
Volcanic Events of Ross Island, Antarctica, Based on the 

Stable Isotope Studies of Drilled Volcanic Rocks 

Nobuyuki NAKAI*, Yoshihiko MIZUTANI* and Hideki WADA* 

Abstract: In 1973, DVDP 3 drill hole near McMurdo Station, Ross 
Island penetrated lava flows and pyroclastics composed of alkaline basalts 
and reached 381 m. The basal 214 m thick pyroclastic unit consists of basaltic 
hyaloclastites. 

Cores contain permafrost ice as layers, filling the vesicles and cementing 
pyroclastics. Thenardite and calcite are also present mainly along the ice­
rock interface. The origin of ice and salts was investigated using compositions 
of stable isotopes to disclose the volcanic events occurred in geologic time. 
For these purposes, 0D, 0 13C, 0 34S and 6180 were measured using the above­
mentioned samples. 

The O 180 of ice samples increases substantially with increasing depth, 
ranging from -35.3%0 near the ground surface to + 1.1 %0 at the bottom 
of the drill hole. o34S, 0 180 and o13C values for thenardite and calcite can 
be divided readily into three groups according to their depth. 

From the above results, the following conclusions can be obtained. 
1) Basaltic hyaloclastites found at a depth of 200 to 381 m were erupted 

in the submarine volcanism. 
2) Lavas and pyroclastics found at a depth of 100 to 200 m were 

formed under a subglacial and brackish condition, and have undergone strong 
hydrothermal alteration. 

3) Samples from O to 100 m downhole were erupted in environment 
quite different from volcanic rocks beneath, suggesting subaerial flow or 
eruptions. 

¥�: 1973� DVDP3 �c.J:�:kfll�O)ffl�U;a\ r::z7-ff!JO)���- f£tm··c-fib 
,ti, ..'f:O)ffl�U�JjH;t 381 m �c.� Lt..:. t. O)Wj�U--c-x.. G:h t.::.:kfll��i 7 Jv ::h !J :::k:ift� 
ffi""t:', 1.,, < "?;a� 0) lava flow c pyroclastic breccia --c-tf> '? t.::.. 

;: .ti G 0) :i 7 - q:i�c.::,j( (permafrost ice) c a@.:ltiiffi (3:}c. thenardite c calcite) 

;a;fftf:L,, ..'f:.nl::>O):tcJEimfftf*.lt, -tt.d:,t, 6D, 613C, 6180, 634S �iJlUJEL, �* 
O)j(fllfisj[JO)�Sf!�1l� Lt.::.. 
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-t0)*6�, 1<Llli5ibv:t 3 ��f�c5HtGn0. 
1) �� 200,_, 381 m : w�j( llJ ire J: 0 l!llt lli "{:' ;b 0 k. 
2) �]Jf 100,....,200 m: brackish '! kv:t subglacial O)ffl�--C:-O)l!llt/:1:i--C:', tt�c�11:: 

fflmK��0��0)�*�ffl���k�8�;b0. 
3) ��O,....,IOOm: 1), 2) .!.::v:l:.£0k<�t.i::0ffl�--C:-O)l!llt/±i--C:', subaerial con­

dition .!.::�x.. Gnt-.:. '!k:ttg���O)�fi�::k� < ��t-=�Bil�tb0. 

1971 �tl*, 8 • * • .::. � - :./-'7 :/ F'=:mJ#j'q] 0) DVDP (Dry Valley Drilling Project) 

K. J:: {)Wi�UHOOiiJ�vi L,© Gnt..: . .:CO)�":) c L --C 1973,---.,1974 �s-,-A' :/VC., i=z A$VC.;f) Q 

!)(rl!aO) i=z Aa'"< !J -:;-- F£:im "'C:' DVDP 3 iJ�!kU-l=F:l-Wi�UO)k6btfhnt..:. i=z -7-avc.�i.:r:. l/ 

,,�-7-rl! (3,794m), .:Y-'7-rl! (3,262m), ,,�- Fill (1,766m) �O)!krl!iJ�;f)l), .:r:.v,,-�7' 

rl!vt:§UE t l!lt�� cf>trft ", Q. ��O)� Avt, ;: O)ffii�U�fl �m:im --effl�. 3*1&--t Qt,j;�vc. 

6b <'' 'i ;h,, .:Cn G�flO)::tc5£1'q]{ftf*J::tO)jJIU5£iJ'- GJ.i!I*O) !klllm!iuO) �§1: �m�--r Q;: c iJ� 'c' 

15 t..:. 

;: 0) DVDP 3 viflJ:ii�I!t 381 m vc. t :ii L, WJ;Jivc.tovt � mtE 'i --C'O);: O);fiiO)ffii�U O)JN� 

f\C��{t '0 t..:. tlT, ;: O)ffii�U --c)t.. Gnt.:-itmtJ:fitfliJ'- G O)::tc5£1'q]{ft{,$:J::trlU5£vc. J:: � *5* � 

flH!ri"Q. 

DVDP3 �� 1K�LkJ::5Ki=z.7-aO)""<!J""<-F'£:imK;fJ�:im-M����O)�<�rr 

b;ht..:. i=z 7' a§ f*if�iittl�O) !k rl!n§lbvc. J:: 1? %�� ;ht.: c i3 b ;h, --C to 1?, :±. c L --C 

basanite (.--..::1-tt:t-1 r), trachybasalt (flioo::kJI:t=F:l-) �0)71v;h Y=F:l-;%0)!krl!E--C'·��;h, 

--C "' Q (GoLDICH et al., 1975). ,4-@Jx.. Gnt..: DVDP 3 O)ffii�U�fl t, 7 !V ::h !J ::'k:IT:tii�O) 

� 1 DVDP 3 ffill'1i1J!G� 
Table 1. Site data for DVDP 3 hole. 

Drilling period 
Position 
Elevation of drilling site 
Total penetration 
Total section cored 

Temperature 

21 September to 19 Octover 1973 
77°50'59.59"S, 166°40'28.68"E 
47.63 m 
381.1 m 
341.16 m 
-7.3°C at a depth of 270 m 
-16.9°C at a depth of 10 m 
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2.1. nJltWft#M 
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DVDP 3 -e:-;t G:ht-:k!liBO)lljltf:lj�Jtf:jvc.-0\.,,"'0i, i t.!.Ia�*f5x-J-if.�O)iu5i:vifi b :h--C 

I., tJ: \.-,iJ\ ffii�U:im)�ff;:iJ?lO):im�B:fi 0) K/ Ar if.�iJ�lli � :h --C \.-, G. .:t.nvc. J: G c, Jiffl¥J 

vc.ffiij1iU�;fSJ-O)J::{filvc.�k. G ::;t 7'-lf�- � a -:,; � 1v0) kaersutite phonolite ( ?" 1v 7'- 1' �00 

E�B) O)if.%vi, 1.18±0.03 m.y. c � :h --c :l=o 9 (FoRBEs et al., 1974), *. Gti,t-:.k!llBvt 

,YtJ: < c t  118 7Jif.U rinc.lJllli Lt-:. t 0) "c'� G. .:tO) viiJ'-, ffii�UX!liBO)�fln��O)iU5i:iJ'­

G, :lm3*��0) Bf�Jtf:1'15·� Gt'1!11Jtf:10)1Jll±\!ffo"t5·� G.:. c iJ!� G iJ'-VC. � :h --C \.,' G (McMAHON 

and SPALL, 1974). KYLE c TREVES (1975) vi 118 hif.'"'--116 7Jif.UfiJO)r�,O) llllli G L \.,, 

c L --C "' G iJ\ l};-tJ: < c t  118 7Jif. J: iJ U fiJO)t1!11Jtf:11&Jtf:IO)IJll±\ '15·� G c � *. G:h G. 

2.2. il�Jiit�O)im� 

ffiil1iU'15·:t G:hk.k!liBvi KYLE c TREvEs (1974, 1975) vc. J: GB:fi�l¥Jtd1f�i7,. G, :im� 

7J'- G 381 m O)�f-1::i*�f-Hi 10 ffl 0) lava unit c 5 ffi 0) pyroclastic unit iJ���lj � .:h, --C \.,, G. 

it-=., .:. :h hO)B:fivi 7 1v 7J 1J =k:tftB*1Uvc.mt L, rimiJ,. G J::{mvc. 'triJ,. "'.) --c olivine-augite 

basalt hyaloclastite (=k:tftB� ,,.,, 1 7 i:i J '7 7' � 1 1' ) , olivine-augite basalt ( 7J -:,; '7 -:,;£ • 

tt:ii:filJE=k:tftB), augite-kaersutite basalt ( tt:ii*'E • 'T ;v 7' - 1' � 0013::k:tftB), hawaiite 

(r ,  171 B, *'li."ffe:E=k:tftB) 0)/l�vc.:mt.c "'.) --c "' G . .:t L --c, Jlr{filvc.� G:hG pyroclastic 

zone vi hyaloclastite '15·, .:tO) !ivi�pm,vc.}¥ <, �fjt 166.83 m U�0)*9 214 m vc. t � L --C 

\.-, G. kt.!. L, �/jt 200 m #i'I i '15U ffi�l¥J '15' � G . 

.:. O)f-t:i*�fl'15·!fiff;l&l¥Jt.c.:. c vi, k!liBO)r�i�lvc., ik (permafrost ice) c s@.:JilffiiJ�ff:(E 

i'" G.:. c '15·� G. i'"tJ:bt>, 7J(vik!liBO)!Uh § vc.Ji:l*i tdi v-:,; ;(:!* (]¥\.-, t O)vi 50 cm 

vc. t �i'" G) vc., i t-=.BE O)�fL, �� (Iaf£ 0.5,..._, 1 cm �!Jt) �:fffl.ilb G :M '15', i k pyro­

clastic basalt � hyaloclastite � -t .;( -:,; T -i -:,; f i'" G :M i:·ff:(E L --CI., t-=.. kt.!. L, 360 m U 

� vc.vi 7.Kvi vi c ii.I c' t.c" ,:!*fl� '15' � "'.) t-=.. 

s@.:liiffi�i'"�--C. J::�O)�c�ffL, *im��B1:lC�O)M�i'I<K£Lk.. t.;hGO) 

s@.�!ffovi, � 1 � - F£:im0):im3*f4�Wf�'.�l?:Vc.:l=o\.,,--c, x�m*@t1r�tfrt*"t5· fqJ 5E � fi 

\., ,, wft®:l;'g�!ffo c L --C thenardite (f:ffi:fi, Na2S04), gypsum (Elf, CaS04 • 2H20), l!R 

®:l;'g�!f!OcL--Ccalcite (1fffjf.E, CaC03), dolomite (s�E. CaMg (C03)2) "c'�Gt.c 

�7i&� Lt-:.. it-=., �{filvc. zeolite (�E) iJ�J! lli � :ht-=. iJ\ :=±. t.r. � !ffo vi thenardite c 
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calcite -C''il_J -:de.. -: -: -C'i:l: §-t��-: c v'i, �it 200'""300 m O)Fa5vc.v:t.1.kv:t.1¥tE-t G ;ot, ffi 

IWrllitJwv:t. i '? k < 52, G.nt.th'- '? tc.. 

U�O)��:fj[fflO)f¥tf�. ffi��EO)*��K������'il_J9, b.nb.n�m��-:.:0) 

��z--0h".1J-, rm�. Jttrr. �*40):f*J&z-rr '? tc.. 

�vc.O)�kffiffl�tJwO) X *l:B-tfrvc. .J: G fA'.15E c, 1.k� .J: U thenardite, calcite O):t(5EfA'.}{ft 

1*Jtz-1JlU5E L, ��O) !k.Llll!llli O)ffi�1Ef1t:O)Mse_ z-:Jt� L k. 

7.](�;jSJ-vc.M v·n:t., m�-c,�Wt.r�*4UlvvC.1*!$: L,, m}��-t .:h G 0) 180/160, D/H .It 

z-, iitMffi:to .J: UERMffi�tJwvc.'*1 v·n:t. 34S/32S, 13C/ 12C, 180/160 Jtz-iJ!U5E L k. Ur O)� 

�-C'v:t., *5EfA'.Jw:-f**Ji$:v:t. 'itt*vc.ttti. ,, -z-n.:f .nO)ffl�tJwj{O) fA'.Jw:f*Jth" G 0)-=fJtfi� (%0) 

-tt.rb'0 oD, o13C, 0 180, o34S ��m-t Q. -z-O)�{r, ffl�tJw� c V-C oD, 0 180 v'i SMOW, 

o 13C v'i PDB, o34S v'i Canyon Diablo 0) troilite z-,ffl \i, k. 

4 .1. :JJffl ijlJ �*4 � (7) ,i<� 1k (7) 1ii1 fft f*IJint 

1.kO) 0 180 v:t.:l*J&Ltc.�Jivc.btc.G�*4vc.-01.i,--c1u5EL, -z-O)M*v:t.�2vc.�Ltc.. -z-0) 

oD vc.-01.i,--cv:t., -$0)�;jSJ-O)iJ{U5Ez-fi\i,, � 3 vc. -z-O)M*z-cf>vfk. M*:to .J: UJJ(*O) 

fA'.lw:-f**il.$:v:t., ��h" G 381 m O)�{ffivc.btc. 9 *�<�lb L, -z-.n.:f.n -35.3 '""+ 1.1%0, 

-284'"'- + 6. 1 %0 'a' 'ii_) k ft k. 

Ur, -: .:h G O)f@:z-.ffl 1.,--c, !k.WBO)l!llliffi�z-:Jt�-t Q 0) -C''il_J � ;ot, if-z-O)§fHc.1.](ht 

B� O)l!llli, fiIDM�vcJ& 9 }6 i .ntc. t O)iJ'-°Nil'-htFA5�vc. t.r Q. -l--: -c}.](O) ::i '0�JL (ff o. 5 

'""1 cm ;€filJJO z-:lmoo--C i., G t 0) v:t., fim M� vc.J& 9 }6 i .:h tc. t 0) -C''il_J G -: c vi 1!13 s -C' cf> G 0) 

-C', -l-.nGcli�vc.fi-E-tG1.KO) 0 180 z-.ltttLk. -z-O)*s*v'irO)tQ< "c''il_J 9, filu�v:t.i-:> 

tc. < -� L tc.-: ch'-G, -: .:h G 0)1.kv:t.-t�--c !k.LJJBO)fim*s�vc§*� .ntc. t 0) -C''il_J G c i. ,ft 

�. 

��(m) 
179.60 
111. 75 

262.25 

Ji�0)7j(O) 0 180 (%0) 
-13.4 
-17. 5 
-15.0 

�:fLi:p0)7j(O) 0 180(%0) 
-13.0 

-16.9 
-15.1 
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� 2 DVDP 3 (1973,.....,74) ffil�IJ�*'1-4t0)7.](0)ltt*[A]{ftf*&linx 
Table 2. Oxygen isotope composition of ice from DVDP 3 (1973-74). 
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Depth (m) \a1 so (SMOW, %0) II Depth (m) 18180 (SMOW, %0)\\ Depth (m) \a180 (SMOW, %0) 

11.39 
11.89 
15.65 
18.96 
20.50 
23.84 
52.78 
53.43 
55.78 
63.40 
63.56 
65.40 
70.22 
71.28 
71.92 
72.30 
74.72 
76.09 
76.45 
76.82 

-34.2 79.38 -19.5 196.83 
-33.8 87.96 -18.3 202.31 
-35.3 95.20 -18.4 206.70 
-34.6 99.93 -14.0 212.34 
-32.7 100.58 -16.2 216.67 
-28.5 100.80 -19.3 221.14 
-20.9 108.64 -17.3 227.58 
-20.5 111. 75 -17.5 233.70 
-20.5 111.95 -17.4 237 .16 
-20.4 118. 71 -16.7 243.30 
-20.4 142.64 -16.0 248.89 
-19.0 - 145.48 -15.9 253.61 
-18.2 ·- .. 154.43 -14.6 262.25 
-16.8 162.67 -14.6 279.62 
-16.7 170.53 -14.4 314.90 
-17.3 174.77 -16.0 318.18 
-18.8 178.22 -14.4 330.10 
-18.7 179.60 -13.4 342.47 
-18.7 190.64 -14.3 376.93 
-19.1 

� 3 DVDP 3 ffil�IJ�*'1-4t0)7.!<0)7}(*[Aj{ftf*ffi.nx 
Table 3. 8D values of ice from DVDP 3. 

-15.9 
-20.5 
-22.5 
-23.4 
-24.9 
-20.3 
-18.3 
-18.1 
-18.5 
-20.0 
-18.1 
-14.4 
-15.0 
-15.7 
-2.4 
-2.1 

i +0.2 
+ 1.1 
-9.3 

Depth (m) a1so (SMOW, %0) 8D (SMOW, %0) 

11.39 
63.40 

100.58 
145.48 
212.34 
314.90 
342.47 

-34.2 
-20.4 
-16.2 
-15.9 
-23.4 
-2.4 
+1.1 

-284 
-165 
-150 
-109 
-178 
-17 .1 
+6.1 

.:z:..::
--
e, ffil�U�flvc"'.)\.,,"(0)����61JQ.::cvc·tQ. 'if, 0 180 fji0)���1t��Q 

c � 1 0) J:: ? vc t.s:. I), -�"t" Q c �JI J:: iJ �fffivc 'fJ11" '? "C :ii* L "C � < .:: c tJtntJ" Q. :l:W 
vc:l:!g�;ift< O){w[�.7,,..Q c, *920m U�-e�t 0 1 80U -33"'-35%0 -c:·.:::.O)ffiJ�U�;fSl-q:i-c·;l:cb 
,j,., � \., ,fw[-c:·, LtJ" i v'lJi-�O){w[�ffi L "C \.,, Q. .:: ;h,t;i O){w[�i.:: O):l:!g�, "t"t.s:.b '0 � !J � -
F, F 71 /� V-Jlg�O)��. 7j(filJ, :l:!g�tfk7j(O){wi (� 4 �Jffl) c-�L "C \.,, Q (NAKAI et 
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E 

a''o (SMOW,'/oe) 

-·,} r5 ,..........,-.,.....,-,-3 o�-...,-r-r-,---.-,2 or-r-r-r-r.--,--,-,--r-- 1-.--0 ,....,.........���o � 
.. � 

100 
. . . . 

� 200 

. : . 
. 

- . -- J_L___ -- � 
a. .. 
0 

300 

400 

. . 

. . 

.---- ..-

�· 

� 1 DVDP 3 ffl�IJ�1Sj-J:j:t<1)7j(<l) 51so i®W[�{r, 

Fig. 1. Vertical distribution of 0 180 values for permafrost front DVDP 3. 

a/., 1975). 'if_:, -JiREf�JVC DANSGAARD (1964) iJ�ffi l, f-:'.tf.f��ml_ c�ffi���C'.) 0 180 C'.) 

�f*iJ:\ G .7,,_ 't t' J:.C9{rnHi §.f3 G iJ•vC. t. C9J1!t:0C9:f;(g�7J( -C''5 Q. t. :h C x,JP,�1¥JtJ.: C9vi:i&�Wfi' 

i5: (330......,350 m) C'.)7j(-C', t.C9ffii�U::z7-i=f:t-C':i&zb7(�tJ.: 0 180 @:-C''5G +o. 2 ........ +t. l%0 

�ffi L tc.. t. C9{lHi §.f3 G iJ•vc.¥faj()ce9 t C9-C''5 G t. c �ffi V-C 1,,,' G. 'it.::., t. e9-z !7 -z - F 

mi�C9¥fa7J(C9 0 180 {rni (� 4) c J: < -fx L --c 1,,,, �. UJ:.C9 t. c iJ• G, ffii�U�fli:pe97J(�i 20 m 

Ll13'C9jtg��* c, �#l)C9mi7J(C9=v:>C9;fiitz/Mtd���� t v:> t. c iJ�biJ• .,-:d.::.. t. C9 t. c �i, 

oD @:iJ• Gt 'i ":> k < F&Jf*C9*"5Wiii1�x. G:h G. 

tf(vc., � 1 vcffiLt..:7J(C9 0 180 @:C9:filWf�ft�� Gvc.Wf:L < �E�'t.7,,_G c, �Pit 200m vc. 

* � t.t 7G :ilm iJ � Jl G :h G . --:t t.t b '0, �Pit 200 m � � vc. L --c , 20 m C9 t¥: -C' F&J uz: 1* *ii.nit iJ: 

10%0 t ¥U.t ":> --c 1,,,, G. 'it..:.., t. C97G:ilm C9J:.$vc.25 t..: G �Pit 200 ........ 100 m C9 rl31�i Vil c A.- c· -

;EC9fW:�c v:,'c\.,'Q. 

t1-J:.C9t. ca>�itL't, :kLL!�llie9;ffi�C9:f§�i7·G, ffii�U;s� 1) :i&i*W ......,zoom, 2) 

200 ........ 100 m, 3) 100 m ........ jjg�C9 3 v:>C9 7-. 'T-y'vc.5tvt Q t. c nt-c,� G. 7J(C9 F&J&-f*mnltiJ• 

Gm��:hG%7''J"-y'C'.);kLL!mD�tf(C9�<��G. 

1) -! f:i&Wvtw:r��:k--c'�i c. -t �, -t:C9�C9��vc. J: � i:i 7-.¥fae97J(;ffi/jn�mm L, ¥fa7JciJ� 
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�4 ���-������. ���1ljw*����&�m� 
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 -34.7 30m 
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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r�7JOCJ: 9-;ffi-:fR�.:htd]l�vc�fil,, to-'t-G < 7.](ffi)Jvc�--:::>iJ�-0t-:c�x.G.:h�. �7JOCJ: G 

-;ffi-�(J_) ltirz- 0 180 {l!iJ� G !tle:-t G c, �It 200 m '"c'WJJ( c �7.J((!_)ti{r .lt�i 3: 7 "t;';6 G. 
;:. (!_)tw;Jt•/t (J_)-;ffi-z.i1G .A,.(J_)�fivc--:::> i.i, --c �t. �It 200"'300 m (!_) rl3i vctw;JWr lli¥4iJ�dj. G.:h tJ: 

\,,;:.cc ib J: < ir3$ci"°G. � Gvc, iVJj&(!_) J: :> vc, hyaloclastite (!_)Ji�i:iEuivc�i 166.83m 
Um!-C:'26 G ii�. m!lt 200 m � < i -C:'�iffi�Et9-C', tr LJ:, 200 m U�-C:' hyaloclastite Jive 
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lit> 

II 2 DVDP 3 ffl�1J�flr:p�1.k� 8D c 8180 ��f* 

Fig. 2. Relationship between 0D and 0180 values of permafrost from DVDP 3. 
The meteoric trend line is shown for comparison. 



284 

ft:.G c�x.G.:hG ;:_ ca>0VJ"JJO-*. '"C:t-o<, 

2) ?1zc7)f!ll±\il�, W:1ttrik1tc7)m-frlt 3: 2 (7_)��:tfil:B-1l/Jtc7)r§lj�\fflm"c'vtt-'i 9, vfc 

� c' � IE c7) ffl m "(-� tE c7) �!Jt 100 m 'i "c'i�h \ t.::.. 

3) 100 m t1Ji"c'vijfg�c7):fttla>5.$ < �VJ" G fflm""'-c f$fi L '"C � \ ":) f.::.. 

U J:: c7) ;:. c iJ � 1k c7) o 180 c7) f@ iJ, G � iJ, .n t.::. iJ �, � 0 m � ft:. ;:. c vi ;:. .:h G c7) 1k c7) l'qJ {:stf:$jJlfflt 

il\ ;}(LL!£ c c7) j'qj{:st(2's:��vc J: si �1t L '"C �\ft:.� \ iJ, c' 5 iJ, a>Titil•2lb '"C :t-o < �,�iJ�� G. -t.:h 

a>�lt-tGk2lovC� 2 c7) J:? vc., 7Kc7) 0 180 C oD c7)1*j'f*a>L G"'f.::.. -tc7)M:!JHi�c7) J: 

5 vc.CRA1G (1961) (7_)�\ 5 :1:1g�1J(c7)*lvc.Jlf <, trL ;s;:. c7)j(g�c7)jfg�J.K (rikl.K) cW:1.1((7),�a> 

M� t-:i!IJ::vc. -t"'t c7) ,�il� 7
° 

µ 'Y r � .n. j'ql{ft-f*��Bz)tvc. J: G ��l'qJ&f*iJIJ»tc7)�1tvt. ft:. 

iJ, ":) f.::.. ;:. c7) J: ? vc., J:: c7) M�vc.�W c7) ft:.�\;:. C iJ�biJ• ":) fc_ iJ\ iX vc.tfil�Vr 1±\� c7) j'ql{ft "**Jl 

4 .2 ffii i/flJ �*4i:f:iO)@!�0)1ii11ft 1*iflfl nt 

W,t:�:tfil:t-o J: U �ffit:tfil��iJ�jfg�Jlf < iJ, G:l&�$vc.bt.::. 91k c ::tH¥-t Q il\ jfg�Jlf < :t-o J: U 

200'""'300 m c7)raivevivf c � c'�l±\-1:ttt:.il• ":) f.::.;:. c vi.lWvc.�.r..::t.::.. c .n G��c7) o34S, o 13C, 

� 5 DVDP 3 :Jnti�IJ�;jSJ.i:pO)wft®:J;t[��O)W,t�io .t �®*lmf:itf*il.nx: 
Table 5. Sulfur and oxygen isotope compositions of sulfate minerals in DVDP 3. 

Depth (m) 

18.96 
20.16 

103.93 
110. 74 
111.35 
116.52 
117.61 
127.90 
130.02 
147.8 3 
150.0:2 
181.96 

317.48 
327.98 
335.76 
361.32 
370.60 

834S (%0) 

+10.0 
+9.4 

+0.7 
-0. 3 
-0.6 
+0.9 
+0.7 
-0.7 
+1.0 
-1.6 
-0.7 
+1.3 

+18.0 
+19.3 
+18.1 
+18.7 
+19. l 

a1so (SMOW, %0) 

-5.1 
-6.3 
-6.0 
-7.4 
-6.6 
-6.5 
-5.4 

- 6.2 
- 5.3 

+10.6 
+10.8 

+9.8 
+9.8 
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i P80 a-u!U5E Lt.::.. 

� f, thenardite O)lm�:to J: U®*O) FB'.J&f:$:iHnlt�i� 5 0) J: ? re.. ts:.. I? ,  �flvc.. J: I'.) o34S 

�i - 1 .6�+ 19.3%0, 0 180 �i -7.4�+ 10.3%0 t. * �  < �ib L. --c 1.., , G ,  L il� L , 4. 1 . -C:.'O) A..f.::. 

��,'31JO)l!llli!R:5t ?-. 7 - �  1) �3) vc.. L.t.::.il; '? --c  :B-� 1..,. --c ,;;.. Q  t. ,  o 34S, 0 180 {ii�vc.. �i '? 

� IJ L tdt! ii;,;;.. t. 2ib G ;h, G . 1 )  0) :I:�$ � 200 m � -r:.· 0) ?-. -r - � -r:.-�t Ti� 0) FB'.J {ft {:$: m nit 

�i + 18� + 19%0, ®*�i + 10�+ 1 1%0 -r:.·, � G il�vc..#,J7-l(�� -r:.·tf> G C:: t. a- 4W� '? --C  1.., , G  

(LoNGINELLI and CRAIG, 1967 ; RAFTER and MIZUTANI, 1967) . 2) 100�200 m O)��-r:.­

�i , lm�O) j'Bjfft{:$:mn\t�i�pm'vC..�5£ L--C :to I? 0 . 0± 1 .  5%o, ®* ch FB'.J�-r:.- - 6. 3 ± 1 .  2%o -C:.'tf> 

G. C: ;rt, l? O){w[il� G .  C:: O)}i O)li®t'UJA4W�i --z f --z q:r O)�fXli1t4W (SCHNEIDER, 1970) ii;, 

®1tl3'9 ts:..fflm-r:.·wtt1t��vc.. J: 1J � ct.::. ch 0) -C:.·tf> Q .::: t. a-!lmfu§ '? --c " ,  Q .  .::: O)�Jt 1tm il;siil� 

--:> t.::. t. �{j! � tL G .::: t. t. ,  ®1tl3'9ts:..fflm-r:.·tf> --:> t.::. c:  t. �t • .::: O)Ji O)ffl�1JxWEil;� B.&EJ'9 vc..tm 

�-r:.- � G vi c'�7j({"f Jfl 0)%.lijia-� L --C  1.., , G (KYLE and TREVES, 1974) .::: t. t. ,  � G ii� vc.. 

Fe203 iltfftE L. --C: 1.., , t.::. c:: t. il� G  ch �#vt" G tL G .  3) O)ttg�;ilf < -r:.·�i , m�il;jlts:.. < � s -r:.-�i 

fs:., \., , il�, 1) ;to J: ry 2) t. �i�tJ: --:> --C \., , Q ,  

C: O) J: :> vC..�?-. -r - � -C:.·O)��ilt�2ib G;h,t.::.il\ �vC.. ?-. 7· - �  1 )  t. 2) -r:.-�i � Hc.. L. 2ib  

+20 

LIO +1 0 

. ·  ', 

· . ,. -: 
0 ... 

'.!'\II_ .·"·-, 100 "' �2oom depth 

- 5  0 

Mirabilite on the ground 

/ 
surface 

/ \ ,..lo, so4 of sea water • l.l� --. from McMurdo S. 
. 

', . 

+5 +10 
� 180 ( S MOW,'/,.) 

· - �  
300m depth "'-' 

I@ 3 DVDP 3 iifil�IJ�;jSJ-i:p CT)iit�tiUILllefo (thenardite) CT)iit� c �* CT) Fiufftf*ffln\tCT)�f* 
Fig. 3 .  Sulfur and oxygen isotopic compositions of Na2

S0
4 

(thenardite) from DVDP 
3, of S04= in sea water and of mirabilite from Cape Barne, Ross Island. 

L. t.::. J: ? vc..* �  ts:..�ilttf> I? , ?-. -r - � 1 )  �iW7t t. 00:il�il� '? t.::. c: t. il�bil� G .  

tXvc..hR®m�!lm-C:.·tf> G calcite vc..-0 1.., ,--c � G  t. ,  c:: ;h, G O) FB'.J{ft{:$:*£1.nltil� G��a-�f G .::: 

t. �t -r:.-� ts:., 1.., , il�, � 6 vc.. ,;;.. G;h,G l :> VC..,  ?-. 7 - �  1 )  t. 2) -r:.·�t � G il�vc.. o 1 3C O){w[a-� 
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� 6  DVDP 3 ffi!�IJ�;pj-q:rcD calcite cDilR*to J: rfffiSg*lq]fftf**Jinlt 
Table 6. Oxygen and carbon isotope compositions of calcite from DVDP 3. 

Depth (m) a1so (SMOW, %0) a1ac (PDB, %0) 

18 .96 + 9.5 +5 . 8  
51 . 20 +17 .8 - 4 . 3  

145.48 +16 .7 +5 .6 
147.83 + 18 .0 +6 .1 
148 .82 +14 .9  +4.4  
150. 02 +15.6 +4.2  

317.48 +14.5  - 3 .4 
325 .75 +9 . 2  - 5 . 5 
327. 98 +16.4  -2.4  
335.76 +15.9 -2.1 
342 . 17 +16 . 8  - 1 . 8  

K. L '"( t, ,G. 

tx1:-e, ffi!�U�fli=J:r O)�ffi:tfr l±\4m0) FBJ&f**ll.nltvc 0 1,., ,  --c 0) �kiJ�, 4. 1 .  -(·O) �td.1(0) fql{ft 

f*&nlth• G ;l Ghk�llifi:sibO)�JI c i "'.) tc. < FBJ C*51;ilf,[( *- f-:0) "c'ir> G. t-: tc. , itM��4m 

O)�WM*h· Gvi. , 2) 200---..,100 m JiiJ!Mf�B"J�7_KfpJ§ ,[(5j < �vtk c 1,., ,  :i � L  1,., <ff�iJ�di­

� V' @"  l±\ � hk c t, , x_G. 

4.3. lii11�1*�tl3JZffi�j_JlO)tftt 

itM��4mt-o J: Lf ERM��4m c 7.K O)ia90)M*FBJ{ft{:$: 0)5trJich· G, .f:-h GiJ!FBJ&f*3'.<:�3¥1ffi 

vcZr> -::> t-:c1bUE L 't ,  3¥1ffiilfil.oc,[(#¥.1f. L --cdi-k. t. O)�ir, 7J( O) 0 1 80 @J:t., l�4mc:#1f-t 

G7j(O){@:,{(ffl l, ,k,  itM��A4m-7.l(ffi O)illl\.OC7' J;- -;Hi. , MIZUTANI c RAFTER (1 969) vc J: 

Gt 0) ,[(, ERM� (calcite)-7.KffivC'*I L 't vi. O'NmL c CLAYTON (1 964) vc. J: G t 0) ,[( 

J'fh ,k . .f:-0)#¥.Jfilll\.ocv:t.� 7 vcffi Lk.  

�iJ·Gdi-GhG J: :i vc ,  1cvcO)�f-=�l±\ 0) 7-. -r-s) 1) ,  2) , 3 )  vc.01,., ,--c, .f:-h-Fh�t.c 

Gilll\.J.liJ�-lli � ht-:. itM��4mvc J: G illl\.1.lvi. 1 )  O)JTl � $ -(· 140"' 160°C, 2) 0) 200"' 

100 rn Ji -(· 160---..,2 10°C O){@:iJ!x_ Ghk. t. O)illl\.J.lvi. , 'ts L 0ft{gilll\.J.l ,[(ffi-t t 0) "c'ir> G iJ;, 

7' -r- :.,;  2) a 1) J: 1J *1iilll\.J.l,[( Zr>k x. --c 1,., ,G. t.O) t.cvi. 7' -'r-:.,; 1) ;oqrJ��l±\ "'(·, 2) 

vi.�7.K{"PJ§ 0)5m1,., ,a�4m"c'Zr> "'.) k ;:  c ,[(�* L --c 1,., ,  G. � G vcyHf� � 4m vc J:: G i1lll. J.t vi. , 

dolomite ,[(13"'tJ�fl,[(�\., ,'"( ,  im$ J:: IJ affflvCfr.i]7J• -::> 't, 120°C iJ,G��vc�T L --C �< 

ffifr.i.JiJ�ir>G. 7-. -'r-:.; 1 )  O)ji "'(·v:t. 110---..,120° c, 2) "cU �,i�vcilli!.OCiJ�� iJ� iJ 9...__,14°c ,[( 
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� 7  DVDP 3 ffii�tJ�fHc�vt� Na2SOcH20, CaC03-H20 *O) 

�*[PJ{ft{:$:f�mlft 
Table 7. Isotopic temperature calculated from oxygen isotopic fractionations 

of Na2S04-H20 and CaC03-H20 pairs in DVDP 3. 

Depth Na2S04-H20 CaCOa-H20 
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(m) .::1so,.
=-H20 (%0) I lsot. temp. (° C) JCal.-H20 (%0) \ Isot. temp. (0C) 

1 8 . 96 45 .0 - 30 Cal. 
5 1 . 20 40 . 7  -21 Cal. 

103 .93 1 1 . 1  160 Th. 
1 10 .  74 9 .9 180 Th. 
1 1 1 . 35 10 . 2  175 Th. 
1 16 . 52 8 . 2  21 1 Th. 
1 17 .6 1  9 . 0 195 Th. 
127 . 90 8 . 6  205 Th. 
130 .02 9 . 7  185 Th. 
145 .48 32 . 2  9 Cal. 
147 . 83 33 . 5  6 Cal. 
148 . 82 30 .4  17  Cal. 
1 50 . 02 8 . 9  200 Th. 31 . 1  14 Cal. 
18 1 . 96 9 . 8  185 Th. 
3 17 . 48 12 .6  140 Th. 16 . 5  1 10 Cal. 
325 . 75 10 . 2  200 Dol. +Cal. 
327 . 98 1 1 . 2 160 Th. 1 5 . 9  120 Cal. 
342 . 17 1 5 . 8  1 20 Cal. 

Th. :  Thenardite, Cal . :  Calcite, Dol . :  Dolomite 

ffi 1..,, t't \, ,  1fvc. 1PJil� '0 --c ��� l'" L --c \, ,  Q. 3) vc.-0 1t ,  --c �:t� mvc.11£ \, ,Ull_fi'.� a; t-=. x., :im� 

�� O)=?JZE1'9 t.df:6A �� k. 2'.,, Q � k. f.i:: \, ' .  � .:h, G O)Ul\_,ri'.�:t CaCOa il�:tfr ill L, f-:�O)Ul\_[i'.�ffi 

L, 't \,, Q c � k. G.n Q .  \t ,f.:h,vc. L, 't <b ,  :h r  - ::, 1) c 2) O)jai-e>E,�tdtm�{tO) a; '?  

ts: � c �:t � Gil� -c:-a.; Q. 

5 . "i 

t-JJ:O) J: ? vc. , ffi�U�;fSl-i:f:tvc. � i .ti Q :11< , ti[ffl:tfrlli�O)*�jqjfftf:*f!l.nl<:iJ� G x !l!EPJUI::! 0) 

ffimO)�{t ��� L t-:.il�, i c 6b't � Q c ?JZO) J: '.5 vc. f.i:: Q. 

1 )  � 0) J:l ;A �%nx:vc.001* 1.., ts:ffllm*c Ctl!l!;ltl=]O)�;ltl=l) 0) ,  mtt 1 1J *9 120 7.f�t
t
riJO) x!l! 

nslb�:t , •WO)WJ1'£11jtlli-c:·t:5 '0 ts: . ::CO)�, P ;A :1J<fflJJO)m.Mvc. J: IJ jil®EEflvc.�1til�i'.li� L ,  

{!£ti[n\.tlfi'.O)ffim""-O)lljtllivc.�fr l,, mttO)i*,ri'. 200 m i -C:'im\, , f-:. 
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2) � O)�, ?x O) J1l l:f:l ;otf-t:7l(® tJ:fflm··e�t r, i 1J ,  c. c. --c:-�trtt11::®�7.KJm�Ki£� L ,  mtE 

O)i*§t 100 m i "t:J:t®(EfJ:7f� O)fflm�� "? k. 

3) 100 m .t.J�--c:-�i , 00 GiJ� vc.:ttg�t!efof( O)�-��vt � fflmvc. tJ: iJ ,  1� � vc.*it!�7.Kffltl, 

��b����ffiW t �ffi� i � l , �ffltlK� --?k .  
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