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Volcanic Events of Ross Island, Antarctica, Based on the
Stable Isotope Studies of Drilled Volcanic Rocks

Nobuyuki NAKAI*, Yoshihiko Mizuranr* 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, §D, §**C, §*S and 8'®0 were measured using the above-
mentioned samples.

The §'%0 of ice samples increases substantially with increasing depth,
ranging from —35.3% near the ground surface to +1.1%. at the bottom
of the drill hole. §*8, §*O and §'°C 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 0 to 100 m downhole were erupted in environment
quite different from volcanic rocks beneath, suggesting subaerial flow or
eruptions.

&: 19734 DVDP3 ic X 5 KILEDEEIN, »AED<7 <— FEMTTDL
h, FOEEIEER 8Im E L. ZoMEITEOhCKIIERT AN ) HRE
HC, W 2ono lava flow & pyroclastic breccia TH- 7.
hbo a7 —dieik (permafrostice) & HaiE¥E (Eiz thenardite & calcite)
NEEL, ThboRERNMMAEL, T7thb 8D, 813C, 8180, 84S #REL, BE
DKINEB OER 2 HEEE L.

* ZHBRSEEE TR #E. Department of Earth Sciences, Faculty of Science, Nagoya
University, Furo-cho, Chikusa-ku, Nagoya 464.
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FORER, KILTERENL 3 B obh 5.

1) EEE 200~381m: ¥EE K X 5BHETH- I,

2) {EfE 100~200 m: brackish # 723 subglacial DBEsTOMH T, Rt
REKBTHBEOBMKIERAEZZIHENDH 5.

3) BEEEO0~100m: 1), 2) tizF -7 B HBEE O, subaerial con-
dition &2 bhi. FHMEDEOHE LY KX ZHLEBENH5.

L% z 2 Z

19714ELI3K, B ek =2 —2v—35 v F=H3tE D DVDP (Dry Valley Drilling Project)
X AAIGTEINL L bhie, ZO—D2L LT 1973~1974 £ v — X viz, v AEEHD
KILBED v AR <7 <— FEMHT DVDP3 2kIIEHEE O-dfTbhl. v ABRIZ= L
Az (3,794m), 55— (3,262m), -~— Nl (1,766 m) LD kUM HDH, =LA
INEBAELEEY S TS, BEo— AR, ZoWMYRMLEMCELZE, T 5Hec
BDEER, ThbAKORERMGILOBIED HBED KILFEE OB 2 #H2ET5HZ LT
&7,

C® DVDP3 XE|FERE 381m icdEL, MEICKITHHEE TOZ OBDHHEI DR
REEEoz. BT, oAt bhi-BERHNE S ORERMA LIEL X 5/ R%Y
WET5.

2. FEHIFR OBEE
DVDP3 i3 1 IR Lk 3 v ABD < 7 = — FIEHIZ B 5 HIRBIFENREDOIT L TFF
bhic. v ABEGEFHDEO KIEEC L BRI hctEbh TE D, &L LT
basanite (~A1 454 ), trachybasalt CHAIZRE) D745 )V ERDO KIIETHEE IR
T\~ % (GoLpicH ef al., 1975). 4@E% bhic DVDP3 OHEIRR S, 740 ) ZREBED

%1 DVDP 3 #R¥|zcsE
Table 1. Site data for DVDP 3 hole.

Drilling period 21 September to 19 Octover 1973
Position 77°50759.59/7S, 166°40/28.68''E
Elevation of drilling site 47.63 m

Total penetration 38l.1m

Total section cored 341.16 m

Temperature T lo95c " Eopth ot 10 m
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2.1. EHeEH

DVDP 3 Tx bhic KIIEOEHREIcOWTE, ¥ REERRERDOUERT b hT
WA, HRHBLRAZ OMEERD K/Ar EFRABIhTWS. Thicks s, BFH
HREIERI D B Bic D + 7 X— 2 v e kaersutite phonolite (7 /v 2 — | 409
AEE) OFE4Y, 1.18+003my. L Xh Tk Y (Forses et al., 1974), z Lhiz KILEIL
B &b I8 FELFICEH Licdb DTHS. £DI1h, HHIKILEDOREWK ORE D
b, HWIRWBO KRG THAMIAOEEH THS Z EABELACIR TS (McMason
and SpaLL, 1974). KyLe & Treves (1975) 1% 118 H4E~116 HAELRTOMR D BH H L
ELTWBA, Dled &b U8 HEX Y UFIORIIR O TH D LE 2 bR 5.

2.2, WHIEEOEIK

WHITZ DRl KIAEIX KyLe & Treves (1974, 1975) i@ X 5 5 AFHRFR» b, 3
236 381 m DL RABHE 10 B lava unit & 5{H D pyroclastic unit 23E%F X T\ 5.
¥, ThODFARIXT AN IVXRAERINCEL, THH15 L teh3- T olivine-augite
basalt hyaloclastite (ZREBE 1 7w» 27 5 AXA ), olivine-augite basalt (» v 5 V5 «
EBEEAXRE), augite-kaersutite basalt (L7 L A — FARAXRE), hawaiite
(7 AkE, PEEAXRE) DOIRCER-TW5., ZLT, K FfKAbh3 pyroclastic
zone (¥ hyaloclastite T, ZDBIXIEFHITIEL, FE 16683 m LIEDH 214dmic HEL T
Wb, TeiRL, BE 200m 5T ¥ TEEBRHTHS.

Z ORERER CRE I L1, KILEDMBIC, Kk (permafrost ice) & (g H VT
THZLTHB. Thbb, KRKWEDEHNBCER I v XK (Bvd Did 50 cm
CHET D)L, IEAOX, R (ER0.5~1cm BE) %D T, Tl pyro-
clastic basalt % hyaloclastite %t 2 v 5 4 v 7T AHTHEEL T, LKL, 360m L)
BCIIKITIEEA ERRVREETH - .

BERERIITNT, ERLoXE#FL, KT ERLKOBERECKELL., Zhbo
HEZY, <7 ~— VEMOMRBFERRZ ST, XEHREFHHTET R E & 17
VW, BRERIESY & LT thenardite (ER4A, Na:SO.), gypsum (A7, CaSOs«2H:0), %
FRIEYL Y & L C calcite (Ff&f, CaCOs), dolomite (F9ZEH, CaMg (COs)2) ThHZ &
TR L. ¥, —#iC zeolite (HA) 2R H X hicd, F 7k g4 1% thenardite &
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calcite ThHote. T T THEHTREZ LI, HE 200~300 m ORJICIZKIZFET S, &
BTHM Z > 7c Rbhian o7k,

PLEDXCIEFOFAL, Wihis E0EE BT 5HATh Y, bhbhuiBihTtz o
Rz oni, BE, o, RE0RIET -7k,

3. MRENG L RERAM AL ORFE

EeoXicEREH O X Boiic X BREE, KB LU thenardite, calcite DZRERALL
EHEREL, BEOKILEE OREELOBER ZHEZ Lk,

KARHCBIL Tk, Bt TRERRABOACEREL, REERT R & o *0/*0, D/H [
%, DR XORMBIESICEI L Tk S/58, 18C/12C, 80/1%0 A HIE L. UTFoS
A ClL, WERMEBBILFEECKE, ThThOBERE O RE kb 0T 70 RE (%)
3754 B 0D, 0%C, 61°0, 0%S TEET5H. ToOHA, EEHE L L T oD, 6% X SMOW,
013C % PDB, 0**S % Canyon Diablo @ troilite % f\ 7.

4 BWR EEE

4.1. BHIEE Dk kD ELFE R

KD 0180 TR L LBl R OWTRIEL, FOREBIIE2IRRLE. FO
oD oW TL, —HORKDOREEXRIT, FIRK LTOHKEEZD T, BERILIOKED
FIAAMEBUL, #FE2 D 81 m OFEFHILHI VY KRELSEEL, Thih —353 ~+1.1%,
—284~+6.1%0 HHT=z 1.

LIF, ThboofExAwT, KIEOMHRELHET S5O TH DL, T XORNCKI
HAROHE, FEFRCIIAEhADONEPI MBS, T2 TKkD S bR (0.5
~lcm BE) ##BHTWSHH DI, BEFRICHRIAZTRICIOTH S Z LIXHBETHSD
T, ThbEBRCETHKD 60 ZHE L, TORBRITOML THY, WHELE -
Fod —=FLicZ &b, ThbOKIITRTCKIHDERECBEINELDOTHS L2
5.

B (m) BROKD 5190 (k)  SIHHEOKD 60 (%)
179. 60 —13.4 —13.0
111.75 —-17.5 —16.9

262.25 —15.0 —-15.1
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%2 DVDP 3 (1973~74) BRI D KDOELFR R4
Table 2. Oxygen isotope composition of ice from DVDP 3 (1973-74).

Depth (m) [51°0 (SMOW, %-)| Depth (m) [51°0 (SMOW, %) Depth (m) [0 (SMOW, %)
11.39 —-34.2 79.38 -19.5 196.83 -15.9
11.89 -33.8 87.96 —18.3 202.31 -20.5
15.65 -35.3 95.20 ~18.4 206.70 -22.5
18.96 —-34.6 99.93 ~14.0 212.34 -23.4
20.50 —-32.7 100.58 -16.2 216.67 —24.9
23.84 —28.5 100.80 -19.3 221.14 ~20.3
52.78 —-20.9 108.64 -17.3 227.58 -18.3
53.43 —-20.5 111.75 -17.5 233.70 —18.1
55.78 -20.5 111.95 —-17.4 237.16 —18.5
63.40 -20.4 118.71 -16.7 243.30 —20.0
63.56 —20.4 142.64 -16.0 248.89 -18.1
65.40 -19.0 . 145.48 ~15.9 253.61 —14.4
70.22 -18.2 - -154.43 —14.6 262.25 -15.0
71.28 -16.8 162.67 —14.6 279.62 ~15.7
71.92 ~16.7 170.53 —14.4 314.90 2.4
72.30 -17.3 174.77 -16.0 318.18 -2.1
74.72 -18.8 178.22 —14.4 330.10 +0.2
76.09 -18.7 179.60 ~13.4 342.47 +1.1
76.45 ~18.7 190.64 ~14.3 376.93 -9.3
76.82 -19.1

%3 DVDP 3 #EHIRH DK DKFE R EHERK
Table 3. 8D values of ice from DVDP 3.

Depth (m) 550 (SMOW, %) | 8D (SMOW, %)
11.39 —34.2 —284
63.40 —20.4 —165
100.58 —16.2 —150
145.48 ~15.9 ~109
212.34 _23.4 —178
314.90 —2.4 ~17.1
342.47 +1.1 +6.1

ZZ T, WERRCOVWCOEREREDH LTS, T, %0 fEOEEELE RS
EH1D X Ry, BETHEEBIVERCLhr > THRL TR Z Elbhb., &1
CHFE { DR %D &, #920m BETix 6%0 1% —33~—35% Tz DmEIRFFTRD
INEWMET, LbIBIE—EDHEEZRL TS, ThbDOEXZOMIE, Tihbb~r<-—
F, P4 Vv—oRSs, K, thERKOME (F4BR) L—HKLTWw5 (Nakal ef
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5"%0 (SMOW, %e)
-10 0

Depth(m)

400 [~

E 1 DVDP 3 #EHERHDkD %0 HEZEL
Fig. 1. Vertical distribution of §'0 values for permafrost from DVDP 3.

al., 1975). ¥7:, —f&fic Danscaarp (1964) 2VR L 7cfE PSR L EMRPHES © 610 ©
BRI HATH, EOERHLNC I OMFOMEKRTHS. i LNRI DI RERM
T (330~350m) DOXT, ZOWEI2T —FTiRHAEIR 0%0 fHTHS +0.2~+1. 1%
R, COBRELNITEKLEDOSDTHDZ EEXRLTWAS, i, ZO<7~—F
Wik DY D 680 fH(F4) L L —HKLTWB. Loz &and, HEARERHDOKIZ 20m
LR oMFRK &, RMOWEROZOO@MFRERY b2 Lpvbrofc. T 0z LiX,
0D D b ¥ slc ARORmNR L bh b,

iz, B1RmLIKkD %0 EDEEELY S DIRFFL kD TAH B &, HE 200m i
KERDHELENARONS, Tiebb, HE 200m FEC LT, 20m O CTRMMAEER 2
10%0% ln o T 5. Fio, T ORHER D BT HIcHEE 200~100m DOJiZiz & A &—
EOME% & 5T 5,

DEDZ EE2RELT, KIEHOREOHELS, HEIELZ 1) &EHL ~200m, 2)
200~100m, 3) 100m ~#ED 3 DD R F — CRHT BT EMNTES, KORMEHB
DRI NDHEAT — D KINEENI KDL TH 5.

) FFRMIBEBATICED, TOBROMIRIC LD » 2BOKMBBERL, KR
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%4 =r7=— FHIHORS, KWk X UHEKOEBERRMMFHR
Table 4. Oxygen isotope compositions of snow, glacial ice and
sea water from the McMurdo area.

Location ‘ 8180 (%) Location 580 (%o)

Snow Sea water

McMurdo Station —-32.4 DVDP 15 drilling site

Lower Victoria Glacier —34.7 30m +0.8

DVDP 15 drilling site —30.4 60 m +1.3

Mistake Peak -37.5 90 m +1.1
Glacier 120 m : +0.9

Lower Victoria Glacier - —=30.3 Fishing hut

Lower Wright Glacier -32.9 10m +0.4

490 m +0.6

BRKC XV HFRINTCRECBITL, BELNEEoholcdELbhD, BKLX S
FROEEE 00 ENLHETS L, FE 200m THKERKOBALIZ3:T Th5B.

Z DN EE OFHEAL~DOBITICOWTIL, B 200~300 m ORICHEEN M0 bhis
W ke ILKEBHETAH. bk, AIRO X 5K, hyaloclastite DB EFICIL 166.83 m
DgTh 20, HE200m < FTXHEBAIT, LA 200m LIET hyaloclastite Biz

7
& 180(SMOW, %.) 4
-40 -30 -20 -10 Ao
f T T T T T T L ” 0
Y L ]
7/
/
/
7/
S 4
R
S 7
O ’ Jd. —_
«° s’ e
o 28
lp"z - 7 ’ g
) v
“o“eoﬁ’ s e 4 z
i e 1 2
/l | vwo
, ]
7 +~200
/
7
s ° N
/
7 o
7/ e
7
’ -{-300

2 DVDP3 {4 ktroko 8D & 880 »BIfR
Fig. 2. Relationship between §D and §'80 values of permafrost from DVDP 3.
The meteoric trend line is shown for comparison.



284 RHEZ - KERE - EOFHH CramE R

B EEZLNBZ EEOT ML THEL.

2) ROWHR, WAKEPKORBEL 3:2 O0PEAEEOEVCEETILED, 3&
AE—EDORETEREDEE 100m ¥ T\ 7.

3) 100m DI TRHROFLELRZTIRENEBITL TV o1,

LlEDZ ko 60 OffinsbEashiany, —OFEEZ SiXZh b OO R HH#
2, KIS E DRAERBIZ X DB L TWabLnE 5w iEIrD TELEND S, Th
PHETHIDRK2DO L5, kD 60 & 0D OBIREL BN, ZFOHKRIINO X
5 1Cratg (1961) D5 HIFRKDOFITHE L, LA OMIEOMEK (RK) LEBKDO LAY
BARBEC T NCTOENT 7y PSR, RMLEZBRRIG X % BRERMARROEIL I
ols, TOXHE, EORKRCERDLWT b letd, RICERNT Y O AR
b EHIFELWRE% L.

4.2 EHIEEDRO DD RAEHER
AR B X O IRERE S D3R < 2 B RIER T Hhic Wk L3 FET 528, HEALS B IV
200~300m DRITIZEA ERBREREN o EIATIRART, T BEHD 0%S, 01°C,

%5 DVDP 3 KR ORMBESEY OB S X OB R AR

Table 5. Sulfur and oxygen isotope compositions of sulfate minerals in DVDP 3.

Depth (m) 84S (%) 80 (SMOW, %)
18.96 +10.0

20.16 +9.4

103.93 +0.7 -5.1
110.74 -0.3 —6.3
111.35 —-0.6 -6.0
116.52 +0.9 -7.4
117.61 +0.7 —-6.6
127.90 —0.7 —6.5
130.02 +1.0 -5.4
147.83 -1.6

150.02 -0.7 - 6.2
181.96 +1.3 - 5.3
317.48 +18.0 +10.6
327.98 +19.3 +10.8
335.76 +18.1

361.32 +18.7 +9.8
370.60 +19.1 +9.8
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00 ZPE L.

%%, thenardite ORI LOMKRORMMAEMBIZERS DX 5 Cieh, FERC XD 0MS
1 —1.6~4+19.3%0, 080 13 —7.4~+103% ERESEHL TS, L»L, 41 TONLE
BEJNOBEHEY AT =2 1)~3) KLER>THELTARSB L, 048,010 fl3kic 13-
XD LERZLDORS, 1) OREFER ~200m ¥ TOAF — U TIXFHREDR 7 4 4 5K
1T +18~+19%0, BEFEIT +10~+11% T, BOLNRBARIETHD L2 PiE-T 15
(LonGINELLI and Cralg, 1967 ; RArTER and Mizutani, 1967). 2) 100~200m DEE T
3, BREORMAABIXEFC—ELTED 0.0+1. 5%, BHESRAET —6.3+1.2% TH
5. ThbofEnb, ZORBOGHEETMI < 7 ~hO—RkEi{tsy (ScuNeEr, 1970) 23,
B RS CRKAEBEC XV ECI D THHZ L2 Wik - T\ 5. Z ORUKIER 26D
ol BBIRB L L, BILRBEE Th o L1, & OB OMEIKIEPARICE
BTX B EEBEKERAOHBEZRER L TW5 (KYLE and Treves, 1974) =& &, BB I
FeiOs BFAEL TUe &b b BT DRB. ) OMIBEL T, BWEND 7 AT
WA, 1) BIV2) LZRiRoTWD,

CDIIREAT— P TOEENBOORIH, Hiers—v 1) & 2) TRE3IKCLD

Mirabilite on the ground
surtace

_>S0; of sea water
*20 - {J".- e from McMurde S.
o
e
2
300m depth ~.~
£
v
~
&
(%)
10 |
0 Pe ’n ;:
" £
oWy 100 m -~200m depth

-5 0 K3 10
8 180 (SMOW,*ee)

3 DVDP3 iFilAkF OREELi#4Y (thenardite) DRI L BEH O RNLEHEBR DB
Fig. 3. Sulfur and oxygen isotopic compositions of Na,SO, (thenardite) from DVDP
3, of SO,= in sea water and of mirabilite from Cape Barne, Ross Island.

LickOmkERENDD, AT = 1) XK EBEHEEN T Eh3bn 5, ‘
WCIREEEES Y Ch B calcite I DOWTHB E, ThbDORMAEBENOREZRT S
LITTERWA, BEoAEAbhB Lok, 25— 1) &£ 2) TITHLMT 0BC Dfir 2
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%6 DVDP 3 {EIzEo calcite D RE R X OEERAFHAMR

Table 6. Oxygen and carbon isotope compositions of calcite from DVDP 3.

Depth (m) 550 (SMOW, %) §1C (PDB, %)
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 4+9.2 -5.5

327.98 +16.4 | 2.4
335.76 +15.9 —2.1
342.17 +16.8 ~1.8

LT3,

DhET, BRI oE BT O R D W T D XTeas, 4.1, TORIKDRAL
KRB 2 HRICBHIEEOE B L E oo W Uk 2o TH B, K, HREEELY
DOMFHER 1, 2) 200~100 m [BHFBILABOKIFAZB S ZIT L WO FHF L WFE A
HOFHIhCEWLS,

43. FIAZRFEREDHEEE

BREEE S 45 X O IREEIE S & K OO RRM A O FEL B, Zh bosFALAIT R
ot LEELT, FEREXHEL TRk, Z0BE, Ko 6%0 fHIL, @ittt
BKDMEE AT, FEBELY —IKROIREE A 7~ — X, Mizutant & RArTER (1969) 12 X
b D%, KREEHE (calcite) —KFRICBIL TIX ONew & Crayron (1964) 1% dD %
Ruwic, ZoHEFREER T IR LK.

EbLAEABRB L5, FLORKEHOAT -2 1), 2), 3) ©2WT, ThFhBRig
HIRENEH IR, RBESHC I BEET 1) O % T 140~160°C, 2) o 200~
100 m [T 160~210°C DfErix bhte. ZDEER, BLAREERELXRT LD THBA,
AF=22) X 1) IVEREEXHLLTE, 2O LRAT—2 1) RNEEEE T, 2)
ZBUKIFRADBMGIFITH > 7c S L2 BHRL TV, IDIEME L i X % 8 K2,
dolomite % & sk XERVT, BE L DRIMICHAD - T, 120°C 2xB—RckE T LT <
AR DB, AT—v 1) OB TIE 110~120°C, 2) TIZEBCRENIND 9~14°C %
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%7 DVDP 3 #EHIRFHz kT2 Na:SO,-H:0, CaCO3;-H:0 %D
Rk SRR PR IR B
Table 7. Isotopic temperature calculated from oxygen isotopic fractionations
of NaSO,-H:0 and CaCO3;-H:0O pairs in DVDP 3.

Depth Na,SO,-H:0 CaCO;-H:0

(m) 4S04=-H:0 (%0) | Isot. temp. (°C) | 4Cal.-H:O (%0) | Isot. temp. (°C)
18.96 45.0 -30 Cal
51.20 40.7 —-21 Cal
103.93 11.1 160 Th.

110.74 9.9 180 Th.

111.35 10.2 175 Th.

116.52 8.2 211 Th.

117.61 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
150.02 8.9 200 Th. 31.1 14 Cal
181.96 9.8 185 Th.

317.48 12.6 140 Th. 16.5 110 Cal
325.75 10.2 200 Dol.+Cal.
327.98 11.2 160 Th. 15.9 120 Cal.
342.17 15.8 120 Cal

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

TL, BOUHCHAN > TRRETLTWVS, 3) ROWTIHEFCEWVREY Bict, HE
WEDOZKRNILBARE 2 B % 2ic\. ThbORE CaCOs 24T H LAk DR % 7~
LTCWhEEZBNRSD, WTFhiZLTh, A7—2 1) & 2) OMTABTREELDOD -
ez LI TH B,

5. % & »
LlEo X 5w, MEERE P& EhsK, EEFTESDORERMLERB D KILEEL O
REOBLZEH LD, FLDTRLERDI LS.
1) 0w ASHBICBIR L B (FRILHO %I ©, BAE X v#9 120 FHELETO KL
HENL, BYOBEBETH k. T, » AXMOBEMC X » ERACHRKIZEE L,
BEENRECRE~NOEHCBITL, BHAEDHEE 200m ¥ T\ 7-.
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2) o, KOBHEMKKWLRETILE ), 2 CIBLWEKTizREL, BE
DEE 100m ¥ CHEHARZEDORER K -7z,

3) 100m LLRTIL, BLMICMENEOPELZTHRECR Y, FACMRKEE,
TiebblEKPEHT LBMRE O L) RRERE .
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