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

Nobuyuki NAKAr* 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 salt concretions composed of gypsum, thenardite
and calcite. On the basis of stable isotope compositions, §*C, §'*¥0 and
03'S, 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.
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Y, F5AAVv—DHhTERISMEUEDSA VERAVEH, TohTA 55—
5, AEBETH-THRNRIoTc LWL B.
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BBe ABORFEEZ P V75V FRIVEWVEEHERD D, ZIRIXWLOhOEFEL
RLABDR b2 TWS, ThbD WhWwd FI4 - v—T, #ihlc X2 BEERLFRPR
DVDP (Dry Valley Drilling Project) 73, Hefe == -5 v F=EHTI971 EnD
B UBd bR, 1973~1974 35 LU 1975~1976 D7 4 — L F o =X vieEinl, 8
BRI ORE, HERE, MEAMORELT- L.

1973~1974 4 — X VIiE, ¥ T4 Vv —D—DTH5B 514 FAD-S v FHCHEHERY
OYEHl DVDP4 2fTbhbhic. LT, EBECETIEBERYORN L b, FH
DO— ANXFEHHFE PRI T, AROWIREARE LEA/RREL L, Thboak Ll
DOMEOHHED s EORERMESH 1D, 5S4+ 50V AHOBECETELESRS
HEZZ L7 (NakAI ef al., 1975a,b).

1975~1976 4> — X VIR UK & D— Ak DVDPiRBML, F54 S v—0FEhxE
%35 ECLER e RABRREOMERELT . ZLT, BEORBEE(COEE RN EY
WEBHBECET AR LERL, BERMLEOLFHOKF L. LT, DVDP 4 o
FEMIBUR X 0 2 OB &, CIICBET B v AMRED BB MEE 05,

2 Ao E

AV EEIT A BOFEEREL, L SOkm FH, FFI1~Sm icEL, EAHFACE
{ 5.6km, it 1.4km C, BRFEFOFEEHN 68m LI T35, ZoMFDO EH KR I
—20°C G, HOEEI—FL2BLTI~4m DX TEEbhTWS, ¥ 74 AL
DISETLFA LT v =K, X514 br—7—XKARIIALBRTWS. ZO#H
RENBE S, BrERKTIIEKD 3 &L & 3 L (YAMAGATA ef al., 1967), B
(EKBDORENE 78.6 mg/l & L (G5MMl, 1971; Nakat et al., 1975a, b), Kigix
BFEMT25°C LW 5% #E b - T\w5 (Toru et al., 1967 ; FHH A, 1971).

DAY EHOBREDR (BE 68.3m) T DVDP 4 #HIAThh, WAERI Y O B E
80.7m THEBOERMAECIE LA, S0 11.2m OMEERDIIREL LEAE L sandy~
silty, fai black~brownish yellow TH -1z, T OHEEWHFITIT 2 »FTCKTBRE 2 D - .
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Fig. 1. Map of McMurdo Sound area, Dry Valleys and the sampling
locations.
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Fig. 2. Occurrence of mirabilite and gypsum.
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IR TONTS v £ O fEH] DVDP 4 0 #R4 k@ thenardite, calcite, = AfpinE
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01C, 00 TEHEL, HEEHHE L L CixHi#E X Canyon Diablo o troilite, k3% PDB,
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4. HRBIVEE
4.1. F4 bPBENTH
A v &l DVDP4 #iilakt s KOMKORERMERRE, ThborbHEINDHZO
HIBEOBRICBIL TL, T CIFME#ME (Nakar ef al,, 1975a,b) LTWBDT, 22T
RLOBEED AR L, HLABhILEREZONBICELEDS.
BEED S v FEAOERCEL T, WKL COMBEDOKTD 650 famb, <ok
HOMEPKT b BRI OBA TS LR SRk, Thict LCEBDRRE, BET
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Table 1. &%S of gypsum concretion in Lake Vanda sediments.

Sample No. Depth (m)* 8%S  (%o)
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.

H%BZ & DVDP 4 #EHIFRFOE 1 BEBLIRICO &4 6N 5 BIRiEEE 4D concretion
D %S PEHBENOHEHLMC Lo, TO—F& LT, # 1 gypsum DERRL A2,
FTRCEBKRFROFEA 4 v EA—DEX S 2. F, BIRTELLVWEBELD DK X
LI L b 2 bhicsBcbicbiEd, +20.3 06 +21.2% %R, #KER—TH-
. TOXIERA VAL, KEEFIBN oAV LTHSC LR INI.
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Fig. 3. Vertical distribution of sulfate minerals
79 k- ——--- 0.30 in sediments of Lake Vanda.
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BIRECLIFEIBBELEAL LT, RFLERTCII-EVEFRCENDH L TH
5. BIBBURTIHLHACHBESEREISE S, JLIhHA CaSOs«2H0 TH5 &
T5E, gypsum L LCOEERIZ2Z CHETS. Zhid, BidRoF I BRURC DL
WiERME concretion MHFEETHZ b YRDOZ L THD A, HWHIEEHEZB LY,
TRCOGBENBERFECHDIC LR EXRAETS L, ROXILfHRALDORD. Tk
bbb, BINE7 4 ar FELTEKVPBED A PHIIIWD ZATWT, §1ERB KA
EEC X 0 ER LR E» ORI h, ToROBKOER X BEHOFH, Lo
ROBEHOKARAK DO L, BHHOWMKOERRC L HEENHEEZL Wz l, BED
AV EHBPEBRINEELDRS., ZOWKOERE, KAKOHEHED L hhrz Licow
TUL, Nakar etal. (1975a,b) 2RDOXRTW5 X5, #BEHF o calcite © 61°C, §°0 fi
DEEZELHLIEH I, Tibdb, ThLOEIER2ALALLIK, HIBRLILRT
R ERCHE» > THEHRLTED, BHEROLINLLTHE T LEWE-TWS,

ZTH I OB DS, ThIBEDCERNISM 5% 71 P B v AP KR
AR KM D 2RI D o Ten E WO RIETHB. £ T DVDP4 DOHERYRA

%£2 v ¥ DVDP 4 @BERBFD calcite DRFEIs L OTRFE RALARR
Table 2. 83C and 8180 of calcite from Lake Vanda sediments.

Sample No. Depth (m)* 81BC (%) 880 (%)

Bottom 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-¢ . 72.00 -7.6 -2.3
4-9 72.15 +6.4 -2.1
16-15 74.58 —10.6 +6.8

* 4Below the lake surface.
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Fig. 4. Micrographs of marine fossils found in sediments from DVDP 4.
RO EOFEXHRTHZ xR, ZLTC BIH 1 BBUHCOL, @BElAD
WHIFETHEVWIHEELRH LY. CoftHI+—2+35 9 70 H.Brapy £DOWHH
XBbDTHD, MR XNt sponge microsclere & marine centric diatom o BEHEEE
54 (a), (b) iR L7%. Brapy (1974, 1975) 2MRELTW5 Lok, & OMTTOHER
Wh oL AAYBOUWE L 51T T TREOBERLE, L., LaL, 8 I1IBBRUTRCET,
WHEMOER L BHRo—TARBEIhics 812, BEELRERY D20 THS. LT, $
1 B ORI BN v 2 A BT 5 BB 0RO A x AR S hic, ZolbhoFEEL
WEIIBTH ST LI HIEENTD DR - TE .

4.2. ORBHRFOEERE LK

BIRTONC LI, 74 PAINBEETH -l & OFEMAEATERORTE S,
SICEBWISER & LT, K710 —0 e AYGHREHIRICRZ O fEKEICEI T % IEil 2 5k
Wi, FLT, WSRO EWBY &S 150m 0¥ TR L. Mirabilite 07
X% O DGR S B3 % SR IR FE I DLW T, £ o —iHbIic OV C Torn er
al. (1966), Dort et al. (1969) D#H LB %, *7z, THOMPSON et al. (1956) i L5 L,
BARIBHO X 5 KB TKELTE D DL SHE, mirabilite RO HET S, 4
Bl e AUREO BT THRE LD DI, 3 & A LD mirabilite TH 5B & L1, Fh by
BETHHIEERBL TS LWL LS,
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Table 3. %S of layered sulfate minerals and 80 of the associated ice samples
found near the coast of McMurdo Sound, Ross Sea.
Location Algltgde Si;%lgﬁafuftﬁge Minerals 8180(725 1ce
Cape Barne
Site 1-1 59 +20.7 Na.SO, - 10H,0 — 7.6
Black Island ‘ ‘
Site 1 71 +19.1 - 9.5
Site 2 82 +20.0 Na,SO, - 10H,0 — 9.5
Hobbs Glacier
Site 1 85 +20.7 —13.4
Site 2 82 +20.8 N2,50, - 10H0 ~25.2
Miers Valley
Site IN 150 +21.5 CaSO, « 2H:0 — 6.6
Site 2N 145 +21.0 — 8.3
Site Gl 60 +21.0 NS0, - 10H.0 | ~ 1.9

¥, RICHEMULHBES Y D 0S {6, Ko 6%0 {H, I h by, XK, #
BYBOHFEL CWLEELXZRLE, ThbD 04S fixsb &, +19.1~+21.5% T, %
FrcBathic —EDEEX HIcxTE D, Lrb#EKD SO~ L2 F—DETHSD. Ei,
COHIROBEBKDOBBRA + v D 6%S fH (+19.8~+20.3%) L& —FH T 5 (A,
1976). T X5k, ThOLHRBEZDIHLMCEFREDL D TH-Te. ThbEHo
080 DUEIXHREFTVOODH Y, ILICHERIER» ZONETHAD.
R, GBEEHOTICHHKD 080 OEXZTHD, &ty 7AKTH T O kettle
R4 ~7~<— FHRORES, X, W@AKORRFAFRNCIEER

Table 4. Oxygen isotope compositions of snow, glacial ice and
sea water from the McMurdo area.

Location 880 (%) E Location 8180 (%)

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 I0m +0.4

490 m +0.6
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pond EDKLELIME, —6.6~—9.5% TIHEF—EDEZ & > T35, KIL~<7=7— Ik
TP v—fllog, Kk, BKo 60 OflEErbTr. hbx b+ 5%
L, MBESYOETICH ZKIIKN L EDBEKXRTHS LS5 X DL, ULAEBKCEWE
ZRLTWA. ThHDEIEBKDOZRL LD, TZULAELIeoTWBDIX, HBKIER
DOKEZBLUTERBLICIDD, FIIKARAKPNRBALC»DO Z20RA»E 2bNRS. &
DT LD, KixAin &b RIEMIEKREIFEE 25, Tk, &Ky 7AKAMEDKET
N, TEind 080 EX/RLTEDH, ZZWIXHEED kettle pond 234 FHETH Z &
B, WEANTEKN L Z o 78N, ThARLAICKARAKDEAL LY, KPR EY $D
IOk otcdbp LHEHINS.

PlboZ &nb, iRedind &b 150m icd ET 5 HBRROD oo 2 EFER S hic

5. % & b

Loz stnb, 514 PRGARCETH -1 ENELOMENLIEH I h . £L
T, Aigd &b 60m 25 150 m OBAEDIERM % EKESEE) LT\ e Z EXB bt
D, 514 FEDHRTERL, T4 F7—BDIFEAEVBETH >Fob - L R L
7.

SBROBINMEL LT, (1) BEROBILLOERLXIDILELRDB. £LT,
KL F 54 v—0 BRRIEEN ol &, 2) r ABHERBCERSETH L Y
HRY, WRESY, KOIAT/>TWBH, ZOBFOBEE WHCHBAT %4 Th
5. ThBOMBEC OV TUI R OBERITERE Lo\,

#or, RIS SHHG IR W B B EFT R F Bz, RRTEKR
FTEMBBIZRFTHRI B R, 24 vk%¥ G. DENTON #EBIC. 00 BT B RETH 5.
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