 r\\ ,,,_ 4 

•1°J"i1<1 'll':i'J."ic:r1\, ~o<\oj\<1:C "r£ "i~t 2000m ;Jo\ojA1 'l!Z:lBt:l

(MacDonald, 19831. 

sl'il<l.a;,'A\~ (Deep Sea Drilling Project)oj 91~ A].a;,Sj- ;<\,'%el 'lf"l 

" 4 ~\ u:f E. \'l Oil 0J oj\ '1 a\\ '14' §1-% 0 I cl All ~\ Oil 0J \'l "l .9.] 10 % u I 'fr ~I <i '!)-
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Fig. 2-3. Map showing world-wide locations of known and inferred methane 

hydrate in oceanic sediments and in continental regions. 
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Z:! "1 :: ,11 , 0 I 3! .°. "'1 B'i'-:§f % 0 I 9';;. 'i'-{I 500m O I -.J-"1 til ..-A I'll "1- til <i- til 
"1-'l%oJI ,i]~51oJ e,1•f7] uj;,> 0]9- (Tucholke et al., 1977). "'11'1:'i'-:§J-% e 
,1si "i'i"il-"1-'l ¾71:C: \'1:Aj:u]- 'lfAf 7]-il-oJIAi !l_oj,c]:: bottom-simulating 

reflections (BSR)Sl '!tZ:! 019-. "'11'1:'i'-al-% BSR,@, Oll>i'll 01•1 100 - 1100m 

1! 0 I oJI Ai '!le Z:! 51 .:il OIi "1 "i OJ "1- 'll OJ 51 ;,J] !I. 0 I :: .:il 'cl <(- % 'a-S1 11! 'll "1- 1/! A I 
"1- (seismic reflections) 011:]- (Fig. 2-4). BSR01 '!t:::!"1:C: :,/0):: "'11'1:'i'-:§J-% 
0 I '1! 1l 51 '11 i" ,1 •I :: "i "l S1 'ii -\'-11: o I cJ-. "'11'1:'i'-al-% 0 I '1! 1l 51 '11 e >ii -.J- :: 
"i "l S1 1! 0 I :: 'lf "l O I ¾ 7f ~'i'-;,. 1! oJ "i JI "i \!! -il-~ 7 I ½ 7 I otl !If el- -.! el-Z:! 

9- \990~ ~r"l "'11'1:'i'-al-% 01 '1 "<l'oJI •i 36 "i "l o1l •i '!le Z! "1 'l! i:]- (Ginsburg et 

al., 1990). "'111!? :§f%oJI til ~ "i '.! ~ -'l, "i 'i"il- e1 "I, "i :§f ~ "I "' ic ~ ¾ ~•I 

!I. 'll ~ ,1~l"i "'11'1:'i'-al-% 01 "11 °Jo\) .kJ 47 "i "l oJI Ai 'l!cZ:! '1l 3! .2__;;_ !I. '11 q 
(Kvenvolden et al., 1993). 0 1:S "l"l¾ 14 "l"l<>l\"1';:: ufl'fr?al-½01 ¢)7,,j >j 

,;,1 "1 'l! "1-. {I oj A] ~'ii s] 'II ufl 11!? al-% 0 I 9 "i "l oJI Ai •I~ "1 'l! 9- (offshore 

Peru, Costa Rica, Guatemala, Mexico, southeastern United States, western 

United State, two locations offshore from Japan, Gulf of Mexico). ~-@:- !il 
-'l% :,io]ot]Aj .!I]6,e 51ojej2} ¾"l 51oje]otl "1'11 nll\'1:'i'-al-% 01 •l'll'il "i 

~ .g- 6 A] 2l O l 9- (Black Sea, Caspian Sea, offshore from northern 

California, northern Gulf of Mexico, two locations in the Okhotsk Sea). 

-l! "11 11 "'11'1:'i'- :§f % oJI .l'. ~ '1 oJ 'l! :: nil 11! 7 I 6 ¾ OJ .g. ~ ,1 f;-11: 'il -.J-"1-. 

•1,;. nll \'1:'i'-:§J-%01 -l! .<1I 'il-'l .2.-"' "'"I ~"1-JI •J zt•l"i 'l! 01 ;;i si e,1 oJI <11 ~ 

,cf,i]~ ;<]'l/~aj o]'ll7f o}-'j,@, ¾1/->l ?,to} Di]\'r7f6 cj'l}~ <>ll~oJI '.l)oJAi 

-,,,, 0];, !1. 0].:il 'l/9- (Table 2-1). -o}"i'lr 1988~ 0l+oJI:: cll'1!?:§f%"il 'l! 

:: ufl '1! 7} 6 cj 'l} ill' Oil ~Oil 'l! oJ A7 ~ ;,cf a' A} o] Oil 'l/-'a' ~ 7/l t"% !I. o] .:il '.ll 
9-. ~•1 ~1151:: clJ\'f7fA 0H'l}'ll'.g. 1.0 x 1019 g 'E:C: 2.0 X 1016 m3 0 11:]

(Kvenvolden, 1988; MacDonald, 1990). "i 'r'll-oJI A] ¾ 7] 11!± •i "J-±5" "1 nll 11! 
'i'-"1-% "1 AJ-i:Jl aj '11 OJ 01 Fig. 2-5"11 !I. "I 'cl 9- ell l'r'r aj-1,-'i] 'l! :: oil 11! 7} 6 
0J~ '1!,j 7j'!l, 7}-\r~ ufl\'rJfA 0J (1_4 X J01' g) !l_i:j- 7j.Qj )OQ ,jJf",,' \'<' 

j]_ A]'5°JJ}AJ ?J-~~ ~e-, ~.ft-, ~q!7}6~ .£.!r-~ ~~ OJ.!i!_9"£ 2t:J~ 7}i'J: 
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Fig. 2-4. A 12-fold multi-channel reflection profile from the crest and eastern 

flank of the Blake Outer Ridge. 
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Table 2-1. World estimates of the amount of methane m methane 

hydrates in continental and oceanic settings. 

Methane carbon Methane gas Reference 

Continental 

7.6 X 101:;, 1.4 X lOIJ Meyer 0981) 

1.7 X lO'b 3.1 X ]01J Mciver 0981) 

3.0 X lOltl 5.7 X lOIJ Trofimuk et al. 09TI) 

1.8 X 101
\t 3.4 X lOIJ Dobrynin et al. (1981) 

Oceanic 

1.7 X 10
111 3.1 X 101

" Mdver {1981) 

2.7-13.4 X 10111 5-25Xl01
" Trofimuk et al. 0977) 

4.1 X 10~
1 7.6 X 10111 Dobrynin et aJ. (I 981) 

-202-



• Peat Detrital organic matter 

Land biota 
830 

Dissolved 

500 60 

organic matter 
in wa\er 

980 

Recoverable and 
non-recoverable 

fossil fuels 
{coal, o", na1ural gas) 

5,000 

Gas 

Atmosphere 
3.6 

Marine biota 
3 

hydrate 
(onshore and offshore) 

10,000 

Fig. 2-5. Distribution of orgaruc carbon m the Earth. Numbers are m units of 

1015g of carbon. 
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uff'il:?~%,0. 'f-71-'I '!loflAi %Jl.~ oJl'-i-'I AH!~.ia."i 7f>]7f '.lief . .;) 

"9;: ufl'i!?:of{o-ofl .J!.~,ajoj '.l);: ufl'i!7fc',. "Jo] A]~llfA] 'lfilj's) -'j'i!, -'j 

%, {!<?:!71-6~ .£.T¾ ~{! 0J:li!.9".5:. T )l~ 7]-rg' \tt:.l-';: .)!o]tj- . .:J..c].i!. ~ 

"9;: uff'i!?~% 0I ',!Ai];<f] oJ'=- 'J,ofli..f ~>j~tj-;: r,!o]c.f. uff'i!?~%ofl .l!. 

~ "1 oj '.ll::: uff 'i! 7f 6 ;; >l a;1 "'::: c~ Ail 7f "i 'll-'11 °1 11 'll: ,a] '.,I tj-. -;! \I! "9 'll-'11 

,o. uff 11!? ~% 01 ;;s ,1 "I::: "1 "1 ¾ ofl 'l! ofl '-i "ii<- '!I oJ '>' oJ uff 11!? ~% 0 I 'l! otl 

91 >II 11: '11 "1 £ ~ 'l! c. ~ ofl vii 'i! , f "'- ;; 4"½ ~cf. '¥- \I! ,n 'll- '11 ,o. Di1 'i! 'r :of % 
0 I ~ ,1 "I ::: "1 'l t gJ 'lJ-"I ½ "50 A] ;>j Di] 11!? :of%½ 11: >II A I '() tj-. "ii \I! "ii 'll

'11 t Dil'i!%~ uil'il:?~% 01 i">l"f::: -"l'l¾ofl 'lloJ'>'oJ Dil'i!?:of%% 11:'11 
AJ:{}t:f-. o]~ Ai]7}.Aj l!J'~ ¾oJ]Ai ~?i¾ ~% ~o-p~gJl} %Aloi] ~?:j~ ~ 

j,A];>j uff'i!?~%ii 1/:ojA];>j uff'i!7f6-l't •l~"f;: 'l]-'110] 7r",} -:,J%Ajo] 

3.9- (Holder et al., 1984). Dil'i!?~%% 1/:ojA],]7] '11'11 Af%'1! 'l!oJl'-i-'I 

"1% !;!_cf Dil'i!?:of%7f 11:•l"l"l i+-& Dil'il:71"'- ,1~1,1 ,1°, "i-"-50 Dil'i!? 

~'!,-o] %Jl.~ oJ]'-iA] 0<f~o] 'i!c.f. uff'i!?:of%½ 7j'l,;,f7] '11~ P]cl\91 7f';; 

~ •J-'11 t n:)->',~ JE¾>li'r:S uff'i!?:of{o-O] i";,Jl"f;: "]'j-\}ofl \!c~A];>j uff 

'i!'r~%% 1/:oj A] 7];: r,) 0] 9-. 

oflia-4-~%.£-¥-Ei uJ]1c!-7}6~ J.~~t\,7] ~"8\JAi';: qgJ!} ~.g. ;f:{!~o] 

1tl-~£loF~cf-; ~?g~ i?-S- (porosity)31} ~lr--'.:i (permeability)~~';: Ai7cr.±, 
¾1/:~ uff'i!7fc',. -1,'--i,, uff'i!7fc',.7f AlA] fl£~ Jf:!j'-oj ~;: ',l7l, uff'i!'r:of 

{o-0] i">l"f;: sj'j-\} 'l) l'/.t 'J,oJ]Aj %ie},0, uff'i!7lc'ogj '\l'Jl.~ -1,'-i,-~. Di] 

18-4-~%0] §1~¾ ii~ ~oj]Ai ¾4..2..';: ofl1tf7}6~ 7}TC>i ~';: 1ii1~ ~~ 

% ~tj- (Fig. 2-61. Fig. 2-6oflAj %•~ (domal shape)2f "lAf')! (anticlinal 

shape) ofl1c!-4-~% ¾2 ofl't!-7}6~ 71-¥61 *';:t~l o}? K3!}~ 0 l4. 

-<]'de 25\:l %'1! AJ~J2.] 0f uffjoo(;,f -fi-'l)0<]QjoJ]Aj;: uff'i!7l67f -<l\'l"1~ 

!a. ')!',J-t! uil'i!?:of%!a.-\'-Ei >l,il"i'.>lc.f (Makogon, 1981). 'll:46,loJ]Ai A] 
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Fig. 2-6. Schematic diagrams of geological situations m which methane hydrates 

serve as seals forming traps for methane. 

-205-



~i< '<-oil ufll'!:'i".§1-%% {!aj •H~~.2.!a.,\\J Prudhoe Bay 2f Kuparuk River 

¾-l! "i Qj o\J o\J 11!:'r :§f % o) e ,ii-o, C: ',) 0) ~ '1J '9 :,I q_ cl\ "r J. J X 1012 m3 ufl 

I'!: 1, ~1, 01 "i "'I Si ufl 11!:'r §l-%o\l e ,ii -o,;:: "1.2.!a. i'!:"'t-"l :,I q ( Collett, 

1992). 01 ~ o\) l'!:71 ~ 0,l'-& it-& "i Qj o\l-'l ufl 11!:'r :§f,!-o\] i'!: >ii~ 0 I >1 ~ '9 ;:: 
ufl I'!: 1, ~ OJ' & "1- 1.4 •1 1, "<l' \l!" 2 °1 ;;c -l! >II ufl 11!: 1,~ 0H 'll-"<l'Si 13%it ~,"I 
~ "1-. 'l!Of 0 1 a;'o\l-'l ufl 11!:'i" :§1-% !a. .'\'-El ufl 11!: ,, ~ ~ -'11-~ "I .2.;a_ •1 -11 ~ "1-1'! -'11-

<a-~ ".l'.QJ ufll'!:'i".§1-% 01 'l!-<l.-"l.:it 71'!!-'i! ;,! o)q. e)a,- ~,ii ufll'!:'i":§f,!-o) % 

.8. ~ o\) b) "i "'~ .2.!a. '11 ~ '9 .:it ~ "i 'l! {'!-"I "I .2.!a. 1>111'!:'r §1-% !a.-'\'-Ej 1>fl I'!: 71 

.,_~ •1~"};:: "1-& 2l-<1J7)o\)ot 7r'o~ ;,)o)cJ-. 

1>fl 11!:'i" :§f % 0 I -"I "I % Yl o\l •i •~ 'a "1 7 I "1 o\l ;:: -'11- <a-~ OJ' .QJ "'11'!: 71 ~ 2f % 

oJ -"1"!%'11 'i?-a;'>loJ~ "l¾¾>ll oJ%~"1-. 1>fll'!:'i"§J-%oJ 1Pa-"l1cc %'<! 1>fl 
11!: 7f ~ 2f %-& 2 >II '!I Ell ;a_ -l! ~ -"l oJ o I % o I -l!-7f 'o-"1- ,n -"l 2 'l! 'll ~ % ~ Yl 

o\l e>H-Of>!l -<!"1-. "11>11-'11-Eil.QJ % t!I~ 2>11-'11-Eil %01 -"1"1% %~% ~l"i"l-
2 '11%.QJ 11"1, 2'!1:§1-21- .,.g, -"l"laJ-%oJ 'll-"11~ 'l!cc:"1-. 7f~2f "1J>llo\l t!1 

~ -"I "1 % .QJ 'il 4'-'11 78 .x.71 "'11'!:'i" §1-% 01 '!I •a 'fl o\l u:f i!J- 7.l-~ ~ "1-. ,:1 a;'o\l ;:: 

ufl 11!:'i" §1-% 01 '<!78 51 ,n e >H ~ 'i" '.ll ;:: -"I "1 ¾ 'l! >II~ ufl 11!:'i" :§1-% o\l .QJ Oil ~I 

"i -<! "1-. "'11'!:'i" §1-% 0 I 'II 'II l'l '1l % -oJ ,n 51 I'! l'I O I o\l ttf i!J- "i 'l! 0 I ¾ 1, 51 oJ 
'1 ;;c o\l ;:: ufl 11!:'i" §1-% 01 e ,fl-of::: -"I "I ¾.QJ 'll -'1-.,_o\l •i ufl 11!:'i" §1-% 0 I -!!: 'l! 78 
-of,n 51"1 .,_,n..ici-. ::iei.<e.!a. ufll'!:'i"§l-% 01 e,n-01::: ¾.QJ 'll-'i'-.,_-& ,fl;a_ 'll

½-<! ufl','f7f~o\) .QJ"11 'll-"1°) ¾7f-"]oj -"1"17)'/!o) Qf-Of;,j) -<!"1-. o);a_ '<!>H 

-"1"1%0) *:i!l51oJ >H"l\'! •lEil (submarine landslide)7f 'l!-•~~"1-- ufll'!:'i"§J
% *:i!l;:: >H'i"\'! 0) ',!-of;acJ;,jy- >i¾•l'r -&£7f ¾7H}.2.!a.,\\J 'l!-•J~ 'r '.l/ 

q. Oil 'i" I'! -of 7J-3lf >i ¾ "11 'i" -& £ ~ 7 I o\l .QJ "11 ufl 11!:'i" §1-% 0 I 'l! 78 -"l '1l e ,ii ~ 

'r ~ ;:: 'll-"i 3lf -& £71 'iti!J-"i •i ufl 11!:'i" §1-% 0 I -!!:'<! 78 -of >!I -"l oJ .,_ "11-<! "1-. ufl 

11!:'i"§i-% -',-:i!l o\l .QJ ~ Oil "I I'! •I Ell 1f 'l!-•~ -of;:: 3! % Fig. 2-7o\l 'lie & oJ ~ "1-. 

ufl 11!:'i" §1%01 e,J-of;:: "i Qj "1- Oil >i I'! •I Ell 1f 'l! oJ '-J-;:: "i Qj •1°1 .QJ i'!: >ii 

7f Mciver (1977)0\l .QJ "11 "1 g .2.!a. >11>1 "1 :,!2 ::i~o\l ii.". oil:; 01 7J 1i-"l :l! 

tj-; surficail slides and slumps on the continental slope and rise of South 

-206-



Large block of hydrated 
sediment breaking off and 
sliding down slope 
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as O Surface 

Plumec°p I 
oo --Oo .......... --~ .... 

Lower Boundary of Hydrate at Low Sea Stand 

Fig. 2~ 7. Diagram showing the effects of changes in pressure and temperature 

on submarine methane hydrates and the resulting seafloor failures and 

gas release. 
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and West Africa, slwnps on the U.S. Atlantic continental slope, large 

submarine slids on the Norwegian continental margin, sediment blocks on 

the seafloor in british Columbia fjords, massive bedding plane slides and 

rotational slumps on the Alaskan Beaufort Sea continentla margin, 

submarine mud volcanoes in the Casian Sea and offshore from north 

Panama. 97]'1'1! ¾"1-0]6.!a.-'ll 'il'i"\'! \'!%-& "1°Joll ~>li<f:C: n\l"'r~% 

~ 1~• 4t"1 ¾<l- ~~ •"1-"16.!a.4 "1'1"\'! S\~ %ft "1'1"\'!-& 

28,000\:! -I'- El 17,000\:! A} 0 1 oil IOOm 7c<& ',tof :l! c]-. .:r :;! 3!f 'ii "I \'! Oil 7f "1 :l! 
'1 'lf "i o] 1 OOOkPa 'll .Sc {}.:lo~ <l-. o] 'tl 'lf "i {}.:lo7} n\] "'r ~% 11- 'ii ~ o )7] 

A] ,:/ '1 o] 5C '1J '1] •II "7 C 6 .2J- % o] "J-½ '9 'l/ <t. :;! 3!t "l .2. .£ oil "7 f 6 .2J- % ~ 

"J ½ .ss '11 '11 "1 "l % 1.11 -l.'-~ "IJA1 ~ 'll" "I O I ¾ 7 I S\ "I "1 "l ¾ 0 I 1'-"I S\ "I 'ii "I 
\'! Af'1!71 '!t'~~c]-. ll-.¥.!s'1] (Beaufort Sea) til.,_A}\'!O!IA1:C: tilil-5'.~ '11>1 

\'! A}'1! ><I et 3!f u!l"'r~% 01 ~>ili<f"1 "1- ol~"l ic ><I et 01 7J ~ %'l! "f<t 
(Fig. 2-8). :i!f;,J ><l,'71-& \'!% !f.~ nll"'T"~%01 ~>lS\c: til.,_'c'l'!-'1- ><let 
"ilA1 !f. c]-~ '11"11'! A}E1!:S 0r7IA],:/% :,! 01c]- (Yakushev and Collett, 

1992). 

u11.,,g, tJl7la 'i".l"l::: ¾.8.~ nJ'2' 7]>11°icJ-. tlJ71¾ olll±~x::: 01\:! 

1.0 % ~££ ~7t<5}.ll 919- (Watson et al., 1990). oll~.g. lclJ-,.\}"'J 0] uff-'j!-- 7J 

~ 7]>110]71 "1111-"il {}-& 0,}~ ol~:ofl±.:lo .!i_c]- 20•1'-l- 7J~ -&~~• 'l!.2. 

7] ::: -&{I 7 I >II O I q. til 7 I ¾ oil Aj n\11±-& q 0J ~ -ls' if :,if -'1l 7J <I% oil gJ 'ii • 

~J% '/! C: cJ-. n\l l±'r ~%"ii .¥. ~'9 oj '.l) C: oil I±~ 0J .°. tlJ 7] ¾oil ~>l iii C: "ii 

I±~ OJ.!/_ c]- 300(}01 7} "& \lfcJ-. oil l±'r :ol-% 0 1 11-'11 '9 oj "J½ '9-::: ;,j til ~ °d'~ 

oil"-& tlJ715''a"il "1<l-\'! '?!~.};, n];jAj >e],'71+• \'!:ofA]'!, 7f'oA.Jo] 3. 

<l- (MacDonald, 1990b). 1!-"1-0]6.!a.~ 71+1'!%.°. n\ll±'T":of%.ss-'i'-E1 n!l,f7f6 

"J½;, 0)7IA],:/c]-. n\11±'1"~%,c-'i'-El "J½'i! nlll±7l6:C: cj-AI ><],'7l'f~ \'! 

~Al z! <l-. 
>el,'7f Cj*~ Uilc: "Ji<f7} "f"- oJly7f '/l>Ji;foj '1]y\'!O] ~'a°~<t. 

ol 'tl Oil 'r '1! AJ-i° 01 Oil>] '1! oil 'lf "i % 7fi<f Jil '9 oJ til .,_,;-o I'! -'/-"il SC' "1 i<f::: n\l 
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Fig. 2-8. Map of the continental margm of the Beaufort Sea offshore from 

Alaska showing the coincident regions of large landslides and methane 

hydrates. 
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l'r'T' :§!-%¾ !I. cf 'lr'll "1 Jil 'Ir :C cf. ~ l/! til .,. ot] Ai :C: "l T 7] .g, ej ¾ 7 I'S. 'l] '11 

rJ1 .,oil e,ii ,,., :: "11 lfr? :§J-%oJ -11:'l!:'ll ,,.,oi 11-'11 "1 oi "11 lfr7l!cc7I rJI ,1 ¾ .2.'S. 

•J-½'<!cf. -"l-CJ- rJl.,_¾otl e,1,,.,:: "11lfr?:§J-%otl rJl"il"'i:: <J!otJ,1 .21-:: c+e 
'<!471 ~½'<!cf. til7] ,1.g, ¾7171 rJl.,.¾otl :u:: "il'T' .g,.'r.~ ¾7IA]'{)cf. 

!I.cf ¾.8.~ 51.g, '11?'l:l 0] AJ-*tl-otl !Ifa} -"l-~"1 *171.£: til.,_-\s- "l"l-0) !If 

'le~ '1i'T''S. ,li;)7lj "1:C: 5! 0]cf. "]~ 'l! 0 1{}.g, "il?'ll ~*otl "1~ 'lt"I ¾ 

7171 "11 l'r'T' :§!-ii-¾ 'l!:'ll "1 71) ~;acj 'l! rJ1 .,_* "' cj-oj !If 'le~ oJ] 'T' 'S. ,;! i;) 71) "1 

'll "11 lfr? :§J-% o l 11: 'l!: 'll ~ Jil "1 "l -"l-~ rJI .,_* otJ e ,ii ~ :: "11 lfr? ~% :'. '<! 

~ 11- '11 "1 :,, "11 lfr, I !cc,, 'It½ B cf. .::r cl -"- !a. "l T 71 c, ~ ¾ "11 :: {I "'1 otl e ,1 

,,.1:: "11 l'!:?~%.g, 'l!:'ll ,,., Jil "1 "l 'l! *~ til .,.4 til .,.¾otl e,ii ~~ "11 !fr? 

~% :'. 11: 'l!: 'll ~ Jil "1 "l ~ ';J- i;) '(! A] {! % 'l!: "11 lfr 71 !cc it rJI 7 l ¾ .2.ia. 'It½ ~ 

cf. 01.J i'il"~otl "1~ afll'!:716 rJl7] 'lt½.g, "IT .g,l±~i< 0f7]A)r;/q. 

;<]','71 -}~% "11:: ~>ii A]!cc'i'J 0] 'll'l!tilia. Bcf. 'll~71 -\1-'!!"1"1 ¾ 

71"1711 "l'l:l %01 "'1°J.2.ia..!/-El ~;o!'-171:i! "'1°J.g, 'l!"i 'T'~~Jil Bcf . .:J. 

7.<4 •l?'ll.g, ~,J-~:,, rJl.,_¾oJ rJl7]¾otl ~½'<!ct. "il?'ll ~'Jotl "1'11 "'1 

•1'1:lotl 71"'1'.l!'i:! 'lt"l.g, {l-±~711 ,;J:,i afl;J:?~%,g, -11:'l!:'li"IJil Bcf. -"l-~ 

rJI .,_.., rJI .,*,g, !I. cf 4'f1 "i afl lfr?~%0] !I. cf 'l!:'ll B cf. -"l-~ ;acj "l otJ A7 :: 
rJI .,_ otl 'll g .2.ia. <il "l Jil "1 'll 'lt "I O l ¾,, ,,., "l "11 lfr? ~ % 0 l .!I. cf c, 'l!: 'll B 

c+. '1i?'ll 0] ~7J~'ll til.,.,,'ll-'I rJl.,.rJlot) e,1 .. ,:: afllfr?~%.g, ¼'l!:711"1 
"l "11 ,! ,, !cc 1't rJI ,1 ¾otl 'It½~ cf. .::r cl E.ia. 'll ~ 7) .21- {} 'll 7) ;,J 'r 7) cf I'!~ 

%'l!: "11 ,!9' ~% ,g, .ll. 'll 'lt "I -'I .g, .'r. I'! ~ot] 'll {I-~ Jil 'l!¾ ~ c+. "'"] 'l! "11 lfr 
? ~% !a..!/- El 'It½'<! "11 lfr, 1 !cc,, "l "" 711 .<r. , l cf I'! ~ otJ 'll ~% o l *l :: "i :: 
01-'! .'r. ¼~{,) ~ 9 . .:J. .J otJ .'r. ¼T~ :il 7) cf \'!~oil '.l! oJ A7 off ;!?~%"1 "l ~ 

g 'lJ'lli;l7] ~•1 Ji:'. 01°]cjoja, 0] ,i)A),;j'l!cf. <>IJ¾ :S'l:l, Nisbet (1990):C: 

rJI .,_ otJ e ,1 ,,., :: o11 ;!? ~% ia. .!/- El 'It½ B o11 ;J: ,1 !cc ia. 'l! "'1 rJI , 1 ¾ off ;J: :i!J-

01 ~ ~ ;J: ± *.<r.,t il'<l,,.l ¾7lttl"l 13,500\:1~ 'lJ~,1 'ltotl ;,J'i'.g,.<r.,t nt.s 

711 AJ-%~cf:,, 'r'l}~cf . .:J.ej 71-,,."i'l! ,~zto] Fig. 2-9otl -lt .!1."l'i'!cf. Fig. 

2-9oi1,, rJl.,.otJ e,ii .. 1:: U!l;!?:§J-%.@c 'll~ 7.1-±.21- ,o,.<r. ¾7lotJ eiO!l 11:'l!: 

'll,,.1711 Bcf. '<!4"1.2.ia. "IT .g,1±:§J-,1 off;J:716 'It½~ "i''i'!"I:: 0JS1 't1'¥l: 

(positive feedback)% >ili',,.l"l '<! ~ •J ,,.1,1 otl ¾.!"1.<r.~ 'l!:, 'l! cf. ,,.,"I 'l! 

olii:! AJ~,"_ afl,!?:oJ-%ia..!/-Ej 50'!!~ 'T' (rt:C: 78.'r.ej off,!71671 'lt½"]:,t 
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Fig. 2-9. Diagrams illustrating how methane hydrate decomposition may affect 

glacial cycles (a) continental methane hydrates (b) oceanic methane 
hydrates. 
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o],s '1!'11 "l'i' ,g.,±§1-71 A.J-c,J-o-1 "'~"i"l'lr .!i!.6~ ofo]6 5i"1 (Vostok ice 

core)oJIAic: "I\! 160,000\'! %'l! ufl'<l7}67f til7]¾E.-"' 50,!~ + \ll~ 11 

£,s 'lh}'!/cfc= ':;'Jji, ~% + \lief. 0 121- cfj,- 'll-'!l-01 Paull et al. 0991) 

oJi "1'11 '1JAl'1'.llcf. i:a;,g. '11+\'! aj-7J- %'l!, "; "J"l7I %'l!otl til.,.Af\'! 

oJ1 i'c ,J "1- ::: ufl '<l + §1-% -"'-\'-El ufl 1<l 716 71 'lJ-½ '1 '.ll cf J1. 'i' 1r ~cf. '11 ? \'! "I 

7J-oJI Si ~ '11 "1 \'! 'll- "l 7,J-± 7f ufl B+ §1-% ~ % 'l! 11 "I 711 'l! :a; "1 ufl '<l 716 7 I 

'lJ-½'1'.llcf. tiJ7l¾E.,s 'lJ-½'i! ufl'<l7f6C: =<l'i'- ,g.,±§1-;, Of7]A],j "J"f7]7f 

¾'!,'1£>i- ~cf- CJ.elE..£ til~Af\'!"ll s<,,J,i.::: ufl'<l+§l-%,s-\'-Ei 'lJ-½'i! nil 

'<l7f6c: 'l/"171 %'l! 7],<,-7,J-±i< >1l~al-::: ¾.ll.~ Jl.'1JoJ'.lJcf. 
ufl'<l+:ol-%0] ~sj 7]-f\'!§1-oJI 'll~~ n]~]::: ,q::: of-3j nJ;acJ+oJcf. 

Kvenvolden (]988b)c: "l-'1' til~*otl :Uc: ufl'<l+§l-% 01 ~,j 7]-f\'!:ol-"ll -'11-
c,J-.-J '1)7,)-;;fcfJ!. >l]AJ;;f'l{cf. ~"'1 uij-} ?¾ 7]-f (-10 - -20 'C)oJI i½'1 

'.ll 'i! \ii,@- "l-'1' til "*01 .!i!. cf uf');~ '11 T (0 'C)oJI sJ '11 {I +'1 '.ll cf. Cl el 

E.-"' "l-'1' til,,_% •1st.@- "i ,± 10,000 %'l!otl 10 'C 01-'11-"1 .9c£ ¾7li< 'a '<I 

o-f 'l! cf. e I >i- '11 + \'! 0 I et 100 m 'll-'ii' -.-1 oj '11 "1 \'! <>11 71 "11 "l ::: 'll- "l :'. ':;' 71 "I 

'll"i'l! 'll-"l¾7loJI uJ-aJ- ufl'<l+:oi-%01 'l!'\!'1::: '\!£.!I.cf::: ,g.5c¾,fotl "1'11 

ufl'<l'7"§1-%oJ -l1-'l!'\Jo-f~I '1::: '\!£71 cj ~% ;;!o]cf. o] ll]-'\Joj]Ai "J-½'i! 

ufl'fr7f6 °Jo] 3 x 1012 g/yrE..£ ?'ll'i!cf. 'l!Sl' o] '/'1'01 ~cf'/! "l-'s" til 

~~oJl '.U"C ofl~",-"-~~£1f-E~ UJ-¼¥1_ ofl~7]-~7}- ~~£JoloF ~tj-. o] -Y~ 

~ '<1¾"1-7I .!/l~ ~l6.§.71 'l,aj-6,I ,.."' til"*oj]Ai ~A]'9J!. '.Ucf 

(Kvenvolden et al., 1992). i:a;,g. 'l!g 'll<>il :Uc: %ot]J,i ufl'<l'o'£7f til7l2} 

"il"J% o]-','C: ',\'£.!i!_cf 6 - 28•1 7f"af 'a:cfC: ;;!% '!J-:(!"5f'l{cf. O]\'! :;fll]-C: 

til .,.% "11 "1 \'! <>ii Ai-\'- Ei ufl ,±7}671 %½'i! cf C: ;;! % -'II A] '11 ¾ cf 

.2.§.~3'11<>11Ai Dil'<l+:oi-%2. ll]-21--¥-91"1 'ii (paramushir lsland) i'-•121-

A I ~ \'! 4'--2- til ¾ Al '1! <>11 Ai '!l- :(! '1 'Ii cf (Fig. 3-1 ) . ufl -±+ :ol-% 'l!- :(! :'. 1986 'd 
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Fig. 3-1. Overall outline of the Okhotsk Sea where methane hydrates associated 

with gas-seepage fields have been observed. 
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el A] of 50Af{:! Akadernik Mstislav Keldysy -"I- 1991 \1 "1 A] 0 1 50Af{:! Geolog 

Piotr AntroPovoll "1 Oil 01-1'-"1 JI t:f (Zonenshayn et al., 1987; Ginsburg et al., 

1993). 11 :J!,aj oj;<j 7fA%½ :<]01°] :ilfi!}-'/-9]oj-"]- Af~i'J 'lJ-\'-t' nfli'!'T':§f 

%0] ,esJ-.fC :J!oliAi 'lf:(l_!iJ'.l!t:f. o]:, :<]"1oli .';!_t:f Ci 11ft 7}6%½ "]"1 

o] 'I" >l ~el 4 o\] "; 'e t:f. f :<] "1 Oil Ai nfl B'T' :§1-% 01 % "1 .'11. oJ el oil "1 '11 3111 
,J '}J !iJ '.l!Jl. t:f,o f :<] 01 oil Ai :: nfl B'T':§1-ll-"1 "">ii 7} 'il-at'T'-"l- 7}"' §t0j'50 

'>I E__;a_-\'- El ~ 11 !ij '.l! t:f. :i!f 4-'1-91 "1 'll t' '11 '11 "1 7} 6 %½ :<] 01,g. 'r 'il O I 

790 - 800moll ~1>1'11 'Ut:f. %~J',J-:<]7]0!1 "1'11 '11"1'1! -\'-t'oll>i 317J 01 350 

- 400m 1.-f sj:: 7f67]% (gas plurne)01 \!!'1!>1'.llt:f (Fig. 3-2). 10 :!!"-I '11 

,1 7}6%½ "1"1°1 Af~i'! 'ii -\'-t' 9''il 01 620 - 1040m !ij;:: <11<1-•l\'!oJIAi 

~'1"1'.l/t:f. o];,,g. 7,) 0]7} Q} 130km o]Jl. iij-o] 20km &t:f ¾,g. :J;-oll ~•I 

'II '.llt:f. ~ 7}6%½ 'i"1oti"i :<J~oj 250m'1! oJll19'§t% 0 I 5 :J!oll"i ~:(I_ 

sj '.l/ t:f (Fig. 3-3). 

9.~ *"-<II otl •i '1f '1 '<! oJJ '1!:'T' §Ill-% & ~-.f 2 '.ll ;:: -'1 "i ¾,g. "1 •l ,1,1 

~"rt!- ~..is~g A)Y~ 5:itj-. :;;l 18~. ~~'T":o-}~ 0 } lm t.J12Js) uJ~ ~.g_ 

-'1 "i l't 0) oll"i \!!'1 'e t:f. 01 ~JU '11:<J '1! t''Joj)Ai nfl B'T'§i-Jl-o] 'i">l~;:: 7,l 

,g_ nfl B'r :§f %:i!f ~"" "",j ~:: Jl- O] ojJ 11! 7} '°' Oil <ii ~ ![~A.} El! 'l) aJ\ "J 7} ';; 

-.cft:f. 01'.'JJI !l:.~-'l)-Ei!7f ~I<\' *"1>171 ~<11-"lc -"l"ill- 'l!oll•l.!/-El ~14-'"i 

E.5' oll11±Jf67f -l,'i,,Joj 0 ) ~t:f. 

f \I! "8 ' nfl 119' :§I JI- '!I AJ otl "1 '11 -'1 "i ¾ T 50 7} 's O I q t:f. "i "i ¾ T 50 

7} sJe 3.7]"-l "i"l%ol 'll.'!l"l:: %'1! "-'llsJ:: '!I% ,'50 (cryogenic 

stucture)-"l- "i~ .. ,t:f. 9.~*3.'1lotl-"l:: 'f-7}:<I "Eil"l oJIB<?:§1-% * 7'507} 

{!~~ r:}; subhorizontal lenticular-bedded, porphyraceous structure. 01 ~71-

"i 'r 50 % ot1 ~ \I! "8 7,l ,g. '>' "11 1 I "l _;a_ "I ::; ~ 'T' Ill "I '11 s!! z, 'J Eil "1 ¾ 

(streakl:i!f "1111±4':§fll- ¾01 '!!c &"1'<!t:f (Fig. 3-4). nfli'!'T':§1-% ¾ '>'"11:: 1 

mmoJl>i 'T'mrn oil 0l¾t:f nfli'!'r~% 01 ,e,ff-.f;:: "i"i¾oJl•l nfll14'~% ~ 

%' ,g. 11 "ii "i "i % 'I- "I "-I 30-40"/4 :s >f A I ~ t:f. nil 114' §tll- ¾ 0 I S1 oJI t:f €- 's 

\!! ~ ¾ 'r±;:: -i'!:%>1 'i i'l:: t:f. oll 119':§i-% ¾"1 't!c'lJ-'r± (J)Orphyraceous 
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Fig. 3-2. Echo-sounder bathymetric map with location of the gas plume (dashed 

line) offshore Paramushir Island. 
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Fig. 3-3. Echo-sounder bathymetric map with location of the gas plume (dashed 

line) offshore Sakhalin Island. 
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Fig. 3-4. The lenticular-bedded structure caused by methane. 
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1<\1 'l)_~, "]aJ¾\jj l:j-01~ t]-9"",f 1,'-1'.~ !1,~i:J-. A}~.) 1) .!/-'c qj;;,A} 

\'! "1 "l Oil Ai oJl l'!:'i'-~% ~ .'f. tl-"1- :a. 'l! :::: "1 aj ~ Si tl-'i'- ",f ,"_ 615 - 66% ~ r~ 

"1'11 oJll'!:'i'-~%% --"'-tl-*l ~.g. "}.s!. -?l "1aJ%Si tl-<r"d',?c 60%£ -"Jc<l ~:::: 
tj- (Ginsburg et al., 1S93) . .l!.¾ "1"l%oJ1Ai tl-<r"d'01 ;<}\'Jaj.Q..s'. "1"1% 51 

0J1} '!loJ~<r_.,. ¾1}"1-:::: ?!,?c oll-l!-"1-11 t::;r:f . .::raJE..s!. 91.!/-.s!..!/-EI %.eJ 

¾'ll o] 'l! %OJ 1"-'ll '}r:f. o] '1 ti-'r'lt 1;'-.'f.:::: "] ~7Jf;<] -'ll ;,fl oJ =- "] "l ol],<i £ 

'lfa\;<1:<\ ~~i:J-. 01'1;1>\l j)o1oJ1 u\"1- tJ-<r'lt01 '\,'7f-t\-:C: :,!,?c 'll.!/-1"-oJ1 'l!'i! 

oJl l'!:<r ~% 01 1,'- '11-"l oJ % 01 "1 "l % 'ii- ~'11 s'. * 'll -"I 'l! 71 "11 ~ 01 q. ufl l'!:'i'-~ 
%OJ e>j..,fic ¾ Afo] "]aj%.ej ~'r"if,?c ~..,] ',ctj-. 

~1 'll•, 1>\11'!:<r~%o] e>11-a\-1= "1aJ¾o\l 'lto\1-'1£ ~'Ii 'l!:7,'\'<!r:f. •J-'11 
-'j .g. ufl I'!: 01 ~ §f-"l oJ O 1 ~§]-I'!: ±71 1 -\I -"I :a. 01 ?I O 1 'ii-~'r '11 o\l-'i .'f. §f-j/-

1Sli 7f -"17] llil~o\l 'l!-"11-'10] 'J-\l'<!r:f (Brooks et al., 1986). 

;,,.g. tr<r"d'4 ufl 1'!:<r§J-%01 e>l a}:: "1 aJ ¾.eJ ~'r~ 'r¾:::: ufl l'!:<r§f 
% -\J,jjo] 'lJ g :,j"il -\J-\J"f %'lJ-a\-9-:C: ?!% ;<]A]'il ~r:f. tiJ;;. '!I"}:: :,j'li 

'ilJil\'!.Q..s'. %OJ oJ%"1-"1 1•a'<!r:f. 0191- ~.g. 1+oJ1:::: "1"1-<rsJ e>II, .g. 

£ 7],&7], %OJ O]%aj-7]o\l ¾1,'-~ :a\aJ%.ej iJ-'f-,jjo] '/!'raJo]cj-. 0]'1 50 

<J::;o] '1!,<J 7f6%½ ;<]"J .l!.¾ :a\aJ%o\\A7 'lf~-"J7] "1]1'-ofl ufll'i:'r.§1-% 0] 

,J 'a '<! i:J-. 'l! "l' u11 l'!:<r ~% 01 ~ ai -"l :::: 4 1 ° 1 -'ll ..i "' ai * .eJ " •J oJJ si ~ 'll 
g AJ>J"f ~q\'! % oJ%o] ~Z'c '!JlSll"l- '/!'ll- T50~ st:: ufll'!c<r§J-% ¾o] 

~ -'l -"l :::: % \'! oq 'll oJ ,;le% ?I O 1 9-. 
Fig. 3-59j- 3-6oJ]A7 )l.oj;<]:::: ?I ~o] ufll'!,9-~% AJAJ.ej )l.i:j- 'f',?c "J 

ol--'l 50 <! 01 '11 "1 \'! •l .sl. 'll Dil l'!:<r §f % 01 \'! '!! -"l >II e '11 .,, :::: "1 "l .eJ ~ .!/-1"

ofl Ai 'l!oJ\:!-i:J-. 0] -\'-1,'-,"_ "f'l/2} (1'T)4 "i-'ll-il'! (1'P)o] jj:;r7f -"l:C: *01 

cJ- (Fig. 3-591- 3-6). "iaJ%'1\oJlAi ~.!/-1,'.Q._s!. %4~1= ufll'!,7f6Sj -.,;;o] 

'ii-~ 'r '11 oJl Ai DI] I'!: 7f 6 ~ .'f. ~ -\1-lSll .s'. \'! :, :a. 'll '!! A I 71 oq oJl l'!:<r ~* AJ AJ O I 

'll oJ 'cl cJ-. 0 I ?! .g. 'ii-~ <r 1 I ufl l'!:<r ~% oil clJ '11 4 .'f. ~ -"l 'l! cJ- :::: 5! 0 I ¾ 'll -"l 'l! 
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Fig. 3-5. Thermobaric conditions of methane hydrate formation in the vicinity of 

hydrate accumulations near Sakhalin Island. Th = the actual 

distribution of temperature vs. depth; T eq = equilibrium temperature 

curve of methane hydrate formation. 
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Fig_ 3-6. Pressure distribution vs. depth within the limits of the submarine 

methane hydrate stability zone. H = total depth; Ph = conditional 

hydrostatic pressure; Peq = equilibrium pressure of methane hydrate 

formation in water depth of 1 km (A) and 2 km (B); Ps = saturation 

pressure of dissolved methane in the sulfate-reduction zone. 
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7] U!l,'-ot] 7f"g--.fcf. 0 ].J t\7Jot]Aj Pill'f'r:of% 0 1 ;<!]~ {laj.<jc: 5!,0. ~~<>ii 

Sj~ oUl'fo] .l'.:of't! t/-.a/'r ¾7f.2j- otil'f'r:of%o] A§>J.<j c: -"l"l¾~.sl %Si 
0 1%"11 Sl '1i 7}"6-ol-cf. ~-\1:,0. oill'!:?~% {laj"],= *O!]Aj uJI\S!:7}6;. ¾'/1: 

-.fc: ¾it~ 7]")-o]cf. ~-\le .!/-i'.] (diffusion halo),= 7)6¾½ "i"ioti'1 -lf7f 

A]Ej (fugacity)Si 'rl\J"I 7]%7]0!1 Sl<il '"*""le: oil\S!:716 'l'~ot]Aj 'll-'>l't! 

q, o] 7]%7],= :<f-\j- "1].J,7}62} %e "1]1'f7f-'-Sj i\-7fA]Ej Afo] 'l)-<;j *}o] 

.sl 'llsJ't!q. ,Jq-7f "directional diffusion recondensation" 0J-\l-¾ ttf-"-C: % 

* ~~ 7)6 -.;, 0 1 7)6 11-½"i"loti'i 'l!oJ'dcf. 0 15\,0. %1!Si %'115'.otl 

",j~J½ u]~lc: it'l)ej 7]½7] \'lo\1"1 %\" %1!½ ~-\le o]%A]7]c: ")-%o]q. 

"Recondensation" 0 ]~ ~e. %"3Jl.£7} Ji!.Cr 'it.& A]A~E.j ~-¥-~o!l ~0}9.l~ 

%1!½ Sj • ]~c\. %•15'.o\l "a~½ o]*]c: it'l),O. ,0.5'.'l)tJ], of'.l!t '5\1:<1\'l~ 

.sl st 'r"' 7J ± ~ cj. 0 I .J 4 % Oil Sj '11 u\] 'l! 'r ~% 'll aj O I "'1 "1 \'l AJ--'/-¾ o\l "1 

'l/ oj '<r cf. •1 "1 \'l -\' co\] Aj % e oil 'l! .9J 'r aJ aj 'l) ~~ ... l, t oj '<!'5' 5'..9] 'r 

oi"I 7]%110!1 Si<II <1-~Bq. 

P1l'l1'i"~% {laJ %'l!:otl %0 1% 1]s\-& 'l! g 'll-'>l .il\78.il\ %'l!-a\q. % 

.!/-a\% (osmosis)-& Pil\S!'i"~% A§-',j :I sf'il7f 'llli'- 7]%7]:, 0 (7]A]i']7] "II 

,'-otj % 0 ]%ot] ¾it~ "!~½ ~cf. t/-C,'r7f 'l)ol]Aj %i!J-,0. oil%7f6otj Sj 

'11 3'c :of% Ell 7f -"l \'l >1 g oj 'i!'r ~% A§ A,j t ~ \'l -.1 Jil 'l! oj y-q. oj ""' ~% 
A/JA.l:i!J- 'll"lt %Aloi] oji!J >J-±<>i]Aj A]"\'l! 7)-'o'-'Jo] ',;cf 'l!g A§-',j .il\78 

.il\ 0 f{l7f:S].sl 0 1°1 oil\S!'r~% 0 1 e>l-.fc: -"l"l%Si t/-Cc'r71 Aff.sc¾ Pill'! 

?:of% A§A,lot] -\'!:oj~cf. AJ-',j-,! oil\S!'r:of%Sj 0J, -\'!:'lJSj 3.71, oll\S!'i":of% 

¾SI 'i'»ll %-& ~~--1 %"lo] c: Dil\S!7f6.2J- %Si e•12l- .::15!:. 0 1 oll\S!'i"~ 

% 'lJ "J 'lf 5'. .sl % aJ 'l/ 'r ~ C: "g- <;j ot] ttf i!J- 'g i!J-'c! cf. .l!. ¾ .sJ aj % ot] Aj oj \S! 

'f':of% A§ AJ Sj 'J--'/- ~;,j] .2j- oj \S!'f'~% 'lJ "f 'lf ± C'. ~,0. '5' 5'.Sj oil \S!7}6i,

st c: \'l "I otl .9] <II "1 78 B t:1-. .::r •1 E..sl 'rl\J "I ,@35'. 0JSI oil \S!'r~% 'r ¾ c: 

'r'.sl 'll>ll~ '11"1\'l "Isl 'llotlJ<J '1):a,oj 'clef (Fig. 3-7). -"l"I% <1°]71 ¾71 

-.pj y- '11 "1 \'l 0 ] %-ir"i <II :s] \'! '/1:'ll'i'-¾Si oil I'!? :of% ¾ 0 1 'll >J '<! cf (Fig. 

3-7). 

i!J- - "1-i!J--'i'-~ oJ 11 4 c 11111? ~% 0 1 'l! ~ 5J ::: "] "1-"l "1 'ri!-"1 
',J-Af ~1J 
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Fig. 3-7. Scheme of the structural formation of hydrate-bearing sediments m 

submarine gas-seepage fields. 1 = lenticular-bedded structure; 2 = 

porphyraceous structure. 
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llfel--'1-91 oj -ll 91 Ai"" i:Jl ~'r' \'! .!/-<>II Aj tj-,j;l 7}"191 's 'll :aJ '1! ,l-';! llf "11 

0 1 A] 6 (seismic facies)7f 'll:'1"1 '.ll tj- (Basov et al., 1996). j! >ll -1 "11 oJ A],,__ 

';: 7J-~ 31 'Al 4,:aj o] oj ~ >J ¾"i 31 l!J "11 ~ 'l}Afllfo] tj- (Fig. 3-8) o] :;>;l ,". -"l 

:aJ¾ 'lR ~.!/-l,'-<>I] 1FJ"ioJ '.l)tj-_ o] llJJOJAJ!:c';: yoJ7f ,loj'l!4';,- llJJo]A]!:c 

2, 3, 4£ \'!~9-- .!/- >ll-1 "11°]A]6';: §I'll% _l;!_O]c a\-'!1-~ 'l}Afllf91 ~,!]<>II 

91"11 's'll"i<>\Z:19-. o] llJ]o]A]A';: &% "1" '!JE!l2l- S)i..J-91 ¾ "JE!lss ";>J 

"131 i:Jl.!/-l,'- 0 ] BSR ~o\] ~*l~tj- (Fig. 3-9). 0 1.:1 's'llol 'l}Afllf, li'-3". 'lf 

')I-, ,i]o]A]A 291 "i'l!'i-aJ 'll'l! %~ -"laJ%o] "1]\'!7f6o\] 91% 'f§]-')l-eJl91 

:,l_llfo];,jy- §j-{1:7]'l\ &';: 'lJ%7]'l\ -"lol%91 >11% <13!\-'llfc "]Al•l <l'tj-. "I\ 

0 JA I ,,__ 2 ';: 'II 'l-"i "I 3lf 3lf ;,j -"l aJ % 0 I C "1 '-1- '.U ::: \'! '2j "I "I 91 's 'll :aj 'il Ell 
o]tj-_ ,j >ll-1 llJJOJA]6::'. 7J-Sf31 :,jJ4/.ajo]oj ~ sl¾"i31 l!J•~~ 'l}A)3lfo\] 

91'1\ ";'lj,aj31 •JAJ- "1Jo]A]6 \ 'j/o\) i';"1j,i-\tj- (Fig 3-8). \j] >/l,ff "I\O]A\A 

::'. ½\'!4/ajoJ31 7J-~oj sJ¾'i! l!J'!J'iJ 'l}A)3lf:: _11_'1}tj- (Fig. 3-8). 0]5!,". 

llf ej-.!/- 9I oj ? \'! 'iJ-%""<>1] Y-Ef Y-31 .iil l'!'iJ -"l :aJ ¾% ;<] A] ~ 9-. tj-,j;l >/l "ff "11 

o\A\6';: 'f'l!S)s,_ 'l!A\llf7f \ll;,J'-1- 'l!A)JI\ \ll';: ',I:"" §I'll% .1!.'litj- (Fig 

3-9). 0 1 ?;l ,". llfeJ--'1-91 oJ -lJ ? \'! o\] \il ~1 li'- 'f "11 '.U 9-. 

.! AJ •I ,) il. 01- 4'-ll 4 il. <>11 i' ;,J sf "I llf et.!/- 91 "1 -ll >1 "" 'la \'! .!/-91 'i' 5' 

:ajo]Jl "i'il'i-'1'1! 'l}AJ-% c<J£ss £A]~ 4' '.l)tj- (Fig. 3-!0l. o] "]£';: oH 

q.. ~~~ A]~% £Al<5}..i1. '.Ur+. o]~:: *%-'a"hi ?:JJtiJ=~ ~~ ,¥-~o~y2.} 

'11 'l- <>ii "ii ·~ ~ 1±¾<>11 91 "11 3. ~I .!/- A] "I 2. sa. '-1-"1 "1 Z:1 cJ- 'it% ;<J "I ,". _i;_ cJ
a\-'!1-~ 7'50~ 's,!-';:tj-_ 0 Jr,i~ "l'i'! AJ-¾~ ~~12\- 811<1\'!~l"i "l!oJ'.U::'. ajej 

7~9l 1i:!*oJl S!j~ :":;.7J€tj-. *Ai~ ~oj]Ai o] .A]~-& 7}JI}~ *Ai 7]¾7J~ 

st ::: :ol--U 1 I 'l1 91 '11 al :; o\l 91 •l 's 'll 'i! cJ-. 0 I "i "I -'I aJ ¾ ,". 'll 'I!: aJ 2. sa. "11 ° I 
A]!:c I, 2, 3, 4~ _t;!_oJ';:<11 °];'; ¾"11 '1] 0 ]A]6 2.91- 47} 4--'IJS\tj-_ oJ "1"1"11 

_;;:, 1'!'8 -'I aJ ¾:; 0 1 >! a1 li'- ,,,_ ~ cJ-. o I '-1 _;;:, I'!~ "i zJ-¾% 0 1 '-1- ~-Ut!:% <>ii 91 

811 ot1J 'i! ~ _9_,e .!a. '1! tj-_ :i a1 "- 3lf ;,j :of-U li'-½ 'i' 21- ofl .! 7} 6 ss 'f ~'8 -'I 

aJ % ;'; 0 I 'it -'8<<1 "I <>ii li'- 'f ~ tj-. 0 I '-1 .J: AJ -"I- "11 0 I A] ,,__ 21- 0 I c<J "I c<] OJ -"I- 91 \'! 

i:J1 ::: -"I- ;,J o\] oil 1'!4' :of% o I 0 1 "] "I <>II i"' >l 9! '.ll tj- ';: ~ % "i A] 811 ~ 9-. "I- '-1 "i 

~.g. 1AJ-3:joJj1 .ii1~£j.7;] ~~ ~~¾% .!i!.'?.lc.J-. *"iAJ~S!l ¾.R.~ ~1~ 

BSR91 ~•l 0 J tj- (Fig. 3-921- 3- IO). BSR ,". Aj"" .!/-i'<>il Aj aj aj \'fAJ lll- 7];;. 
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Fig. 3-8. Seismic profile PR-27. Fl, F2, F3, F4, F5 are the se1snuc facies 1, 2, 

3, 4, and 5. 
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Fig. 3-9. Seismic profile PR-55. Va =. ancient gas vent, GS = gas m sediments, 

SV small scale gas vent, CT = conventional gas trap. 
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Fig. 3-10. Morphological and structural map on the western margm of 

Paramushir Island. 
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oi) .!I. oj 'cl q. 

BSR'°= cJ-%"1- '<!:'°= oj •1 >;-'lj:, ¾ 7\0<]:;, ~ q (Hyndman and Davis, 

1992; Hyndman and Spence, 1992; Lee et al., 1994). j "9, BSR'°= '11 >1 \'! -'I 
OJ"i- "15'% 5'.0J¾ s,C: •14- 7J-% 'l}A\:ufo]q. 0131'°= '11>1\'!.!l.9-.'r. c1 7J

% '/}A\1lfo!cJ-. ~"9, .'i'.C: 'i:r'\l:uf 7];f"i]Ai ofl'i!'f":§}% ¾.QJ 'l/-\'-1,'-.QJ ,j•J

t\J0]7f BSR 'llot]Ai "r:C %OJ< >i•J- ul~oi) •14- 7J-~cJ-. ~>!, BSR ~-\'-1.'

oi) Aj -!i1- '!I-% >;-•j .Qj 'i:l-'\I '/! A\:uf :C ofl 11!'1" :§1-%"1- ofl 'i:\-7}6 ;, 3'. ~•l C: "1 -'J 
%01 i"•l~ci-1= 31¾ O<JAJ'il i?cJ- BSR ~'1-1.'-oiJAi 7J-% '/!A\1lf7\ fil:::: 31 

:: ~>,~:;s_ 'll~f"J~:;s_ nfl\'!:'r':§1-% 01 !1.~"1"1 lll"'°= "1"J%ol -UcJ-:::: 31¾ 

L}E-f.1..!!tj-. tJ!~. BSR ~¥-~ofl 7J?i}2 ~~4?~0]2 ~{!~ ~A}l!}~ % 'l! 
Ei!.QJ 7}6 E',!j (trap)¾ 0<jA]%cJ-. 

BSR~ '4"1-'f-91<>1 '\I 9-'ll •1'1\'!"11'1 127 - 154m j)o)oi) '11~)%)-:a. ofl 

o)Al6 221- 5A\ 0)oi) i">i%cJ-. 'lr'a"t 71,,.o!l .eJ•l'1! 01 "i"io!JAi BSR~ ',! 

7f-'I "; 'll -'1 '11 °J-'IJ-¾ .!I. '119-. Fig. 3- !0otl Ai .!I. oj "':::: 31 '1 ;;J BSR.QJ %~ 

if~ A.-f..g_ ~t-r~~ ¥:~O\l ~~ ~711~9'- 0 l-tl <tl19~~ ig.~51} ~ 0 P-l6 1 
"1- 221 "1"1%,s. 'i'"a"1<>1 'UcJ-. .::ii!j:a. BSR l1c3'..QJ %~ "i"i~ '11-'1\'!~.ss 
lj!-E~ ~.g_. ,t!c.~ 7}~-A-¾ofl ~~ ~1~2 7}~7} ¾½£!~ ,:;;!o] ~AJlJt 

7)>\-"i).'r. .!1.oj'c!cJ- (Fig. 3-9). 0].i 7\6%½~ "1-'1%'-l\oi) €e<I\~:::: P\ls!'r' 

:o)-%0) 1,'-'il,aj<>J ofl'i:\-7}67\ '!t½-¥J 3101cJ-. o) 0<)"iot!Ai 'i'r'9t -'1"1%¾ ;j 

~ s\oj 1,'--"j ~ '!I "1-, -'i ¼'l'o!l Ai ofl \'!:'o'- .'r.7f 1000 nl;1 78 .'r..ss 014- \'i: >ii ~78 
"1 'll cJ- (Zonenshanin et al., 1987; Cranston, 1991). .::i el :a. <>1 't! "i "i oi) Aj:::: 

-"l-'1%"1- %%a"o) Aj.ss >;-','% 1'!:711¾ .!1.'.,lq; carbonated mud, carbonate 

nodules, carbonate crusts, shells of Conchocele, JX)lichaete worms. 0 1 ~ ,7;] 

"I :'. ~ -;I (arclike shape) 0) :a. nfi!J-'f-a;,I <>1 '\I -\'-i1 -!.1-~ot) Ai ,J->, ~!is 1.5 °\ 

'll <>l-'ll- ~<>l 'U~ <>l ~"lo!l-'1 nfl<!'7":o\%<>l 4~"1<>1 1,'--"j,aj'(!q 

(Cranston, 19911. nfl'i:l-'r':o\%o!l 3'.~"1<>1 ,Uc: 7\6C: ofl'i:l- 97%, 01~:o\'i:l-~ 

2%, Oil'i:l- 30 ppm, E:.ss\'lc 15 ppm, '1-'i:l- 7 ppm0 JcJ-. nfl'i:l-'r':o\%.ss-\'-ci '!!-½ 

,a ofl'i:\-7\6.QJ '1!78%'11 ~~;; 1.'--'-1% '!!"1- ofls!'r':ofll-'°= •J%7l~ "il'i:\-7\ 

6o!l .QJ'i 'iFa-¥1 3!~.ss ~"Ll!cJ- (Craston et al., 1994). 

BSR.QJ 7HJ- i- 0 1¼:C. 0!-'1)-% 0,HJ-~ 7\6%½ "l"i~.ss •Js\\'!Aj BSR 

01 'll'll '11.ss ¾i!J-7\C: 310]1:,. 0)31:'. BSRo) '11'1'1!"1- l\l'B"l>il e•i~cJ-:::: 
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'li'l!"l'i! oJs';:;,f -j/-'l)-"J:C >,!oJq oJ ,J01oflAj BSRoJ of';' 7J-~ 'l)Af:;,f;; 

.!l_oJ :C c;!<>IJ i'-:>JSf\'! nlll'!'r~¾.91 -'F"il:C 'r oJ&JojAj 'r11 o]E]oj oJ-i,-c;! 

o]a} ~'ll-'i!c\. o] o<]01oflA1 BSR.91 oj-j/-~ 1i'c.¥.0J-)/-% -\l'l/&7] ~'1JA1:C-'] 

¾'r _g,£, 'lf-1, 7J'l!-it'J' 7]%7] '\j- nlll'!'r~¾ A~AJoj 'l!"J% op] :C ?Ji. 

A'{!~% &A}t1J 0t ~t:1-. ~¾'T'-~ JE.¼ ~~%Sl ~£.~ 2.2 - 2.6 °C0l.i!. A] 

'l!-it'J' 7]%7] :C 1 - 4 "C/100 m 0 ]c\. BSR 1, 0 ] :C '11'1'\'! o]& t:Ji"l' 1050 

- 1100m O l c\. .:1 cl E.ia. nil l'!'r "1-%-"I ~ 'll £ ¾ '-l-Ef i1l ::: .:1 ;,J <>il a:t "- \'! 

(Fig. 3-11), BSR,'c nlll'!'r~¾oJ ~'ll-"1>11 e>l&:C 'r01<>il ~J<J~c\. 

7}6%½ A]Q:joJ]A1 A]~-lf-i'g= 7]%7] ~ 19.5 °C/100 m S1 uff-9-- 3t.g. it% 
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Fig. 3-11. Phase diagram showing methane hydrate stability field for a pure 

water and pure methane system and the character and uplift of the 

BSR in relationship to the observed gas vent formation. 
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Table 3-1. Submarine gas-vent fields found by echo sounder from 

the continental slope offshore Sakhalin Island, Okhotsk Sea. 

Gasvent Water 
Latitude Logitude 

depth (m) 
Comments 

field 

1 54"26.782'N 144"04.858'E 710 
Gas hydrate recovered 

in 5 cores 

2 54"26.584'N l44°04.170'E 700 No sampling 

3 54"26.526'N 144°04.686'E 700 No sampling 

Vent field found by 

4 54"26.086 'N l44°12.612'E 865 one transect: no 

samplinR 
Inferred gas hydrate 

5 53"22.718'N 144°25.390'E 640 from pore water and 

Ras analysis 
Vent field found by 

6 53"22.371 'N 144"31.04l'E 760 one transect: no 

samoliilR 
Inferred gas hydrate 

7 53"22.364'N 144°25.000'E 620 from pore water and 

Ras analysis 
Vent field found by 

8 53"22.329'N 144"32.440'E 700 one transect: no 

samplinR 
Vent field found by 

9 53°20.666'N 144"39.543'E 1040 one transect: no 

samolirm 
Vent field found by 

10 53°20.634'N 144°29.206'E 700 one transect: no 

samolinR 
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Table 3-2. Some characteristics of methane hydrated cores from field 1. 

Water Hydrated Hydrate Water er 
Core No. 

depth (m) interval (m) content (%) content(%) (g/liter) 

91-02-39 719 0.30-0.40 20-30 nd nd 

91-02-40 708 0.95-1.95 35-40 66.2 12.6 

91 -02-41 708 1.20-1.40 80-90 66.3 7.0 

91-02-42 710 1.00-1.20 50-60 nd 11.2 

91-02-44 708 0.70-1.60 30-40 65.1 15.9 

nd c:c not determined 
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Table 3-3. Detailed shore-based gas analyses and isotopic 

compositions of gas hydrate from core 91-02-40. 

He (%1 
Methane Ethane Ethene Propane 

CO:! (%) N2 (%) H2 (%) 
(%) (ppm) (ppm) (ppm) 

0.49 2.74 <0.002 <0.002 97.1 26.0 0 17.8 

Propene Butane 
Ci/C2 

Ci/C, 8 It %o 8 1t %o 8D %o 
(ppm) (ppm) log methane CO, methane 

0.4 19.6 37000 4.74 -64.3 -24.9 -207 
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_2_~"'3.'11::: ~'1},'oflAi tJl7l¾~_ss -)1-'iJ-~ 0.}ej oflB7t6i, 'lf½~ 7t 

';•,l 0 I '.U:: ?\'!'11 (marginal sea) ¾ ~c]-0lcf. a,J3cej t!lir.'i'. .2.~"'3.'11 

w A f ofl Aj Jy .g. * .'r. "1 ofl B 7 f 6 7f ¥- "I "l "1 .l!. * -"I aj 1l- ofl Ai 'lf '(! 'll :: ,11 ° I 
oflB7f-'-:: 'l/7l~'l! '51~.ss l!t-ol~cf (Geodekyan et al., 1976). 01 f-"l"1-& 

** 1-~"'='- '11 "1 'i! el 1- *"I (Tinrio basin).2J- AH:1:"1 'a %"f "1 t!I <t-'8-"1-
Cf<tAf \'! 01 cf. i+ofl A vdeiko (1984)"1I "1 '11 llf i!j-.!j!-,;j oj 'a -\Li=' "1J 'r¾"il Aj 

t!lir .'i'.ej ofl B 7f-'- 71 %"1- 'l! 97I ~ "1 B~'r~il-¾ '1!-'c! 9lcf. Obzhirov 
(1989, 1992)::: \g-.g_ WAfi,- ¾'1J .2.~e<3.'1iej "J¾'roflAi Jy.g. ,l'.'r.ej oflB 

7f 6i, 'lf '(! ~:il ofl B7f 6ej ,I' .'r.1/-!l. ~ .'r.AI ~cf . .2.~"'3.0Jl ej 20% ;<] "I ofl 

Ai '~%7l~:,J- 'l/7H! oflB7f67f "i-'11!-ofl ~ajsj]l '.Ucf. 

1991\i 1,-:,J- 1992\i ojl,%'1!"11 Af~"1 'a ~%"f 52"30'N2J- 53"30'N Af 
0]oflAi tJl7]¾~.ss oflB7f6"1 •J-½"il'¾ \!tiil7] ~'11Aj .l!.*OJl'roflAi oflB'ff 

.'r. i< "; 1l ~~ t:f (Lammers et al., 1995). ~'1!-<! ofl Bil' .'r.:: Fig. 3-14ofl .'r. 

"I 51 'll t:f. il-%'l!ofl :: ofl Bil' .'r.7f ~%"f ~.ss s!'r'<- 95 nmol/L"il Aj 385 

nmol/L.ss ';;'7ftl-cf. -ll"11 "l¾'roflAi %CeoflB'ff.<r.:: 0.7 - 2 nmol/LO]Jl tJI 
7] o!JB7f6 i\'.<r..2J- 'll'll-ll-Eil"il '.U:: .l!.¾'119"1 oflB'ff.<r.:: t!l<l' 4 nmol/L 
01 cf (Wiesenburg and Guinasso, 1979). ufi!j-Aj 1'-ofl ~'!I'<! ofl Bil' .'r.:: t!17] 

"ii •J'1Ai 2000 - 9500 % "1-!l.~51'llcf. "1¾ofl "i''!IB oflB'ff.<r.:: 6 - 76 

nmol/L0]]1 'l!g 'lloJ]Ai ";'lJB ;;!-&cf -)1-'iJ-iil '5<'.ll:cf. 7f'l} ',t-& i\'.<r.:: tJI 

, I 21- 'll ',I -ll-tJI ofl 'll :: ".i! _i;_ cf 2•H , f 'li' iY :i1 7f 'lf i't-& 'ff .<r. :: ,t ofl "i' '!I B 

7f'lf '5t-& 'ff .<r.!;!. cf .<r. '5t~cf. i ,l "ii :i1 ii:,'~ ]l oj ¾ofl ~'!I B "ii rr ofl .!'ff 

.<r. :: cJI , I ¾ t>IJ B 'ff .<r. "ii • I '1 1000% "1 :,J-!l. ~ it & 'l! cf. o I ;,,i ~I .l!. * '11 'r "1 

ofl .! 'ff .<r., f cJI , I ¾ t>IJ B 'ff .<r. "ii • I '1 "1-!l. ~ B ".i! "ii i=' 71 iif \'! 1-~"' a '11 o!JAi 
-)1-"J~ Ojej t>IJ.f7t67t tJl7]¾~5' 'lJ-½51:: c,!~_ss !;!_'lJt:f . .lf.*,j','oflAi 

ofl B 'ff .<r. "1 "1-!l. al 51 :: 1l .<r., f ~I 'l! -'1 ~ .ss "' \'! :§1--!< & 0 I :: ".i! ~ .ss & 0 f cJJ 

7 I .2J- •1 °J A I O I "ii ofl B 7 f 6 :ii[~ 0 I 'l! % ~ .£ ,;1 -oJ '.ll :: 7j ¾ % 'l! ofl :: 'l! "l y

;<J \'t":il OJl•J 'llo!I "i'"l51'l/cf7f 1,-ofl '1J'l] 0] ";~\'!Ai ~"1'/!"il *-"- 0Jej 

t>IJ,:l:7f67f tJl7]¾~.ss •J-½<i:: ')/ 'ltcf. 
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Fig. 3~ 14. (a) Dissolved methane in the surface waters NE of Sakhalin, m 

March of 1991 below the ice cover and (b) in July of 1992. 
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tJI 71 st '11 °J 'ii ,iJ \'! ~ * ~ oil 117 I 6 '!)-½ "a' .g. tJI 71 st '11 "J Al O 1 .2J * .5'. 

71 % 71 6C st .i>-tl >11 'T' k.21 ~'T' 01 cf (Wanninkhof, 1992); 

F O 0.31 v2 (Sc/660) 0
·
5 6C 

1,-.5'. 71%71 6C:C: '1l'T'.2J oll\11,-.5'.st wiesenburg and Guinasso (1979) 

oJl .21'11 ,iJ1!:'<! 11l1'o-.5'. Al 01.2J ~101~ 7lel'<!cf. frPl§. (Schmidt) \!"1, 

Sc:: %.21 11.5'.st oll\17lceo.2J :fl-11:,iJ'T' Al01.2J "l-&-.s'. 'l!.2J'<!cf. 'il>ll\'!~ * 
~ 116.i>-tf.g. "I ,J-4< .5'. .2J >tl-lroll o:f el- ,t;,J-,q E..s'. '11 'l) .g. "l,l-4< .5'. :. {!-± 

Al,1:C: uff+ 1[3lj-"J'1) ~"l"l'!t~ ~cf. ~oil &'1) >1111:-'-JoJl .2J'11 oll'1!7l6 

¾½".l' 01 >1111:"1~4- *oJl tJl7l¾.Q..s'. oll'1!7l6 ¾½".l'.g. 560 mol/km2/d 01 

:;, oj;;oll:: 150 mol/km2/dOlcf. 'll\'!%'1!c.2J tJl7l¾.Q..s'. oll\171'- "J-½".l' 01 

Fig. 3-15oll .5'.Al")~cf. Al'!c<J '\-% c<l<!jollAi 'lJ\'!%'1! ¼ oll\1716 "J-½"d' 

:: 7.3 X 105 g/km2 01:;, ol¾oJl 74%71 4~'4 7-t/ Af01oll tJl7]¾.Q..s'. 'll-½ 

'<! cf. .2. §.ZS .3. '11 1\ c<J "l .2J 15% oil Aj uJ) \17 f 6 7f tJI 7 I ¾ .Q. .s'. 'll-½-l'! cf 2 7 I 

'lJi;I\'!, 1\>il .2.:<:.*.3.'1iollA1 'lJ\'! %'1! ¾ uJl\17}6 'lf½"d'.g. tJl<'t 0.13 X 

1012 g0]cf. 9-:<:.*.3.'112f "];;:~ ~.5'.ollA1 ~'l!-l'! tJl7]¾ uJl\1716 1,-.5'.\'!:o} 

oil a:)- .s \'! 4 ~ "t 7 ~ Alo] oJI c<J "l "i .Q. .s'. ft .g. oil 11716 1,- .5'. 7f i'!:~ 'iJ cf. Cl 

c)E..s *>4 oj~ AloJoJI tJl7l¾ '<c..g. uJ1'1!71'- 1,-sc_:: .2.:<:.zs.3.'1lst .Q:: 

Sl~.5'. tJl't'r\'!'11oJIA1 *oil '1i"Jo] ",.Q.\'!Aj AJ-',j-~ 0J.9j uJl'1!7l67I tJl7] 

¾.Q..s'.'l}½"1~~~'<!~.Q..s&'l!cf 

1982\'! "1-el--'1-91~ 'ii .!/-ic 'T'-lJ 800 o]E)ollAi 500 o]E) '<co].2j 7167] 

%OJ g.-Jifc<]7loll .21'11 '!l-~"1~4- oJ 7f67]%..g. 1982 - 198.5\'! %'1!:oll cl 

A]of '"'Al-;J Vulkanologoll .2J'11 '"'Af")~cf (Avdeyko and Krasnov, 198.5). 

\'!'i'-'1"1-, 7167]%.g. 'l!'T'7l~.2J %;<; 'T'±, oll'e!, ir±1!::§:f%.s'. 'r-'J"1~ ~ 

cf. 7167]%.g. 50°30.8' N, 155"18.2' Eoll ~-'l~cf. g~ifc<]7]oJ1 .2J;;f\'! 71 

cCo7]%.g. ;<!711EJ!.s ~st 0fcil7f 7fcccf\'1- .5'.;;;% &'l!cf (Fig. 3-16). 01 7f 

67l-\i-.2J 1EJ!st .3.7]71 ol'r 7J-<j~ 7}671 '11')\'!.Q..s'..!/-Ej '1i'T'¾.Q..s ~ 

~:,j t.j-.2.;: ~% c<JA]'1i €cf. o] 7167]-,i-t_ llj-eJ--'/-91~ 'iJ '11'1!7}.£..!/-E) 

10 ul'lJ'l!£ '!!~"1 :l).cf (Fig. 3-17) 01 c<J<!j '11>1\'!.g. 'iJ.Q..s-';'-E) 1000 °1 

-240-



~ 
N 

E .,. 
:, 
0 
E -K 

" Ii: 
• :,: 
u 

600 

500 

400 

300 

200 

100 

0 

- 560 moV km2I d 

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

Month 

Fig. 3-15. Extrapalated production of atmospheric methane m the offshore of 
Sakhalin. 
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Fig. 3-16. Echo sounding image of underwater gas source. Visible flare 1s 

produced by reflection from small gas bubbles. 
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Fig. 3-17. Location of gas source in Sea of Okhotsk: 1) bottom exposures of 

volcanic rocks, 2) lava domes indicated by DSS data, 3) steep scarps 

in relief, up to 100 rn high, 4) gas source, 5) transponders. 
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Ej "''llnf:<l "1-•1 •J-~.2.5'. ~'l]:-af;,J 7]¾"1"1 :U"i-. '11"1\'! 'l/"il:C 1500 o] 

Ej -9- '711 "1 §j aj * 0 I 'I' oj :u 9-. cJl .. A f I'! oil ::: lif el-'i'-91 oj 'il ~~ tr% "ii "1 Oil 

11:½-<! ,<Jaj::,.a;o] ~"1:U"i-. 01 :<]"I "1"14;'£:C ZOO mrn/1000 yrs.s'. iq-5'. 

9-. 7}"'7]~:'_ ,j-o] 400 o]E-]o],1 7,!0]7f 800 P]Ei, l',-0]7f 15 o]Ej'l) ~½ 

'/- "l-cJl7]o]q-. o] ~½'/-:C "1-"1 'l)-•J.2.5'. 300£5'. ~JOii :U"i-. o] 7}"'7]~ 

.2.5'..!/- Ej 'l! "l '1 "r's' Oil "i \'! -& rr~-iH!: llt01 .l'. ~-af::: ill :'_ "'- '1:'~ lif ~-"I 
ej §J aj % 5'. 1i/ °Oi :ll 9-. Oil "i "] sj % :'_ AJ % >ii oil "1 '11 'lJ Of .>li .ii1. '1, 51 oJ :ll 9-. 

011>1••~-&~•-&"l-v~•=ot:u.2.qv-&m~•,1~:::"1"iollllf 

;<j :UcJ-. "1"1%lif 'b•~ ~•a 01 7}-'-7]~'<1 l,-½.!/- i""loll•l :,J-:<f7] \'!~ 

"I-. o] 7f-'-7]~ '\'~ -"1"1%:0 ;,jej 7114;'"1.2.5'. o]oj'<! -af~ 7f-'f-oll "1'11 'il 

°"I :UcJ-. ojcj,Jej <" ~71 'il<l]7] (10 - 15 cm)7f ~"l"l :l!Jl ~"i'J 0]7f 

~'.ll:'1 ;;"1.2.5'. _>;_o]::: :<]¾o] 1 o]E-] "IJ.£'1:C ilc-"1"1 '<!l',o] oj7]"17]oll 

Aj {!~.{!cJ-. 7f"'7]~ :<]"Jej 7f~ ";')jaj '!J1'Jl:C "i-{1--af;,J 1/:.l'.'soj :ll:C 

ic'\''4 ','9j'.:; 0]tj- (Fig. 3-18). o] 'r'lJ'.:;-& 7,!0]7f 1 - 1.5 P]Ejo],1 ,Io]::: 

1 o]Ej "IJ.£0]9 '<t'>l' .5'.0Jo];,Jq 'i''!JEJlo]q-. o] 'r'llai-& ,,Io]7f ,,IoJ':19' 

• ¼Of ;<j 'if qp I .'i'. 0J lif "I ~ Of 9-. T 'lJ ai _g, "i ~ <>ii ej Oil 1/: aj 's oj :U jl 9-

e 'i''ll"i- t:il"l' o.5 - 2 °1Ei 1l£ '!!"l"l :U"i- 7f"'7l~ "1"1"1 •lst-& ~ 

>1-?±oll "1'11 .2.'ll-<l :,J-& '1"1 -'I-"- (ooze).s'. 'r'a>sot :U"i-. "r ,filE.]o]E-] 

'¥- "'i "1 Pi\ 11!? .§i-% 0 I 1.8 o] Ej "1 "1 % ,Io] oil "1 'it 7,1-<! cJ-. :<] ;; o I 1 ,fil E.] o] E-] 

'1:C 7f"' 7].l'.a;o] 'r'lJ'.:;5'..!/-El 0.2 m/s sl/£5'. '1)-½-<!"i-. o] 7f"' 7].¥.a; 

:'_ Dil'1!7f"'7f 7f~ ig,,1 "11"115'. ?±£ .l'.t}>sot :UcJ-. 

of_ .2. §. c>. =1 "11 11 11!9' ~- o] ,a '\I '1 ::: ;<j "I "1 ¾9' 9J- 'II' ~'r .oJ '1!c 'II 
%~~± 

Pi\ 11!? ~• 01 ,~ •a 51 ::: "i "I >1 ¾?"1 '1! 'll %~ ~ ± I'! 'i'::: ,1 * ,i1 \'! 
'?-51:C 11:0eo]ojAj :<]i,nf:<l \'!'i'7f o]o]Oftj-. o] 1/:0foll cJl~ \'!'i'7f o]o]~ 

'>1:0 OIIV "1"1%ollA1 "1\'1!?.§1-%~ >fl,;1of7]7f oj,:17] n11.,_o]cJ-. "1111!?>1-% 

~ ~Bl Aj~~.g- ~~~ ~~ %.l?J!ijS: ~~ 7]-3} (isotope fractionation 

mechanism)% ~ 'i! ct. -y ,iJ 7} 1¥-7-i ¾ {!-±. ~1 % ~ ·?l~.7} uJl 'B-'T ~~ 01 "] 

',j~ "11 -@"!"1.2.5'. o]-§-51,1 7f1'J&- ~± %~~±::: i'"l-4'<>1] \j-of a\'"1-<! 
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Fig. 3-18. Geological section through gas source. 
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Table 3-4. Isotopic compasition of interstitial waters m the area of 

gas plumes in the Sea of Okhotk. 

Water Sediment 
80111 (%o) Station No. Coordinates 

depth (mJ interval (cm) 

50°30.B'N 0-9 -0.5 
Vl5-15 

155°18.45'E 
820 

9-19 -0.8 

50°29.TN 0-5 -0.8 
Vl5-18 

155°16.9'E 
820 

5-18 -0.6 

0-10 -0.6 

50°30.8'N 
10-3.5 -0.6 

V15-20 
155°17.TE 

820 3.5-60 -0.5 

60-80 -0.6 

80-102 -0.6 

0-10 -0.6 

50°30.8'N 10-30 -0.7 
Vl5-22 

155°18.45'E 
820 

30-50 -0.8 

50-60 -0.5 
0-30 -0.8 

30-60 -0.4 

50°31.4'N 60-90 -0.6 
Vl5-117 

155°1 l.3'E 
950 

90- 120 -0.9 

120-150 -0.7 

150-182 -0.8 
0-30 -0.3 

50"31.4'N 30-60 -0.3 
Vl5- 119 

155°14.8'E 
875 

60-90 -0.5 

90-133 -0.6 
0-30 -0.5 

50"30.3'N 30-60 -0.4 
Vl7-56 

155°17.0'E 
825 

60-90 0 

90-128 0 

-247-



Table 3-4. (continue) 

50"31.4'N 
0-30 0 

Vl7-57 
155°17.?'E 

815 30-60 0 

60-97 -0.3 

50°3!.8'N 
0-30 0 

Vl7-59 
155°19.35'E 

785 30-60 0 

60-99 -0.2 
0-30 -0.4 

50°30.6'N 
30-60 -0.1 

Vl7-63 
155°18.0'E 

795 60-90 -0.1 

90-150 -0.8 

150-180 -0.8 
0-30 -0.4 

50"31.2'N 
30-60 -0.7 

Vl7-67 
155"17.75'E 

807 60-90 -0.7 

90-120 -0.3 

120-148 -0.6 
0-10 -1.0 

30-40 -1.2 

56-68 -0.9 

95-105 -0.8 

50"30.80'N 106-115 -0.5 
1423 

155"18.0S'E 
786 

123-131 -0.4 

142-151 -0.8 

162- 170 -1.0 

200-210 -1.2 

220-235 -0.9 
0-2 -0.6 

50"31.29'N 80-90 -0.6 
1403 

155°16.41 'E 
830 

150- 160 -0.6 

205-215 -0.7 
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Table 3-4. (continue) 

0-2 -0.2 

50"34.32'N 63-70 -0.6 
1418 

155'10.68'E 
990 

180-190 -0.6 

23.5-240 -0.2 

1413 
50"30.84'N 

15S'l8.73'E 
798 0-30 -0.9 

1395-T-2 
50'30.00'N 

155'18.16'E 
785 183-185 + 1.9 
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Fig. 3-19. Distribution of oxygen-18 and chlorine in interstitial waters. 
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Studies on Methane Hydrate in the Sea of Okhotsk 

Abstract : Recently many methane hydrates have been found in the Sea 

of Okhotsk. Studies on methane hydrate have been actively conducted 

because it is very valuable as a potential energy resource, geologic hazard, 

and ebulition of green-house gas. Until now there have been several 

studies on methane hydate in the Sea of Okhotsk; characteristics and 

distribution of methane hydrate, mechanisms of methane hydrate formation, 

geophysical and geochemical characteristics in the methane hydrate 

forming areas, methane flux into the atmosphere from the seawater, and 

underwater methane source. However, more researches are needed to 

understand explicitly the formation and distribution of methane hydrate m 

the Sea of Okhotsk. The future studies must be forced on the three 

aspects: 1) more methane hydates have to be found in the place where 

they have never been observed. 2) tectonic activity can be predicted on 

the basis of the change in underwater methane concentration. 3) methane 

flux into the bottom water from the seafloor has to be estimated 

quantitatively. 
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Fig. 2-1. Bottle for methane extraction from marine sediments. 
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2-J). 1.8 ppmv, 97.8 ppmv, 10,000 ppmv .l!.¾ Dilsl:7}6"1 lle'l 'l!'l/£ 
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Fig, 2-2. A typical chromatogram of FID-GC system. 
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Table 2-1. Analytic precisions of methane. 

Methane standard gas 
Peak areas Precisions (%) 

(ppm) 

1.8 
2647, 2304, 2756, 

2423, 2587 
6.3 

97.8 
126259, 124490, 126968, 

129167, 125981 
1.2 

12759936, 12687200, 

10000 12322264, 12508480, 1.0 

12416008 
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Al.ll.l< 7}-'-- 3.,sufsc::itil "Oil 'r'lJAl'1 1'-'Jol 7}'1f~ "1¾ 'l[of* ~Jl.7} 
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-'i! "ii lf! 'If£ i, -"I aj % <J ufl 1f! 'If£ Y; .2.,s ~-;f-of 7] .!/1 '11 Ai :,: -"I aj % ej tJ-"r 

"ef.i!f i'-~~ ;<f .il.7} ~Jl.-ofcJ-. ::J. <]E.£ ol\ 11 'o' £{!: <\-'lJ ~ -"I aJ%oJIAi ~"r 
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1e+7 

1e+6 
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.ll:: 1e+5 
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1e+4 

Y = 1254X + 2116 r2 = 0.9999 

1e+3 .\-----~-----,.----~-------..-
1 10 100 1000 10000 

Methane concentration (ppmv) 

Fig. 2-3. Plot of methane concentration vs. peak area. The line indicates the 

best fit of the least square regression. 
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Analytic Method for Methane in the Sediments of the 

Okhotsk Sea 

Abstract : In order to investigate methane in the sediments of the 

Okhotsk Sea, the analytic method for methane contained in the sediments 

is introduced. Analytic precision is 1.0 - 6.3 % and concentration range is 

1.8 - 10,000 ppmv when methane is analyzed by a gas chromatography. 

The methane extracted m the sediments of the Okhotsk Sea can be 

directly analyzed by a gas chromatography without dilution or 

concentration at the above analytic range. 
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.2.~*.3.~gj ~ 471 ~71 ~,,,_71-ll~,,,_7lgj .:i!.311~ 

1!it A-j 2j- .:i!. 7 I .V- ~ .:i!. ~ ~ t!-?l OIi 'i!- e! '2! T 

.ll."j': .2.COC2'.3."1i"IIA1 -f7] >ii 47] "JSf7]-{!'l}7].Q.J J1'11°J4 J17]-f \'!~otl 

-\'!~ \'l'i'~ "f''BSf7] ~Sfoj {[Jl','-~ofl '![J!.-,! 7]~.Q.J :<f.ll.:S 0 ]%"1-s:!t:J-. 

+71 >ii 47] "Jaj-7]-{!'l}7]"il 'll<>JI± J17]+2J- J1'11°J \'!~~ >l-~'517I ~"11 
Aj::: jl "11% .'r..Q.J ¾Ai >J ;,Jo] 'l! 'T'"-1 o] t:J-. 'll 'l!"-1 .2..£., '!l tl-tl: age control:,\ 

A] 4'-,! -"I aj 'I,- .sr of Afo] Sj ¾Aj rJ1 "i otl::: .!/-¾AJ '11 N. pachyderma sin.21-

"l-'PJ '11 Uvigerina sp. %-lf¾S-1 -;lz2} '<lz '1}'!J%~~z 1],;-01 o]-§-~ 

q. EE t1: 50,000 \:'! c;J S-1 \'l rJI ::: AMS 1'c \'l rJI ~ 'll o I '?-" 0 l %-<! q. 2- coc 2' 

.3. "11 S-1 + 7] >ii 47] ¼-'i 'll ;,I otl::: 'll-'o'llithofacies), Magnetic susceptibility 

1],;-0] oJ-§--<!t:1-. EEtl: 0]~"1'11 it~¾. ,Y--;1¾ .::re.lJ1 %7I~ ~11: .l'.:<f % 

t "~¼AHf tl-;,ISf:Cti] o]-§--<!t:J-. i,li= ~<>J .2.COC2'.3."1i"il-'1 °J~s.J {! -"1"1 

'I,- .S,:ofs.J A],;'.£. '1)Sfoj <f 36'lJ:\:'! c;J a] +s.J ¼Ajs.J 7]"s-:i!\ a] 7]{!.Q.J jl 

'ii 0J "l .il 1 I + \'! ~ 1 f it'll 'l! 'T' ~ t:1-. 

i,! ice c;! "Ii ~I S-1 "11 °J-"I aj %, rJI l1l- 'll % .sr of, cocz "i "1 'I,- ',! rJI.;,. s.J Loess 

%oflAj +7] >I] 47].Q.J .i17]+ 'JI .il"1! 0J"i] tJ:tl, \'l'J'7f '!:f'!f'il :<]\'lAj, s\-Aj 

E!l'1l"J4 2-COC2'-"-'ilotl-'i.'r. 01 l1: 0 ts.J \'l'i'"il rJltl: -\'!11°1 ¾rJl"l'.llt:1-(Zahn 

et al., 1991a-b; Gorbarenko, 1996; Maslin et al., 1996; Keigwin, 1998). of% 
0fA]of2} s\-Aj E!],Y 0J O<]Qj.g. +7] >ii 47].Q.J rJl.;,.:i!} '1! 0J 7]-fs.J 7]"'~ >f-'ll 

Sf.il "11!"1-2-.£. rli"I ~ "r ~::: ¾.ll.tl: :<]"1°1"1-(e.g., Morley et al., 19911. 

's s1 jl '11 °J \'l 'i' si -\'! 'll ot1 ,1 1>c "ii, 2-coc * =1. '11 ::: 'l! "i 'i' it£ 'JI "i "1 "1 .il 

'11 "J '!! "cl \'! ~ ;, 0 l '11 sf ::: ti] ufl -9- ¾ .ll. t1: '11 01 'll ot1 .'r. -!1-'i' sf .il O I l1: 0, "ii rJ1 
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~ 'i'l 'i' 7r 'll-'i'- j]_ 'ff "JOJ-,toll sJ 'ff l/-11:"l ~.s!. 'T''.! >1 :ll cJ-(Gorbarenko, 1996; 

1996; Keigwin, 1998). o] otl"l-& "fAi Eil".l 0Joll ~Pl~ cj-~ 'i'l'!'ff'l] %'ffi..\
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Sancetta, 1981; Yoon, 1995; Nam, 1997). 0Jel~ 01%.s!. 9-C0:33oti::: ~"]7] 
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* ~.s!. 'l!a! :ll 9-(e.g., Nuemberg et al., 1997; Keigwin, 1998). 9-C0:33 ,tj <>II 

::: +71 >ii 47l2f ~.s!."1loll 'lloJI± 'li"l'i'"l'll ,J:f 1'!~21- -i'!'l!'i! oti'rs?~. 

lf.¼'Ti.ll9l .A~~~~~' ~"r1i!! l;!j_~ .::z_tjjl 1:l}c} ~%~ ~_¥_ -'g-0) El]~OJ'oj] 

Ai .!il.9- ti ~ 7]..,.>1"1 <U::: ;!~.s!. .!;l_j]_ss):llcJ-(Nuemberg et al., 1997). lll-

2J-Ai -2- co: 3 =' .q oil ::: + 71 >il 471 sJ 'll .;, , 1 -n 'll 71 oil 'll oi 1± j]_ .q 'J £ 

(high-resolution)Sl e<J,'~7,1 l'!~Sl 7]..,. 01 ';)- .!il.~>1"1 'l/7] "illl:oll il7I+ 

'JI j]_'1J 0J 'i'l'i'oll 014- aj~~ *~'a. >JzJ--'i!cJ-. 's .-1 GIN 

(Greenland-Iceland-Norwegian) Sea<>il Ai 1!JAJ >1 ::: 11 ¾'T'2f %Art!- ~I 9-C0:3 

3,tjAi >JAJsJ::: ¾¾'T'::: 4,1 'ii 47I "JsJ-7].2\ TI'll7]olJ 'lloJtl 7]:f I'!~ 

2f -,/ .g. -i'! ;,fJ 7' <U ::: ;! ~ .s!. >J zj- 'i! cJ-. 
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o], i,Zj~ 7]+ l'!~oll 9.J~ 9-C0:33,tj9.] ¾¾'r AJAJ.Qj I'!~:: -"1'1'!!:Yloll 
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<a. it'll ~ 'T' 'UcJ-(e.g., Nuemberg 1991; Jung 1996; Nam, 1997). 's .-1, -'1.§J 
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iJ:%, oJ%3l-°l, 1:11-q. ~%~ ~Y-. JE¾"r.9.l ~t!- 1.;,l ¾¾"r.9.l -W-'.:1¥-t ~~it 
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Fig. 1-1. Physiography of the Okhotsk and Bering seas. Contours are 3(X)(), 

1000, 200, and 50 m. From Sancetta (1981), 
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Fig. 1-2. Main morphology elements of the Okhotsk Sea floor. Thick lines 
indicate mountain ranges on land. From Nuernberg et al. (1997). 
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Ell'!! 0J :i!j- _2,§_ "'=' jl 7] 'll-i:JI _gj ':J ~ .2.!e. i:Jl-'1-li'- \t"i'ofl Aj X] "I % 0] ,t <>l -& cj

(Terada & Hanzawa, 1984). 

_2.§_"'.3.'1\s.] ll.½?~ 7]~ 0 1 9-lc -'¥- '1]1,-oj s.]'11 'll •J% 'l!c:::cJ-(Fig 

l-3a-b). CJ. %1-'-!-:= %'1lofl ¾'l/1'! -&'d%f2 2\'lli'-.<J 's'll% "I'd 1',A]o\ '1l 
1,-gj :<Ji,-7\ A\~"1:i!f :f,\o]£ A\o]oj ~Pl~ so 0) '1\'l:l(Soya Strait)% %il'\ 

<4 tr"~0 l ~~4ttl, ~~l 'i½-%~..2..£ %£.';::: .:i.lf}';::: Bussol ~1{)31} 

Kurzenshtem '111% %'11 ',111~ -lel-Ell'!l 0J:,J- '11?.<J :at~oj 'll<>l'dt:J-. ,';,/ 

~5:.~ tr}iQ- *%~..2..£. -&-2~ A]*~ j:Li!. Ai~~ ..2.:§:.7.3. R.¾4'21- !-"W-

1'!9-(Yasuoka, 1967). t:J-e il'\4~ %'!!~\,\ oj-1,-(East Kamchatka Current)£ 

~ 1j!- -,1- '€1 ~ ~ ~ .2.. :§:. i=.3. '311 .£. ~ o-J 2-} ~ j:1- 71- -a-Jl <tl--& ttl-Cf * ~ .Q.. .£. ~ ~ tj-. 

o] ~fi-~ ~~~ clJ~'Y°\!!¾ rtj-e} -!-c-1 A-f~E_~ ~~J:~ t1]-Jfe>i ,"}~~ 1j ~ 

tt\4 ';l-"i'-".!a. ..- "oj "171 'lf'a e.l ~-il-(cyclonic gyre)ft •,Pa ~cJ-(Fig. 

1-3a-b). _2_§_"'3.'11:= -lel-'l!'i'.<J -lel-•i E11'!! 0Jo\l ~o>]..-\\'!Aj .!0\--?l 45· 2f 60" 

A}o]oj -?l*]%f:<]'l} ;,J%'l!ofl u\q 'l!go] 'll'\1"1:= 'a-:<] 7j'fgJ ~"t~ 's'll 

~ .ll_'l}c}. ';il'] 7'\¾~ofl •\cJ- ',!_go] C(!'lJ'j!o\] tt\4 'l/£7\ '1;o}'s! ll-¾? 

::: %j-7Jil'foj, o],/}ij AJ>J-,! ¾¾'a°:: -lel-EJl'!JOJ_gj ¾½'a°2f 1Joj',° ';!AJ 'J.! 

?"1 'iic~o\l ¾ .ll. ~ "I~% ~cJ-(Talley, 1991). £§_"'=' '11.<J .l!. ½'11? -& £::: 

of-,!7]'l} 6-!i-\!-Ej 9-!iTJ\:<l 6-Co\]Ai 12-C!e. '-l-E\\:!9-(Zenkevitch, 1963). :l'c7f 

%0 1 "11'! Oil?:= i,'zjo] '!IZJ-"17] A]oj-ofoj 11-!i'lfofl~ •fcJ- 'l!%.<J :,!•Jo] 

Aj Of "1 <>l , 0 1 :; <II 311 ° I "1 \'! '11 ? \'! 0 I ~ i:JI 70-80 % JJ\ :<] " 'll -"l oj 6-!i "'JJf 

"i :<]4/'i!cJ-(Zenkevitch, 1963)(Fig. l-4a-b). 7'\¾'!!ofl~ '11?.<J 'si'll.2.!e. Oil 

?S-i 'l/£71 <27.2a, 'l!£!e. ',>7fofoj ?"1.<J "1<! 0 1 7f';;il'f>II 'i!cJ-. '/!i:Jl!e. 

o]'l,!Jil 'ili:Jlil'f>il :;!"J'i! 'l!%o] ~*-\!-Ei ",o\ 'll'\1-<! %"J?2f Amur 7.J-.2_ 

.£.1f.E~ %~~~ qj~Sj 1f'T°~ ~;lj!-E,J ~7]-%-J,1f-7:] ..2.§.~3.'3]JS] lf.¾4-SJ 

'lH/-£7f ,t0 \><I Ji1 %f := ~ '<! o] -"l >II il'\oj, .l!. ½?.<J Overturn½ 'l!-'11 il'\oj 

140 mo\l 0 1.@.::: 'a ½~'i! "1-&.<J '<}?;l 'i! ?"1 ~ 'll 'a ~cJ-(Reid, 1965). 

Fig. 1-5:;: ..2..§.5t.8.'B\] 'Y~~ ~c-1,yt..ll. '.1l,~ r:jJ~Sj ('9r.~ 7}AJ ~<,;!~ 

-'1%ic.<J \'!~:a .l'-oj¾i:\(Mor!ey et al., 1991). _2_§_"'-3.<ll~ %c1-\1 7\>.J- 9' 

.ll.~ -'1%-ic.". ¾£42f -lel-,Y-g) ~<JI¾ 1J-\'lic 0 lcJ-. 's}o>\,\ '/!£~ ¾11.2.!e. 

~.£<:>}~ ¾Sc} -6!~~.g.. -'=i=-& 0 1 o}\! nonarboreal ¾ 0 1 4"-,kJ]ii}:C., ~tfl¾ 61 
~~oJl ~ HJil~ 1c:r~4J-oJ ~.g. ~4.!j!.SJ- -0.C: 1l~"'r7} 4-Alli>}lll ~.¥.~~ 
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~ cJ-(Morley et al., 1991). 

1950, 60~ ell Oil Bezrukov(l955).9} Zhuze(l962) % el -'I 01"1 4 o/ A;; Oil 

"1•1 .2..o:.z;.=tojoJ]A] •l~-<! .l!.¼-"laJ½Oil-"1 'll"l"l, ><]:of~ 'el 0 ].il>f½ I'! 

,'-7f -'131£1'.l!~'-t, o] Oll"lo!IA] >§%7]~ '1!{!'ll 0 ] uJ-9- ,i-~l {!½£17] "illi'

Oi] 'll~~ ¾'I \'!'i'-1+ .i1"1i'lf"l 1i'c°F"1 \'!,'-7} 01-9- >!l~"l~!a. 0 i'i'-"1c'i:!cJ-. 

I 978~ 'll ,'-"1 Aoki .9} Oinuma ::: .2. §. -" a "1 J!. ¾ "i aJ ½ "ii ll- .'1: •l ::: -!l .se. 'ii 
~.g.. 9-.£. montmorillonite, chlorite~ illite.£. o]fOi~Jl ~ .<: 0J:.2.l kaolinite 

::: Af~\'l 'll %'I- ell~"l\'!Oil 'r'!a. 1i'.'1:£1<>J ~HH, m~cJ-(Fig. 1-6>. 0 1½ 

'll £ %½.g, ><l "1 Oil "tel- 9-e 11c .'[ 0J%% .I!_ 0] oj, 9" £ :e:f{f 71 ~ "1 %'!! 4 

'r \'! .ei ell ,;, o11 "i 71 ~ ~ cJ- 0J ~ 'll -'l O I i+ ;a. •J oil .ei 'fl '!l •J % 'I! ::: '.I! ~ ;a. m 

"ic'i:!cJ-(Aoki & Oinuma, 1978). Sancetta0981)::: J!.¾ "1 aJ%"il"l"1 ir3c-ll-"1 

~ 3c 'a lie .'1: 2f J!. ¼ ~ {!- "1 .g, .2. co. ~a "1 "1 9 .B. 9 "'I lie .'1: ',1 il 'll '<! ufcf 'll 

%"1 "i4i''a4 'll'll~ 1'!'1171 ~g,& ir'!l•l'.llcJ-. 's•l .2..0:.z;.=toJ-"1 .l!.¾ "1 
~~oJl"'i Tlrllassiosira trifulta2l- Actinocyclus curvatulus7t 4-1¾.Q.£ ~¾ 
£\oj, n]::;~ 'r'!a. Okhotsk Gyre"1 ¾ 0J-.!/-Oil li'-.'1:~tj-(Fig. 1-7). 'E~ 

Cfrletoceros ~AHspores)2t Bacterosira fragi1is91 .¥.A}~ ell¥-~ %¥-.21- Ai 
-¥-SI tjj~,q1(!-8;- tcl-2} ~~~tj,(Fig. 1-8). C!rletoceros .¥.At~ .2.§.3.3.'8ll91 

'R"~ ~~1 A~{!~~ ;t]A\'51'.;: ¾.Q..£- o] ~.g_ itl'1f~ ~~~ ~~6~=- ~1{1 

"1 "iaJ½ .st 0 foJl'r. 'l'"i!•l~I '-1-Ef<cccJ-(Sancetta, 1981; ~~'11°,l'l'!'i'-±c, 

1997). Denticu.lopsis seminae9t TJ-olassionema nitzschioides ¾ ~ ..g. iJt} JI 

.il',l'r.,.. c-<]'d .2.:o.-".=t'l!a. ¾'ll£\::: o',A\uf <cc-ll-"1 '!!~Jc% '/!::: "1"1'<1 .2. 

.o:.z,..=t •1 "1 'll 'fl >i 11c ><I "1 "i aj % Oil 'r' !a. 11c .'1: ~ tj-(Fig. I -9). 

's•I ;<Jtl 10'9 ~ %'lr o] ><l"lo!IAi >J;;,J~ "i-'1%:S 0 1%•1"1 {\-2% 

~ ~ ±c 1i'-'l , ,J: ± I'! ell ~ '\I 4 "l "1 1 I "I ><I ~ "I 11c "l :i "1 .il O I :e:f "1 Oil ell ~ 

I'! 'i'- 7f 9 >,9 £\ '.l! ~ "1 , :i 7.< 4 .2..0:." a "1 Oil •i 'll ~l-'l '<l ¾"i 1f '1-1i'-'l ~ "

'\!'II£\ 'll tj-(Mor!ey et al., 1991; Gorbarenko et al., 1988; Keigwin, 1991, 

1998). ¾0J ..2..~.:Z.3.8~9} "Academy of Sciences Rise"~ 'cl-4'- q{~,q~oflAi 

•I~-<! "1 aj % .st of-"1 I'! 'i'-7.< :ofoJI "1 •I\'! .2.:o."s.=t 'fl "1 ¥1:7<! \'!:e:f::: -sl-A] '11 '!I 

-292-



A 
Mootmonllomte 

• 60·65'J{, 
6) 50-59 

8 ~ ,-.:,:~-!:l---,,o•N 
Chlorite <Zr~ 

C 

• 40-49 
0 30-39 
t:> 20-29 

.,, 
. " ., ...... , ... 

•·· •·· fj11, 

o,, o" 
oio O•• 

•• , ,!l 

' 
, 

.. ue 

JU ire <Zf"' 
@> 40-45,.. 
• J0-39 
ll. 20-29 
t 10- 19 ,, 

. ,, 
+ ,, 

+••+••-t••+" 

.)0 61• +•1 +11 

Oa< 

"" 

0<0 

'cff 
I , 

D 

• 50 55'\ 
6) 40·49 

JO- J9 
zo · 29 

·• 
. " 

•• ". 
.:,,, 

~l•' 

"" 

Kaolini1e • zp,,. 

• 10- 16"1C. 

+ 5 - 9 

•· . " 
• 

•• . ' . .. ; 
,. 

••o 
••< •. , 

-"' 

.\If 

✓ 

.. 

.,, 
*" ... 
• .,,ff 

I 

.. 
t ' •• 

•·· .. 
' . 

,I , 

, 
r 
' I 

"' 

... 
"' O•O '" ,00 

Fig. 1-6. Contents of montmorillonite (A), Chrolite (B), lllite (C), and 

Kaolinite (D) m the clay fractions finer than 2 µm. Numbers 

indicate the percentages of clay minerals. Data on clay mineral 

compositions from the Japan Sea (JI and J9) and the Pacific 
Ocean (C2) are quoted from a paper Oinuma and Aoki (1976). 

From Aoki & Oinuma 0978). 

-293-

55 

50 

45 

55 

50 

45 



130 1'0 150 160 170 110 170 160 150 uo 130 

'ii")''· 
p 

70 I- I . 

<-) 
\ I •• - ~·1 t_:·~ -,I 70 

) 
...... 

·-
I 

J_J_~ . -- . • 
• ~ •• . ~ . 

• • ,l· --·· r• . . . ,. 
.,,\.A _fl....!,•--...... 

60 r /f' .. . . .. ' -I 60 

I 
• • • • • •• • • 

~ 
,._ . . • 

• • • • • • 
I ~~: ...... • . • 

• • -- - • • • 
• • • • •••• 

• • • • • • • • . - .,. 
• • ••••• . . ~ • 

• • • ,u 
~ . . .. ~ ·:.· . • 

ct • ·• ..... • • • 
• • • • • • 

50 i- • • -I 50 ,~,,,-. • 
• 

J:j: . 
,o I J I ~ I I I I I I I I I I I I I I I I I I AO 

130 uo 150 160 170 110 170 160 150 uo 130 

Fig. 1-7. Distribution of Okhotsk Gyre assemblage (T trifulta and A. 
curvatulus). Contours at factor loadings of 0.9CX), 0.600 and 

0.300). From Sancetta (1981). 



I 

~ 
I 

130 1'0 

70 

60 

50 

150 160 

~ . . . .. 
( 

.--✓ 
,t. 

,J ' 

; 

• • 
• 

170 

• 
• • 

J 

• •• 
• 

• 

• 
• 

• 

• 

180 170 

p 

• 

• 
• 

• 
• •• . ~ . 

• 
~ 

• • . . ~ . ... " • 
• • • 

• 
• • 

• • • • • • • • 

• • 

• • • • • • • • • •• ·::·• • • ,,.,>" 
....... • • • • \J ~ . ,. ···" . ,_ ... ,,. . 

• • • • • • 
• 

160 

• • 

, 

• 

150 

,. 
,-,~· 

,· . ,,.---<: 

• 

1'0 130 

' . ~-, 

-

70 

60 

50 

40 40 
130 1 .. 0 150 160 170 110 110 . 160 • 150 uo 130 

Fig. 1- 8. Distribution of Okhotsk Slope assemblage (Cfr:zetoceros spores 
and B. fragilis spores). Contours at factor loadings of 0.ro), 0.600 

and 0.300). From Sancetta 09811. 



130 

70 I 

·-

60 I I 
"-
~ 
I 

50 

•o 
130 

140 150 160 170 

-~ 

, 
' ! 
'---"';6 

,-

' 
. . .. 

. A. • • 
. . . 

• • • • • 
• 

110 

p 

• 
• 

• 

• • . . . ,. . . ' . . ' 
• • 

• • • 

170 

• • • 

. ·,. /f·-.. 
• • • . . - . . . • 

• • 
. . ... . 

•• 
• • • • • • 

•••••• •• ••• • • 
""'ct • \ .... 

' 

• • . . , ., 
u·' 

~ •;•'" . 
• • • • • 

• • 
• 

1'0 150 160 170 110 170 

160 

~ -
• 

• • 

160 

Fig. 1-9. Distribution of Okhotsk Basin assemblage (D. seminae and T. 

nitzschioides). Contours at factor loadings of 0.600 and 0.300). 
From Sancetta (1981). 

150 

150 

1'0 

. ....._,_ .. __ (o_ 

• 

uo 

• 

7D 

60 

so 

•o 
130 



0Js] ~<'1-'I- 0R~ 'll'll~ j'j-;,J]7f '.U::: 7,l.".5'. '!t"l~cf. Gorbarenko(l996)::: 

-si-J.i Eil~ 0J-'I- .2..§:.-"-3:'11 ::i.e.]2 lliJ'ilEiloJIJ.i J-]-'}~ "1"1% Sl.Of~ 0 1%•1 

oj -0:± %~ ~±. "i '°1-01-, -"] a] 'l)-AJ ',l 0 1 '°1-61 'i'! T~ tl-5:l cf. KeigwinO998) 

2 .2..~2:..3."8\l ~ Akademia Nauk Rise~ ~Ai Ell 9J 0J~ Detroit Seamount A] 

S!j<>i]J.j J.J-'}~ 30"1 ,usi -"l-'1%<>11 *-"'•f::: >jJ.jA,j %-t'¾'<l Cibicidoides!>J

Uvigerina"1 ~±%~ ~ ± :S li'-61 i;foj 0}:<l "1- 'll •l 7] s] 2 '11 °J "1-~ oil 1'1:~ 

'll i' ;; "r •J •I '.l1 cf 

90\:!Eil<>ll 0 ] 2 cj cjJ.]o}sj 'lPl"i '/!~>'. '<]Sfoj J.ii' ale! t.J-2]-oJ] -"1•1 

.2...:."'=1.•J"il i'l~ \'!'r-71 'll>l 1J"cr'ilnJl uJ-e.1- :i 'i'l--;l5:c7} ¾Eil"1"1 *c\. 
"t•l ~'lls] GEOMAR "11°J:<)'!!'i'!'r±::: ciJ-]ofs] :: "-l-9.!i!.,..~<>ll '.U::: Eli 

nJ 0J a~ 0J~ T::!::.(POI; Pacific Oceanographical Institute in Vladivostok), .£. ,..,._ 
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Lithostratigraphy and core correlation along an 
East-West transect across the Sea of Okhotsk 

(based on sediment records recovered by the GEOMAR gravity corer system) 
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1998) . 

.2.~"-3."1<>IIA1 Aj'},;1 "1-'1%<>11::: -'ij~"' .!/-¾AJ"f ,jAj'J ¾i'¾oJ -3j 

.:il ~~~~~.£. {!-½£17] IJ1l~oJl, 0] ~ 2j tl:f:. ~ 't!-:f:. %~.!il:f:. ~¾ ~1 
%}oj oj-§-~ ¾Ai 'i'!T'c: •14- ;,ij~-'j;>_s<. 4''\!"i~cJ-. Morley et al.(1991).". 

Af~\'l ,lJ %.!/- t:il,,.Af\'!o!IA1 A]'}~ '/' 'IJ(Core V32-159, Core V32-161l-"l 

!ij~~ ~o}oJ]A1 AiAi~ %.:g-¾'?] Uvigerina sp.2J tl:f:. ~ 1tl:f:. %~.!tl.± ~ 

½ ;;,.'lj-.foj 0 }><1"1- "it:il "J-.f7j',] LGM(Last Glacial Maximum)"i- ~.'a."11-"l 

¾•i "1-'iioll oJ-§--.f~cJ-(Fig. 4-4). 0 1><1"1- ilt:il 'll-.\712} ½!a.Al :ie1Jl '/' 

A]7]9.] 'r!.:fl:-7l(Transition period)QJ {!-:f:. %.!?-I~± ~_g. ~-2" ~Ai 'EllnJ 0cfoJl 
A1 ~.g. ~.ii}¾,.'+~ ?JtsJg ~'?JCl,. ~-8] 61809.} 11'",J:-€:- ~{!-¾9.J ~5::AJ i 

e1 Jl .§J-1!' 'l.><f-"l .. 'I. 7il •j:;iJ- 1£ t:il "i '<1 cj- 'l! '1!-'1 "-5'. 'll-.}71 oil "i ;;foj .g. 

.'a.All<>llc: "J-~¼"1 ~½ 0 1 'f<J!;;f,iJ ¾7f~cJ-. 'll-.}71 -"1-'1%ollc: Echinommo 

deliaitulum"i- Actinommo sp. ¾ 0 1 4,;Jj-.f;,JI t..fE}\:!ccj-(Morley et al., 1991). 

0 12} '11:t:il.'a., ~.'a.,<JjoJJ;: 'll-~¼-"l ¾~'J 0 1 cJ- 0j-.f;,Jj t..fE}t..fuJ, "i"l 

Cyciadophora davisiana ¾9-l ~71-71- !¥-5!~ ~1% 1!~9-. ..2_~:;i:..3.iiJl9} {£ 

oJ l'f~'ll ~',loj ,t,", Jl~.'ic. "1"1-"l 8\j 0J'll-"1-'1fl:(glaciomarine sediment) 

oJJAj C davisiana ¾-"l 'll-t:il"l ~½ '/!£;: ¾•i ~'lloJI ,&-§-;;f;,Jj 0 1-§-'<!cJ

(Morley et al., 199ll. 'i!"Ai ~'E"~ ~~~~. C davisiana ¾~ ~tlJAi 0J 

(Morley & Hays, 1979), 0 1\t's'l'! •l"l(Hays et al., 1979)"1- llil"o"1(Bering 

Sea)(Morley & Robinson, 1986)oll>i::: ~.'a.Al .!1.cj- "J;;f7] "i"lfl:<>11 ~½"a' 
0 ) nj 4- ,c '11 t..f El-\! cj-(Fig. 4-2) :I "i t..f .2. ~33. "1 "1 .lE ¾ "1-'1 fl: "1- ½ .'a.-'II 

"1 "l %<>ii Ai ::: C davisiana 0 1 4--ll ¾ ;>_;a_ ~½"1 ::: t~ (Morley & Hays, 1983; 

Morley et al., 1991), 0 1::: "JSf71 %'<1:<>I) ?\'lOIJ-"l %'1-'1 ~<'! 0 1 \'l~~ :,! 

"1-s'. '~ zt '<1 cj-(Morley et al., 1991 ). .2.~33. Oil "1 "1 -'1 fl: <>II ~½-"l ::: .§J-1!' 'I. 

"' "I Aj "J ;;f 712} ½ !a.-'11 % '<l:<>11 ¾ ~ AJ "1 .. 'I. <>ii 'f 'l! ~ \'l :§}i, .!I.',] cj-. 'll 

-JI/-
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i;f7] <>II ::: nonarboreal(grasses, sedges I §f1!'- 0 1 4-'ll ¾¾ o]-',' uj ~ .'a.,<J] <>ii ::: 

arboreal(i.e., spruce, oak, fir, pine) §]-1!'- 0 1 'f'll"l71i ';;'7f~q(Fig. 4-4). §f1!'

'i'!'i'otl 21"1\':!, 'f- 'lJ21 .sJ.Of7f A]4'<! .2..<:5<3.tJI \J-.!/- Oil'll-21 nf,c],aj- 'll"f 

7]21 -&£2\ 7J"i"?d'-& ~"1121 al-hi •l"loJ]Aj2j 'll, 0 1 EJl-lt'a 71+21 ':l~J"1-oJI 

9J'JJ,g% "]A]~ct. cj~o] %"11<>11•1 A]4'<! -"1"1% .s1. 0 f<>ll•i 80,000-10,000\:! 

,1°121 "J"f7]<>1l ~½"1::: §f1!'- !f;<f21 ¾s/J-& ~•H .2.C0".3.3."1121 •1°Jlli"i 

%"ii Aj 2j %Al"' 711 ~½'<! ct(Morely et al., 1986). a:f ej-Aj §f.,_ !f,cf21 \':! 'i'::: 

*% otA]o}-%~-.2._~.:13.<5jj-*Ei1lgOJ~ ~~ tj]7]'i?~3!} ~.g. J17]~ ~~ 

2j oj "r;? -!J: oJ] 21 ~ .:i! oj oJ -!1: 7J \I! §1-21 'i'! 'i' <>II uff -} % % "f q . 

.2.__:2:;1.3.Bll<>llJ.i ~½~ ~Ai,,..J il-i'-¾<?.l Uvigerina sp.~ 613C ~.g. ~£ 

.!/-i:-21 % •1Pll 0JoJI Aj 'l! .g. 0 1 "i "l' "J "I 7] n 4 q .s711 .l/-7j ¾ (heavy value) 

7J'J'~ 21.uj;;,q(Morley et al., 1991) . .l/-li¾ 613C nt 'll"f71 'ii-'ll-<>11 .2.CO". 

3.a.tJ1<>11"i ~-'l!B al-til•v "il•"i" ~~21 ~?-'l!-& 4~"1•~~ 

Uvigerina peregrina9+ Uvigerina senticosaofl Ai 'i! ,g.. 613C ~ 01 Ai.£. tj-§.7] 

uj 11:oJI -\l ¾"r 7] ~ ~ 'lf"i::: t~ 01 %"1-"l ,,_.,,. 9-(Morley et al., 19911. 

Ohkouchi et al. (1994)-& ,a\-Aj EJl. 0J21 -"1"1% sr 0 foJ]Aj Uvigerina sp.21 Cd 

% ... -"jii}oj uf,c],aj- "J"1-7]<>11Ai ~.'a.,<Jl.'a. \'!§fi;f::: .1,7] {!->l)JJ<>ll -a\-EJl'!J 0J21 

';J '1\ "i" 'l! -'g o] "J §f "1 'JJ. g ¾ 9'l]-ii}. q. a:f ej-Aj :i 'is ~ ,!;\-Aj Ell'!! 0J <>II <j 'l! 

'J "] ::: -\J ¾ "r 21 7] ~ o] .,'-~ 'l/ £ .!/-i:- 21 "11 "l oJJ Aj 7j ¾ 'i! oJI if zj "I :,! '/I S, ::: 

efq 'ljg4 "'"'~ "11"i".9J 'l!zJ-<>11 21•1 'll'a"i'JJ.% 3/~.£ 47J"f.q, :iei 
'-f .2..0:3.3.'1\ 7] ~ _ej ¾¾"f' >§ '\J <>II .\'!:~ \':! 7"::: !i!.9" 1l]-,& .!/-%'\J 4 c<j Aj Aj 

%i\'¾.9J Cd/Ca ... "l4 AMS 14C \':!EJl~7J ,cf_il., %'ll ¾oJ]Aj '!1-'ll*l i;f::: 

7J 'J' ~ 21. 0 I ::: 613C n 4 .9J •I .ut, :i a.] .:i! .I!. q 7J :at~ Cd .,_"1 "d-'ll .QJ ,ff{!% 

% i;f oj ~t"i {l! "r 9J q(e.g., Boyle & Keigwin, 1985/6; Boyle, 1992; 

Ohkouchi et al., 1994). 

Gorbarenko(l996)::: .2.C0"."='-'1\21 ¾0d-.l/-(Core K-105)2\ Academy of 

Sciences Rise2J til_,,.A}\':!(Core V34-90)oJJAi "i-9'~ 'i- {I.QJ .sJ.0 1 "1-'l'!l-oiJAj 

.!/--8-'a(N. pachyderroo sin.)4 c<jAj>j(Uvigerina sp.) %i\'¾<>IIA1 ~'ll~ 6180 

n~ 0 i%"l"l 0 1-"l"l- •J-.}719} ~-"'"1121 01"11°J 'i'!'i'i!: "i"'.liif.q(Fig. 

4-5) ¥-%•a 4 ,1 Ai •.J %-N-¾"1 61'0 ;;J;-& .2..0:a.a. "1l .9J ,,111 >I "I 4 -!a\-A1 Ell 

l\J 0J<>ll Aj '11-& 7] ;;,-4 'l[ tJI "i-<l q(Morley et al., 1991; Gorbarenko, 1996). 

-313-



I 
Co 
~ .. 

I 

ISO' 160" 170" IIO" 170" 160' E 
140" 

I A ' / I ' t: . ';;:j . 91 6S-

SIBERIA 0.,. --·· d
., ;-.-'=·=·;,--- "',;;.""-

t-. ' 
~y1-•1Go:.; ---::::=---.. ........... 

60' 

-·· .; .. 
• 

·. ,;-SOR\ t , .. #/£ B ~ / G~~;I- - , ·---- -• -- 55• 

l?l\ 0,os .. _,r---. 

) lk - ., . -
VJ-4-90 

\ 
~ 

J ' r' 
AG 

\ ' • 
V32-!61 ~ 

AB~--·---. 0 km •00 

j COMMON -·-·---~----
-RARE"" = - > ·-

__ . ....-·-sTG·-·~~-~FT;NG ______ ~--

Fig. 4-5. Location of core sites (K-105, V34-90) recovered from the Sea of 
Okhotsk. Detailed description of surface-water circulation pattern 

is found in Gorbarenko (1996). 

SO" 

f •5" 

.,. 



"t"I 'e:Of V34-90oJI >1 'll :'. N pachyderma sin.4 Uvigerina"l 6180 71 ,;.oJ] 

>j LGMoJl>1 ¾.s'.Ail.s'. {!~>.J:: 71+'/!§J-"1 7l{!oJI TlANP(Terrnination lA 

in North Pacific)4 TlBNP _(Termination 1B in North Pacific).21 7] ~ 0 1 .!i3. 

:a.>.J:,!q(Fig. 4-6). 01"1~ TlANP:il} TlBNP.9] 11,;.:: .!s-•i '11"il 0J.9j 'R0f 

-"1"1'!!-oJI 7],;..,J %'l!•l<ll"1 >!.ilf <ll•l.,lt:1-(Kallel, et. al., 1988; Keigwin et 

al., 1992; Zahn et al., 1991b). '; i<] TlANP:'. *"1°1 £.9] 111 l\l 0J "11 "i(Kallel, 

et. al., 1988)4 'l!l'c'l!£ '1-~(Chinzei et al., 1987)oJIA1 .'l.:il.'i! "1"1"1 ~'d;:J

Sj-.9] 71,;.4 'l)- rJJ•IBt:1-. cj*01 11.U'll, *71\1±, opal ::re]:;, Jjj1j,g -"1"1 

% %'ll.9J 'f'l!~ '/!;:J-71 °1 7l{!oJI t.1-E1-'d'1-(Gorbarenko, 1996) (Fig. 4-6). 

t:1}A]~ 1:1J'6}7\ %~ Uvigerina21 6180 ~ 01 N. pachyderma sin . .!i!.9- Q} 2%o 

I¥-~¾~~ _l;!o]::r:t oJ:: {J¾4'2} lf..¾.::j=- A}o]~ .g.x_, ~~£ ~ tiJl.::j=-¾ 

~ 6180 AJ~~ ¥-~~ ?:}o]~ !fr~~tj-. ~.£.A"JloJl:: f ¾21 fr-.:g.¾ ,1-} 0 ] 

.9J 6180 il):.9] ~1°171 Q} 1%.,.s'. "±~t:1-. '; "I ½.s'.>iloJI N pachyderma sin . 

.'l.9- Uvigerina.9J 6180 ;;): 01 cj* 'f,j/i<f~I '/l_sf:: 7<J•J% .'l.01:: ct 01:: 01 

Al7loJI {l¾?"l ';>J 01 cj* 'f"i!i<f~I '/!;:fi<f'.ljg% >1•1~'1-. LGM 7l{!oJI 

:: JjlAJ'\l -"1"1%.9] 'f'l!~ ¾7f.9j ';'l}% _>;_oloJ, 01:: 'iJ"11"1 qj',Js-oJIAi 

•,PJ B •I q 'l! g 0 1 t.1- rJl ',oJI Ai 01 %B '!I .UoJI .9J •l ~ 'l!B 31 .2..s'. '!I •l.9J 'll 

~o\ 7J-,sf-~g% A]A]~t:1-. o\ A]7]oJl'.: :i:E.~ '@-~~4 fr-7]~ .:I.i'.ljl it~"ft-

4 '!1-.U¾"l •~{}'J% 'l!'iJiif:: opal"l 0Jol j;J;<j ill:% _>;_oloJ, 01:: ::i ,r>I 

"Ji<f.9] 'll~.ilf •lt:1- 'l:!%.9J '>!'!1°1 ~"J->.Joj '1l~B \1!"1 ¾'ll.2..s'. R¾?.9J 

'J'li!-'J{}<joj uff~ ',!-:l):%% .9jo]~t:1-(Gorbarenko, 1996). ::ieit.1-, Gorbarenko 

(1996)oJI .9J"11 l'!'i'B .!s-Ai Eljl;JOJ.9] '!1Sf71 -"1"1%'11.9] %71\1± ~",/ol ~ 

.s'.,i] .'l. q :\;',g, ii):% .'l. ol :: <ii, o I :: ir sc Jl-"1 •~ {} "l "I Al ¾ .s'.Ail .'l. 9- "J Sf 

71 oJl 'it ~I t.1-El- t.1-:: Sancetta (1992).9] I'! 'i' s! .ilf Si- 'l! "I ~ 9-. ::i "1 t.1- ? I'! Oil 
'1) .2_:;c;, 3: tj sJ- HJI ",! Oil oJI ,j:: ,frqj 2j 7<J •J¾ _>;_ '1) t:1-. ;i.s'.>H oJ1:: Oil oJ~"<l 01 

~,q.9] x<!:i!f %Afi<f,iJ 1'!§1->.J\'!Ai R¾?'11"1 >J{}"Jol ¾7fi<faJ *71%, 

\1.U'll.ilf opal:'. 'f"i!"l~I ¾7fi<f:a., jji1/•J -"laJ'!!-:'. 'f'l!'i:!: "±;, !l-'1!'1-

(Fig. 4-6). 

Keigwin0998),?:- till A~ .::j=-1) 995 moJl -'fl?:]~ Akademia Nauk Rise2} 'T" 

{l 1980 moJI 012:: 'r''!l li'-"1% 'l'il:tfoj A]4'i:!: 5 'll(GGC-27, B34-91, 

GGC-20, GGC-18, GGC-15)(Fig. 4-7)"1 -"iaJ% 'R0foJIAj ;,jAj>J %1"¾'1! 
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Fig. 4-6. Records of 6180 of mixed planktonic species, Uvigerina sp. and 
N. pachyderma sin., U. senticosa are in cores K-105 and 

V34-90, respectively. CaCO:,, organic carbon, and opal contents 

are in percent of dry sediment weight. Terrigenous compcnent 
contents are in > 1()0 µ fraction of core K - 105 and in >80 µ 

fraction of core V34-90 (fraction weight in percent of dry bulk 

sediment). 
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Fig. 4-7. Bathymetry {50 m countour interval) and core locations on the 

Akademia Nauk Rise, Okhotsk Sea. From Keigwin (1998). 
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Uvigerina ¾"ii'i hispid2f striated~ '!I '11 ~ ~::: ¾s.J 618021- 613C ;;!-% 'l! 

"1 LGMJ!J- 'i-sc"ll-"l ¾Ai~ tJJeJ-.f~i:J-(Figs. 4-8, 4-9). 5'!1-"l "i"l"" 51:ofoJJ 

{!½"1::: Uvigerina-"I 6180 ;;!-¾ LGM"i]Ai -&!a."ilsc l'!"f\'!Ai Sf l.3%o 'll.SC. 

7ftlj.\'1"'1:C ;:J•J:S .!,l.o]oj oJ::: 'li"'i'i'"lE.sc LfE1-Lf::: Ice-volume effectoll 

-"I I'!~~ ;;!-J!} ¾Af-.fc]-(Shackleton et al., 1984; Chappell & Shackleton, 

1986). oJ2f 'frt!lsc, ,<,l 'l!.sc. 11-i=olJAi AJ'}~ "'of GGC-1821- GGC-15-"l 

"i"l,.._olJAi 'l!¾ Uvigerina-"I 613C::: 'll"f7]2f <'.}'/!7Jo!J >l-"l 'll'll~ ;;!-% .s! 

0 ]oj, Akademia Nauk Rise 1/-i=o!JJ.j A]'}'<! "1°1 GGC-27, B34-91, GGC-20 

-"I 613C ;;l:¾ '/!"171.!i!cJ- -&sc"ils.J ;;l: 0 1 Sf 05%o 7ftlj~1"1::: 'll~J% .!i!'i!cJ

(Fig. 4-9). i-sc"ll 7]<'.J-oll ci 7ftlj¾ 613C ;;l: 0 1 .!i! 0 J::: 31.g. TI'sc-ll- ¾, ¾71 

'<! l'±{f'll ~'li':i!f -!I- 'll*]-.f:C ;;!E.sc .!,l.of o] AJ7]"il ¾7f'<! AJ{f"]s.) 'll'.} 

"1 ;;!E.sc 'Jzt'<!cJ-(Zahn et al., 1986; Keigwin, 1998) . .:rajcf Hispid2f 

striated~ '!I '11il- 7)~ 'i' ¾-ll-s.J Uvigerina 613C ill:¾_ Vital effectoll s.J ~ 'll 

•J.sc. •l>il ~ 'r \llc]-(Fig. 4-9). Akademia Nauk RiseolJAi AJ4'<! Sf 390 cm 

.J. 0 1-"l 3' 0 1 GGC-15oll"l N. pachyderma sin."1- hispid~ Uvigerina ¾-"I 6 
180 ;;l: -"I 7il '.} ¾ ~ "l <ii 'll 0J-"l Al 4 "I "l ,... -"I LGM :i!f !-_;,_ "ii A I O l oil 7 l ;;. '<! 

step-likes.) \1!~71 LfEfy-;acJ ?.i:Ci:J-(Fig. 4-10). 3'.~, hispid~ Uvigerina 6 
13C ;;l: 01 LGM:i!f i-sc"il<>ll l'!.§]--.p,J ?,f:C '1!'1!, N. pachyderroo sin.s.J 613C 

ill:¾ LGMoll Ai i-sc"il ~7] "ii 0 1 .s '1! Ai 'll ~ "l E.sc .!/->l % ;;l:( Sf + 1%o)E.sc 

l'!~cJ-. oJc iiscA1\7f AJ~xj'1!Ai '!I'll'<! •lcJ- 'll%oJ '1-~"1"1 Ol"J:i!f tJl7] 

-"I CO, ,?t\:O] ¾7}'93', "!'roll '1-J!J-"1:C 'll-"l <>Jo] ¾7HJo!J lI].i!} li¾'>l{f 

"1 oJ \,:of~ '!! J!j-;,. ,~ zt'<! cJ-(e.g., Nam, 1997). !; "i eJ .iR,J 'r{i oJ 'st¾ :<J 

S!Jo!JAj AJ4'<! 51:of GGC-27¾ {!~%~t!~ stage 6("1' 19 'l:1-\:Doll 0 J.s::: 

"'l 'ii ,1 tJl-"l 7] ,;..g. & 'ti i:J-. 0.! 'l! "l E.sc *'i <ii 'll 0J:i!f::: q.a ~l 7<J Ai 'lJ %'le 
i'-"1 Cibicidoides::: .2-CO'..:'s3.oj"i]Ai::: ¼scAlloJl::: >l-"l {!½-"I:<] ?,t:;,, 'f'sc 

LGM 0 ]Lf 3'7] deglaciation %'<!:oil "l¾ 0JoJ:<J'l} '1!4c"lE.sc ½~"I::: 7il~J 

~ !i!.. ~ 9-(Keigwin, 1998). 
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Fig. 4-8. Oxygen isotope stratigraphy of Okhotsk Sea cores during the last 

glacial maximum. Dashed line indicates the correlation of the 
LGM level between cores. Solid circles represent the hispid 

variety of Uvigerina; solid squares are the striated variety; and 

open circles are Cibicidoides. 
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indicates the correlation of the LGM level between cores. 
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Fig. 4-10. Data from core GGC-15 recovered from the Akademia Nauk 
Rise, Okhotsk Sea. Results are represented aginst claendar 

years before present (B.P.)_ In stable isotope records, solid 
points represent the hispid variety of Uvigerina; triangles are 

N. pachyderma sin.; and open circles are Cibicidoides. In the 
forarninifera1 abundance plots (D & J), solid points are 

Uvigerina, and pen circles are Cibicidoides. 
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Fig. 4-11. East - West transect of magnetic susceptibility records based on 

sediment records recovered by the GEOMAR gravity corer 
system). From Nuernberg (Unpublished data, personal 

communication, 1988). 
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Fig. 4-12. Stratigraphic framework from core LV-28-40-4. Comparison 
between lithostratigraphy, tephrachronology, biostratigraphy and 
magnetic susceptibility). From Nuemberg (Unpublished data, 

personal communication, 1988). 
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High-resolution stratigraphy and Late Quaternary 

glacial-interglacial Paleoclimate and Paleoceanography 

from the Sea of Okhotsk 

Abstract : Based on several data sets published m many papers, this 

study is carried out to get information about the late Quaternary 

paleoclimatic and paleoceanographic variations in the Sea of Okhotsk. The 

establishment of high-resolution stratigraphy 1s necessary for the 

reconstruction of changes in the paleoclimate and paleoceanographpy in 

relation to late Quaternary glacial-interglacial cycles. The age control and 

stratigraphic correlation of all retrieved sediment cores are based primarily 

on stable oxygen and carbon isotope records obtained from the 

planktonic(N. pachyderma sin.) and benthic (Uvigerina sp.) foraminifera. In 

addition, the determination of age younger than 50,000 years are based on 

AMS 14C dates. Furthermore, lithofacies and Magnetic susceptibility records 

were currently used to define the stratigraphic framework of the sediment 

cores taken in the Sea of Okhotsk. Microfossil (i.e., diatom, radiolaria, and 

organic pollen spores) assemblages were preferentially used for the 

establishment of precise biostratigraphy in the Sea of Okhotsk. Recently, 

the collection of relatively long sediment cores from the Sea of Okhotsk 

would be contribute to the establishment of precise stratigraphy as well 

as the reconstruction of the paleoclimatic and paleoceanographic variations 

over the last 360 ka. 
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Fig. 1-1. Submarine topography of the Okhotsk Sea (after Lipps and 

Warme, 1966 originally after Bezrukov, 1960). 
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Fig. 1-2. Surface currents in the Okhotsk Sea (after Lipps and Wanne, 

1966 originally after Zenkevitch, 1963). 
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Fig. 1-3. Temperature and salinity at 10, 50, and 200 meters in the 

Okhotsk Sea (afterr Lipps and Wanne, 1966 originally modified 

from Zenkevitch, 1963) 
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General Oceanography of the Okhotsk Sea 

Abstract : General oceanography of the Okhotsk Sea was briefly 

described.. The Sea ice is developed for at least 6 months in a year and 

scattered along with the currents in the Okhotsk Sea. Surface salinity of 

the Okhotsk Sea is controlled by the input of the Amur River water and 

diluted in the depths of the Sea. Granulometry of the sediments is 

dependent on the submarine topography and clay minerals on the volcanoes 

and geology of the adjacent areas to the Sea. The Okhotsk Sea was 

classified as top secret in the past and now open to western scientists. 

-346-



~I 6 -M 

.2. ..2. * .3. oH .2.1 ir ~ ~ 

(Foraminifera of the Okhotsk Sea) 

-347-





-6tf-

'o'¾ {o(lliJ:)/Z)[,rc:,foi['.! [g:_ '(.1/!ll/-'i')fol\olc 2ajg[yfy [Jofoi['.! %Ji '-b!/i [g 

t',i['.! ::; [¥{L 2orv~½1f l\oni'< t,i,. liol#)'.)folti ir{l< [o{l[L~Wv ;-¾,-& 

-!HJ·-/. ]rt-(/, '-bii-f<,i,, ::; 1¥tL lofv2olv-W(ll/'"1)½1f f<,iz -lrf~ [o{l[L~fy 

j,E {L[¥{L ::;fv20P,~($,g)1"-lv 'J"¾¾%fv"' loltilviz[,c il>:% 

'-bii'¾l'> \o\l,-4, lofoo 3-r,,[o½ 'o'llc lo\,cf<,l,: {L-!l-½ ::;\Jolrr~ 

% \rt 'U' . -b.{\l. jL C:, II< llL Jc .{\J. 1 d!-½ ::; llo [Jr C:, {o if W '1, jn (;'. t,,-1, [ 0 /le ~ -r,, 

tn [lo~-::!::- l~~ 'R:~ ~~lt3f-r lo(lij)fl)lc~ Q¾-&¾%-A- ~iP -p~ry~ ~ 

Ile~ Th\la-4< -ta-In lio&:. lo%% (17;1;lli!Hlcts:la '(J:!'1Z)'J"~ '(-&l!)i'<ii> 'IJ!'il 

)/Z)fyc:, 'o'%-!/c%fv"' [g:_ '-b-(.il,il, %(iljjj)\lc~ t,rv jL\oj¥ {o(li'iJl'/)jl,,c' 

-lo#% ::; jg Iv fv -r,,jn llo ki~ l<c [la «v '5"¾¾% '-b fo \o(t,!!']f!j./R/,1-1)%¾%% 

--/, ::;j~[yfy fvl\,%--1, llo\olz UI 00\-(B ¾~ lo-btR \>lo J.[ofol\:l t,,:(t,!!1f 

!j-l!:lli)¾¾%fv"' ::;{$t-,fy fvllo-lole lo-bl• ::; [Jo%¾% '-b[oj,jg lf1¾{L~ 

«vir[n j½,'cj;s \ol\l {lcjL {5t, \o.{\l. 3fv\io1a[v lofo ; 1,- jo{\e jL[LE Ioli< 

ffL %\<c~ 2(/l;l;'ilcl,~lilllllt!Nl~-&«vr..:[lv?.,. ::;jy lio{:lje ~¾¾% 

~fy ·1 

'-b fo lo Ile II< 

'& ::;-b!l,f<, \L{$,'c {nt,r E!l,f<, [L{$('1~)-.;l\, ::;fyliot,t,t,-b- f<,{o(l\t<I) 

ll<[L 21<,R,jo[Y\;, i'i--l<lti 'o'¾-&% i½'lflo [lo{o lio;';.j,c~jo[yfo t,\;,r ·t, 

fo jLl,/lr ~ «• c:, .,;,'c \rt Th Ii<-&- -b1i bit ii" ffi"' il< ~.{\l. -b A fy llo 1,--ls

,'c j;s i, -b1i \olol,-ll<ll< ::;t,\orvll>&c'i¼'ir {ol\,£',;'~o 20.fo '-b~{o3[Y 

3 p;--i', 1,-(;t/'.lftfijl!)~j§,'c [,c to Ei;a ff< ¾¾¾% p,{$ ~ [Lj.g p;- l\, ¾(Jlilfj-',!) 

&c~ir ::;Uor~ \g~ "-bfo{o,'cj;s 20!,-½fr l\,\o [Joj,c~ if,ll', [loj;e[y [L 

{o,'cj;s f.l-/c~i['.!P,096\ jo.{\l. 'o'%¾% 3lio¾l,-t,. {ol\,E',;'~o ·t,[o{!-% -¼ 

[f1¾{L (ll;l;a,-',!JW)¾«vE[n 'o'.{\l. .f"jL lio~l,-t,.i,'.[lo 'o'(t,!!']fjj-)¾¾% : ro'8" 

~g-/½ lo~E¥~o 



;<]A];<f7} 'ilcf. 'l!'ll 'lf,". *"II~ :>jsj a\61 'll~(iill\!)"i]Aj~ :>jsj ~½"i-"l 

\',[~cf~ •Hl 0 1 '.lief. 
ii i""il -"l 'i' ~~Ol!!J.tit/¥ )0 1 'lts! sf '1! Al %-t'¾';l <117] ;, 'fr c s!-l! 

'l!:j';-ofl Aj ~3:,sJ 'fr3:,sj ~'jj %~ -t(3:,('l()EF,ij{;)ji:~) ~ sJ "] % ~ l,'oj •oJ J2 

'11VSl~£·T·~~-£•61M~~~AJ%-t'¾~'il~Sl~£·T· 
'C ;(~Ji_ 01 nJ -¥-%%-N-¾,€:- ell 0J~ Jf. JB 4-.g. g T&I-::::: 'Al Ji..£. M'tl r:}-_ 

o] 'll'i'~ 9-§."-.3.'ilsJ %-t'¾'ll'i'a TI'il:~l 'l!\!!•2 'llc.2.£Sl 'll 

'j''l)-~J% ;<\]A].2 'lJ7'oflAjsj {;';<J]-jj% "f1f•aj~ 5!o]cf . 

.2..~~3.!ll~ %-:g-¾, ~ iil ¥--ft-%-N-¾~T~ 1953\'! Shchedrina7} 

,11 ¾-il-Sl 'l-%%i'¾% 7],j~ 01.:f AJ"f"i%\cf. Cl~ 1958\:! -'Hrs:!sr£ 1/

-2-ot]Ai ~Z1.~ q-~ ¾~ .ft--:g-,¼g 4'-71-)19-. Saidova~ 1957\'! ~AH~-i1-¾¾ 

{1¾.3f.2..£ ~Ti5t'~:!J,i ~~%otlAi ~~~ -¥--ft-%-N-¾¾ nia~1 ccti:1~4. 

Lipps(l966)~ 'l-%%i'¾Sl -"1"1-'1 l/c.l'.21- l\t7]oQ i":>1'11 'll~. sl-~. ¾ 0J-, 
'it'I- % •11 1jsj •8%'l!-('t!I//J~)sj ""'la 'lt.l!:~cf (Fig. 2-1). CJ."i] a:fs'll 

% "rct"il 8 ,". Globigerina. paclryderrm21- G. bul/oides ~ ;,j sj £ c AJ il. 
ojJAj ~½,ajnJ %°t'¾';,'{lsj 95%,... o]i,'-cf. CJ.<j'-]- ,'',!',[£ AroJsj 'ii~% 

Al Lt Ell Ira 0J% 0 l ~ Oi -2.. := * -¥--2-oJI;: G. eggeri, G. quinqueloba, Globigeri 

nita glutinata, G. uvula, Turborotalia sdtula % ~~ Bradshaw (1959)71-

'l!,Sf ~ 'jj 0]-'a %%';,'(~!silt 1/J!I//Jfl Transition Fauna) 0] '-]-~cf. T scitula 

~ Aj'1i'!J 6JoflAj~ oj7]7f iJsl-(,!;_jt)~sj ~½-"]'lJoJcf. ~J/l %'11%0] ~oj 

9-~ -'Hrs:1-llsJ of,;s 'it~'ll~ '11>1ofl-'1 ~ cj~ %ofl-'1 -'I~ Globigeri-noid 

es ruber21- G. conglobatuslf 'il-7.:!"i'-l- i .1'.cf sl-~"11-'1 ~ '-l-9--"I \'l~r:1-. 

'fr'l! Saidova(l957a, 1960)~ -'1"'1-"1"14 4'11"11 a:fs~ >1-'1%-l.'¾ 

~ 1J ~~ 3:-'-J ('.IE:1:1¥.Jflti/£) ~ ~ 'F .3-i .2..£ ~ T-tl-~ Ai -¥-%%-N-¾~ {1½% 

.l'.J1.~q (Fig. 2-2). Saidova0994, 1997)~ iii" "1-'1%-t'¾Sl li'c.l'.21- ~-'j 

~ c.} 0JAd(~m:tt) %~ 't!T~ AlA·Hl-.:g.¾~ ,r11.g.. EillQ°J~ Ur~~ 4=-~~ 
~~_:n.~P,.!-~ ~~ r:Jl~%!2.J ~~.£. ~ "ri!J'.2-] 9aJ-e-J=o\l Ul-2-l- ~~°i~l~ ~.Q.. 

-350-



140° 150° 

USSR 

50° 

150° 

160° 

• Coastal 
[ill Northern 
~Central 
§Southern 

160° 

Fig. 2-1. Plank.tonic foraminiferal biofacies (Lipps and Wanne, 1966). 
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bottom sediments (after Lipps and Warme, 1966 originally after 

Saidova, 1957a). 
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Foraminifera of the Okhotsk Sea 

Abstract : Researches on the foraminiferal fauna, benthic as well as 

planktonic, on the Okhotsk Sea have been carried out since 1950s. Recent 

researches adopting geochemical analyses were carried our to reveal the 

paleoenvironmental changes of the Okhotsk Sea. More detailed 

nicropalentological research on Foraminifera is necessary with the goal to 

reveal paleoenvironmental changes in association with multi-disciplined 

principles in the Okhotsk Sea should be carried out. Most of the 

foraminiferal fauna occurred in the Okhotsk Sea were described by Russian 

which are difficult to obtain and understand in Korea. This actual situation 

should be overcome for the research on the foraminiferal fauna. of the 

Okhotsk Sea. 

-358-


