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Geological History of the bry Valleys, Antarctica, Based on the 
Stable Isotope Studies 

Nobuyuki NAKAI* and Yoshihiko MIZUTANI* 

Abstract: In 1973, DVDP 4 drilling was performed to obtain uncon­

solidated sediments of Lake Vanda, McMurdo Oasis. The cored sediments 

were found to contain layered sait concretions composed of gypsum, thenardite 

and calcite. On the basis of stable isotope compositions, o 13C, o 180 and 

0 34S, of the water and salts, it was concluded that the lake and the Wright 

Valley were once a fijord containing sea water and isolated from the ocean 

by glaciation. Micropaleontological studies for the cored sediments were also 

performed, indicating the existence of marine fossil fragments, marine sponge 

microsclere and marine centric diatom, only below the 1st gravel layer. 

This supports the above conclusions. 

In the 1975-1976 field survey season, layered mirabilite (or gypsum), 

ice and marine sediment, which were found under moraines at the height of 

60 to 150 m above sea level near the coast of McMurdo Sound, have been 

studied on their occurrences and analyzed isotopically. These sulfate minerals 

and ice were found to be of marine in origin according to their isotopic 

compositions. This fact suggests that the sea water level largely fluctuated 

in geologic time and reached possibly 150 m higher than the present, and 

the present Wright Valley and Taylor Valley were under ocean water in the 

past. 

�ti: 1973:¥, 1'°'71,,�v-OJ'71 l<fr�C.�o/�:/3tli'Jj-e DVDP4 OJffil)/jUiJ, 
fib:h, li'JJJl'.ErlfJi!ltlq:i tc gypsum, thenardite, calcite tJ� Gt.co Jil:Jx concretion iJ, 
�1±1�.nk. t.OJ�fficli'JJ:7J(OJ 813C, 834S, 8180 OJtJlU5:it�fit,,, -tOJ*a;f:, '71 J-. 

�.tt; J: tf,,� :/ 3tli'Jlvt�:tw··e, 7 1 =11v F'--c:·�0 ts:c. ttJ,*affi1/i�nt-:. � Gt.:., c. 

OJ t. c ��#vt o f..:cb, �1!:E OJ1iff��fi1, ', @�OJ it Jt4>wr$11:3*�0J?i/llt'a:':iii 

!:Z L, t.::.. 
1975,..., 1976 :¥ s,, - ;( :/ tc, F '71 /� v -OJ x' � x' - Fwr!efErBW:��ft L,, Yt.w7Jc 

ffiJ: IJ 60,...,I50m �]Wt.:., J¥t,,]i:jjtOJ mirabilite ('it.::.vi gypsum\, 1k, @fFri 

fft!/wtJ,flf .lj.1Jit.c 0 -n, o fmim� �:nm �1±11--t..:. c. n 0 OJ:t(n:'./qlf:ftf*fflnlt'a:'il!U5:i:'. L 
t.::.*s;f:, 1mU���!lw c 7J<OJ#af'F"=9tl�:iii� Lt.::.. 

tJl:OJJ:? tc., �:t@7.KffiiJ,Yt,:(EJ: IJ 150m i�t,,��OJ�0kt. ciJ,1¥!G;;Nc 

* i5i:i".m::k�W�-fm:tm3*f4�f:z�. Department of Earth Sciences, Faculty of Science, Nagoya 
University, Furo-cho, Chikusa-ku, Nagoya 464. 
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i¥Iffi P ;t..#iJ:O)zi}W: 1::· !7 r Y 7 7 :/ nc.&tr.ti.,ff�:ttMWiJta.; IJ, -:t t. vc.&ti., < -0tr�O)Jl
f
ifflvc. 

&i LG �iJ! �t-:b--::> -CI., G. t. .:h, 1:)0) I. 'V� G F 71 /� v-""c', 111iHMvc. J: G m��[Ajlj}f'.9-1: 

DVDP (Dry Valley Drilling Project) i:J!, 8 • %: • .::. ='- - :.:- - 7 :/ r=oo--c:· 1971 i:f=.ir� I::> 

&i C2!bi::>.:h,k. 1973�1974i:f=.it>J:V' 1975�1976i:J=.O)rifU7 ,1 -iv F • v-X:/vc.�1JllL, ffi! 

�U�flO)��' :tt!!*wM1E, :tt!!*�flO)���fi '? ts:. 

1973......., 1974 i:J=. v - 7,:' :/VC.�i, F 71 .... � v-0)--0--c:·a.; G 71 r �O) .... � :/ jtti!vJ--c:·ti!vJ!fE:fl:ffi!f}/J 

O)ffij�U DVDP4 iJ!fi:b.:h,t-:. -:tL-C, £fi:�vc.�-t"G�Jl:ll:ffi!f};JO)�fliJ!x.1::>.:h,k. �� 

0)-JJtffi!�tMrf=l,r:pm:l:!!!vc.�1.,-c, �flO)�fllUfi� c�fl�J&� L ts:. c.n t:i O)�fl cJ1im 

O):i:t!!*O)tJTl:f:i�!f};JtJ: cO):tc'.xE[AJfftf*?}tJTiJ:.1::>, 71 r ��,,� :/ ?"''l'JO)�*vc.�-c �t-=M�� 

:Jt� L, ts: (NAKAI et al., 1975a, b). 

1975� 1976 i:J=. v -;( :/ vc. [A] C < �� 0)-}Ji DVDP vc.�1Jll L, F 7 1 .... � v -0) !rt:��� . 

'.9-1:-t" GJ:--C:-�,�tJ: P ;t..#ij:zi}W:O):lm*�1t�fi--::> k. -:t L-C, �*O)ffl:!Ji�{tO)]t�tJ:iJ:.�·� 

vc.�GrS°Wffivc.rMJ--tG�fl��l&L, :tc'.xE[A]fft{*O).l[�iJ:.1::>�WLt-:. Llr, DVDP 4 0) 

ffil�U�fl .t IJ x. tda�O)•� c, -:tnvc.tMl:il--r Q p ;t..#iJ:rftW:O)tf#iJ:W:*!O) rpiM�O)-"'Q. 

2. ��(!)-� 

.,.{ :/ ?"''ti!vJ&t 71 r �O)*jq!ij#iJW:iJ:.1::>*9 50 km gs, ffi� 91.......,95 m vc.fft�L, *lffl1ffPJvc.:R 

< 5.6km, i¥I�tl.4km--c:·, :l:�$0)��*968m c�.:h,-Ct.,G. t.O):i:t!!jfO)f:iey�i/jlUi 

-20°C --c:·, ti!vJO)*ffi�i-i:J=.�jmC-C 3......,4m 0)7](--C:·��:b.:h,-Ct.,G. '*.ts: 71 r�+i � 1 

0) .t ? vc.Tt§&t 71 r 7 o/ .,.{ -1kM, *&:t 71 r p - 7 -1kMvc. J: IJ Mc 1::>n-c i., Q. t. O)ti!vJ 

�i�?}¥l)tiJt� <, �vc.)fE)l7J('"t:'Vi#iJ:7J(O) 3 ffi-LlJ:vc. t � L (YAMAGATA et al., 1967), wft 

{t7j(*O)-�i)t�< 78.6mg/l vc. t�L (-=grnft!!, 1971; NAKAI et al., 1975 a, b), 7.J(Ul!Ji 

:1:1*$--C:' 25°C c I.,?%:?£,(� ?b -0 -C \,, G (ToRII et al., 1967; � EB fm, 1971). 

c. O),,{ :/ jtti!vJO)Jli*-$ (�� 68. 3 m) --c:· DVDP 4 ffi!�UiJ!fi:b.:h,, ti!vJJJ(*ffi J: IJ 0) � � 

80.7 m --c:·£fi:O){Ejj'i\j�vc.JU� L ts:. t. 0) 11. 2 m O)ffiJ!1lU:ll:fl!f}/J&ifJL�iJ\l:tf;x1¥Jffl. < sandy"" 

silty, �&i black......,brownish yellow --c:·a.; '? ts:. t. O):flfff!f};Ji:pvc.&i 2 n mvc.1kM.JliJ!a.; -0 t-::... 
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Fig. 1. Map of McMurdo Sound area, Dry Valleys and the sampling 
locations. 
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"!t..:m 1 ���?3tVCJi.�:;1Jl9rvc..1:3�:l;gJf{O)�� concretion 7J� l"-'2CmO)JJ�-e0-co6Gti 

k. t. :h G O)�ffivi. gypsum (CaS04 • 2H20), thenardite (Na2S04), calcite (CaCOs) "t:' 

tBG t. ciJqj,t��:hk. t.O) DVDP 4 ffi1FiU�*l-iJ�G!tflt�c�ffi�1*]f:H.,,k. 
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Fig. 2. Occurrence of mirabilite and gypsum. 
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?Xvc, F '71 /� v-'O) i=z 7-W� !l �- F#lf:�zi}J¥0)J!g·��c�J&�;pj-�C"?\,,"(O)�G. 

�� L fc.O)vi� 1 vc� Lk J: 5 vc, i:z 7- �0)/�-: YJU(j:I, 7'' '7 'Y !7 �' j(!¥1JW F '71 /� v-zil 

7¥0);-t; 'Y 7''7-1JcfriJ#Jltc:�1-v-;<�-c:-�G. ;:ti,GO):Lm•-c:·vi, {.[i.,,m-effl� 60m, r� 

i., ,F.Jr-C:' 150 m 0) -'E- v - Y 0) rvc� 2 K.ii� L k J: 5 vc, WTE�t'\IW:;!jefz;-c:·� G mirabilite (Na2S04 

• lOH20) iJ�i!l� lmJlf< O)/f�-C:·fftfl,-C\,,fc.. kO)rfflHctiL-C )fi.,,7j(O))iiJ� � I), 

kO) If� vi:tiiti-c:,� t.i: i., 'vi c'Jf i.,, t 0)-C:·� -0 k. 'i k�mvc J: -0 -c vi, /� - :/ w(j:I 0) J: 5 vc 

mirabilite /IO)J:$vc� L -c, Ti'YJt O)W�t*ltfl!J1zJ Cwim0)1f Jt, Jl {r.1:i:z-%tr) iJ�lf � 30cm 

�ft-C:·fftE-t" G t 0) �, ;t; 'Y 7· 7- 1JciriJJlt < 0) J: 5 vc, kettle pond c usy+ftL G -'E- v - Y 0) < 

vf 7,t.vc -c:-� tdlgO)JfrJZlvc� Gt 0)-C:·vt, mirabilite Ji O)J:veviTi'YJf O)#lhf c ytg�O)rfl-a-*!tff 

!J1zJ CiHl�W:i/jjO)'ft Jt:a:-%tr) ii�, ffi7,t.£tJ.: -0 -c i.,, Gt 0) t � G. i tc., '71 -v -�-�O) J: 

5 vc.15/JR�}IO)Jlt < vc� G �-a-vi, mirabilite  /J� gypsum vc� -0 -c i.,, Gt 0) tJ.: c'iJ�� G. 

i.,,fti,vc L -Ct, Jf i., ,wfE®t'IIW::!J1z;/iiJ� ffl� 150 m 0) �mvc fftE-t" G;: c, :;fo J: rf kO),l§ 

•:a:-��LOO:tiivc-t-G;: cvi, ��O) F:11 /� 1/ "-'.z>�GJ:-C:·JP*�G;: c -C:' � G. k;: 

�. ;:ti,GO)wfE�t'\IW:;!J1z;, �' �J{P(tfl!jefz;:z-�l&Lk. 

mI:i'.Ji--c·O)�fu� :/ 3l''Wj0)1tli�U DVDP 4 O)P(tfl!jefz;�;jS�q=iO) thenardite, calcite, i:z 7'WZil7¥ 

0) mirabilite, gypsum �O) X ��*@J11f-�vc J: G fq]�vi, � !l � - F£:ttg0):ttg3*f4�1Vf� 

�VC:;fo\, ,-c' 34S/32S, 1sc;12c, lBQ/160 O)*�[q]{ft{*O)Jt;tfrvi1m��fi '0 k. kO)ft\!, 7j(O) 
180/ 160 lt:a:-fflU� L k. *�fq]fftf*ltvill$!J1zJJf O) fq]{ftf*lt J: I) 0) .::P 0- i.fiHi (%0), 034S, 

o 13C, 0 180 -c:·•m L,, :Jl$!jefz;� C l,-CviWTE1ivi Canyon Diablo 0) troilite, wt�vi PDB, 

®�vi SMOW :z-Yfji.,,tc_, 

4.1. 71 ��cr,:,....17';!)) 

/� :/ 3l"W] 0) DVDP 4 1t!l�Ui3:t;pj-:;fo J: rfW]7j(O)*�fq]{ft1*mnx: c, kn G 7J" G �7J".:rL G ;: 0) 

ttg• 0) � 51:: vc � L, -c vi, -t"-C:' vc�l*fB � ffl � (NAKAI et al. , 197 5 a, b) L -c \,'i G 0) -c:·, ;: ;: -C:' 

�k0)-�0)7,t.�, ��<�GhkM*'.z>O)�GKc��G. 

m::fEO)/� :/ �-'WJ:zl(O)�ii(vt;M L-Cvt, WJ7J( c;: O)ttg•�mtJ):ikW 0) 0 1so ffiil" G, ;: 0):1:tg 

.O):ttg.�7.1(-t"�b��friJO)MJ.l(��GcM��hk. khK�L-cmffib�•�' W:�� 
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� 1 ,,� :/ 3ti'i1jij DVDP 4 ffii�IJ�*fq:iec>ift�tl[ concretion 
ec>iit � [ii] & f*ll.nx: 

Table 1. o34S of gypsum concretion in Lake Vanda sediments. 

Sample No. Depth (m)* o34S (%0) 

Bottom surface 68.3 +22.4 
1-4 69.08 +20.9 
6-a 69.48 +20.9 
2-c 70.08 +20.4 

7-5 71.17 +20.8 

* Below lake surface . 

.l>G t. ciJ� DVDP 4 ffii�U�*-'i-i:f:!O)ffi 1 �Jlt.JJ�vc0).7,i..7,i.G.:hGJl�irf.®:liUJ.&!f0 concretion 

0) o34S ffiUJEM*iJ" G 00 GiJ,.vc f.t v::, t..:. ,tO)-{JlJ c L --C, 71k 1 vc gypsum O)m[�ffi L t.::.iJ\ 

'1"""'--Crfa7j(q=iO)i,t®1 :;t :/ c fqj-O)fji�� x.. t.::.. "£ t.::., )l�""C'L( L f.t \, ,W,t®t'iUJA!f00)7JOC J: 

G:fltl±HcJ: 9x..G.:hk�Jlvc:bk.Gfiii, + 20. 3 iJ'-G + 2 1. 2% �ffiL rfa7J(cR1-""C'26"=' 

t.::.. t. 0) J: ? vc,,� :/ 3r"W}�i, 7J( c :t'liffi�i t:> iJt "=' t.::.1=. 1..,, ft t:> ""C'.l> G t. c iJ�1ii!f �.:ht.::.. 

?Xfc, ��rl'li�vct.tGO)�t, ,,� :/3t''WJiJ;#aWiJ,.G�M�.:h, �7Joc§t 9�t t.6bt.::.�w:J""C·� 

G. t.;h�00GiJ,.vc-t-Gk.6bvc, ffii�U�f---f-O):t'g7t.J!tO)�Ii[§t1t:�.J,i.G c� 3 0) J: ? ""C· 26 

G . t. 0) wit®:t'li -ei1f .:1Ji S04 = c L --C O. 3---.., 123 mg/ g c * � < §ti/Ji"" G. L 7J" L, t. t. "c'ff: 

68 
mud surface-+ 

E 

a, -"' 

69 

70 

71 

0 74 

Soluble so4 
(mg/g) 

---102 
::-:. _ -- 12,9 
::=::-- -16,8 - - - -5-8 - - --- -13.0 -----123 ----- 113 

----- - 1-3 

� 75 
<ii :.:: The 2nd gravel [. 
� 76 .::; - - - - - - 0-56 

� 77 

78 

7 9 - ----- 0,30 

80 

� 3 /� :/ 3("ti1iijec>:f1tft4mq=iec>i,f�tl[�4mec>fil!E['.71";m 
Fig. 3. Vertical distribution of sulfate minerals 

in sediments of Lake Vanda. 
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§���Cc�ffllWW�m§cL--C, �$c�$���0�9��-K���GCC�� 

G. ffl 1 WWt.J-�-e�:t §13 Gtr�vcift�:;1[��-�i� < ,  t L ch, Gil; CaS04 • 2H20 --c:-� G c 

�G c, gypsum c L"C<l)��-�i 22% vct:il�G. Ch,�i, lW�<l)ffl l WWt.A�vc<l)� 

ift�:;1[ concretion iJ;tftE� G c c ii� Gt ��Ht�<l) c c --c:-� G iJ;, 11t!H�U!tffl!lm�W vent-: 9, 

��--C <7)wft�t1KiJ;w¥$n:g�--C:-� G cc ts:. c·��it� G c, fX<l) J: ? ts:.*a�iJ;x. GtLG. �ts:. 

:b�, Jllf]J�i7 1 3/vF'cL--Cw7J(tJ;:mtE<7)'71 r�vc�:t.1.i,9CA,--C:'\i\"(, ffllWWiJ;7j(fiiJ 

fisib vc J: 9 !iffl L t-:fi#;Jt:JHcwr$ tJ� G �-� h,, .:Z:-(7) � (7) wJJ( (7) �56 vc J: G t1iffi (7) tfi ill, .:Z:-(7) 

�<1)m!l!l;M<1)1.J<fiiI1M!Jl(<l)*M?i c, *�;ltlj<1)¥4§Jj(<1)�55vc J: Gt1iffitfilli� < IJ tJ�x. L, !W,tE<l) 

/� y �"¥4§i:J\Jf%X:� h,t-: C � *-Gh,G. ;:_ <1)¥4§;,j(<1)�55 C' 7j(fiiJ7j(<l)*M?i<1) < 9 il�x. L vc '0\i' 

·o:t, NAKAI et al. (1975 a, b) t7;<7)�"(1.i,G J:? vc, !tffl!lmq:i<l) calcite (7) o 13C, 0 180 {@: 

<7)mi!�1ttJ�GIDEW3�nk. �ts:.:b�, Ch,1?<7){@:�:t.�2 vc�Lt-:J:? vc, ffl l WWt.J-�--c:­

�iJ:$vcrtiJtJ�0--r:ll:kL--C:to 9, W*s&I1<1) < IJi:J�x. L--C:'�G C c�!lm�0--Cl.i'G. 

t. c --c:·t ? --0Fi:t9�iJ;� G . .:Z:-h,�:t:mtE<l)��iJ; 95 m t � G '71 r ��,,� Y �"¥4§vc�� 

vc�$:vcw7.l(iJ;�i 1.i, 9 ;t t,:Jl�;MiJ;� 0 t-:tJ� c \i,? Fi:t9�--c:-� G. .:Z:-C --c:- DVDP 4 <l)!ifffl!lm� 

� 2 .,�:,, 3<'--� DVDP 4 ;ft[il�1J�*4i:p0) calcite O)W{�io J:: rJ®�IA'.lfs'l.:fU1/$t 
Table 2. 813C and 8180 of calcite from Lake Vanda sediments. 

Sample No. Depth (m)* 813C (%0) 81BQ (%0) 

Botto m surface 68. 3 

6-1 68. 48 -3. 5 +2. 9 

1-a 68. 83 +10. 4 +1. 4 

5-f 68. 87 +10. 8 +1. 7 
6-b 68. 98 +11. 4 +1. 7 

1-4 69. 08 +11. 6 +1. 0 

6-2 69. 10 +10. 3 +0.8 

6-a 69. 48 +10. 3 +0. 9 
1-5 69. 56 +4. 4 +0. 2 

6-3 70. 05 +1. 9 +0. 5 

2-c 70. 08 -5. 3 -1. 3 

2-6 70. 23 -4. 2 -1. 5 

7-5 71. 17 -9. 3 +1. 0 

11-7 71. 50 +0. 3 +1. 7 

4-e 72. 00 -7. 6 -2. 3 

4-9 72. 15 +6. 4 -2. 1 

16-15 74. 58 -10.6 +6. 8 

* Below the l ake surface. 
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w ••�*w M �•cw�ru 
(a) Sponge microsclere (b) Marine centric diatom 

I@ 4 DVDP 4 Wi�IJ�fl.:f:l�fi�{l::fi�m!���Jt 
Fig. 4. Micrographs of marine fossils found in sediments from DVDP 4. 

;fi�q=iO){tE O)fftf a-1it&l-t Q t. c a-��k. i-L --C, JNJLC� 1 �� l;J�vc.O) �, mH$1tE 0) 

T!lzJt iJ;fftE-t Q c "\ ::dlfr$�a-J!lli Lt-:. c. O)fr$vt * - 7. r 5 !J 7 0) H. BRADY a; O)ihl,tJ 

vc J: Q 'lb 0) -e i6 G . Iii&l � h k sponge microsclere c marine centric diatom 0) !IHHJ)�� 

ffeCa-� 4 (a), (b) vc� Lt-:. BRADY (1974, 1975) iJ;f[H� L --c i. \ Q J: , }c, c. O):Jt!r;fO)J?ft� 

!/'mq=iO){tEvt:t§�O)IiJ.!Zffia-? vt-Ct\--Cfj0)1itr,liJ;nn" Lt\. LiJ" L m 1 ��t-J�vct�vt, 

mlr$1tO)J!rlc#/HlftO)-f§GiJ;J!f:H�hkC. cvt, lt�t.t�1*a>-eb"'.::>-eb 0)-C'ciSG. i-L-C, � 

1 �� tJ�vevt:!ltE/� :/ ti'WJvc�,�.-t Q tirlffiO)Jl�O)�iJ;J!/:H � nk. c. O){t:fi0)$�iJ. 

t) • ;ffJJ."*vtm}-C'ib 0 f-: ;:_ C vi� t) vc 1itiJ:,, t.t i, 0) vc f.t 0 L � t-:. 

4.2. o A;/it$'J�0):1:JUIJi c 71< 

fllJJJ'i-c-O)�k J: , vc, 51 r :§-iJ;;ffJJ.-*W:-c'c!S 0 t-: c. c O)fil£WLn;3t�ll:b. Gh -c � tc.iJ\ � 

G vcf.!�Jt§wt.rfilE§Jj c L -C, F 51 /� v-0) P 7. #ll:ri}*tm�vc3f&"*O)ffll7J(]Ijjvc1*]-t Q filEWL a>;5J< 

rht.::_. i-L-C, w1E���f00)J_!j[i_,��JN� 150m O)��vc i:-C:'J!lli Lk. Mirabilite O)fftf 

�i-0) ftQO)wifJ[���!/'mvc.1*]-t Q �!/'m�wtdJf�vc "'.:)\., ,-c (rt, i-0)-{ff;t-fu�vc "'.:)\., ,-c ToRII et 

al. (1966), DORT et al. (1969) 0)¥!iniJ:tf) Q. i: k, THOMPSON et al. (1956) vC J: Q c, 

m}7J(iJq_ittgO) J: , t.t{l£ilffi.-c'1.k c L -Cc � O),f iJ"hG �it, mirabilite iJ�JNWvcJ!a lli-t Q. 4-

@JP 7. itliii}J¥0) �ffl-C':I*� L f.::_ -eh O)vt, vi c A..i c''iJt mirabilite -C'ciS Q c. c vi, :Ch G iJ�ml1K 

!t9tlm-C'tf:>Q t. ca-��L--ci,,Q ti,,�J: ,. 
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a3 P�-��0�v-:/T0•ttHMm•�0H•�&�E�t. �h��5 

:11<0M*�fft.�Enlt 
Table 3. 834S of layered sulfate minerals and 8180 of the associated ice samples 

Location 

Cape Barne 
Site 1-1 

Black Island 
Site 1 
Site 2 

Hobbs Glacier 
Site 1 
Site 2 

Miers Valley 
Site lN 
Site 2N 
Site Gl 

found near the coast of McMurdo Sound, Ross Sea. 

Altitude 
(m) 

59  

71 
82 

85 
82 

150 
145 
60 

5s4s of surface 
mineral (%0) 

+20.7 

+19.1 
+20.0 

+20.7 
+20.8 

+21.5 
+21.0 
+21.0 

Minerals 

N a2SO 4 • lOH20 

Na2S04 • lOH20 

Na2S04 • lOH20 

CaS04 • 2H20 

Na2S04 • lOH20 

8180 of ice 
(%0) 

- 7.6 

- 9.5 
- 9.5 

-13.4 
-25.2 

- 6.6 
- 8.3 
- 7.9 
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if, � 3 r:J,fU& L t-:.Wrt®tIK��O) 034S fli, 1.J<O) 0 1so fli, :to J: a-.::. n G��. 1.1<, :Lt 

ffl��O)f¥::a.L-c1.i,t-:.�l!t:z-�Ltc.. t.;n,GO) o34S f@::z-.7,i.Q c ,  +19. 1"'+21. 5%0 -e, � 

mvc..�'f*tct < �JEO)f@::z, tf) kx. -c to � ,  Lir• <b Wal.KO) so4= 
c � < litl�O)f@:-c-tf) Q. i k, 

;:. O)jf!rliO)mw7J(O)irt®1 * YO) 034S fli ( + 19. 8"-'+20. 3%o) C <b � � -t Q (i:piHtl!, 

1976). CO) J: '5 vc, C;n,Girt®tIK��viWH:dJ�vcwr$il:9�0),bO)-c-tf),,:dc.. t.;n,G��O) 

0180 O)il{UJEvtm:aff1.i,00tf) � ,  � Gvc�TittdfE�iJ�x. G;h,Q -C'tf)-6 '5. 

{XVC.., irt®:tIK��O)r{fBVCtf) Q 7j(O) 0 180 O)ffi1:Z,.7,i_ -C .l,i.Q. ;f; ,y 7
° 

.A 7j( fuJ # ili: 0) kettle 

a4 ���-f��0��. �M. &*0M*�&�finlt 
Table 4. Oxygen isotope compositions of snow, glacial ice and 

sea water from the McMurdo area. 

Location 8180 (%0) Location 

Snow Sea water 
McMurdo Station -32 .4 DVDP 15 drilling site 
Lower Victoria Glacier -3 4.7 3 0m 
DVDP 15 drilling site -30.4 60m 
Mistake Peak -37.5 90m 

Glacier 120m 
Lower Victoria Glacier -30.3 Fishing hut 
Lower Wright Glacier -32.9 10m 

490m 

8180 (%0) 

+0.8 
+1.3 
+1.1 
+0.9 

+0.4 
+0.6 
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pond ;1[i)2l O))j(tJJi+l , - 6. 6� -9.  5%0--C:'ViUf�'.iEO)frn[� c v-::> -C \, ,  G. * 4 vc. --;;' !J --;;'  - F' :J:o 

1 c1 r 7 1 /::: v - :t!Q�O)�, 11<FIT11<, w1.](0) 0 180 O)fHU'.iEfrnI�� vfk. c. .nG� lt ®t --r G 

c, WTE���!/m0)1fCnc�G:1J<vt1J<FiJtJ: c·0)�1J<--c:,� Q ,!: t, , :> cl: 9 t ,  tl' L6w1.](vc;itrt, ,frni 

�� L-C \, \ G. C. ;h, G O)frn[i.Jtw7](0)-t;h, G cl: 9' i"" C. L, 1j\ � < t,£ ":) -c \, \ G O)vt, WJ}(/.}t*� 

0)7j(�jj L -C�55 L ktc.t5bi.J•, '! kvt1J<FIT�1](i.Jt�A L ki.J•O)=":JO) JJ:�i.Jt� k. G.tLG. c. 

0) C. c i.J• G, 11<vtJ? fJ: < ct *iflHtvtw1t!E91t c \, 'k.  G. tc. tc., *' -:; 7'" 7- 7j(FiJ#Jfr0)7j(f.!.(,t 

i.J;, c. c t.r.. G 0 1 80 frni�� L -c :J:o 9, c. c. vcvtmtE t kettle pond i.J;�-9} < tfiEi"" G c. c i.J, 

G, -��w*� r 7 -:; ��;h,, -t.h�� k K�FIT�*O)�AK cl: 9, �*��tt�� t ":)  

cl: 5 vc tJ: ":) tc. t 0) c ffiJJU � ;h, G . 

LlJ::O) c. c i.J, G, :ii�ttvcytJ: < ct 150 m vc t �i"" Q �w:J¥tJRO)� v-::> k c.  c i.J�mfi�;'g � ;h,tc.. 

5. i 

t(J::O) c. c i.J, G, 7 1  r �vt�*vcw--c:,� ":) k c.  c i.J;J} < O)feEJOCi.J• Gilli: � � .tL k. -t L 

-c, Yf.i: < c t  60 m i.J• G 150 m O)mttO)ffir@JFa9�w7-/(Jiii.J;�lb L-c t, ,f-: c. c iJ�� Gi.J,vc.t.£ 

IJ , 7 1  r �O)� --C:'f.£ < ,  T1 7 -� t vi c A_; c''i.J�W�"C'� v-::> tdl�jt§O)� v-::> tc. C. c � � L 

k. 

4'�0)��.nkFrml!.�c L-C, (1) w:J¥�0)r@i� c-tO)::¥��tR:t5bG&f�i.J;�G. -t L-C, 

7j(jtlj c F' 71 /::: 1/ - 0) M.9:.B�MJ;illt �":JiPtl' C. c, (2) i:z 7- Wfd:J¥�t-+-c,;£:�i.J;l:$ l 9 

j1tfltlm, wn:���tlm, 1.KO)Jli&vc.t.r.. ":) -c t, ,G i.J�, c. O)�FfO)�n\t�t, ,i.J,vc.��--r Q i.J·� k --C:'� 

Q. c. .n G 0) rAi�vc ":)\,  ,-c vt?XO)�§;vc.ffl15 1.., k \, ' . 

� 9 vc, �flttI&vc� k 9 _::'ffi :1J t, ,f-:f.!. t, ,fc.m!1'z:fiim?itf'.JE?JrtEflfB�fftWJti(�, Jf!:J?:I�* 
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