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SUMMA.RY 

I : Title 

A Study on the Change of Sea Leve. and Sedimentary Stratigraphy m the 

Quaternary 

II : Purpose and Significance of Research 

1. Purpose of Research 

• Study of the relationship between the worldwide Quarternary sea-level 

change and climatic variation. 

• Formation of sedimentary model in continental shelf and continental slope 

by the study of local sedimentary cycle formed sea-level variation. 

• Study of the history of sea-level change in Korean Seas. 

• Development and exploitation of a new age dating method using fossil. 

2. Significance of the Research 

The factors affecting the variations sedinent flux and sedimentary environment 

are sea-level change, tectonics, climEctic change, biological change, and 

geohistorical catastrophic phenomena. Sea level change is one of the most 

fundermental factors in the formation of sedimentary cycles. Sea level variation 

occurs as the result of relative movement cf sea level and earth's surface and it is 

explained with small and local change by subsidence and uplift of basement, world 

-wide variations of sea level by glaciaticn, and variations with Jong period. The 

influence of the Green House Effect is actively debated at present. The theory 

explains the rise of the earth's temperature as the result of the concentration of 

Carbon dioxide and freon gas in stmosphere. There are two opposite hypotheses. 
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The first hypothesis assert that those gas will increse about two times and it will 

increase the earth's temperature about : .. 5 ~ 4.5 ·c by the end of next century. The 

second explains that the increament of carbons in atmosphere is not nessessarily 

straightforward but much of the gas is consummed by plants and oceans. 

However, considering the general acceptance of sea level rise of 1 ~ 3m in about 

50~ lOOyears, it is evident that the coastal industries will be desperately affected. 

Therefore, the part records of sea level change and relationships between climatic 

change and sedimentary cycles will be reviewed in this study and causes of sea 

level change and sedimentary stratigra:i:;hy will be studied detaily. 

III : Content and Category of the Research and Development 

1. Content and Category of the Research 

1) Correlative Research between Climatic Change and Sea Level Change 

• Examination of geohistorical climatic change. 

• Examination of relationship between climatic change and sea level 

change. 

2) Study of the Relation between Eea Level Change and Stratigrapghy 

• Examination of sedimentary cycles formed by sea level change in costal 

area, continental shelf, and continental slope. 

3) Study of the History of Sea Le·vel Change in East China Sea and Korea 

Strait. 

• Examination of sea level change and sedimentation in Korean Seas. 

4) Sea level Change and Fossil Age 

• Age dating of sedimentary samples . 

., Development and application of fossil age dating method usmg Tandem 
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accelertor. 

2. Research Method 

1) Sea Level Change and Climatic Change 

• Examination of the relationship between the Milankovitch's astronomical 

hypothesis and the Quarternary climatic change by review of previous 

research and the climatic causes. 

• Analysis of piston cores collected from world's oceans and quantitative res

toration of paleo - environment. 

• Research on glacial cycles by use of the deep sea and Antarctic core 

samples. 

2) Sea Level Change and Stratigraphy 

• Drawing and interpretation of gelogic cross-sections in coastal. area, con-

tinental shelf, and continental slope. 

• Research on seismic stratigraphy. 

3) Sea Level Change and Chronostratigraphy 

• Stratigraphic sequence analysis of the sedimentary section deposited by sea 

-level change. 

• Description of age dating of the small samples (ex 

aminifera, peat etc.) in sea bottom core. 

shell fragments, for-

4) Sea · Level Change and Sedimemary Stratigraphy near Korean Seas 

• Research on property and dist6bution continental shelf sediments affected 

by glacio - sea · level changes in East China Sea and Korea Strait. 

5) Description of Age-Dating using Accelerator and design of measurement 

line 

• Description of the age-dating technique using .<J.cc..::ierator which is used 
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for sea - level change and stratigraphy. 

• Description of a newly developed measurement line. 

• Development of measurement technique after practical experience using 

accelerator of Nagoya University and University of Tokyo in Japan 

IV : Result of Research and Developmen-; and Application 

• Establishment of the relationship between paleo - climatic change and sea 

level change. 

• Formation of sedimentary model i:.round continental margins. 

• Development of fossil age-dating technique. 

• Formation of Pleistocene to Holocme sea - level change model in Korean 

Seas. 
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g'==].6•7]~~%:i!J- J.J~,,.J-~ ~§1-. Al-=jl-~J..}oJl 'll<>-Jl,7~ :Y}E-}.6§._sL."gj~ J..},zi 

% 0lt:r. 01 ¾oJl, tfl'T'-¾~ ~%~ 1;.;1~sq ~t0Hf ~,,.JoJl 'llo-J 1..-i-¥--1..-}-.s:. 71~~ 

'?l .8.'?l~ iil·Y-£ "Jzt¥J.q-. 15Jl'T¾91 ~%::., ifl,,=-~:i!j- Allf.~:i!J-91 ,>.J-tjj~'?] -&

%<>lg-. ::i ~'?J.Q.£AH:· -:i;-A]~.Q.£ ~(• \:!- A]\31-91 ~7J- ~ %7)'?] .{::.,:t.2..0]..:il 

Al~~ '?.l ~PJ- .Q.glj!--E-], old ii}-"l t:ll 91 i;fl 'T¾ ~ % %0 1 ~ q-. %TI 'T¾91 ~ % ::. 7.} 

<a 0 1 ~.Q.:d t:ll.:;:t.£.91 sq~~~ 0 lc}.IL.s:. ~ ,,=- ~q-. u:J-cl-J-1 iTI,,=-¾ ~%::. ¾ 

~ .9-] ~~t7t 9jj, o-j "%i }]j ~ o-j 1.-J-::: Aj ~ j].~iij-::: t:-l] ~ o-j t;j Jj!-l.-j-.5:. "6° _8. ~ ~ <>l 

tj-. 

iTI"r¾ ~%~ ~'?]~ .::Vl] 37}A]£ -=jL~~ 'r ~9- (Morner, 1983). ::i~::_ 

7.]\31-91 ~%. ~ Al~]-,1-3:: (Ta1£Y.6)oJI 7]'?.}ti}~ ~. %fl"r~ 0J: ~"8-l oJd,>.J-~ ~ 

~ oJJ 7 l '?] B"j-::: ~ ' ::i cl jl %Jl 'r .J?1:~R 91 .8. '?] 0 l 5:l ::: 7.] .2.. 0 l .s. ( Al -=r- 91 ~ ~ :i!j

¾ ~) oJl tr~ ~ 0 19-, 0 1~ ::_ ztzt lajg~ iTI"r¾ ~%·o!Ji;j-,>.J "8fl"r¾ ~%•Al 

.2.. 0 l ~ "8Jl "r ¾ ~ % 0 l el- -¥- 2 7 l g -s-J- 7.}. zt zt oJI t:ll isTI J-1 Zl tc: "8-J ii ~ -s-J- 1i:! q- g :i!J-
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oJ (d)i::- 7:!~ (t)2J W4=- 0 ].TI., d=do+k ✓ t2l ¥!:i-1)7}- ~ol~ 'V,tj-. ~~R9.J r;ij 

0J:::s-J 9-] :i!J ir4'-{l ~ ~ 3800 m.£., o] ~ .g 7:! ~ ~ 1500~\:!.2..£. ,¥-E-J 4'-~ ¥1 T 

{l:i!} 779-] ~;;l.]~tj-. 7-]i?", r;jj°cJ':::s-J9.j <?:]tjj7}- 7-]=jl-:z-J.jj]oJ]J.-] ~lfr~ 750~\1.2..£. 

¾fl<>J~tj-2 B-};:}-. o]rrjj r.R 0JA-j91 :iiJif"r~ ~ 2800m7} .£]2, .:IoJ] n:}-2.} 3R4'-T?:'1~ 

AJ-~B-J·O:j ~7.]oJ] \])9, ~A]i::- 1000m7J}A] "r~B°}-71] ¥ltj-. iij 0J;;(79.j 7:!~ 0 ] lfr{} 

S} 7] ~ ifRJ-7 i::-, Al ,7-:z-J. ~l oJ] ;,-] ~9.j ¾-k~ 5:.7} 21:lij .£. .£1 T?1 ¥1 tj-. 0 ] ~ '€l ~9.j 

¾%~5:. ~. tR 0J:::s-,9.j '?'l.~~. iij 0J:::s-,.9] ~TI"~ ~o]~ A]Bij-a-]•C9, 3'jtjj 1000m 

oJ] "g"S}~ tj]if.2.9.] iij4'-¾ ~%9.J ~•D_o] ¥ltj-. .:Ic7y- o] 1tl_~}e ~ -£-%91 

Aj ~.£. !il.}-J,·1, 1000~1.;:! ~ 1 ~ \1 it £9.J =. \:! ~ o] tj-. 

lBJ.£.x l5]J4'-¾ ~%oJ]J.-] tj--e ~7}Al ¾.B..~ ~~. o}o]~.::'.::E}J..]o]tj-. o}o]~ 

~E}J..J.QJ A.~c- q-g <>ll 11~~ lclJ-&-Fcl sN4=-¾~%~ ~-1H1- ~;iJJ7}- ~9-- t:ll~ 

<>ll lclJ AJ-o] ~1i[B'} tt!., .:I -¥-711 .£. tjJ ~Al 4°1 il7JS} .Jl, ~ .2. 1E AJ-'5"~tj- (glacial 

isostacy). o] ~ ~ 0}1.-j] ;c_~Tij <>j 7}- %%Jg~ Al 1..-] 2 ~7] lI}J {E-o] tj-. ~){!, lclJ AJ-oJ] 

9-j~ iiR"i=-9.J ~{}::_, t;ij;:-JT?1oJ]5:.. o},)l~.::'.::E}J..]9.j A.~~ o]~t:j-. (hydro

isostacy). 0 1~ o}o]~.::'.::Et"-loJ] 9-]~ &J"i=-¾~%~ 103 ~104\1 it.2.9.J llll}-e 2r-

7].£ ~%S}7.j~, ~%.Y:~ 10m o]-q}o]q. 

~-a-J-Aj sijT?1 AJ-'5"9.J 2r-Q=J ~ o]-¥-c- ;~ ~. lclJ-S-}-9-] ¾r;JloJJ .QJSR Sij4'-i?J=o] ~tjj 

S} 2, 0 l lIJl {E-oJ] ~ <>l y-e iij T 1E 9-] 1~% 0 l tj-. .:I Cl re 1fr ~ ~ lclJ 7] 91 tij T i?J= ~ 

J..jZ}oJJ n:}-2.} <>1'%1711 ~7}-S}~~JJ}? Bloom(1971)~ de Geer(1912)oJl 91iij .TI.~ 

¥). lclJAJ --r£J.Qj 7:!;;t}{l.% J..}%S}O:j, .::'.::{l-qy-1:l]o}, .£.i@E}o]s, 51~~c-~]2.} %9.J 

~AJ-9.j ~~ 7:!t:lloJl tjj~ Ttl~¾ i-1]{!-S~O:j. 1f. 1-1~ ~~ 7,;l:i!}~ ~~tj-. lclJAJ 

9-] -'l'-JJll oJl tjJ tij J.-j e, .:I~ o] lclJ AJi:a_ ~ <>ll 1:l] ?;j] S}-c:xj 7.r± ~9-2 7}~ ~ 78-'f-, lclJ AJ 

-,l-



~ftUHil 
I 

l } l ~~;LB- 0 .E.. I < 1-11",v t;JJ!t) l (141 •w tJgs) ~--~l-t:-11-J-ti] o} 

18,000 ~ 11.89 <u;2 <0.03 2.63 
15,000 11.79 1.62 0.03 2.05 
12,500 9.69 uo - -
12,000 859 -- - -
11.800 8.75 1.:.6 - -
10,500 7.49 0.90 - 1.10 

9000 4.54 o.:!8 - -
8500 - 0.22 - 0.19 
8000 2.73 -- - 0 ·, 
7000 0.34 t: 

T 0.05 -
6500 0 

T -- - -
0 0.15 0.()3 0.05 0.005 

lE 1-1 180001;:!1-i 0]4"9.] l{l"o}.9-] ¾~oJl 9-]~ Bd~.9-] 1i:!.-3:l 
( t!-~l l06k,,, 2

) (Bloor:1, 1971) 
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9-] ;;.i]-3-l(V).:i!J· ~-3-J(A) J.}o]oJ]c V=A 15
~ =tl.-7-1]7} .J.J~~q. 

A, V9.] -.:!~l-~ %£ t...}E}i-B.:i!., ~rl-P-l-~ =ti-1~]~ y-E}t,!! ~o] .::11:l 1-lo]q. 

o] ~ ~ ..!i. ~ -Sij 4-2J=:: 15000\i ~ 78 5:.. 1f-E-j i:r-<=l "5"] ~ t:Jl B]-0:j, 7000\i ~ oJ] ~ ;(H 

9-] ~oJl £1il:~ -1-£~ 719-1 :Q:.:i!., ~111-n:: 7c}~~ 7a'ii"J:ol ~g g ~ 4- ~q. 

·B}Al~ ~o]-~t:Jl t}-7-1].£. 1f-E-j ,Z-~ ,:,J~l9-1 -s-Hia.-.:!~% ~~(Emery, 1969)0] 

.Jal-o}-P]] ~ 7'} %-SH~~ At .fi..£. .::1 ~ ~ ~ oJ] t:Jl iiH J..·1, -130 m ~ 100% .£. 1-1] {!~ ~ 

~ .AJ7]9.l iiH4-eJ:~~l-% ~~4 1:l].3:i!.S}lE .:J.1:loJVl Y-EtY-c ~~-1'%l 15000\i~ 

1f-E-j 8000\:!~77}-A]~ 71~ '?J7.]S}Al~, 15000\i~ oj~:il}, 8000~2000\:!~77}-A] 

~ J..}o]<>ll~ :5!Jl 1'13.E..~ :'<}-0]7} ~tj-. o] ;'l:}o].g,-oJJJ.i, 1'l.A}oJ] t:JlS!l-"ic SlllE~~ 

9-1 Atii.oJ] ~~ ~..2..£ ]i.e:jA]Al~, .:q:A}oJl t:JliiRJ.ic ~:: 0l%c .J.J~~Aj ?.f 

-ctj-. o]~~ iiH4-2J=9-1 ~~~o] %6E-}Ej~ SJ11E~~7} o}Ycl--c ~~ ~iiR¾ 

tj-. :;, 8000\i~ o].:f~ iiHlE-.:!~oJl t:JliiijJ.7-c, iiij4-eJ: 0]~9-j ~~o] C7iiij~ ~ 

g ~ ).~ Zf 7.] ?.f ~ 4- id tj-. 

Al "ii" ~ ~ ~ .::1 i@ 1-1 oJl ~ <>P-i -sij "r 2J= ..2....£. -¥- E-j 91 SJ1 ia_ AJ ~ 91 Al ~ t , sn .7.-j 

9-] 1PJ-91 ~~oJl 9-]~ ~..2....£. ]i.Aj ?l..2..1E ~¥1.tj-. SJ1.7.HJ7J-~ ~~..2....£.Al ~l 

'?J tt!_.7.7 .J.~Zf£l-c ~::, ~ 0l-vJlcl7'h %•~TI~ Al~~ 7a4-oJl-c 1:lJS}.J.J 0 } 0 l~6E} 

A] o] tj-. .::1 i@ 1-2 9-j §]~Al t:Jl 9-l iiij ~i~ 2500 ~ 5000\:! 1'l. 91 SJ11B. 01 ~ ;{H ..!i. tj-5:.. 

'?t:: Aj~o]Al~, ~o}vJ]aj:1} %iiU~Al'~ t 719-17} 01 Al~i..lloJl :¥.~£]Ci ';.l.tj-. 

(Walcott, 1972). o] Al~t ~¾l:lJ7]oJ'~ ~~Al~ .:Y.-.:!91 forebulge.£., %7]:;{l 

t:Jl'JJ.Al~ _:fl:lJ7]oJl -1:]7J-Alt:Jl£ 1'l.o]~ Aj~o]tj-. ¾i'Jl91 .'y-.£. ,1-P]~ A}ii.oJ] 91 

~ ,;,~I}]~ 191 %6Et~~ Sll'B.~~ ~t~t .::1~ 1-2oJl t..l-El-t..l-c ~~-1'%l, .:f 

l:lJ7]9.l o} 0 l~6E}~~ {l 7JA]~9.l -surrt~~ ~~oJl AlY-7-] ?.f-ctj-. ¥-ltJ..;tJl.£. 

.J.~ Zf £] Ci ;;{l-c ~o}lJJ] cl 7}- %-SH~ Aj ~ !~ {l 7J-91 ~ <ll t, B}o] ~.£.o}o] ~6E}I-] 

oJ] 91~ ~o]tj-. o] Aj~o]jl-7~ .:fl:lJ7] %ij1i'1_AJ~oJl 91iiH iiij 0J=.7.77} '?J78~ S}-% 

~ ~~ ~oJl i:lliiU -cU~%_,,_JoiJ1-1-c 4-,:Joil 144 °'1~1£...£. q~ %9-1 sJ-% 0 1 ~ 
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20 

~ 
::'.R 40 
}!II 
of 
~ 
--1< 60 
I~ 

_-::z_~ 1-1 ~rj 18,000';:!7,1_g_j JciJ,J;:!~. JciJ-'c}"1]~~ t,:!:§:}~l- ~;:!t,:!:§:} 

(Bloom, 1971) 
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.:::z.'E] 1-2 ~BJ7] tij;:!t;!!:§J-9.l -7-]~~ ~.:E 
~BJ7]9.l tij1;:)_o] ~~TI.!i.t:}5:. :!i:~1i'.l. -7-]~ 131 ';;!-~1i:l. -7-]~ .:::Z.'2-].i?.. Wt.irm 
BJ7]9.j BJ-'c)-oJl 9-j~ o}o].1:....,._q.sq~ Jt!%~9.l -¥17-ll • : 2500~5000\1~ 
%fl"'J!!jj§}6:joj ~ %ij1;")_-'c)-oJ] ~_l_5;:/.1i'.J. :>:J-.1:., A : 2500~5000\1119.J ~AJt.jl& 
oj ~ tij i;i:[ "5}oJl <V_ ~ 1i:J. ~.1:., o : ~¾BJ 7] oJl BJ -'c}o] 'V_.i!.. ~ BJ 7] oJl o}o] 
5:~E.}sqt,}7l] %7]~1i'.J. -7-]~, .:::Z.-€1f-.-lf:-~ ~BJ7]oJ] 1J7J-~ BJ-'c)-2rJt!-7-]~ 
(Walcott, 1972) 
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aj 711 ¥1 9-. 0 l ttll {E- oJl ?>TI ~ Al Q=j oJl -"i "C :>:J ::f: oJl n:t 4 78 £.. "C ~ aj Al 1tl, 1l7J- -8'l- 711 
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t..}E}\!tj-(::1'14 1-3). oj ~12..i2.~ t;ij','•,Y: ;;,;}7<]]7} 5000'd~ oj~ 7rf::f:~ t!ll¾E

o].TI., 9-~ Bl-4-c t;ij"r.Y:sil ~7}oJJ sij?>ij f;ijA7ojJ -8'}¾0] 1ilaJ7] !IJl¾E-oJ] t{!!~ % 
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~E.S] tld-'-Jo] 11i}-1;:!o]% 7-l]~£]-E ~~ ?i}j 0J=oJl ½c-l40:J ~-:: ?i}]~9j J:JP.]9} 

¥!-7-fl7} ~A],::- ~%7J} . .2Jl4S}~ c!JB}9j -"aAJ-o]y- %-Al<>l]-E 7J1}o] ~..8.B}7] tqj 

-{f- o] tj-. \:}-~ 9J c!J % ~ ~ ;qj £ ~ tj] B} .31 'U tj-Jl -"J 2f £) 0, ~ tj-. 

.317]~S] ~~-E tj]~o]% ~ .::19} ¥!-~~¥]_ ~-'-J-, ~ tj]~9j ~.¥_, .!t1£-'-J-9J ~ 

~. 3::~¾%, sTI1a~%, 9-~~.¥.oJ] 9l~ %Tif/-, ¾7-ll9l ~~ ~ Jfrl-}£(albedo) 

-'§- o] ~% ~ tj-. .:J.. .2j oJl tj] 7] 9j 3:: AJ ~ :§:} ~ ~ -{f-~~ <li _8_ <li £ ~% '8"} j1 ~ tj

(Heuvel and Buurman, 1974; Kutzbach, 1976; Habicht, 1979). 7].:f-E BJ.ill.~ 
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fJ-.':: "-]Zl-oJ].£ -g-7-:)15] ~~tj-. Oll~ ~o-J. n].;:- Columbiat:J-]~j-9.J Lamont

Doherty Geological Observatory~ ¾{l .Q..£. Bte:j 1971 \:l_ .!j!-E-j .:il 7] ~ 

(Paleoclimate) ~ <?:!,.:;i~ CLIMAP(Clim:1.te: Long Range Investigation Mapping 

and Prediction) Project Members (1976)9.] <?:l,,Z-oJ] 9-]B-J-tt!, ¾-:ri-\t4, ~i!-Jlo]ift 

£, ~£%7.] E ~7] 7J {]_;.,] 9-] l:IJ Bt ~ J.~ 7] Ato] oJ]-:= ½oJ] 9-] &ij 3£ O:j ~ ~.:il, ~ 

steppe9.] o}At t2j- (semi desert) 9-] 7] ~£ ti-]~:: &ij 0J=oJl 1:l] &ij op;=- t! ~ Bt .:il 7] 

.g.9] A-j8-J-.£ tjj~~o] ~g ~ '-]zt~ 4· Vtj-. :i A]7]9.] &ij 0J=:: ~~{-_-l_o] \tBt 

Bte:j, subpolar water mass9} transitional water massi:" 7..l-~¥1 ,},.J-Ell £. ~ ~ tj- . 

.:J.oj] 9-]tijA-j tijOJ=9.j .g._:s:..:;iuiji:" ~::41.!i!..9· rrBttj-. 0]3t:: 9..0]:A]..2..9} ~£.-'-]..2.. 

7.]<2'jol]A-j t:gii.13}.:il ~~&ij77}-7.] 7-'f]~~ 3t.Q..£. J.JZ}¥].tj-. ~£.A]..2_9.j ~-ff-'i} .Ji} 

~ .£ &ij fi-7t ~~ st-:= -&fl <2'j 9-] 8~ 9.J -&111?:: .g..5:. i:" ~ Aij li!. tj- 2 ·c 78 £ ~ .:il, o] ~to] 

i:" ~-$1 30°0]~% t.-J&ij 21:].:il.£. .3.7ll 5,]o-J .8°c78££. ¥].tj- (Moore eta!., 1980; 

CLIMAP Project Members, 1981). o] ~1 ~.Q..£.M] t:l]~9.] 1t}-At%o] &ij 0J=9.] .::i.3t 

.sJ..tj- ~ ~3:!J-i!l-i:- 3t 0] ~-y-~o-J Vtj- (Gates, 1976; Manabe and Hahn, 1977; 

Williams, 1978). ~AijoJ]£ 7.]1?19.l ~~~ (evapotranspiration):: 7]~oJl 7]tj-{!

OJ trJ ~ o] ~l jl V tj- ( Shukla and Mintz, 1982) . 

.:il7]4-9.] \§_~, ~<5] ~]47]9.] 7d~J.-j]--1f-E-J ~~J.1] ,i..}0]9.] 7]+~~.S!J ~~,':_ 

O:j Cl 7t 7.] o 1 7.] 1i}-, .:J. Bt t+ £. Ml ~ ~ ~ ~ 71 ~ ~ ( astronomical theory) :: tj- g 3:!]- ::Q.

ct. :iIJir.:,=-7] ~ 92,000\:!.Q..£. st-:= 7.]-=7".:g-~;i4]£9.l ~~( 01{]%, eccentricity), 

~ 4Q, o oo ~ ~ 3IJ ir .:,=- 7 l £ st i:- 7.] -,z- 9 I :al .£ 1?:! 3:!J- .:g-~ 1?:! 3lJ- 9-l zt x. 9-l ~ 5:. 7iF l

(obliquity), :ilJir.:,=-7] ~ 26,000~.Q..£. B-]--:= 7.],Z-:;;~}~~9.j hll~}¾%(precession) 

%, 7.]-,Z-9.] .:g-~;,~]£9.l ~~oJl ttl-~ El] 0J=oJ]1..7;.r_]9.] ~A}i!J:(insolation)9.] ~~!- ~ 

-$15:.oJJ ttl-~ ~.¥..oJl 9-j-&flA-J ~1:§¥].tj-. •=>l -g-}~:: %.:il~e}l:l]oj-9.j 4-~7.l- Milutin 

Milankovitch (1879~1958)oJj 9-]&ij 1920~r:./loJ] 7-ll{!-~~tj-. (BateandJackson, 
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1980; Takayanagi, 1977; Heuval and Buurman, 1974). o] ~1)_ ~ 1llA-l]7]7t 7-] 

\-:r ~ ~ ¾.!cl 5::1. tj-. ~ power spectrum analysisoJ] 9-J -&TI ~ -=jl-¥)_ 32} ~ 500,000\:! Z! 

9-J 7]-1-9.l ~~-'J'=-71~ 23,000\:!, 42,000\:! ~ 100,000\:!9-J 3"r71£ '1J-~¥lt:l

< Hays et al., 197 6). "'Hl .5:. 9-] Barbados1} oJ] "'1 "i='- ~J ¥1 %ll ta.~~ ~ T .5:. 

Milankovitch 1l fr 7-] 7-] -st .:il. C:V. tj- ( Broecker et al., 1968). Milankovitch 11 ~ ~] 4 

7]@-1i}ot1..lc:J-, ¾7] injQ.}-7]oJ]"'1.5:. ~¾5l.:il. C:V,tj-(HerbertandFischer, 1986) . 

.317]~9-] ~~oj]/-1-c 7-]-=jI-¾%oJ] 9-Jt! ~~o].Qj, 1:lJ1)_~3!} -&TI°cf ,qo]9-] ~.iii. 

1981; Bray, 1977; Flohn, 1979; Kennett and Thunell, 1975; Porter, 1981; 

Rampino, 1981; Taira, 1980). 51::, ;i!-2-oJ]-c ~Zl-9-] tl-%, ~ !fr{l-7t69-] uff½ 

:§1-9-J ~ 80%~ 1l.°cltf "i='- C:V.e>-l 7-ll~~~l ~-=r-9-J cfl-'cJ- 01 £].31. ~t:l-- 1986\:! 9~ 

6~ ~ 13~ 1+0JoJ], o]~ uff"'t~A-j]2,;."r -¥-3-i-oJ]/-7 ~~ ~]2;~} ~~]318jj 0J=~~ 

(Second International Conference of Pale,:>oceanography) oJ] "'i , -'cJ-iir t! 7-] -=jl--8;-% 9-] 

(SPECMAP)group~ Milankovitch"r7lg:1 ~T, ci!l~ ~o-] 32}~ 150,000\:!Zl-9-J 

( Boyle and Swain, 1981 ; Corliss et al., 1986 ; Pollard, 1982). 

~¥1 Little Ice Age.£ ~cl\± -1?:-\-:t~ 7P?:o]tj- (Denton and Karlen, 1973, 1977; 

Thompson et al., 1986) . .::I.e-74 ~Zl-7] ~~(anthropogenic)~ ."K3!t~ -:!j!-A]i>tta. 
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~ 4,000\1 tllAl 9-~'d ~oJl-c- l:lJt;}:117} tj-Al £ell~ -31°1 oJl/..J¥.!tj-(Kukla, 

1975; Hays et al., 1976). "8"}Allfr O:jc,:;·}Al o]%£ Al\:!- 1"'1]71 ,.qo]oJl,:=:- ~1i':l.t 

Q.} 12cm /..Ji'-~tj-(Etkins and Epstein, L982; Gornitz et al., 1982). ~7-JoJl 'V,oj 

kl ft! A7 ~ 15~ 9-¾ /..Ji'-~ 12PJ-5~ \1 ~ 7c) oJl + 5 ~ 10 m 7} 71 ~£1 oj 9].Jl, Zj-Al 

oJ] 'V, oj A-] % 7] -Bff ~-g_-T 7} ~Z:1 £] Jl ~ tj-. !E ~, 6,000\17c) oJ] ~ oj 1d + 3 m 1 .5:. 

9-] "8"TI9-¾ AJi'-o] %~-S-}.31 ~~oJP-l-c- .ft~"8"TI~.Q..£ ~~¥.J.tj-. ~¥!, o].2}~~ 

,t.£.9-] -8"]~0] o}-? 7}7J}¾ ~~oJ] ~<>J1d-tj-1i':l. oJl!;;Jl ~ -31~Al, lfr'tl {!;i1J]£ 

+3mt.} 15ff9-¾o] AJi'-~tj-1i':)_ ~-¥-9-] ~1~ ~~ia-A]oj]A-l-c- ~~~~ ~tl'J~ ~ 

A] ~% T ~ % -31 o] tj-. 

ft! AH, "2'} §j oJ] A-l-c- .g.1J :§:.~ green house effectoJl cJl ~ ~ 9-] 7} ~ "H ,£] .31 ~ tj-. 

o]-31~ ~H!-7}6 ~ ~cll.g.7}67} cJl7l%oJl ~~£loj Al-,1-9-] 7].g.% AJ-i'-7ll ~ 

tj-~ "'~zto]tj-. ~-iioJ] 9-]-S-}1B. tj-g "'117]9-] ir,¥-,!l7J}Al 0 1~ 7}67} Q.} 21:1ff9-] 

1i1.!f1£ ~7}~tj-Jl ~tj-. :J. ~~ 7]..g.<>l AJi'-B}O:j (Q:j= 1.5t ~4.5"C), ta"~Al~J 

9-] cJl~'l:l.JAJo] ~o} l.fl~tj-. ~¥! lfH!-7}69-] ¾7}-c- ~.SA] ~~~~ -310] o} 

Y 4, -61 ~~ 15TI 0J:oJ] 9-J 15TI ~ 1:1] £17] 111Ht-oJ] 'tJ ~J~ ~ ~ 7}-c- -¥-1~ 014-c- ,,_~ Zf 

.5:. ~tj-. :J.~oJ].5:. ~-,1-15}Jl, ~-'f-9-] ll]~oJ] 9-]B}'B_ ~-l- 50\1-'f-E'.1 100\1-l-oJ] 

-a-TI9-¾ol lm-¥-Ei 3m~.5:. AJ~~t:l--c- ,~ (oj]~ ~TB. Hansen eta!., 1981)0] ~ 

"C" -31% %~B}Al ~.Q..r;:l ~ ~ -3101q-. 

"'~]1.1]71AJ7]-,1-(WMO)-c- A]-,1-..2..~¾o] ~iJl.g.7}6 % ~Zl-tl:%9-J -¥-~~~£ 

~gff ~~!fr% 4°~~%~ ~~S}.31 zt;;;- ~ ;;;-;ilJ]7].:,Z.~oJl, ~-3"] 7ff~.5:."o1-;;;-~ 

ojj),7 . ..2..-e* 3:A} ~ ~~tr%% t:7* tr~-er] ~ -31% §.~~tj-. -fj-<fil~B}7]-=jl, 

~ WMO-c- ;i1J]l.-J]1:1}oJlA1 4-%128~ ni]qJ-.£lc ..2..-e¾.!ii§.~ .!fl~ 1il1<2.l= (1985):gj 

9-].2} 5-%)_ 2~5~ ~~' Q:jA] ..2..-e¾.!ii§.ol] ~~ ~.§..i!l%9-J1A1 (1987):gj9-J% 2 

7l] ;;;-;ilJ]§j9-]oJ] ;ilJ]~~ .!;iJlA-loJ]Ai 9-\:[z.l-9-] ~]ll]~ ~~3:A}~~. ~z.l-tl-%0] 

Aj-,1- tjJ7]~~loJl 11H~ ~Z;j~ ~:§:}~ ~!.Q..~g% {t-~~l ~~~tj-.31 ~~% l.fl 
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ai.11, 1-§%~1£ Aj--§-£1,:::- ~~-&7]-.6.-'fi-7} %8"Jl;.i;]-9.J~Sl ~]-\=!:~~% "6]-,::- .2..-e¾ 

S1 7.J-±~~o] £].:il ~q.11 7.]~"9)lq. 

,!i!..:i!.A·H:- .7.].,Z.~1r.}.,Z. .2..~¾0l .7-]\r 201a_{1 2-f 3%7.:l-±~E..n.'j, ~'8'] -$1£ 30 

~64£ 7.] ~ ,,.J-if ofl .l,.·H:- 7-l -&- '3-1 *~ ofl 4 % 0 1-'<1- 7.J-± '8']-.:i!. ~ q.11 ~~ q. ~ i:Jl 

7.]~:i!} 'cl-~% Al]S]~ 'a"~T ,,_J--t,1-oJJ.J,,-H~ .2..-e¾0l Pij-51- ,._J:-{J. ~E..£ {!-~~E.. 

i.+ ~¾~-e~ 4-{1¥! ;.i;J-ii.Sl :;(jj~7}7} 0 15¥-01~ ."foJl i.+¾ ~ 0 lct.11 .!i!.llAic 

~-a-}.11, .::z.c-li.+ ~-¥- 7M~{!-~ ~:i!J-c ~~~.,Z.Sl ¾-$1£ '3-1 ~7.]1:iJ- ,,.J--=§-:i!J- 1:11~ 

~ 7.:l-±-&-% .!i!.~ q.11 13!~~ q. ,!i!_.11AH~ S:. 'cl--~~T, ~ii] 'cl--~~ -'<}-t,1-{1 

oJ] c .2.. ~¾ 0J-'<}0l .3.i'l] ct .§.i'J] y-E-j-1..j-.:il ~ ct .:il ~~ "6} .11, ~A 77}.7.] {!-~¥! 

t!J-£-c- ~~-'<}-t,1-oJ]-c- .7-]\::!- 70\'!i:Jl~ 011- 'a"~ ,..J--t,1-oJ].J,,i ¥1-~~01 -& .2..~¾ T 

~ :i!J- ~_g. :i{ftj] ~ .2..~¾ 7.J-±7} ~ ct.11 m-~ ct. ,!i!_]l.J,,7-c- 'a"~AJ-i,1-oJ] .J,,7 *~ oJ] 

Y-E-1-Y--c- o]~~ i:Jl~Sl .2..~¾ 7.J-±-c- r·~~.6.~.11 o]-e~E..£ oJ]7]~1 ?i"~~J 

o]cl-.:i!. ~ii]-.:il, .£."i§- ¾7i£ ~ u:Jl <~l{:}c,] lfr~Ol\!! ~~-& 7}.6."tt"7} o]~Sl ~ 

WMO~-& .2..~¾ 7.J-±7} 'i[E..£ 7-l]~~ ~o]cl-Jl 7dJ1"6}~A-], 7.]i; t:J-7-J- 7.J

±1:lJ-.7.] ±~l ~ ~"8-}c-lcl-£ .::z. ~:i!J-~ 1~\'!!AoJli.+ i.+E-1-i.+-c- 1il-% "6l-J¥-1!tal i:Jl~ 

~ 7J.,Z.8ijOt ~ct.Jl 7J±"8"}Jl, ~§.al% Sl~A-]7} i;Al]7] ~77}7.] ~~-&71-.6."ff" 

S1 A}-§-i:@=% 50%½0] ;.i;J-j]_ All <U~ ~£ Jj!-4°r"6J-ctj1_ 7.] ~~ct. 

1. Milankovitch.2.f 7 ~~ 

Milankovitch-c- 7.]:,i-Sl -8:-%ofl ¥1-~ ctg 37}7.]Sl ~7]~ ~:d"l-Sl ¾~oJl SltM 

-"~7]-c- ~A}~(insolation)Sl ~:d}~ :i!]-:jl.£. ~oJ-7}.J,,7 7-l]~"6]-~ct (1920, 1930, 

1938). 

(1) 40,000\1% ~7]£ ii]--c- .7.]~7<J,"}g_j ~:d} (21 ° 39' - 24° 36'). o]~o] 
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~_Q_1i:l_ J.}7-fl1i9.l \11~7} 0H0 ijsij A].Jl, 7]+tllc ~Ai-8"}7ll ~..TI.. lfrtll£ 77Al1ll., 

1.} 7~l 1i 9.J 1t1 ;&1} ~ ~ B-} 7l1 £1 o1 11 ~ tll 9-1 ;;:}c Q.J=B-} 7ll :€ q-. 

(2) Q.J= 92,0001;:1~ 'T'-71£ B-}c Al-?-9-1 .:g-~;i~J.£9-1 °111¾9.l \11:& <o~o. 

067) o]~o] "§"IIJlc, 7-01i9.l 7.Jo] 1M ~lJ.},Y:9.] ;t}o]1} °'1*·7-l¾oJJ1.1 ai'll :@tj-. 

(3) 26,000\i 'T'-7]9.] A~P}¾% IIJl~ol] s}-:;.9.] ~£9.J- ~£9.] 3il.aj~ ¾~ajo] 

Q.]= 26,0001;:ioJ] ~£AJ-% ~'T'Sl-A]lfr, .:1~01 -2-~1:l. ~~1:19.] #l~]:it]-1-l]oJ]J-i Al 

-,1-7} ~c ~A}'l:fo] \l:i~~tj-. 

ojAJ-9.] (2)9.} (3)9.] ::t:_~oj]J-·l, oJl~ ~oj 0]{1¾0] .3...TI., S}Ajajo] -2-~ajoJ] 

~;t]~rr!l. -lil-~-?-9.] O:j*9.] ~,'-},Y:~ ~-t:ll£ 7-1%9.J ~J.},Y:~ -=t±7} :@tj-. !£~ 

01{}%01 ~~ Sj-7-]ajol ~~aj:ilj- ~~1~ IIJloJlc °'1%9.J ~Aj-rJ:~ -=t±, 7-1¾9.] 

~1.)-rJ'~ -=ttll 7} :@tj-(.:::Z.'f1 2-2). O:j ~-9.] ~J-j-rJ' Al B"j-7]- 1-11~£11ll. 13c} -&-)-7} ~~ 

-E.-j-7] 1lrll :@tj-. Milankovitch-:= -"J-7] (1) ~ (3)9.] 'T'-7]9.j ::t:.WoJ] 9.]~} °'1¾:it]-

7-l-~9.] ~Al-<'J'\11:&~ -li!-lfr-?- 1M \tlfr-?-oJl RlSll #1£ 10° 0 1-tj- 60~\i~ (.:foJlc 

1001il-1d ~) 77}7-l 1-11 ~B-}°'1, .:::z. 'f1 2-39.J- :.a-~ ~1.} ;y: \11:&~~ % .:::z.c:J ..TI., **oJl 

4Ef4c ~Al~ O:j*9.] ~A},Y: -=f±7] ~ Aij£-8;-~_Q_£ .!j!-E-j -&-}y-~ l:lc}7]oJ] ~ 

~~tj-. o]oJ] 9.j-&-]-1ll_ -'{i::-i:.l:IJ7]9.] "-]~~ Q.]= 601i}-1;:i~o] .@tj-. o]~'il 

Milankovitch1l 9.] ~ ~ ~ l3c} 7] 9.] ~ tjJ s~ .:::z. 'T'-7] ~ ~~9.] o] %9.J oJ~% 1l t:g 

~ 5!0]~..TI., OJ!\t.!j!-E79.] 1l'floJ]£ ~-,1--&-]·..TI. %~~ l:lc}-&-}7]~1lo] ~..TI. ~tj-. 

o] ~~~ ~.::q:. Broecker% (1968)oJ] 9.]sij 9--"l 7-Jl~£lo1 "i=-~~~7-]lfr, ~~ 

~ \11-&-]-Al '?j~tj-. -2-\1 ~{!A·ll ~7]~ 7]~\11§}9.] lI11d~l-~ ~-,1-7} ~¥--"l7ll 

~aj~oJ] n}c}, oJl~ ~oj Barbados~~ ~§.3: "'i:!--?-oJ]J-7 ~oj~ -€:-\::!-7]9} °'1¾ 

9.] ~J.}rg: -=tt:ll7]9.} o}'T' ~~-:= ~ (Mesolella et al., 1969), 3:. {1sij:;i;-j 5:1.0}9.j 

-ft.:g-¾ 7{!~9.] ~± %~~]~~.Q..£ .!j!-E-j ~oj~ :ilj-rj 50iv:\:! A}o]9.j 0180 \11;& 

~~ ~ sij~-&-}1ll., -"J-7] (1)-(3)9.] zt .8..~9.] 'T'-7]9.] 3I}£ ~sij~-:: 5!(Hays et 

al., 1976)%2..£ .!j!-E-j, ~~~-3:j 7]~1l~ 9--"]"B" 'T'-&% ig-7]] ~~tj-. 
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2. CLIMAP ~I~ 

P] .;:- Columbiat.ll ~ Lamont-Doherty ;( ~ ~ T±~ 1:l] ~Btc Pl .;:-9.] ~ ~ t.ll 

~:i!J- ~-;:z-±oJP-ic, 19so-1960\:it.lloJl ~;;~Ai, AJ17-ll9.J z.J- iiflQ;J.2..12. -¥-Ei ;.fl~¥l 

7,0007ij 01,,.J9.J n]~~.:a0t7t ~~Qo-J, i::]~~. CaCO3°J=, ~±%-$l~l~-'-J %oJl 

-l:Hl- 0}2r l'i"~ ~T~~ 0l z.} ~ 0}:9-J 'i'.:h'-Aj-o]j 9-Ji>Jl ~~ ~lf.~o-j .:rttjj7J)-7-)9.j 

iiTI 0J=Ai 9-J AJl47l oi1 -l:1-~ Al-61 % jl~ 1 .. 1-319-. ::::z. -'-a 3:49.J ~ -¥-12.Ai c, 011 ~ ~ o-J 

AJ]7~ INQUAt.ll;§:] (Denver-Boulder, 1965\:i)oJ]Ai9.J .£~;§:] 'iiij{l-9.j AJ]47l Al 

Al-'oJ] ~~Qo-j ~tj-(Sears, 1967). ::::z. ~- Pj~~t.ll, !iJJ..}~t.ll. Jl-A]A}7]l?1\:i9.J 

~ %oil 9-J iifl {l i>fl ~ ~ ~ ~ 10~\:i 11 :s:.9.J ~i>Jl 'o .2..12. -=jI-~ ~ 4- ~JJl Q .:i!., 01 

¾ A)-%,S}O:j AJ]47]9.] A}Aj]~ .TI.t):-~9.j *sg 01 0]-'f-o-J 7-1711 Q':(lq. 

0lci~ ,.,_J~oJlAi 1970\:i J. D. Hays9.] ~l~Joj] 9-jiiij P],;:-9.J z.} ~T7]-l:l-oJl ± 

ez-~ .TI,J-J~~•;.t.JT~~-.7.lT~a!~9.J 'i"!·r-AJ-it ~~ -~3}S}O:j, :i!j-7-] 100~\19.J 

7]~\:l.~¾ iiij~S]-71 q-]~ ¾~~T7} 7'~Qo-j, 19711;:!-¥-Ei ~~~tj-. 01-3!0] 

CLIMAP (Climate/Long Range Investigation Mapping and Prediction) 7-ll ~ 01 q. 

01 ~.,Z.:::J..¾oJ]l..ic Pj~ 019.]9.J 'i"!.,Z.?:t~ ~~~ ~ 100~ 01 ,%7tS)-O:j, tijQ;j'i"! 

Tlfr 9-]oJl, 'i"!t.ll·¾Ai•.7.l.AJ~~ %9.J EJ]o)-~12. 'i"!-;:z-it!- 01 ~3)Qo-j 'i"!.,Z.~ {l-t@-

~ tj-(.£.:?tq, 1977). 

CLIMAP:::J..¾9.J 'i"!.,Z.liJitJ ~. 't!.Ai 9-"r!~ {liiijAi5!0toJl t.ll8'JlAi %Ai-=j1-~:i!j- 'i'1 

cJl ~ 11 % i>J <)1- .TI., q g oJJ 0 1 ¾ 71 ~12. 1i 7-l 9.J o-J 1t1 J-.1 n ll:! cJl Ai 9.J -¥-¾-'-J Pl~ 

~ 9-J %9.J ~.AJ .9...£. -1,l-Ei, tg-J-.19.J t.ll 0J= K 1t! 9.J 7-ll ~ ~ 9-J 'T.g. ~ 'El~~ 5:.9.j {l-

~ ¾ 'T~~.9...£. -=jI-'8}~ ~ 0lq. 0]~oj] 1~'6t.9J- -61J-J{l-¥. %9.J -&,.AJ;i;}.li~ C7'6t 

O:j :i!j- 7-j 9.J Al T lf.1?'! 9-j .AJ Ell ~ Aij ~ ~ q. .:r al jl O 1 ojJ 9.J 7-] BJ- O:j 4-.TIJ 9.J "'J ~ ~ 

;.t.]lf.9-J EJ1°J=JJJ-~lfrA}7-ll"r (albedo)~ ~ 9- ~71 ttJl~oJ] t.lJ719.] t.lltrt±-01 ~11 

Q.TI., ~~.£. ol~ ~-¥-~ ¾~S}O:j .TI.~;,~o] *~Q~ ~oltj-. :::J.. ~:i!}, 1976\:i 

-27-· 



o]] -?--~ ~¾ t!J7J~Ac]7] (18,000\:l~)S!J ~Hf ,AJ-EJl~ y-E}~~ ~~.£7} -~Va 

!:r] ~ tj- (CLIMAP Project Members, 1976). 

O:j 7] J--j ~ (CLIMAP).::i~S!J '?1 =r-lc!J-l{j ~1 ¾{J 014.31 ~ "i=- ~c .31~7cl 01 78 ?J' 

~ ~~2-1 lc!J-1{JoJl i:l]-&l]A-J Zl-U-8"] ~7l]c:,}7].£. ~9--

1d:~ ¾ 2-1 -e ill] ai -¥-, EE c ~ ~ -ic- 11 S!l ~ ,,_a oi1 si :rJ i5Jl J..-1 .n 71 :f ~ 4 ~ s}c lc!J-

1tl ~ .I!.-"J Ell -qj-oJ] J..7 c 0}~ 1i!.-i'-.Q...£. ~: 0 1 .II. ~ tj-. .::i cl 4 °1"~ "6" t:ll 9-"i=-c ~ Ac] 

~~ ~.Q...,£. .317].:f.8.~~ "i=-%1=~E...£. 1:f..,J.l"B"}ci:-J] 7/}A]c oj 2 A] *~9-- Imbrie 

and Kipp (1971)c {J-&l]A7.:i'/..0}"5'$!j -¥--R-Aa %i1-¼ ~~-;i:-11% ~;;x.}~~~"8"}0:j, ~ 

:~HJ-"i=- ~ "i=- ?J= ~ E..£ ;i- "B"} c lc!J-1tJ ~ .II. <tB!l q. 

;,q if i5l] Al :s] ~ %oJl t:l] "8"}0:j n7l] $!J ~ ~ 7} 'o ~ -'a~ Xj(j= 1, 2, 3, ---, n) 7} ~ 

tj-.31 "8"]·.I!., .::i~ ztz.J- 01 m7l]S!j i5}] 0J-qpj ~A} Pi(i=l, 2, 3, ---, m):i!l- n7l]S!j ~ 

"i=- R j oJl S!l -&l] ¥1- 7-ll ;,q o-J ~ 9-.31 "8"} rt! , 

Xi=Rj (Pi) · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · 1. 

Pi=</>j (Xj) •··•············ ···•·······••··· 2. 

2-61 Sj ~"T-¢7} ~~~"r (transfer function)o] tj-. 

-"J %¾Sl ~±.£. J,!-E-J ~7cl ~A}~ ~·78 "8"}c lc!J-l{j .Q...£.A7, 0}~ Zl-TI~ 7cl ~oJl 

t:l] i5l] ;.,N Zf-&l] 1i!. 7-}. "8"} 4 Sl tl-7cl ~ 7-} ( t) oJ] t:l] "8"]• 0:j , X 1 ~ Xz 91 :!¥- 7} A] ¾ $!J ~ .¥. 

7} ~1£lo-J ~tj-.31 "8"}7-}. -¥-%,.,.a¾ Xi, X291 1il.£~.£ Xi, X2c .£%~oJl 7}7/} 

X1=R1(t)=dt2+et+f · · · · ·· · · · · · · ·••· · · · · · ·· 3. 



X2=R2(t) =gt2+ht+i · • • • • • · · · · • • · · · · · · · · · · • 4. 

3, 4~ ..Q.£ )f Ei 21f'8'J-% ~~ S}oj 

t=q>i (xi, x2)=ax1+bx2+c · .. ·· ·· · · .. ·•· ·•· · 5 . 

.i!} tj]OJ:9.j lf.~_g.5=. (t1)~ ~~~£ (t2)~9.j A}o]9.j ~7-l]~ -=jl-S}7] !IJli'f-011 t:-] 

~ ~W~ ~q-. ~ll1 °1 ttll 11~~.:rr0 t9.J ~%-¥- (~~1E)9.J %~~~ ~ ~PJ 

9-J ~~..Q.£ TI-2r~c]-. 

J. lmbrie~ N. G. Kipp~. ~ ~ tjJ 0J= 1f. \'1. 011 A}~ 22¾9.J -¥-%.J-J %~¾¾011 tjJ 

c?;ij .:rro} ~%-¥-9.J Pl~~~~..Q.£ -¥-Ei Zr -=jl-.J-J-¾9.J ~~¾ 1MlS}.TI., .::1~011 

~.7}~~(Q-mode factor analysis)¾ {l-"]S}oj, -¥-%.,,_J %~¼~¾ '€l_tjj•o}'€l_tj] 

-o}~tll · ~tj] 9-J 47};.:.] ~~ ..Q.£ -,I-~"§9. t} (Imbrie and Kipp, 1971). ::f. zt -,I-,,_J 

¾o] 449.J ~~¾01JA7 7.};.:.lt;}~ ~]o]!~~ 7-ll{l-ii}oj .::i ~~ o] ~ 47};.:.l ~~ 

9-J ~ ~;cg 7-Jl {l 01 7-j ¾ 9-j tjJ OJ lf.1E 9-j 2 °c 12 ·c, 20 ·c 9-J %.g.{l .i!} ~;(ls}~ tj-. tj

g 011 .:rl. o}jij ~ ;i:.] ~ 9-J ~ tjJ 9-J tjJ 0J= 1f. ¾'T' oJl tjJ ii}oj 9-.g. ~ ~ ~~ £ ~ -,I-ii}oj, 

o]c,~ tij 0J=-q}~ 3!]-i}-vflE}~ .:rro}~%-¥-91 ~~-=jl-,,_J.i!}~ ~7-l]~~ ~tH}"r 4>¾ 

~~oi ~tj-. ~.:f£, .:rro}9.j ojc, :go]i?.j ~~~~¾ .:rro}~%-¥-9.J ~~.,Z-~011 

rr}-c} .::1 3::~¾ 3::A}i;}oj, oJoil 9-j~ jl:n;g~7-} (o] ;cg~~ 9-.g_ ~ ~~~£) 

~ 7-111!-"§ltj-. .::i~t o]iffS.rll ii}oj 'l}all:=L~9.J ~o}Vl2-12201l tjj-8"}oj '21=45~ 

\1~ o].:f9.j oj;:;9.j 1£~9-.g.(Ts), 7-l¾911£~9-.g.(Tw) ~ ~~~£ (S)9.j ~ 

4?-~ ~~: .::1.elj Ir£ y-E}t..Jl~tj- {.::1.'iJ 2-4). ol3t,&- Ji!.~ -AJ~¾..Q.£J1-Ei ~ 

~~ 4-.g. ~ ~~~~7} 01809.j ~~!!} 0}2r ~ 3::~~i::" 3t¾ ~ 'r ~.TI. 

Imbrie~ Kipp9.j lc!J~ t %~¼ 0 1.21011 lc!J{!-¼•~~aj~01l.5:. ~%~oi -AJ.i!}¾ 

¾aJ.TI., ::f.~ ~,,_J01lJ.7 ~~3::,,_a..Q.£J1-Ei J17].:f¾ ~~i;}-i::" ~]011£ MO]Jl ~ 

tj-. 
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I , ., 
0 
I 

-1 5 1l 17-0.5 -2.5 21.5 26.5 25.0 27.0 36.00 35.70 

0 0 

10 

A 

B 

20 ~IC 

V 1~600 ~ID 
30 llr 

0 

rr1 

~ !::it-~~~~r 
E 

F 

G 

-1 5 11 0.5 - 1.5 19.0 24.0 24.0 26.0 36.00 35.70 
G.menardii (%) c5' 110 (%0 ) Tw ('C) Ts ("C) S (%0) 

.::i.g 2-4 :l}t-l.!:!..ii] .:ao} Vl2-122 (17° OO'N, 74° 24'W, "r1l 2800m)Sl ¥-%-.1.J 
¾-=§-¾oJl 9-1~ Jf.~"r~. 'i:1-lf:-~5:. ~ 01809.l -3toJ-~tll~~} (Imbrieetal., 
1973) 
Tw : 7~ ¾9.l Jf. ~ "r.g., Ts : e:j ~ 9.1 Jf.1;1 "r.g., S : llJ it Jf.1;1 'i=! {f:-~ ..5:., 018 

0;:: Globigerinoides ruberzt% A}%, A-G : BJ~1.}o]'i[", I -VI : ¾~ 
1:1 (Broecker & Wollin(1968) <>ll 9.1 ~), T ~ Z : Ericson & Wollin(1968)<>ll 
.9.l~ ~61tll ~1-!-.R. : ~oJ~ 80% {!~-rz.1- 1J-@ : l?Jn-*l 



EE v12-122oJJJ.1-c l:lJ7JoJJJ.1 .:fl:lc/7JoJI ~~ 01809.l 1t\~7t 2.2%o'i.l ~oJl cJl-sR 

o] 7]'.:{}-9.] AJ~.g.5:.\!l,~-c 2.2°C£ 5:]o-]S~t:l-- 01809.] 2.2%o..g_. .g.5:.£ :@-{!-B}tf! 

11·c.£J.-l, o]~:i!}- A.!}¾.g.5:.-2}9.j *}o]-c iiR?~.9.l ¾7} ~ ¾~~9.] ~~% .g.5:. 

o].2-]9.] ..8.~oJl 9.]~ ol8Q.9.j ~~£ Ji.af{ltj-. oj OJ=-€:- 0180£ :@-{!--S-}~ l.8%0] 

q. 7.i~ -"J7l!il 0180\!!~9.J 80%7} -sfl"ri~!il 0180*£.lt!~oJl .9.l~ ~~% ~ T 

CU tj-. (Imbrie et al., 1973). 

4. CLIMAP741-i~ ~:ill-

7}. ~ ¾ ~ 7] 9.] 8-il oJl cJl t!- 8ll OJ=.9.l JI V1 "r.g.9.J *~ 
A\]7-11 af~*.2..£ ¥E-l ?~¥! 2477]~1 1J8Jl~ .:ao}otl cJl~ 180~~oJ1 9-j-sff 

18.000';:!~9.j ¼¾o] ~785j31, .:::Z.~£¥E-] :!¥-7Jll lcm!ij 1l)~o] jfl~5:]~q-. o]~ 

AJ.ii¾.9.l ¥%-"J oj~~ (%-t!-¾·l:lJ-{!-¾•.:n..:n.i:!l~)o'l] -c]l"8"}af ~~7-ll{!--S-}aj, ~ 

¾ l:lJ 7] 9-j 8-%l oJ] CU o-j J.-j 9-j 8jJ 0J:9.j JI~ T-~O] *~ 5j o-j £.A] 5j ~ tj-( ~ 1f .2.*} 1.6 

·c) (.:r~ 2-5). qg 2..£ .:::z.~ 7}¾c•J -s}Jl:lc/~.£9.J ~7-lloJl t:Jl-sJP•H:-, ~¾~71 

9.] Jj!-7]~~.sU} ~1i ~~l<J]!ij it~%~fl£ ~af~-c .:;2-Q;j!ij ~7-11£ {'-1J¥!tj-. 

.:I~,:'._ -sR~.2..£ ~'V. %11Q:JoJJJ.1-c -rr~~I ~~oj l:lJ--s}J~ ~ 0 }, it3:.%iifl9.j ~~ 

o] ~ o-j 1.-}-A] ?6~7] aJl ~o] tj-. 

1.-}-. ~ ¾ l:lJ 7] 9-j 8-%l oJ] ~ o-j J.19.J Al JIAJEl] 9.j *~ 
~Q;jo'I] cJliiffJ.7-c, 85m9.j 1:1J"8"}"'J iiff~;,;7"3"}~ AJZf"3"}aj iilJ~{-1°] .:I?;j~tj-. ~ 

JI.9.] -"JEll-c ~ll:lJB}AlQ:Jotl ~o-jJ.7-c ~H~. 1!{1, ~~¾. l:lJS}~-"J %011 tj]~ 7] 

-e;;t}jioJ] 9.J7'j-8"}aj {'-78£j31, .:::Z. ~.££ ¥E-J ~J.}9-j 1t}J.}7}]T7} £A]5J'X:ttj-. !£ 

.:::Z.'i:l 7}¾t-lj l:lJ-"J-9.j ~.£-2} .:::Z. %31{'! ~ ~~oJl 9.jl'jS}aj .:::z.?;J~tj-. 

o] .:I~.2..£ ¥E-J ~~ -'r ~-c ~-€:-, 18,000\1~9.j ~JI-c l:lJ~A]Q;j.9.j ~cJl 

o'I] t:-JSj-aj 3:.~ 13'1 J.}~o] ~o-jA]31 ~J.}9.j lfrJ.}7-J]'?-7} ~A7cS"};j] 71~ ~o]tj-. 
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20' 

so· 

so· 
s 

,o·E 

D• 
so· 120· 

Ill] b 

160" 

11:I)c 
160" 120· 

Wd 
so· ,o·w 

C • 

:i'fl 2-5 1';'1- 8~\:!::@ -la/-~-,1- -&-/-7-ll~ a-R 1."!,:=-.g..(°C) 1c1di5}7} E;I»~ ~-91. :i ~ 0 1 
-=z.c.].:il ~uJl.£ A(%)9.] i't-3:.(CLIMAP, 1976). 
a: 1j3!} B,:l, Ae::40, b: ,,t.}'4-, -¥-~:3l~ 11, ~oJl ~~ ~~'r~, 30::SA 
(39, c : ~.£. ~~. ~,,t.}'4-, 25::SA::529, d : !.}~i.+. Z:!-1:AJ, 20::SA::524, 
e: {}~,¾~~it, 11::SA::S19, f: ~go] 'id-::: l:l}t:}, ~"r. A::SlO~ J£ 
A]~. 



~~ t:H 0J=~ lf_t?:[::_ SlJl:lJ.s?..£ 1ii£'i} 4'-Q:J 0 l WoJ~7}.TI. 4'--&::. ~AH9.J- 1:llJiIB}oj 

tjj .).7 °J= *-¥-~ - 3.8 °C £ -¥- E-1 'il.5:. 0J= * 1;!-.9.l - 0.8 °C 7Jj-Al 1tl. ~}Sl-:7.l tfr, :UJ n- "Eil-ol 

2.3 °c :;i..J s}sJ-~ q. EE t:ll 0J JI rt1 ~ -&£-=r-Bll 11- -e- ;;J. 01 ~oil E£ 'il c1-. 01 e 15H 0J=~ 

tjj 'ir~ol 7J-B}~ g ~ y-Ej-1.Jl ~ ~ o] tj-. 

q. ~¾l:lJ1l~ 8-%loJl ~oJA-1~ :7.J-=j1-JI~!~ 1J1t~.¥.£ ~ 11-&~.¥.£~ -al-.!t:l. 

oj~~ w. L. Gatesc o] :::Z.'iJoj]J-7 y-Ej-\:!- ~]3:.Z:!oJl ~7-]B}oj 18,0001d~~ 

oj;';~ 7]+ 5'..cil)£ -1f-E-1 1-li!-c1Jol"r!% 111-J~tj- (Gates, 1976). :::Z. ~4 °1 1-J 

7]~ Aj-=j1-lf_t?:[~ 7]1}-~.¥..5:.. ~ 7]-€:;-~.¥.5:.7} ~oj~tj-. :::Z.i8 2-6~ ~AH~ 7] 

-€:-:i!J- 7-J]{l-oj]A-j T~il~ 18,0001d~~ 8-%l.Q: 7j-€:;-:i!}~ ~}oj ~ 1.-}-E]-\R :::Z.'iJ2..£ o] 

~ .!i!.Tt!, o1l ~ ~ oJ 1::lJ-'c)-~ ';:l-~oJl -?-1 ~1 ii]·c %fl ¾-?-1 .5:.Al Q:J ~ *ol ¾-¥-Al Q:J 

oJVlc 10~15°C~ 7]-€:-:;,..JS}7} ~g ~ ~ T ~tj-. ~¥1 AIT~~loJJA-j~ 7]-&A-1 

S}.Y:::. 4.9°co]tj-. EE 0 ]~ ~.¥..5:..£ -1f-E7 ra-1-1~ tjj7] t:ll'i?~~ 0J .... J 0 1 ~1~1 

ci:11, oJl ~ %oJ *1rl--=r-oJP.i c 1::1J 11 oJI J?:lJ-Hf 0 l \:l-"5"}-SJ·ol :::z. 1.1 ~ 0 1 7J~ g oJ 

1.J4~oj~tj-. oj-'c)-3!} ~::_ 4'-¢j5'..cil)% A]·%~ .TI.7]+ AH~~ ~Tc 7-}~% T 

*1~~2..£ 15H~iiH uiaic 1:l~ 1:lJ3r!-::. slA11i!-, 1::1J-a-J-;.Jt:ll .... J% .!i!.t:l- 1~~ ;;J.2.. 

£ 0 ]~0-j 47}-E t:1] 7ltj-'8- Q:j~~ S}c ;;l.2..£ 1.g4¥l_tj-. 

5. 1=!5flJ:1 .:i:!.OrOII !i:!.OI::: -~7IArOlm(1!!'8rl!:!\1 ~ 71 .. ·ali'i~H!:!~21-.21 ~!-J:11) 

1J15HA-lc :i!J-7-1.9.l Al-=r-Jit?:! 11~~ 7-1.9.I ~~-?!i.s?..£ ~-?!isl-.TI. ~c ;<.J-~ 0 1c1-. 

C. Emiliani7]- ;.J~~ {J15HAl:n_Oj-~ 0180 ·~~1tl.~oJl 7]~~ ~\:!-~ ~J;Jjo]Al T 

~ <:::z.i8 2-7)::., :::z. ~ 1::1J1l•Z1-~1Ja}~il -stc :::z.£~~ 11~1\!!~~ 1r.!-0Jst~ 

;;! ~ oj °<l l!IJ iiH Aj .TI., 9.. ~ 'go]j C ~ e 0 l Uf::. -ir .... J ~ l:lJ "8}¥:! 1d oJ] tjj {I B}~ AH£ 

¾ Al lf.7} ~1.:rr ~ tj-. 

B-, "cfAl~ Emiliani~~~ ~t:JlZl-~oJl t:Jl15HA-lc .:a 0 ]- .AJ-1f-~ ~n-~-?!i~.5:.~ 

:::i.t:Jl£ :i!J-7-loJl ~~-s}oj tfr~ ;;J. 0JiJJl ttll~oJl ~~p.30] -¥-~~ .:g:. 01 ~~q-. 

-33-



N ,....._..___.___.___.,___..,___.___.__.,__...._____,__::;:~::::~:::~~=~-....__._, 
so· 

so· 

40• 

20· 

40' 

.:ii%) 2-6 1~ 8~\:H:!x} ~7HE-l 8-%19.l ·E-£*}. 
~BJ.9-1 7};,.J-7.}cl~ j!H::!.£.£, 511.iJ.9.1 7}7<)-7-}cl~ 11~.£.£ y-E}'-,ll. ~~11 
~ 1~ 8~\11:19-1 8ijtt!4-.g.g_ ;{JJ~15}7J ~8ij J..}-§-~ 1c1J?J-E-l ~*l- 1c1J15}7} 
~:::: ~Aj9-j- ~7ij.!;!.c.j- 4KO AJ- ';;!-~ 4-.g.Q;j~ g<:g..Q...£ t.J-E.}41~% 
(CLIMAP, 1976). 
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2 .·,;,:. rnTh 231 Pa~oJ] .9.j~ .:ao}.9.j ~tljs~7aol ~]S}O:j -A]jj].5:]o-j, 180 ~EJ]o].A]~ 

17 ( 375,0001.;:! ~) 77} .A] ~tl] .s:] ~ tj- (Emiliani, 1964). 19641-;:! 0 ] ~ ~ {l i>l] A7 §] ~ 

m---.9.j 71~~ ~~tj-(Broecker & Donk, 1970). 7-J7loJP•i o] -'g-~{:j g 7a7-ll£ 

I : 11,000\:!~, II : 127,000\:!~, III: 225,000 ± 15,000\:!~, N: 300,000 ± 20, 

000\:!~, V :380,000 ± 25,0001.;:!~o]c}:il S]-~ ~tl]~ ~.3l~tj-. 

i>l]"r.9-1 0180~.5:.~;&~ L-j-E}i.1-Jc ~o]c}.i!. ~tj- (Shackleton & Opdyke, 1973). 

Patersonet., 1977). 0 1~ g .!i!.1E Emiliani.9.l 6E-J]o]-A]5 7}¾t1l 37l].9.j .:uj.3.7} ~ 

ii.S}jj] L-j-E}L-j- ~c ~o] ~~€tj-. 
' 
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81,000~ 80 

100 

120 

-40 -30 -35 -30 -25 -40-30 
8180 (%0) 8180 (%0) 8 111() (%0) 

.::iw 2-8 tlJ~_;i:!_o}.21 s11io~~H:1}01~:1}, 1978) 
(a) Camp Century(.::Z.~il!\E..), (b) t-lJ~ 1](7'}y-t:} *-¥-), (c) B-]E.. 7]7.j 
(\)--=;-cij~). (a)~ 3'}~~ *o}t~c]:7}9.] 1:1]¾ ~J7]"'i5"9.] o}:j-~J7] ~ t1}§.. 
t1}.£~ 1]~ .:il?iij~7J( I, II, m)31}~ cijt1]. 
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7'} ij !!. -&TI 9-j 1J -&TI A-j .:a o} ( P6304-9) 9-j 0180~ ~ ( ~ tjJ Z!-24 .g. Broecker & Donk, 

1970°1 Emiliani, 19649-] Z!-24% "r"~~- -3).)J!J-ii- y-~~ .:z.'flo]tj- (Broecker & 

Shackleton & Opdyke(1973).g., ~ g_~£ !!.{i-/o};;,,.o]:P}sj 787-lloJl 9-j-sJI -s-t-¥-

-
o]oJ] 9-jS}i:;i:! !!.tf-/P};;,,.o]:o} 781-l]7J}A]SI 701fr1d A}o]oJ] ~~~ 1:ld7]-Z}-1:ld7] A} 

'U tj-. Shackleton~ 1-11 ~-&TI A7 iJ:-.g. -&TI~ (3 ° 15' N, 159 ° 11' E, "r"1J 3940 m) oJ] 

A7 ;Qo] 2lmoJ] ~S]·c 310} (28-239)oJ] tjj-sJI 5cmZ}-24.!?..£ S180~~% ~.A]"9!J. 

tj-. (;::z.~ 2-10) (Shackleton & Opdyke, 1976). o]~ ~ .:Z.'floJ].l..7 ,!il_O]c -3!~, 

~ .2..§..5:.l:l}o] o]lfil§.~ tl-~S}O:] ~{].All-f..7]oJl tg-S}c -3).~c•l, iJ:-.e:- -'-]7]oJ] J. 
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1970). 
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J1ra•lllo •I'll!!. 
-•-·IH· - , j[ II • JIii •I'll.!!. •f•l•l•f jl! II Ill 

89 17 H !71 !~ 

.::Li/:] 2-10 J.i1f-~5:.E!l~ 0J' {lt]A-l .:RO} V 28-239 (3 °15', 159 °11' E, 9-{l 3940 
m).£1f-E-l ~o,~ ~]47] ~7]Z}oJ] 7.Hl 01801t!~}(Shackleton & Opdyke, 
1976). 

2000 

JIii 



0180~{:"!SI ~;;rJ.Q.sl.J..1, JaramilloOl~§. 0 l~SI o180SI \!!~SI ~01 .:::z. 01~9} l:lj 

.filSl-0:l x,if- ~.Jl. 1:1J7l·:U-l:IJ7]SI T~ 01 °flnflSl-11l £1oJ'Uc ~¾ ~ 4- ,Utj-. 

0 l ~ ~ 4-.g. oJl 1i1 7tH! it 3: ¾ SI ¾ J..1 ~ \!! ~ sl. -¥- E1 T ~ 314- .g. \!! ~ SI 7a ~J: 

(Koizumi, 1975) ~ l.•Jlt:~~E.SI ~~i\'!-~Oj 1.-J-E-l-i.flc 317].g.~~SI ?Jt!J: 

(Zagwijn, 1975):i!J-5:. ~~l~tj-. !t ~{!/?a{! 0J:A·ll91 787-11-¥--2-0l]J..191 4-.g.~.5-J-

7} ~~:!ilAl ~c l.g., o]~91 Emiliani-~ (1961)0] 7']-c}!!,t!jOJ-¾ 7]A70l]J..1 X. 

J..j-~ 18()¾~ ~:i!J-ii- ~ ~~ "6jj -9'-c ~ oj t:}. 

~~ V28-238:i!J- V28-239, ~.g. V28-238:i!J- 7'1-i] !!."6Jl .:ao]-91 ~¾ !fr~ oj, 

%~ 18O.6fl]o]A]SI ~JJJlSI ¾~SI ~¾ ~oj- 1:l].fil"6jj .!i!.1B. .:::Z. ¾Ol]J..15:. V28-

238SI s;] ~ 4.r-5:.7} ~~l <tl~ £1 oj 'Uc ;~ ¾ ~ 4- 'U tj-(Shackleton & Opdyke, 

1976) :7l7]J..1 V28-238SI !;]~4.r-5:. (1.71xl0-3cm/',:!)~ ~~Sj-tj-31 :U-2r-B-l-1B., 

!!.{i-/0}30}:o]- 7a7-Jl7Jj-A]91 70!fr\:! J..j-oj,~] V28-2380l]J..1c 1200cm91 s;j~oj 'U 

~7] n:Jl~Ol], 18O.6t-J]olA]91 7a7-ll1B.9.l i. 0lsl. -¥-E-l .:::z. ~tj]~ {1-w~ 4- ,Utj-. 

.IE. 2-1~ o]~11l T"6Jl~ 18O.6f1] 0]~1 787-1191 ~~~tj]o]tj-(Shackleton & 

Opdyke, 1973). 

oj .IE. 2-lOl]J..1 !:1J7]-7{}-!:1J7]91 :QoH=- 5~12!fr\:!.2.sl., !!1l ~ llll~£1oj 'Uc 

~o] 2r-&-.@tj-. .:::Z.t!j.Jl oj -?7]c l.-J-¾011 ~if~ -¥-%AJ %-=8-¾~~9.l ¾x.AJ.Q. 

sl. -¥-E-l T"6Jl~ 1:ll 0J91 .IE.ra4-.g. ~ .IE.ta ~¾~£SI \!!~ 2r'-7l9l-£ 1:ll%£1.Jl 

(.:::Z.iyJ 2-4), J.~%7]~~.2.sl.5:. ~~1l¥!tj-. 

-2-\:!0l] 0180~~0l]J..7 .!i!.0lc 1:}]~91 -<r7]7l-, A]T91 -=8-~;<~]5:.91 °]{)½91 lt}~ 

-?7l(Q.j=91?}';:!) ~ Al~ 7JJ..}9.j ~~-?7·, ~.g. .:::Z.~Ol] 9-l:ll~ -al-lllT9.l °'l~SI 

Elj 0J~J-J..}~91 \!!~~~ %:i!J- X.~~~~.Q.£ -¥-1::J, 01~91 ~~~f~ ~~Ol 1Y 

7] • :U-1:ld 7] SI Pacemaker cl- J.J Zf, ~ Mila.nkovitch1! o] TPl SI ~ TAt J..}ol Oll tj

A] if- 2r-&-£!.Jl ,Utj-(Mesolella et al., 1969; Hays et al., 1976). 

-41-



180--:/!i°] 7-] I ~/i:(cm) I 1J::ft(1J::gij) I ff*~ I 7Jc_W] - ra, 71c 
Wl /-~OJ¾ 

1- 2 22 13.000 I 
2- 3· 55 32,000 

3- 4 110 64,000 1 

4- 5 128 75,000 

5- 6 220 128,000 II 
6- 7 335 195,000 2 
7- 8 430 251,000 m 
8- 9 510 297,000 3 

9-10 595 349,000 N 

10--11 630 367,000 4 

11-12 755 440,000 V 

12-13 810 472,000 5 

13-14 860 502,000 VI 

14-15 930 542.000 6 

15-16 1015 592,000 vn 
16-17 1075. 627,000 7 

17-18 1110 647,000 vm 
18-19 1180 688,000 8 

19-20 1210 706,000 ]:!_{f-2f-/o~~] oj:0~73 ;7.fj 

1f. 2~1 180 ~E,J]o];s] 7J711Sl ~o] (V t:8-238)~ ?78'i1tll(Shackleton & Opdyke, 

1973) 
18()~£,J]o];s] 1-}o]~ ~%¥-, o};t]o]:0}737-ll 



8. ~~A-1121 71~ 71~.i!I- Milankovitch;~~.21 ~§§. 

Pl~ t.-lll:l}tj-9- 'i}-.::z.cllo]§. .sl-aj~Al(South Great Basin)~ Devils Hole(DH-

2)~ A]ii} "i=-lflii} 2lmoJl ~~~<>l ~-c llJ-c3°Pl l!ll(Calcite vein)~ ~.±%~~11 

i:!] 9} 230'fh-23cu, 234u _238u ~ t:Jl ~~ ~ ~l.Jll-oJl ~ 7-] c3"l1 01 Pl =rc3"Jl ~ ii~ OJ=.J!} 'il--=t 

~ o}o].6.:u. 01-~ 7.fll!j-~ l:l].illii]J .!llfl ~lfr-aj'?J 71~~ j!Jjlti ~ ¾l-}ii}Al~ {)ftj] 

£ {l Al ~ U-Th ~ cJl ~~ ~ .J!t-c- ~ ¾ ;,:} llJ 71 ( marine oxygen isotope stage5) -c-

147 + 3 Ka-¥-Ei A]=3.j-~~ t..j-Ej-';!!tj-(.::z.'8 2-11). ol ~tjj-c- c3"jj 0J=~ ~-aj%o] t..j

El-t.H-c- ~cJj1,!_tj- 17,000\:!, 'a°~.\?l o}ojc__:nO}.\?l 01807]~1,!_tj-.£ 7,000\1 IIB}~ 

~o] ¥!t:f-(Winograd et al., 1988) . .::z.~•>I] .\?lc3"ll Winograd %.g. .?a~~ o}o]c 

age.\?l o180~ ~ cJl 171 \:! ~ ~11 :{:} .s;.9} Milar.kovitch7}1l oJl ~ ~ orbital forcing~ 7a 

~~ o}o] .6 age.\?l ~ T ~'?Jo] o}y al-.:i!. '(! iBY. tj-. o] ii}oJl A~ -c- o] oJl cJl ~ AJ-Ail 

~ ~£~ iiJl .s!.71£ ~tj-. 

~Ai, o] A]Q;j.\?l o180~%oJl ~~J% Pl~l-c- '?.IAt-C- i) 7.]"8"},,=-9} :U--=t"i=-~ ~~ 

~ ~~ .J!}~ =3.J-%oJl ~ ~~. ii) llJ-c3"lJ ~ 1!11.\?l ~ ~ 7-J-_±~ 7-] ii} ,;=-.g.~ ~~ iii) 

O:J~. 7-1¾.\?l AJtjJ-aj ~~. iv) 7J~""1.\?l ~Al~'?.l tjJ7]JI"!fl4?:-.x.S1 ~~. v) ¾7-11 

oJl S1 ~ ~ ~ ?J-.± oJ] ~ <>l-9.. -c- moisture.\?l tj-~ source, vi) c3"ll "i=-oJl .\?l ~ ~ "B"J, ~ 

vii)Al-8"}"i=-S1 o]%~£~ ~;&%o]q-. .::Z. ¾oJl""i 7J-~,A1.\?l ~7.]~'?1 cjJ7]JI"!fl.g. 

£~ ~~oJl S1~ 0180~%~ Al\:! 20\:! 0 Pi~ ~T~.Jlt, lll] '?]7.]~<>l (Jouzel 

et al., 1987), 0180~%~ 9-..8. ~'?Jo] ~~01 ~tl:j~ ~tj-. ~. 0180-c- ¾·.31~5:. 

Al Q:j oJl Ai JI. "!fl 4?:-£71- - 60° ¥-El + 15°C 7'}7.l ~7JJ] ¾ 7}%} .31 ~ tj-. 'a" .::Z. ell 0 1 §. ~ 

~~Al~ Devils Hole(DH-2)~ 0180.\?l ~:s-~~ .::z. 9'~ ~-aj~?-1 (Ash Meadows 

basin) .\?l .l{g ir JI. rt! .g. £ S1 ~ ~ ~ !fr~ s]- .31 ~ tj-. 

'i}-.::z.cllol§. :s]~~Al(South Great Bai.in)~ 018071~~ 272±85Ka9} 147±3. 

lKa~llll irZil~ 4?:-\:!-;&7} ,)..1=3.J-~~ 41:}-t.fl.:il ~tj-(.::z.~ 2-11, 2-12.\?l mGB 
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9.j- IIGB) . .:::r.~ 2-l0oJ]J..4 7-lSl-"r9.1 residence timeol 1:1l3il?,J fJ-9-.:il. J,Jzt!rl~ 

A]7]oJ] 'i!9.1 n]a. AJ-ol9.J- .scl-_g_ Al-019-1 Aj:j-:j-~(60-120, 160-250, '¾ 280-

310\1),'.: 41,000\:! Zr-7]9.] ~5:.?aJ..l-(obliquity) A]- 0]~~ 1--]-Ej-';!lq. 5.1:. et]c-171-7-l 

.B. 'i} ol 'll7-] lfr, 19,000\1:i!} 23,000\:! ?719-1 1,i] ~l-¾%(precession) J..l- 0] ~oJ] 9-1 ~ 

~5:. 1,Jzt£lo-]~q. 5.1:. %W~ nGB9.J- uGB9.1 "'lZlZl~i'.: Q-]= 125,000\1.2..£ Q-]= 

135,000\1°1 s].:il., ?71 Q-]= 123,000, 131,000\1.2..£ B}t:" 7-]-=fi2°~i'~].5:.9.1 ~:§:j

(o]{J%, eccentricity)Zr-719.1 Ai] 3:i!} 59-1 AJ~:i!} r.JlgS)-jj] ~q(Ghil and 

Childress, 1987) . 

.:::r.'f:] 2-llo]]J..i ..li!.t:" ~ ~o] i5lj 0J:i!} 1cl-~9.1 o]-0]~510)- ~ DH-29-1 0180 71 

.!:!.9-1 ~;,:J~ %Al-AJ,'.: DH-2.9.] 7]~01 .::I.£~~ .:il.7]-f-9.1 JiJl1il~ t..J-EJ-t.llt:" ~ 

0]q . .:::I.c74 7-)-1.1]"8"] ..li!.;:i Zr :i.!l.3.9.J- .§.2pr9.1 JiJl1ili'.: 9-.§..:il. %"'l-"J 01 filg ~ 

..li!.etJ¾t:}. :i!}:Ji 251i!-\:!:fr9.1 7-l-=f ~llr-=f!~ 'il½i:~ 0 11!9.1 ~:§:]- (.:::r.'f:] 2-13)9.j

Milankovitch 71-11:49-1 ~7-ll~ 1:11.iil.-&ij .!!..~, 8"ll 0J9.1 13180 71.!i.oJ]Ai 1--J-Ej-1d- %W 

1ln (Q-]= 131i}\:!~),'.: Milancovitch7l-1l.4 r.Jl%~4- .:::r.~ 2-12oJ]J..i 13'i} 5:tl 

\:!1f-E7 12'i} 5:tl\:! ,'-J- 01.9.] ½i:.} 'il½cJl 0 11!~ ~.!fl 40°oJ]J..7 °1-"J?<J.2..£ li'~ O:J 

~:i!} ';;!-~ ~¾9-1 !';1 ~ ..li!.O].:il., .::Z.£1~~ deglaciationo]i:.}.:il. 1.Jzt~tj-. .::Z.c71--]

DH-29.1 SL8O71.!:!.oJP•it:" %W1:l II(.:::r.'f:] 2-11, n9.l nGB)7l- 11i!- 6:tl\:! 1111]--e 

141i!-7 :ti\:! oJ] ~ o-] 1d- ~ 01 ~ tj-. 

ll'i!-5:ti\:!:i!} 23'i}\:!)~ BB]--e glaciation-fr 9.lPl~tj-. ir-7-]'i}:i!} ~'{]_Ej-o]crj(l982) 

~ -&ij 0J.9.l o18O7'l.!:!.9.1 221i!-5:ti\:!9.l Zr s;adial~ ~AJ~ EjJifJ 0J9.1 Vl9-28, V19 

-29J..l-ol~(23,000)J..]-o]9.] ~~ glaciaticn:49-1 ~7-ll7l- 'llg ~ ~]'i}-~q. 

231i!-\:!9.1 stadial~ DH-2 7'l.!:!.9.1 24~'1-8:ti:i!} r.Jl%~9-- 01 ~ 8fl~-&ij ..li!.~ DH 

- 2 7 l ~ 9-1 stadial ~ -=3j o-] 5:. -&ij 0J 7 l ~ ..li!. q 5:. 21i} 3 :ti \:! .:@ 9-1 ~ .2..£ 5:1 er] lij ~ q . 

.:::r.'f:] 2-12oJ]J..it:" 24'i!-8:ti:i!} t.ll%~tj-. 01¾ -&ij~i5]j ..li!.~ DH-271~9.1 stadia! 
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Summer Winter 

CA AO 
FE NS --

Age LA NA -
(ka) 40°N 60°N 80°N 40°N 60°N 80°N 

0 •IO -io 

0 0 
-zo 

25 0 

0 

50 
0 
-20 

0 

75 0 

0 

0 

100 
0 

0 

0 

125 
0 

0 0 

0 

150 ·20 
0 0 

0 

175 
0 

0 0 

200 
•to 

0 0 
•zo 

0 
• JO •II) 0 

225 0 0 
•10 •.· .. 

0 
0 

•II) 

250 •10 0 

0 

.::i'E) 2-13 2 S/-] .5:. ;,.J lclJ- oJJ U 0 P·i .Q] c:iJ "-l-"s' \I!~)-
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::_ ~<>!£ ~ 0J= 7]~.M.9-£ 21il-3~\1~9.I ~.Q.£ ~<>I u:j~q-. .::Z.'f1 2-12oJ)J,i 

c 241il-8~~1Illc stadiato];i.] ~Jl, deglaciation°] ~<>!~1tl A]7]£ -€.t:t. %~ 

1 III ..g. II .2.J- I oJ] 1:l] ~ ,81::ld AJ 0] '5,!-7-] lfr DH-2 71 l!oJ] "1 c 271?1-2~ \'l 7s ,Q,.£ ~ 

<>j i;TI 0J= 7]¥,!i!.9-£ 21?}8~\1~9-J ~ ~ 1--}-E}-';Rq • .::z.,3! ~ ~c-1~ !i!.'B, -8ij 0J=9-j o 
18O.2.j- DH-27]¥,9-] AlZ!-9-J 7.Jl(gap)~ A1 7]7} .9..~~"r¥, .3.ill -€.4. i;TI 0J=9-j sis 

07]¥,~ %~1II~ qj~l::ldAJ-9-j %i;NoJI 7]~~ ~"r¾9-J ifAJ-:;~ 4Etl.J17-] ~ 

Jl .::I.!i!. q %ell <TI- 'a"~ floating ice shelYes.9-j %i;TI oJ] 7] <ti~% 'ti if "99. tj-( t:11 ~ 1::lJ 

-'-J-9-J siso7} ':;;!-::. ,3!,Q,.£1f-E-J). DH-271¥,:i!J- e:Jcl7}7-l ~-;i~:;:q.~ !i!.i:t'!, 7J..g_9.l 

-'r ..g-\:!-~~ 14'il\'l~oJl ~<>l\:!- -3!0] -€.Cl-. 1i!-~, ¾cl- ~¾cJJoJ1!9-J Oj\:"!~~7} 

DH-2 71l!"'J9.l %~1 nGBc ~~ti] ~¾;:.~Jo]J,19-j ~~.2.J-~ ?,J~ {l:-7-J]s};i.l 

~c ,3!ol.¥:J.t:l-. .::z.~ 2-129-l ~½cJloH( :1-Jl!oJJ;,.1 141?l-~171il-1dZ!9.l ~Jir ~;,.} 

2J:9.l ir-7-cl~ 3t1~H:- fil,Q,.E'..£ DH-27]-i,l"'9.l %~1 nGBol ~~ ~ o}yq. 0180 

71..!:!_9} <tl½tJ]o]1! 71}!~ 1:l].iilB}oj .::I. ~o]~~ 1'l£"8°]-~, 171?}5~\:i~ 7J~ 

deglaciation Aj.::Z.>g::_ i;TI 0J 7]¥,-'-JoJ] .!i!. 0];i.J '?t"~ ,3!, DH-27]¥,AJ 241i!-8~\:! 

9-l T stadial::_ <j½cJlo]1! :11l!"'JoJlc deglaciation9.l Al7]oJl 5'1t:J-~q-. 

oj "'J ,Q,.£1,L E-J Winograd%~, Milankovitch7}~ ::_ 101i!-~301?}1d {i 11.} 0 1 ~ T .fl. 

71~~~~ AJ7l.2.J- s::., 131?1-5~\'l~~ .1t5TI"r¾3!tc ~Al ~%~ ;i.J~'9!J.q . .::z.cl 

4 DH-27]~::. 7-]~9.l 7a1-1-, il]~}-'r7]"'J 0 l ~~~Jl, 01 1Joj]Aic ¾~~ 1{1 

"• l~ 7]~~~}9.l <j½t!,Jl 011! ~~<>11 9-i'~ -3! 01 ;i.J;i.J-€.q. ::1.oJJ t:-li>l·oJ ::!..£.•J;t~ 

..g_.5=., l:ld-'-J~l~, '?H}~ 3t1-oJ=.5=. ~ i;ijfi- %~ .¥.W~ 7J~ LR-¥- feedback:i?J-1°1 

¾ ~ ~ 7a {11.1] 9.l 7]-"f ~~9-j T .B.. ~ ~ <j 01 ~ c -3! ,Q_.£. ,._J Zf £1 <>I~ q. 
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Sea Level Change and Stratigraphy 
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·-IS-

l-YlL[:o ·ti~ alLFf!fi-rv ¾%1\?:% loir~ [Yl~rr ~~ '[wall,:, lol-Y¾ ~l:2lo 

%~ 1-~lLl\?:v ·v 

% ~ b ii% l£% ·s: 

% ~-lv ·id~ l£¾ ·:::> 

(%~ -=s-~)¾~{y -k-&-t£% ·a 

·tiB.l.!~ lo~ t.r~ti [-3.--k al-sfv ~;_HY¾ L 1!"2--k -f:2lo¾l£¾ ¾¾lr lo 

·ti T6 ~ fo ¾ ~ T6 lo & ~ 

Bi*-& 1!"{-2--lv% -=z{o tYllolr-tz ~ro 11.Ff ~l-Y% lo-k-&-la %%[¥:la lo ·tin; 

~lcafo ~ lo~a lo{slr 'lw-lo ll<>{v-&-~~ t.r&Ff ~.fJ. -=t-k{~ =lo&! lo~ro 

¥~2~H.g w~~~ trr~~v loi!iro ~ ~ l~Y 

·ti-J:q.¾lL [l.i[{:1 llo{k{irl£la ~~ llo~{t~[{:1 rt. ~-&-~[p. '~-16~ ~-ln llo·:!'dR~ 

-=;,[l.i -lol-Y¾l£la r: aofv% ¾%[¥;~~ to~ro ~'(6 l:ol5lh-i:!:- l~l1¥-&- lo½rlL% 

ti\ ~~Ki lL'vl~ [:o{s* ¾-i:!:-~ ~~n -l6%r: -=tl-Yllo-& lo ·tiB; lo~"$" [¥;~ 

lL -&{L l-Yl:o'f6 llo?v~{Ho{Y lol£la ~%It\~~~ %lo ·tilo%-&-~ ~[ita"§L 

-::;;{3{.f lo-&-{v-i:!:-lr rrt2r: ~It\ lofv~·~y %lt\i:lL•vba{i3.·%lt\~-=;,[l.i lo~-lo 

{R ~~Io l-Y[lofd ~~-=tP-i lo~"$" lc~lt\ l?t.'~l\?:la {-tlo-fz~ lo~-& ~[¥:la 

·ti-Pt{3{-t lo¾lr ~:lti-{3{-t ¾-&-fo B.-1¥rw lld~f.?:~lo{y %% 

1:ol5 lo~-lolo ·tiB.?v~ lo¾lr ~{-2--1¥rw ¾% -&?v loao.f'nfv rrt2r: la-t

~:ti ~~ ao*t-i{R ~l~t£la ~{~~:IR lltt~ t.r-V:lv ~t?t.--w:li?:la aot£wro 

~Y~~la -br¾fR~-4,lw- 1~ E l~ 



-z,;-

-l~-!3-tlt f.l*(Z-£ ~'C){yP£ loii\~&* loii\fv-l~ lolv~ lloll:tlv -i.9.--l~l-r loii\~ 

~ ~l-vllolvl~rr •~ ·-pg,-&'? rr-b.~{~l-\: :5"&won to ~ii\~~ lolv~ -c a 

[l:l [y 1.9.-~ l-r lo Ii\~~ ao ~ llt llv po~f-,.{f{ lo-&-.ffl lo-2 ~ ·-p~~ ~ llo [L'. [YE 

[1!: [o[,::~ %~ ~[,::[y lo ·-p[o~ 1.9.-~f:f [lo~Fi.~Z ~%!;:, lol-5-l~~ [:rio~~ 

fo lo-rz toz-£ ~-c '[lglo [lo%&~ lotJ l~l-5%~-P:i ~[l:l~ -c rrtc-c-·{::tn; 

rrfo ~ ~ Fo rr-l~ ni!r llo lr-tz it Po lo% 1~% ~ lht:i-b ~ l-v% ~~ ~;. tc-½ 

"(Z-£ ~ -c){::t Fo l-o l-5 l~ l?;::5· :5" %% :!i 'l=ri-l~-2- ~ t.rii\ lv ~ lo·id~ 

rr{~{,::~ {,::[la-4t lo¾(li:,)~{Y -k-&-~-%- 'rr-[.@[ii~ lo¾~l:-t ik-%~-%- l-vii\{L'. 

air-1.~ ~la{L'.-l.f ·-p& K~r}~ l-vllotli-!3{~-lr ~a{L'. al-v% itlvl~rr ~ !;""2i" -c 

'-b.lo%~[3: {3.[F:i ~~ [o~[a{L'.-l.f told~ ~%~[3: ~loFf l-vllot'aFf 'rrFo -& 

fo ¾% ~ Fo rr;. ~ ¾~ lh :5" [lo lv fo & lo-b-lR •~ lir-FY k K~ [l:l [lo lv l~rr lo lv 

~ hi % ~% ·-p Fo rr{~ ~-:i? lloto lar ~ ½ R>t& l:-2¾ llo-iv ao½r-f:!t ~ lv l~rr 

·-p 

[o¾~[3: ?vI-Hs. lo~la{L:-l.f ~2~ ~~o~d~rr Kr"f,@ ~%~-lv lo ·-p~Fo lo~ 

[3: [o%~tY lo(I) [low:Jg *fy i:- L '-p'{b -& fo f-).*ao~_g. [o[:y~ ~E.fa 

ii -;i,f\ ~l:§:l:v lo%~[5~& lo&~ [.g.-~.g. (~Fi.0009-0006)~~ llo¾(Z) ~ 
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tj] ~ 1:lJ %~ 1 AJ Cl] uJ--e Bll-'r¾ ~ % (glacial eustasy) ~ oJ fg:Ol] tj] Bil %Al l.-}-'8"H 

-tj]~'8"H~-~tfr5:. %%Ria--¥-~ ~-18-A]Q!i¾ 31.~~0l] 'Uo-1, ~¾ l:lJ7]A] ~1i}ol 

0 t'--lcl- ~AJJ{l-7] 0 1~. 1j! ~tall 'U~"'i:! ~?¾~~tell "Cll~tO:J ~£~ ¥l.8..7} 'U 

q-. 

ia-~1:lJ% 0 1 ~tj]~ T{-.£.OlJ ~~ 3!~- AJ¾%H7} o},e ~AlY<il~ -"17] (5. 

5Ma)£ ~DJ~ 'U tj-(Kennett, 1982). 0 ] Al tj] ~ -¥-1i ~~ tj] ~%}1 ll -¥--cell AH= 

D-Horizon~ -¥-1i~..2..£-(0lAlSJ-E-l-, 1981) %1i-@tj-. ~1ii~}:,J],=- 2.3Ma~ ~~ 

1:lJAJ-~ 1AJAl.9-l -¥-1i~~ ¾~~o-J OJ:;:}~ ~ti~ 'r ~,::- ,3!0l fi"9-. tj]~* 

~~-¥-~ Al~¾ 7.i!~~ 3!~ 7]~:a]..2...s~,=- ol Al7]7J}A] rj~i:7 ¾2}7},::- oJl7} 

-5!.~q. Al¾~ ~.¥.5:. (~A}, 1977){i- .5!.ta_ %A]l.-}-%H tj]~Jt~ ia--¥-oJ]J..7,=-, 0 ] 

2:g~ ~1@-ra_o] tHA-lOll x½~o-J 'Utj-.::1 ~ -'r 'Utj-. ~ztAJJS:. o-J-"}{l -¥--c~ 

-160m~ ~!@-ta.ell (~:aJ¾~11£)7} ~'.:"AH~}.il, uJ-cl-J..-i ol~ ~¾l:lJ7J~ ,3!..2.. 

£. ~}~ J.Jzt(o"j:l.-}-7]9-·51'}olZ:51'}, 1982)~ ~¾-a-] ~£~ ¥l.8..7} 'U¾ ,3!oltj-, 

tj]o}%}1~ ~%~0lJ,::- ol 2:g~ ~1@-ta.i'.: :Qol %-&:l 'U..2..1.-}- (o]l.-}-ol, 1979), ~ 

~ AJ~::f:.J.}±~ GH77-2~T ~J-%}Joj]J..-l .:kfl<}j-@ :§}~nJl-¥1-,::- ~-¥-7} '5HA-l 7}7J}Ol 

x½~l o-J CV.~ 1i:! 7} '; AJ ¾ 1.-}-E-} \!! q-( -2.7'1·.£.£ • ~At, 1978). 
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Q.]= 131?} \:! 7cl ~ -91 Riss tiJ 71 oJl 5:. iTI -<r ~~ .g. ~, S} ~ t:.1-. .:I e-l 4 .:I Tl-.£ oJ] tJl '8fl '--l 

~ a12.-l 11°1 'V_.:il ~~"B'}Al ~q-. .2.-5!.Al 0 Hl982)~ tll~* Sl1i':!..91 120~140 

~~9l -?-tlJb"}~%..Q..£.lj!-E7 li!.1i':!. 01 .A]7]c o}-?- ~¾ .AJ7Joj] tll¾.@q-. ole-l~ 

~ ~ ~~-s-]J.£.lj!-E-] ~~~ ~o] ~Q}A]t~oJJ ~.Q.£,-Y-7 1..}]~7] uJl{E-o] 0}\:l7}e}Jl 

A,Yz.}£1.:il 9.J.q-(:q:.A]ol·Y--'f-A~l, 1982). ~!-Ci!= o] ,"}{!¾ ½:3Ji.l ~~"B'}1i':[, •11%3:. 
. 

7] -91 .sij 1a. Al "3'}7} ~ tJl ~ tj-.31 .sTI s=_ o] -'c}i;}Al ~tj-(Machida, 1981). 018O.sl.lj!-E-] ~ 

Ell~ 0J:9l 11 %-<r (V19-30) ~ 11 lfr\:! ~:-! 7cl 7/}Al oJ] 0 ·c 7/}Al 'tl Z}"B"}Jl, 4 lfr\:! ~ 

7cloJlc q-;.J 1..}]'317} -1•c7} £1~t:.l-. 01 ak.g. ~A7.g..5:.9J li]a..sl., 11%"1~9l -<r.g.. 

-78-



%Al l--J-i;TI 'Cll~-18-oJl -ell i;jJA-j c %(JitiflhidiiJ,J!t±?iff) ~ .9J-(J:~ifiili~:}dJ) (1980) 

9-1 ~-lf-ol 0'):l--J-71 q-, 7'}o] 3.7't(l982) ~ .B.1..~l-=rcl-<>11 9-1 i;JJ ~ ~ ~]47] ~~ oJl ±. 

7TI~lo-J ~q-. 0'):l--J-719- %9-1 Atli~ 5l..1B. i;TI'r¾~ 23,000\'!~<>llc -110rn°l.31, 

:: %All--J-i;TI 'Cll~-18- ~';"!9-1 No.169-] AH~ (15,000\'!~, -155rn)9} No.339-] Al 

1J (18,000\'! ~. 0142 rn) 9-] ~o] tj-. ¾.;:-9-1 qj-7-} 5:. ..¥. "W-<5}0:] No.169-] *~ ~ ~ 
¾.RAl<5}0:], 01 ~.Q.i?.¥-°E1 ~¾l:I.J7loJlc -155rnl--J- i;JJ"r¾ 01 7-7<5}~9-c -3! 01 

q-. .::Ic-]4 15,000\'!~9-l a:JloJ]c i;TI'r¾.g. 0101 -120rn¥--2-7J}Al ~~i;jj ~~.31, 

~51 -155rn2}.31 <5}c -3!i?:- .AJij;]£1Al ~'c9-. o] ~~ ~~7] %(1979)01 5l...31 

s}.31 ~Al1Il-, A}%."@ JIJlttc if-%.£.l?. ~:E.Al i;JJ'll~~ l--J-E}\Rq-.31 ~ 'r ~~ 

\1;.q-. EE 7}7}01 %0984)-€:- 'Cll~¾9-l lliJia-tB.~oJl ~1iJ:<5}c e:i :P}3.7} ~ i;Jltt 

9-] ~~-B"}<>l]A7 ~.AJ."@ -3!~ 5l...31~tj-. li-2}A7 °1 Irsia-tB.9-1 ~.AJ~ ifrE.J-.12} i;TI 

:s:. ~¾l:l.J7loJl 7-J~cl -&-cl-~ ~.Re~"= -3!.Q.l?. .,.~zt."@q-. c-Frl--J-, ~-2-9-1 7-} 

E.<>11 9-]<5}~ No.16Al1i9-l ~:fr ~~9-1 No.17Al1ioJl tjji;JJAi 20,550\'!~oJl -137 

rnc}c ako] ~o-J~ ~q-(Geng et al., 1987). 0'):l--J-719- %5:. ..¥.Wi;JJ, No.33Al1i 

(18,500\'! ~. 0142 rn) 9-] ~ .JlJ-oJl -ell i;TI AH: ~ ~ ~if£] Al ~~tj-. .::1 cl l--J-, ~~ 

i;TI'rtB.ol 01 ~Ol7J}Al 7-1<5}.°@ 7}*.AJol ~9-lB. o] Al1J~ op;,- ~AJ~ ~~ l--J

E}tl]c ~~'fl 5l..~tj-. o] Al1ioJl tjji;JJA-lc ~-2-9-1 7-}li~ 5l..t:i2}5:. ~;t} ~~ 

~o] 5l...31£].31 ~tj-(Geng et al., 1987). \::l:-Al ol Al1i-€:- 0JAFJ9-l -=jl--B"}-=jI-oJ] i;Titg

~ 7} '; .AJ 01 3..31, ..2. i!1I ."@ ~ 01 All if £1 °-l ~];] ~ £1 ~ % Al 5:. £..sc ~ ·qpJ 01 

~q-. 

%•9J-(1980)ol y-E}\R %All--J-i;Jl 'Cll~i~9-l ];]~ ~AJS:.~ ~ i;]J~<5}0:] 5:.Al-8"} 

1B. q- g .JlJ- ~ ~ -r;TI "r¾ ~ %-&- .::i ~ 'r ~l q-( .::i ,J 4-1). ~ 7-7 30,ooo ~ 25,000\1 
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~ ,,._l ~ tj-. 24,ooo ~ 20,000\:! ~ 7<1 oJl i:- ii]?¾~ - no m oJl ~ ~.TI. :;g-qJ ~ ~ 61 

AJS] ~ltl-tB.~ 1AJ~tj-. lfr~ 20,000~18,000\1 ~oJ] 8Jl?¾O] 7}i!J -140m77} 

:7-] 1.lla:13'-19-.TI. iiij£, =i.~t 0 l-2r'- B->-lt]·o]1{!_:7.] 0 1-YtB. ±it.£.£, lB. 1AJ% -'r 

ifr~ ~o] o}Ycl-c ~~. o] BtB.% }i!.1i! A·Mi£ ~~ii~~ ~o]tj-. !f. o] BtB. 

AJ-Sj -136m(20,5001d~)S] ~±c .9J- ~fS] No.18:7.]~oJI 8Jltg-ti}aj, ~t;}S] -=?-ti} 

-=?-oJl AJ-tg-ti}i:- -120 m %{H:i 01 ~ oJl VHJ ti}c :7-] 1 oJl .!?l ~1 ti}.TI. ~ tj-. 01 st~ t 

~±c l1B-tB.% tllJf.ti}.TI. ~tj-.TI. ~tr? ~.TI., -e-J-~ Aflif'Sl ~~AJoJ ~tj-.TI. ~ 

-'r ~tj-. =i.. 4 -60m-¥-El -ll0mo\l o]:§lc A}t~oJlc ti}~"sSl A}~~£7l- %]=,!J 

Si.TI. ~tj-. 14,000\:!~ 7<10] ~ttt. 8Jl-"r~~ -ll0mS] lltl-tt!oJ] 77}:7.l ~~o} -2.. 

.TI. ¾ · J.,l 1:l .£. 41 S] !;] ~ o] "-] ~¥} tj-. ::J. -¼t-.¥. c ?{l -100 m S] ~ ltl-tB. oJJ 77}:7.J 

~~o} -2...TI., -60~-lO0mS] A}tB_oJJ iff~}A.~S] ¾·All~ .£.i!l]~ s;]~"-]3;!tj-. :::i 

4 a-ij -'r¾ t 1a iilJ ~~ Sj .1f-t 77}-A] ~ tiJ i>}-A] 1fr, -50 ~ - 90 m Sj tlJ -iit.Js- ~ iH oJ] 

A7 c -¥-7JJ ¾ Holocene mud~ ~3.7} !;] ;;~ ¥1 tj-. 

4~7]~ 8JltB.~% jljj1t}oJJc ,¥-7}-Al E}~o] cv_go] ~a:j~ ~tj-(:::i~ 4-2). 

~oJS] ~£cl9- %oil .!i. 0 lc ~3lj- ~ 0 111,000\1 7<1-¥-Ei 8Jltt!~ -g-4;'--a-J AJ--:;-t.}

.TI., 5,000~6,000\:!~<>llc riSl ~ ?~·<>ll £1€t~9-c El-~~£, 0 Jc-l~ l!Jl1ti% 

Shepard~~o]cl-.TI. -¥-~tj-. ~ifr~~£ o] El-~oJl).1c ~tH ~i>}-?{lo] lO0m.£ 

~t ~01 ~;;<Jo]q-. oJoJl lll-i>l-aJ %-¥- -2..~§.~:ejo}-oJ]J.i };!.o]c ~t 6,000~ 

3,000\:! oJl 7.ii 7.J ~ 8Jl -"r¾ };!. tj- ? m ~ ~l ~ c 7<1 ttJ= ~ 4 El- '.l1 tj-. 0 l ~ ~ tH -it l=IJ 

'B'I- 91 % iiJI oJl Sl 8Jl iiJI ? iQ= 01 "% 7} -E>i-aJ ::r -91- ,iJ .£ tH -iit Js-~ ~ ti} ti}-31, ~H! 8Jl ~ 

~ -¥-i:~ %7]~tj-.TI. ts}c hydro-iscstacy91 E3lJ-oJ1 91~9-.TI. ...,Jzt~.TI. ~tj-
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(47}-tj-, oj 0] tj-, 1979). 0] c, ~ ~ % Fairbridge~~.91 llll ~ oj c}.31 ~tj-. ~ itl-:&.f 

.Q.5.. o] E}~oJ]Aic gjjt?!~ 140m£ 3:i?- ~lll ~-B-}~ ~o] 0}\::17} "6}.31 J.~zt£1 

o-J ~ tj-. 

~JE.Q.5.. %7.Jl-}-gJJ, ~!fr£ 2r-~ -&TI~•>JlAic o-Jtti~ E}~ol .!;!_o]c7}? ¾~ 

~ ~oJl ~ o-J J.7 c, oJ-2j:- iE" ~ ~ Fairbridge~{:-i .91 njJ ~ o] .5!...31£] .31 ~ .31( .:I ii] 4-

3) .91-lt-.91 c:tj7.]7} c;dtj-( 0]:l-}-7]tj-•7}0]3.::1J-, 1982). tjJP}15TI1oJl "?!~ ~ft'li'- ~ 

~oJ) tj]~ &ll?¾.91 AJ-* nJJ~t Fairbridge~{:-i~ l-}-E}i.fl.31 'V_tj-(Shimoyama 

and Shute, 1978). EE ~~&l] ~'iloJVI~ ~lfr:&.j.Q.£ Fairbridge ~11.91 DIJJa.o] 

.!i!..~tj-(~;i.Jol, 1982). °'17]Aic o]::j:-~}<tlnJl¼.91 ~"Cl17} 4,500-5,700\1~ J.}ol 

0].31, -&jj~.315:.c +2~6m.91 1t:l~oJ] ~~1¥19-- 0]9-Aj~o] ~ B-7-1]£ t.f,=-o-JAl 

7-] ~c ~.Q.£ -¥-Ei ;a:~i.TI~oJl .91~ iill?t?!.91 AJ-*o] 2~6moJ] "€"-9!).tj-.31 .!i!.. 

O:J~q-. oJoJI tll&ll ~itl-£.91 t-JJo]E}c o}:z,J ~~-a-1-.,q ~q-. ~~ J.i~.91 ~lfroJI 

tll~ peat.91 ~~oJl 91<>}1?!, peat91 ~ 01-c 9,000\:!~oJlc -8m, 5,0001;:!~oJlc 

-2m, .::Ic:j.31 ~ARC Om c}.31 B}c rl~¾ l-}E}t.ll.31 ~tj-(Bloom and Park, 

1985). 'ilE}'{)-;,Jj 5:. peat7} cSij-"-J ~7-] ~{! ~17-] .91 7] ~o] 'id 7] a:jj ~oJ], o] £-¥-E-l 

Fairbridge~::<l Shepard~{:-!~7-191 38-B-i~ *7}'o-S-}tj-. EE~,~~ J.i'iloJl ~ig 

B}J2 ~cold spit7} ~ cSR?1B.!i!..9- 2~3m ~lll ~~~t:l-c •~Fr(Youn et al., 

1911):s:. 9J..Q.i+ .::r AJ7lc ~~-8"1 ~ .," filq-. ~~ %&ll'll.91 gJJ9-¾~:&c 1, 

0001;:! ~ 78 ~ '?-]= -10 m, 6,000\1 ~ 78 ~ ;4 .91 ~ -8ij ?¾ 0] £] ~ tj-. .::r o] ~c ~ 

~ AJ-S]-¾%~ !fr.Ji}~ 7}l?!J.i ~AijoJ] oj~~.Q.£ ~c;lA'j 9.]_tj-(3:, 1980). o] it! 

:&c Shepard~{:-!~ l-}-E}i.flc ~~~ .!i!..•~tj-. O:j7]J.-j, ~~£91 ~%lI!l1c!% .31~ 

·a-J-c S]-4.9l ~77£J-.7 ~~.::Ii!Jl~~~ ~ {3.£&1] ~tj-. ?{15:.oJ] <V_o-jJ-.7 60m.9l 

-¥HJ{:-!o] ~ &lj~.Q.5.. -!j!-E-j o-j:'=:. 785:. 1~o-JA'J 'V.c7}~ 3:J-.}gjj .5!..tB, ¾~tll~ 

o)JJ-.ic lO0km78.£~oJl tlji>J-c:tj, ~~.£oJ]"'ic 50-75km5._ ~~. ~-8") %~91 ~ 
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~Bijo\Jl,·i.5!..1?:! tij°c)=.5=.~ ~:=: ~7-1]7} 5'4o-j hydro-isostacy7} j[:i!]-~_Q..£ ~%B} 

7.] ~ti?:- ~;;"<-l'fl &~q. 777]},7 7}~ ~'Hl-5=.o\]J..7~, Shepard~~9.] lljj~o]~tj-.:il 

B]-1?:! %7.]t-}-tij-c}lu}-c}l~ii}l~ Aj<,:j:>1] -e~}lB}~ tij~-tijEJI, B½ %i ~u}~ 

.£ ~7-l]~~~ y-E-}~ T 'V_g ~o]tj-(Suk, 1988). "C}j~iiij~o\] .5!,_o]~ i:}ju}•.5'... 

5=. T 2 ~ ( :J:!: J::, 1982) i?:-, 0 ] ~ ;,j] & 5} ~ !IJl 21 "8"]-1....}9.] ~ 7-Jl oJ] Bnt~ ~ o] tj-. :i 

c].:il %7<]L.r8ijo\]"-i ~'fJ~ 8}l-r~1tl%:=: :&Jo-]5=. cij~tij~JJ]-7<]~ ~~-8"]·;,J] ~% 

5:] cl c} ~ ~ o] ~'fJ !2 tj-. 
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i» 'T"~ 1rl. %ofl 9-J 15Jl ~~:soi o-J cu c zt ;~1 ¾9-J Al n~ ¾,,_Fr~¾ ~ 15Jl ~ cJl ~ 

~ i?:- t.:i J¥-'-l-5:. ¾ .8. ~ ~ ~l ~ 11 ~q-. ::i tqj {f-ofl O:J e-1 -?:1 ~ ofl lI}~ ~ cJl ~ ~ ~ 

o] 1R ~:£) o-J ~tj-. A]~~ cJl ~ 3}}] ~f/-13"}1:a_ ~t:Jl ~ cJl (ex, stratigraphic age, 

fossil age, magnetostratigraphic age%)~ "T"~l ~ cJl ~.g. ~ t:Jl ~ t:Jl (ex, 

radiostratigraphic age, hydration method, TL, ESR%) .£. cJl 1i!l_ ~ 'T" CU tj-. AJ-t:Jl ~ 

t:JloJl t:Jl8ff1'-j~. $:~ Al¾.Q.J *~ ~ 7]-E~.2..£. A]Z!-9-J ~.:r-¥1-7-lJ ~ If}~-3"] -a-j-.31, 

::i~ ~ ~~Bj-0:j ~7ff1f-E1 ~:rj77}Al :rj~c1 ¾cl-Z!-tj-. oloJl t:Jl15Jl, "T"~l~t:Jl '-RAl 

~tjj~t:Jlc, ~t:Jl7} ~7ff1f-E7 ~ lOOl{r\:l~oli!}.31 BJ-~. 'T"~l.£. '-l-E}'-l-~ 5!0] 

!:; 1 °1 tj-. 

oJ ~ofj 1'-j c !:; -3"] 8JI A7 £ ljl-E7 ~»;;}] ~ .:i'/. oj-~ ~ ~ ~ofj _lf ~ Q o-J '.V, c P] <'g=A] 

.E. (oJl~ ~o-J. II!lzt, -?r--78-¾, 3!]§..%)9-J ~tj]~~.Q.j ~7j-A] liJ-~.2..£.1'-j ~;±;qAJ 

0 ] 3Y ~ 1cr1:~ 7}~71 oJ] 9-1 ~ UJ-Jsj-AJ 1cr$: ~1 t:Jl ~~of] ¥!-13"}0:j ls·Hg-~tj-. 

~ -2-of], liJ-h}AJ Pj ;y:~ %9-J ~ ;y:of] UJ-h} 'o 7-ll ~~of] cJl ~ -a-j-0:j, ~ %¾ ,3J ~ 7-ll 

"T"-a-J-~ 7}~7] ~<'J=~~.Q.J 7lffo] 1ff~:~~q-. !:;-3"] 1•c~t:Jl~~~ ~~of]Js-j5:. 

4.31o~t:Jl~, %7c1t:Jl~.Q.j 7}~7],filE}~ ~•{J.2..£. UJ-A}AJ1cr$: ~t:Jl~~ol ~~-3"] 

~ -aJ :£J .31 CU tj-. ::i ~ ~, ~ ~ ~ ~ !'; 1 ~~ t:l- g ~ ~tj-. 

l?!A-j ~~ 'cll1t/l.Q.J 14C~~ofl cJj-a-j-0:j, {!-- ~~~ 01 %i!ll9.l UJ-A}~ofl 9-j~ BJ-~ 

oJl ~18JI A:_¾o] ~¾ ;J-tj-c ~¾ ~Al ?l¾ 'T" j"dtj-. 14C(!fr7r]-7] 5730\1) ~ O:j 

c, zt ~ i!s 9-l 1cr $: 1 mg of] CU o-J UJ-w Q ~ ,8 ~ 9-l "T" ~ 7-ll ~ 15Jl J;!. TB, ~ cJl 9-J 1cr $: 
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: 1.31 x 10-5dpm, 57,0001d.9-l ia~ : l.31 x 10-5dpm 0 l ~ o, lmg.9.:J \:!~oJV•ic 

BJ-A}';;7-ll"r~oJP•i.9-l ~78::. ~7}';;"8"}-C::f-. ::I.i:'.74, oJl¾ ~o-j lmg.9.:J \:!~4.5:. 14C 

{17.}~ lll-Lll~ "r7} ~W!clo-J ~q-. ~. 

~ t:Jl .9-l B-~ : 6 x 107 atoms/mgC 

10~\:l. .9.:J B-~ : 335 atoms/mgC 

7} £1..:il, 7}~71 ~;y:~~oJl .9-liill 14C~~7.}~ 7-l]"rii}c ~::. ~¾ c1 'oii- 0 1 ~ 

q-. 14C0 ].g.~ ~;y:~~"B"}ct-Jlc tj]7] ·?,AJ~oljl 14C.9-l lsobar(%¾;\Jl)<?.} 14Nl!} 

.9-l 6j~ol ~.B..-a-}q-(~~7]"Yl.9-l background 14N ) Alii. 14C). ::I. 61~% ~-8llJ·i, 

(]) o].g.% 7}~"8"}0:j ~7.}~~.9-l ;;t} 0loJl .9-l~ 1:3]787-lcl !Ee oJ]l..-1Al e{!.9.:J ;;t} 

~ oj-§-~q-. 

CD Alli~ 01 .g.~ e>ll-'·i 01.g.~-a-tc ii] e>ll g 01 .g.% lfr ~' N - 0 1 .g..91 ~<li7a ,I.a 

g 01 .g.~q-. 

(J).9-l J7.oJ] l;j 7-] 01 .g..91 %~ -¥-:i!r¾.9-l oJ] 1..--] Al ~{I 

dE/dX=kz2/V2 

2-£ (k : ,._J-"r, Z : oJ.g..9.:J ~7.}Jtl~. V : oJ.g..91 ~.5:.) y-Ej-y-..il, ~;i.}Jtl~7} 

,e- N°J.g.::_ %~~ Jr-l!}-8"}7] o,~q-. -}cl~::. ::I.~ 5-l.9-l 1
4C detecter :3]~.9.:J 

Mylor ~lll-(2.54µm)oJ]Ai N°1.g..9.:J .!r-:i!l~ 7-7A]B}O:j 14Co1.g.~~ 7-Jl"r~q-. 

~7ae>llc ..il~l B-~A]ii.~ A}%&<:xl, %~~ go].g.~A]7'] 7}~71 (2.0MV)Oll 

Ai 7}~~ ~. 14Cc Silicon surface ba1·rier detector.£., 13Co].g.::. Faraday cup2-

.£. ~78-8'}0:J, i•c/13cJ:l]~ -=rs}~ BJ-~% ~q-. Alii..9-l ~..e..i?J=::. \:!~£Ai 3~ 

5mg, '15}1.f.9-l A]ii..9-l ~1JA]:zl::. ~ 5A]Z!2-.£., ~78..Q_;;t}-e ±1%1JS:.o]q-. 
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I 
(£) -

I on Preparation Stage 

2.81M 

LEC 

A2 i 
I :J MINJ 

Cs <::> GEL 
GUN<\l_ 

SAMPLE 

Ion Acceleration Stage 

5.43M 

Charge Exchange Canal 

Beam Transport and Final 
Detection Stage 

4.00M 

QL 

M2 

S3 

14c Detector 

.::iycJ 5-1 uc ~~% 7}4:f-71 ~e-J{'l--!>:l7l~ ~~.5:. 



Alii.c ~-¥-• .:i~ 5-2oi1 1--1-El-\:!- ~~1~ ~~-'-J lf!-~.s ~t:l-- .:ic1n 

CD .:Lc}.lfj-0]§.~"8"H§-A] 

CT! (-¥-~1lfl-~ + Ag~~) ~cl.s.s ~9--

~Aijc 7,'}-:i!1~ o]%£ CT)~ ~jJ_ ~n. l~Sl ia~A}%'l:l=~ 3~5mgoltj-. EE~ 

oj 'l:}=s] A]ii.~ ~-g-"8-)-7] uJl-5:"oJl. .£.~~o] 3.-~¾oJ]Ai 15»"6ijA]3l ~tj-. 

% i!Jl 9-J .811 ~ .Q..s ::;- ~ ~ %~Al.ii.£ Jj!-E7 ~ tjj ::;- ~ ;;r.l ~ HJ 3i!. ~ ~ :i!}, .:i ~ 5 

-3:i!} ~oj £10-1 1il-~W 1i}-8"j-tj-. ~ lfr~oJl 9-]~ ~tjj~~Sl ~7-llc ~Al] 60, 

000\::!. B.Po]n, ~~7]9.] Backgroundi: '5-t*oJl ttl-4, t:-j~ ~~ ~tjj.9~ ~~ 01 

71-*;zJl ~ q-. ~ liJ-~ 91 ~:?] ~ 

CD '€1.8..s S}c Alii.9.J 0J=ol %i!Jl9J -:y-~91 l/1000 01s1-~ ~ 

oltj-. u:}cj-;,-j, ~tj]~~o] ~71-'o~ ~~~.s :£]~IQ tjj~oJJ tjj"5JIA7£ ~%7)-';Sj-

3l, li:!Al?,'l-oJl ~~4-91 ~tjj;;r.1-t ~¾ 'T ~9-- 01.s-¥-Ei %%tB.5:. ~1i.s ~~ 

~ ~019-. 

Isotope% ~Hl! E7 ~ ~ lc!J-AJ-'o ::;- ~ 1J. ~! 1J. oJl J,7 9--¥-c liJ-Al-.AJ %-~·Pll c ~ ~ cll lfil 

s] ~ oJ] ~~ £17] n:}J ~oJl, ~ i1-liJ-Aj-'; %~Pl] ~ vl-%~ ~~ ~ .:Lo]] -¥1-~H! 1J. 

~ oi1 Al-%~ ~ ~ 71 ,1-c ~ ~ 1J. i..Jl oi1 lfr~ s1-:7.1 ~£~ 15,VJ %9J "6JI 01: ~t:l--

14C9J ::;' ~ oJl c (A)~ tjJ ::;' ~ :i1} (B) :i!!-7cJ liJ-A}* ::;' ~ 91 ¥7}:7.l ~~ 01 ~ tj-. 0-1 

tEJ. 7cl-¥-£ AJii.3::~l~~ ~E-4, ~"CJl::;-78sJ 7cl-¥-c Alii.3::~l%Sl ~"CJle~si 

~o]'l:}=sj ~~5:. ~%£1:7.] ~g ~ -oj-.AJ %1a"6Jlo]: ~tj-. 
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Wood Organic aatters 

Phrolysis 
at 500•c 

Heated at 950• C 
in 02 ataosphere 

1 Reduction 
b.v Ilg aetal at 950 • c 

l 
ftaorohous c 

l 

nixed with Ni powder 
(C: Ni " 1 : 0.2 -0.3 atoal 

Pressed.up to 60 .kb 
at 1,:u>• C for 10 llin 

CaC0J 

lhP04 
trealllent 

T 
Mixed with Ag powder 

(C: Ag= l: 2 ata.J 
Pressed by hand 

to aake a pellet 

Gnphite l•rph. C-Ag pellet 

l l 
l 

Accelerator 11ass Spectrometer 
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a. 
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Cl) -0 
0 3 

L.. 
0 -e 
Cl) 
Q) 
0 
0 
<( 

10 

• 

Beta Dec:ay Dates ( y BP ) 
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b) %71%- 0 11&, :il~·!a 0J:%7]%, ~~~%7]-i"(ifcl-{!!%) 

c) CaC03 

7}. 311 Aj _asj Jjl-~% ~l 71 

31 ~ % .sv,-J ~~ £1 c .1-.1.a ~ Jjl- oJl tjJ -8fl , .1-.J .a ii lfJ-~ -B'} 7 l ~ oJl ::::i JI -ia. 01] Jjl-

~ ¥! %~% 7)7-f]~.Q.£ ~]71~ ~_8.7} ~q-. oJ• ~gijA-Jc, ¾-ff-9-~ ~~ J:lj 

o]~oJ] A]ii.il ~31 3:.gllj-~]~.Q.£ ~J;;g~q-. o] ~~-e:-, ¾-ff-4--!- 1:l}Jj1.]7}1a,A-j 

~~ii] Jjl-a}-~ 0 1 ~o-j~ ttjJ7J}Aj ~~~t+. B", :il~·!a 0J%7]%Sl 78~,::- 01 ~ 

~o] ~.8.. ~ q-. 

y-. 0 1~t..2.<el 1tr~%~Sl ~171 

~~ Alii.c iatj]9] -ft-7]~¾ .¥.W-8-}Ccj 0 1*}~~ %7]%:i!l- ia~~oj] 9115Jl ..2. 

<e}£jo-j ~q-. utcl-A-J, 1?:!A-j o]*}..2.~ ~-:}%~~ ~]71%}7] ~~ ~~c:j~ ~q-. 

0 1 *-lcl:e A)ii.91 ¾-ff-oJJ utcl- q-a7J trll~oJ] ~Slsff 0 t ~q-. 

q-. &A}], .ft-71% 

31i%Al.a91 7cl~c ~~1.f!AJ:e ~~r.Q.£ stai, :il~·!a 0J=%7l%Sl 7cl~c 

A}~ .:rtj]~91 AJEJloj]A-], 4% NaOH4-%~ (100-200ml)4roJ] ~o-j water-bath 

(H]%~oJJA-j 1~2A]7t} 7}~~q-. o] ~:Sj-oJ] 91gJJ A]ii.oJ) t1-%£1o-J ~1ci opt}% 

7]%~ ~~£131, ~7'}~%~~ ~~~--~~~ tfltj-. water-bath~Jjl-E-] t.ll~ 

~ ~Y--1! ~ ¾~ liJ~]-8'}0:j, Aj_a~ ~-¥- l:l]o]~ 1:1}"'loJl ~~Aj;{lq-. tj-%-oJJ, AJ 

%ajfttl-% ~%"61 ~]71'8'}31(decant) Aff&.¾ NaOH%<21J% r:-]Sj-0:j ~~~~% ~ 

~~q-. oj ~~~. ~~ajfo] 7191 a}-~5:JAl ?t"% ttjJ7J}Al ~~~q-. 
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~~i:Q~~ 7}-lf~ ~ ~lrl~ A]ii.oJl 1.2N HCI¾ c-j-B"}cxj(I00~200ml), 

water-bath(l:ll%) ~oJ]A-j 30~~1Aj:j- 7}~~tj-. o] :I:.~oJl 91-s-}J, A]li¾oJl ~ 

~~~ ~~~Ell~±~ ti~i:Q ••¼~ ~~@ ~~~¾ ~8llt T ~~ 

water-bath~ o\j),i 7}~ ~ ~. -AJ-%~~½ ~1 rl i>}.31.(decant) All~¾ HCI%~¾ c-j 

-8-}cxj ·¾~ tj-Al ~tj-. o] HCI.½3::~t ~Oi5:. 2§1 ~J3..-B"}tj-. NaOH·HCI. 

½¾ ~\ll Alli~, ~~oll ~ff°T~ r,: ii~ water-bath~olJA-j 7}~~..2..£-¼! -}½ 

oll ~'?} ,1..J~g_ ;;tl]7-l~ ::f, 7}'o~ ~ ~-~ ;;tljrj-B"}cxj Z:l:I:.7l(l00·c)ol]Ai :z:l:I:.A] 

~ tj-. 

4. CaCO3 

3:. g nJ-"11 ~ oll 918ll 7] ~ ~ ..£.~ A] ii. 9-J JI. ta, oll J..-j ii!-~~¾ ~1 rl ~ CaCQ3oJJ t:ll 

8ll, ::J. JI.\'! 7}77} 0191 AU~7891 ~~ 01 ~~ -¥-if:¾ ~~<!q.Q.£ ~lrJ~tj-. 01-W: 

~ii~J..-j 2N-HCl%'?1Joll -"].a:, "'i:!-A]Z} ~1¥-,1..J:r-j ~8ll-"]~tj-. o] :!':.~~ 1~ ~ 

~. ';;°ff-T~ ~ "113i-B"}.31, Z:l:I:.Al:r-1 ~-$Jl~tj-. 

@9 : ~'-1i:Qi>}cxj ~::l:fl~ CaCO3AlJ'l~ t:1J3Jij@ Aj.a~oll ~o:j desiccator4roll 

!a-et -3{. 

7}4r7l ~ ".f~~ 7-Jl(Accelarator Mw.s :Spectrometer) oll 91 iiU 14C/13Cl:lJ ~ ~78 '3"} 

7] ~-s-}JAi~. ~7.-JT!17} ~1d: 5!..s§ A].H.~ ~±Elllf!±£ ~~Al ?,i.Q.';'i 'il~t:l--

01 31J-7soJl~ ~¥ ~i2-Al.6~ ~ J..}%'8"~7lu:Jl~oJl, ~.:g-~~191 ~iflclJ-t{JoJl t:l]i>}cxj 

~5:.91 991;,}iiJ-¾ Aj 7-j oj: ~tj-. 

7}. ~AR, .31~5:.91 o]lf!, ~cl-"11 

01 ~ ,1..J ii.~ :I:.;;tlJ 7} 0}9 Zl-1i:!-'3"}Al 1l!-, glass*t!-91 ~ i2-%*31J- ~ i2-glass7-Jl 91 

glass~~¾ ~ ~ glassJ.ll i2-¾ 'ii-:; t ~iJ3..7} ~ tj-. 
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~~ 2~-l't:1 ~~cl~ A]ii.-i- .::J.'t:] 5--4oJ] y-E}~ lOmm~, 7.Jo] '2-t 20cm~ 

Pyrex glassoJ] 1i! ol, glassJ.i] if% al t;J £ ~ 1!.xt i[o] ¥!-~ ~ ¥--i- 7} ~ ill ~q-. 

q- g oJ] .::l ~ 5-4 'B"}-¥-~ ~E. al t;J ~ I-}% glass~ -tl-7-11 oJl ~ 4;:-~q-. ~ 4;:-+, Q)1 

;\J]~.:1:. §.~% 18-i5)J oil pump£, llij7]A]:'{Jq-. ~4;:-¥-~ "Tic -,1-"l:1% teslercoil(.31 

~ 0JoJ1 2r~)£ ~3.'~}q-. llij7]A]:1]Tt!A-l a:Jla:Jl£ glass¥!-'4l~ A]ii.-¥-~ glassA!]if 

-§- alt;].£ ~%-8"] 7}~'8"}0:j A]ii.oJ] ~%@ 'T"~ ~ 7]~~ liJ-½% %0]"6}ill ~ 

q-. 2~3A]Z} llTI7]~ 7-1]4;:-'B"}Tt!J--l, ~.:g-7-J1(3!1ij-y;,ii]olAl)oJl ~if.5:.7} n x 10-30] 

'B"}.£ ~ a:Jl7J}7<] llij7]Al:'{ltj-. llij7]7-ll-i- ;;'(}1i:!i5)J.5:. ~.:g-7-1]~ 7<]Al7} ~~'8"}7<] ~g 

% it-~~ -f., Al ii.7} ~ °1 ~ c glass¥!-~ &¥-~% glassA!l if% al t;J £ ~O:j ~c 

q-. Alii.7} %o-l~c ~if~-18-¥!-% ~7].51. 4?-oJP•-1 400°C£ 3A]Z} 7}~"6}c:xj 1cl-:§:l

Al :TI q-. ~ JS-¥1-01 ¾~-6"] 61 o-i 7<] i;i=!, ¥!-i A}E..Jl 1cl-~~ Al ii. !:i 7Jj '4l o-i ti] 01 ::Ii oJ] 

,&-7].31 2N-HC1% t:-]'8"]-0:j water-bath~oJ]A-1 7}~-B"}c:xj 1cl-~~~% ~]rj'B"}.31, 

~-fi-"T-£ AJl ~ S}c:xj ZJ~Al ;{I q-. 

@2r : 7}~ +oJl ~JS-¥!-~ A}~ ~ ~. '4l ~01 3Y% a:Jl 7} ~jl !E 7}~/-J 7}~ 

7} -eATI~ "T- ~71 a:Jl~oJl ¾~15"] 2r~tli 01: S}t:9, ~~ glass-,1-~oJl ~~ ~li:!~ 

~tJl 8ijA7~ ~~-

\.f. CaCO3 

~~-lclS}c:xj ~$fl~ CaCO3A]ii.~ ~°a s'..E.oJ] 1i!o-l .::J.til 5-4~ ~ifAl~l@oJl 

J.i]§.S}c:xj <?11~1~.:1:.~ 2r~i:i}c:xj oil rotary pump£ llij71A]:1]1HA-l 400°coJ]A1 <?-l= 2 

A]Z} 7}~~q-. o] ~~oj] ~tH Alii.¾ 0 1] ~%£lo-] ~~ ~HJ-AJ %7]~% ~Jr] 

~q-. 

q-. CaCO3-CO2 ··· .::J.til 5-5. 

~~AJ %71~~ ~lrl~ Al.at= ~°J-"1~¥!-oJl 1i!o-l 95o·coJJA-J <?-l= 25~:fr 7} 

~~q-. oj ~~oJl ~15)j CaCO3A]ii.7} CO2£ ~~q-. 01~ ~tH .::J.'t:] 5-5~ A] 

~1@% ol-§-~q-. 
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(1) Sample ~4;63. B~ ::t}.:g-7-l]<>J] ::§.:l~-8")-cxj, Sample ~2}~3.g:i .:i:1.3.~ 

~-c)-. 

(2) Y-3. 1, 2¾1 1e" ~ -"JEil <>J]l,1, lfl--H-~A 01 ..2-J ..2-J ~ ~ .:g-Al ~"ill% diffusion 

pump..2-j- oil rotaty pump '3'l '2.lJ~l~~.s.~1 ~ ¾6ff Uij7]A]:r-j .TI.::t}.:g-.2..£ ~q-. ~ 

.:g-.5:.c ~.:g-7~] (3!]2}y jJJolAl)~ 2rA}-B"l·cxJ 10-3torr7} ~ IIJ]7J}Al Uij7JA1:t}c}-. 

@2r : ~ .:g.pump£ llij 7] Al~ 7cl ~..2-J 'T'-..2-J 

::tl .:g.pump<>l] c oil rotaty vacuum pump..2-j- diffusion vacuum pumpg:i ¥ ¾-W-

~ ~* ~~ ~~c ~~•g:i .:g-~~ 1~~ ~~~~ ~~~~ ~~~ 

diffusion pump~ ¾-&-}Al ?l.31, oil rotary pump1i!..Q..£ 11ij 7] Al :tl c}-. 1i}:Q.j: {!-~~ 

~%~ .:g.71g:i ale~ 7]~17} .31-&<Q-%-&-}.:il ~coil diffusion pump~ ¾:i!J-Al7']TB., 

pump1i!.2..£ 11j 2}y ::t} .:g.g:i Range 2<>l]J..-j ¾(qt)~.£~ 7}~ ~ ~7J}Al llij 7] A] 7'] 

.:il y-J..7, oil rotary pump-diffusion pump~ ~ ~ i>}a] llij 7] Al :t} c}-. 

(3) ~ ~-"J %7] %% ~] 7-] ~ A] ii. 200-300mg(C.£. Q.]= 20-30mgoJ] "cl-ta") 

~ lfl-%~ A..2-J a•{E-<>ll ~cc}-. 

(4) 1&%{!- A~ ~.:g.Al~'E@<>l] ::§.:j4;,-&-j.a] .:i:1.3. 3, 4, 5, 6, 7, 8% {}-::I..31, .:i:l. 

3. 1% 3:.i}~ J-.-jJ-.-j'l5'] ~.31 ("E"Z;j'l5'] ~\1 Alii.7} ~0}7}!:'...£., AJ]{l~ 2r..2-J~ 71 

¾~ ~). tdA-J oil rotary pump.£. i:ii~r~~ 11ij7]~ Al:tJ ~ q-g<>JJ diffusion 

pump+oil rotary pump.£. 11ij 7] .1-J :tl c}-. 

(5) .:i:1.3. 1% {}-.::L.:il, 3.3. 2, 4, 5, ~ ~ ~ diffusion pump+oil rotary pump 

.£. Uij7]~ 7-J]~~q. ::il]2}y::t}.:g.7-lj7} ~-~15'] .TI.::t}.:g-.2_.£. !i:j~g% ~~S}aj, .:i:l. 

3. 2~ {}--2-c}-. 

(6) 950·c<>J]A-J Q.]= 25~Z! 7}~~9-- o] 3:.<Q-oJ] ..2-jsij CaCQ3Alii.7} CO2£ ~ 

~9--

(7) ~%01 "ifY-71 ~ 7]9-P'l .s.~C:oJJ ~~l~~~ ;,.,J.s.-&-}.31 :r1..::1. 4, 5~ {}

::z..31, .:i:1.3. 2~ '€l~. ,.,,Pa~ CO2~ g,gf~q. t:11•{E-g:i CO27} §.till!i:Ji:a., QJJ~l~ 
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± ~ ~-¥- -¥- ~ .:f 31.3. 3 i 1--j 1--j-g-J ~ o-J .£.~ CO2~ §. ,!lCoJJ ~ c tj-. 

(8) 31.3. 2, 3i ~.:r..:i!. (31.3. 4, 5, 6°1 ~7-=l ~c ~ i ~~). §.,I!DoJl QlJ 

~l ~±: AJ1Ef>j-CL], §.rJlC~ <?Jl~l~±: "oJl~~~+Q!J~1~±"£ ;qj~e] .ill.~ 

~tj-. 

@"oiJ~~~+Q!J;ljJ~±" : H201?1-fr §_,f!JAJ7JJ1, co2~ 7J~A17'J7J ~~n AJ-% 

~t:.l-- 0 lc oJl~~~oJl Q!J~l~±~ -¥-o-J ~o-J oJl~~~~ .g.5=.~ -1oo·c£ ~ 

~ ~ .g. £ ~ Al i?:-% .g. £ 1!1 A-j 9-l- uJJ El-£ i~ .:i!., A}%¾ oj) £ U!l uJl £ .g. £ ~ ~l 3. "oj

CLJ Q!J;l!l~±~ ~7j-"oj-Jl, it~~ i?:-£~ +Al.!?.~ ~tj-. 

(9) 31.3. 4~ ~o-J, CO21?}~ §.,!]Co1]A1 §.,!1D£ o]%Al;{}tj-. ~ 5~.:f. 31. 

3. 5~ ~ o-J oil diffusion pump+oil rotar:r pump£ ~ 3~{!- llij 71 A] 7'j, 31j 2}y ~ 

~1-117} j!~ ~ i Y-El-\!I¾ ~~ ~ .:f, 31..3. 4, 5~ ~-2-tj-. 

(10) (31.3. 6, 7, So) ~7-=l ~ g i ~~~), §.i@Eoj) Qlj ;lj) ~±~ Ai]§."o}.:i!., §. 

raD~ Qlj~J~±~ tEtlo-J \!l:ilJ- %AloJl. £.,Ile~ "o:iJ~~~+Q!J~J~±"~ ~nl\ta1 

§.,!]DoJl Ai]§.~tj-. 31.3. 6fr '€io-J §.,IID~ CO2~ §.,I!EoJJ %7.ltj-. 

(11) rj~ .£.~ CO27J- §.,I!EoJJ %7:j;<J~, 31j2}y~~1-l19-] l:lJ--:a 0 1 %3Jol;;i.J 

?,.f 71] ¥! tj-. tj- g ~£, 31.3. 7 % '€[ o-J, oil diffusion pump+ oil rotary pump£ l:lij 7] 

A] 7'j j! ~ ~ ~£ lfr ~ o-j 31.3. 6, 7 i ~i:-9-. 

(12) (513. 6, 7, Sol ~7-=l ';J,g:?, ~~ 0J), §.,IIE~ Qlj~]~±~ tEl]o-Ji..Jlo-J CO2 

~ 71 ~Al :c} tj-. 71 ~¥! CO27} ~ .g.:ilj- ~ ~ i?:-££ ¥! tj- g 'lJ" ~ 1-11 Volt-meter 

~ i-l o-J, ~ .g.fr ~ tj-. 

(13) A,)j~ ~c}~3.BoJ] Qlj;l!]~±~ J.il§.-S-}CL], 31.3. 8~ '€[.:i!., CO2~ A,)j~ 

~ 2}~3.oJJ &Zl .:f, 313. 7 ~ '€[ o-J oil diffusion pump+oil rotary pump.£. llij 71, 

(13) A.11: ~ 2}~3.BoJl Qlj ;l!j ~± ~ A~§. "oj-ctj, 31.3. 8fr '€[ Jl, CO2~ A,)j ~ 

~c}~3.oJ] %TI .:f, 31.3. 7fr '€io-J oil diffusion pump+oil rotary pump£ llij7l, 
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oJ]J,-J Ill] o-j ';]! tj-. 

@CO2~ llt:m:7-11-tl: (12)oj]J.i a-1~ Volt-meter~ ~(Vv)3!} {l.g. (T °K)oJ] 

J.-j o}tjJ~.Q..£ -¥-E-J 7-1],tl~tj-. 

C(mg) =3,640xV /T 

aj-. CO2-C(Amorphous) --- .:::Z.i:l 5-6 

A}ii.oj]J..i ~~~ ~~Pe CO2-e ~it4;'- 0 }.:::Z.t..-l]½ (Mg)£ t1-~-"l"'1 1:1]~~ 

(Amorphous)~ C.s;. ~etj-. 

CO2+Mg-C+2MgO 

(1) -"]ii.oJ]J..i ~~~ ~~]:@ CO27} ~-o-j ~-e ~aj-63.B~ .:::z.;,g 5-6~ ~.:g-

7-l]oJ] ~4;:--s"}~. ,,.Jl¼: aj-63.~ s1..::1. 13'1 s1..::1. 2(2'Ht ~.:::z.JJ., 3(3'), 4(4'), 5 

~ ~o-j llij7]-"]~tj-. l!jaj-y~-t?-7-11~ 1;!.1B_J.-j, ~~-e oilrotarypump~.Q...s;. o-j!::. 

~.5:. ~.:g.o] ?to}A]ta. diffusion pump+cil rotary pump£ llij7]-"]~tj-. 

(2) ~¥!, A}~ .2.. OJ i;-4;'- Mg 200mg~- 6 Ell ell 65!..SoJ] ¾a'!, 6 ~ Pl] 6~ 4;'-oJ] 

~o-j t1-~:e- (!::El]el]!::~l ~~ ~°d~) A(A')4;:-oj] AJ]§.A]~ 9-% t1-~:e-~ ~ 

-¥-B(B') ~ ~~. ~.:g-7-11 (.:::z.i:l 5-6)oJl ~4;'-~tj-. 

(3) sl..3. 3(3') % -~ .::I.J:!., ~ ~ -e oil rotary pump~ .Q...s;. sl..3. 2(2') ~ sl..3. 

1(1')% ~o-j t1-~~~ llij7]~tj-. l!jaj-q~.:g-7-j]~ l;!_o} o-j!::. ~.5:. ~.:g-o] ?to} 

Alia. oil diffusion pump+oil rotary pump~ JJ.~i}o] ~ ufl7J}Al llij7]-"]~tj-. 

(4) JJ.~ .:g.oJ £1 ~E..1?1 s1..::1.3(3')% ~ o-J, t:t-"l ~~ l!J cl-t...l ~ .:g.7-11.s;. ~ .:g-.5:. 

~ -~~ .:f, sl.3. 4(4') 13'1 sl..3. 5~ ~i:-tj-. sl..3. 1, 2, 3(!E-e .:n.3. l', 2', 

3')o] 'fla'l ~%% ~~ti}JJ., !::~el]6§.'41JC(!E-e C')oJl qij~l ~~i! AJ]§.~tj-. 

q-g oJ], 11¾ ¼ai-63.B(!E-e B')~ .il..3.it ~JJ.. CO2~ §.iil)CoJ] o]%~ ~ 

% ~~~ t:t-%, q/j;\J]~~~ ~4'- *Ji. sl.3. 4(!E-e 4')-2} sl..3. 5~ ~o-j oil 
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diffusion pump+oil rotary pump.£. llTI7]-'•]7-J .:il~-t]-E....£. Jfr{§-tj-. 

(5) .:i13. 1, 2, 3(::E.-c l', 2', 3'), ;n.3. 5 ~ .1.J¾ :463.9.j .:i13.~ ~.::z. 

.:il, §.~Cg,j ~~l~±~ ~]7-jS}.:il, ~~tl-A(::E.~ A').3!} "-Jl: :cl-63.~ ~-tl-

7-ll ..£. ¥- E-j Ull oi \!! tj-. 

(6) tl-~tl-A.Q.j Ji!.ij ¥-~% ~7]..£. ,~oJl A·ll.s.S}.:il, ~7]..£.9.j .g.5:.~ 950°C..£. 

%31 2A]zl-30{E- 7}~S}O:j CO2{i 1:l]~~C..£. ~~A];{ltj-. 

(7) ~~tl-.Q.j _g.5:.7} {!.g.77}:7.] 1.Jla'J~¾ 7]tj-3j, 6~cll6&S(~~ ~~& 

s) ~ ~ 4l o1 .!i!..S oJl -¥--at.@ «Amorpho·.1s C +Mg+ MgO»~ ':}! 7-l 1:l] o l 71 oJl ~ .:il, 

6N -HCl..£. ~"'a:& Aj 7'] .:i1 water-bath-f-1 oJl J.-j 7}~ '8"}0:j Mg, MgO~ %15TI Aj ;{l tj-. 

~A]~.:i!. 'a"~ 1:lj~~ C-c l{!J~t!l~ El]:!!.~ O:j:i!}Al (Toyo2.5micron)..£. .t,~ O:j 

:i!}A];f-j, %..£. ";! t ~ Z::!~A];{ltj-. o] .:E~-¥1 ll]~~Ce ~lffl~ Aj_a~oj] ~oi 

desiccator~oJl &tl-S}Jl 7}~7]~rg:~~oJl Mo]~ Sample target~ Jfr{§-tj-. 

P}. %7]%(:si~•.!E_OJ:%7]%, ~~%~- .¥_~~ o]iB-) 

(a) Organic-C-CO2 --- .::z.;;,J 5-7 

~;;t-]2-]S}O:j o]~}S>..~ ¾7]%4 lc:1-~~~~ ~]~~ A]_a~ ~ 3llTI.Q.J °d'(¾rg:)9.j 

~:&.:ii~§.91- ~~-8'}0:j, ~~&s :Ee ~~Al.atl-oJl ~.:il, q-Al AJ.a+~:&.:n.~ 

~i 20 ~ 30mg 0 ] ~ 1a-'8"}tj-. 

(1) AJ.a+~~.:n.~§.~ ~t ~~~s :Ee ~~tl-% .::z.;;,i 5-79-1 ~~'?1± 

tr A(EE~ A')~oJl ~<:>1 ~-tJ-7-lloJl 14~~9--

(2)- "'Jl~ ~463.B~ ~-tJ-7-lloJl 14r~tj-. 

rotary pump(RP)JfrE....£. llTI7]A]:i']Jl, 3!]2}\..-'j~-tJ-7-l].Q.j 1:l}~oj Range2oJ] ~oj7}e 

~-tJ-o] ~oj:7.]lfl, RP+oil diffusion punp(DP)..£. 3!J4Y~-tl-7-fl7} ¼*ill Jl~..:g. 

% 1tiJ 7'1 JJl ~q-. 
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I 
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.... 
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u, 
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I 

D. I A 7 
Pl.mp, 

) 
A' 

I 

R. Pump I .::Z. 'fl 5-7 7}4;- 7] ~ %1'~ ~ % Aj ii.s::All 1tJ ( ¾ 7] ~ - CO2) 



( 4) 5a.3.. 4, 5, 6, 7, 8, 9 ~ {l-.:::Z..Jl, .:ri3.. 3 g ~ o-j -lf-tj-. Al ii.7]- ~ o-j ~ -c 'tl 

~-¥!:A(EE-c A')~ UTI71B-l·7l ~-&TI, it)_;;!;J RP~.£.£ .:ri3.. l(EE-c 2) g ;...:p,,%] ~ 

o-j un 71 Al :{} tj-. 

@ 0 1 7a 4-, ir?:l ~1 .:ri3..~ ~ 1i':!. (Al~~+ ~~.:a~§.) ~~0 1 1:l] ~~]-0:j ~ ..:g.7-11 

~ _Q_~Al7'17l a:Jl{E-oJl, J\~{l~ -?~ ~ ;•1¾ 0 11BJ.1 .:n.3..~ 3::~~ ~-

(5) .:n.3.. 4, 7, 8g ~.:rr, .:n.3.. 3g {l-.:::z..:rr, 3!J2.l-1.-]~..:g.7-Jl~ 1:l}-:aol Rang2~ 

¾TI- 15:.~ 1.-]-E}tll-c ~..:g. 0 1 !i:]JH DP+RP.£. tj-Al llTI71Alr-J .:rr~..:g..Q..£ ~~ 

tj-. .:v..3 4, 7, 8% {1-.:::z..TI., .:v..33 ~ 4--97]- aj-7:j CV.%% ~'ll ~tj-. 'tl~t!-A(EE 

-c A')oJl ~7]£~ -€:-5:.¾ 100-150°c>l]J..i '2.j= lO~Z!- 7}~~tj-. 

(6) .:n.3..3~ {l-.:::z..:rr .§.~Coil QIJ~l~~~¾ J\-Jl.:§.~ q-g ~71£~ .g.5:.ii gso·c 

77}Al ¾~t:1-- 950·coJ]J..i 15~Z!- 7}~-Sl·:l:J Alii.¾71%% ~~%] CO2£ u]-,1-o-J .:§. 

~CoJ] jl~ Al:{} tj-. 

(7) E~DoJ]S:. QIJ~l~~~ J\-]1.:§.-S}cij .:ri.3.4~ ~jl 1-2~ 7]tj-5ltj-7]-, RP~ 

.£.£ ll},1-o-j .:ri3..6 g ~ o-j un 71 Al 7'1 JH),-j AJ-"J ¥! CO2~ ~-¥- C, DoJ] .£. ~ tj-. 3!J 

2.l-1.-J ~ ..:g. 7-l] ~ l:l}-:a ol Range2oJ] ~ o-j 7]- JH, _:a3..1( EE-c 2) g {l- .:::z..:rr DP+ RP£ 

llJl 7] Al '1] '?!l.7 jl~ ..:g. .£.£ ~{§-tj-. 

(8) .:ri3.. 6~ {r.:::Z..TI. E~C~ QIJ~l1'.~~ All~el (oJl~~~+QIJ~l~~).£. ~1 

~~oJl u:}2.l-, .:§. ~C4r~ CO2~ g .:§. i@D.£. opg-Al :{} tj-. 

@oj] ~ ~%+ Qlj ~l ~± : 9~ g .:§. ~ ~ ~n CO2~¾ 7] ~A] 7-] 0 ] %A] 7'17] ~ iiTI 

Aj-%-S}-c ~Al]£, ol~ g ~E.-c 11 ~ (a)CaCO3-CO2~ (8)"8"J- "2r"~ %3::. 

(9)- ~5~ .:f, s~D9.1 QIJ~l~±~ 5'-¥ *.TI. .:v..3..97} {l-7-1 ev,g ~ ~Cd~ tj

g, .:n.3.. 8, 79-1 ~.£.£ ~jl DP+RPi~ llll7]Ajr-j CO2~ ~-¥- §.,@DoJ] .£..Q...Jl, 

3!J2.l-1.-J~-tf7-ll¾ .!i!.JHJ..1 .:rr~..:g.E..£ ~i§-tj-. 

(10) ~.:g.oj wo}Al!H .:ri3.. 4, 7, 8¾ {r.:::Z..Jl Ei@EoJ]S:. QIJ~l~±¾ J\-]l§.~tj-. 

.:§. ~ D9.1 Qlj ~l ~ ~ ~ uJl o-j \!l 4 %Al o]j .:§. ~CoJl J..j-% ~ ( o]j ~ ~~ + Qlj ~l ~±) ~ 

-106-



~oJ .:i1~1f.2.£ %~0J:7.J ~.2.ia., !iii1.IE~ '2ll~l~±~ ~-¥- -¥-oJ ~~ tj-g :ii 

.3.8~ ~.:il DP+RP.£ llTI7]A]7-j .:il~1}-.!~£ 1i!€"9--

(11) ~1}-o] woJ-7.]JB. :il..3.7, 8fr {l-::Z..:il, :il..3. 97} {l-;7:j cv.gfr ~<?]_~ ~. 

!iii1.IE~ '2ll~l~±::; ~]7-li;]-O:j CO2: 7]-§}A]~tj-. 7]~¥! CO27l- 11.g..2.£ ~«ll 

77}:7.] 7]tj-~tj-7l-, 'il-~7-ll~ Volt-meter~i ~.:il(Vv), 1J.g.(T °K)fr ~tj-. .::z.ej 

.:i1 CO2gJ ll5rtfr 01-~ ~ oJ]Ai 7-ll ~~tj-. 

@Jl5r-.:gJ 7-ll~~ : 

C(mg) =3,590xV /T 

(12) -"J: :46.3.BoJl '2ll~l~±~ A1J!i.s-]-.:i1, :il..3.9~ ~oj CO2ii -"Jl: if4 

6.3.oJl .:i17s~tj-. ~3~ 1:1J-~l~ tj-%, -"Jl~ :46.3.~ '2ll~l~±ii -¥-oJ ~.:il :ii 

.3.8 ~ <?;i oj DP+ RP£ .:il~ 11-2.£ !fr€· ~ -"Jl: ~ 46.3.gJ :il..3. 1M :il..3.9 ~ 

{r-2-tj-. 

(13) -"Jl~ ~46.3.gJ :il..3. ~ :il..3.97]- {l-;7:j CV.%¾~<?]_~ tj-g, -"Jl~ ~4 

6.3.~ ~11-7-lloJ]Ai U:j)oj 1-}].:il, tj-g gJ 1:l]78~ C3::78oJl Aj--§-~tj-. 

(b)CO2-C(Amorphous) --- .::Z.13 5-6 

0 1 3::-31-~oJl ¥}.-.sTIAic CaCOsgJ 1~~~ 7-]gJ ~7] ttlJ{l-oJ] ':f[gJ (b)~J ~ .::Z.13 

5-6 ~ %3::~ ~- EE~, a,j~gJ ~ oj ~ 1:l] 78 ~ Cc ~31Jl ¥! A] li~ oJ] ~oj 

Desiccator~oJ] li!..¥1-~l-.:il, 7]-~71 ~ .y:~~9 oJ] Mo] C Sample target~Aa oJ] AJ-%~ 

tj-. 

4. 14C/13Cl:ll ~~-§ Sample target.2j :C•II~ 

~~J 3oJ]A7 3::~]¥)_ 1:l]78~ CoJ] Ag~~~ ~oj, ~7tJ3mm, -¥-7JJJ l.5-2mm~ ~ 

~fr 1i!€"9-- o]: ~.sllAic, 1:l]78~C(3--5mm7]- :ajt=J-)~ Ag~~fr ¾ 2Jl:l]£ 1: 

9gJ 1:l]-i-£ ~~~]-0:j Agate%~£ ¾~·"3"] Zl tj-g, "r%~ ~~6ii 0]-§-i;]-0:j 

l!!l51.2.£ 1i!€"9-- o]~.2.£ 1:IJ-APa ~t:Jl ~78% A]ii-7]- 3::~l£loJ ~1} ia-c~ 7]-
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