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A Note on Relationship between Geochemical Investigation and Some

Problems for Earth Sciences in the Antarctic
Yoshio YOSHIDA*

Abstract: On the occasion of the Symposium on Antarctic Geo-
cheniistry, the following comment is made on geochemical research, as a
suggestion from neighboring fields of earth sciences. The arrangement of
phenomena related to the evolution and fluctuation of the Antarctic Ice
Sheet, on the basis of time-scale, is proposed as a kind of framework for
geochemical investigation in Antarctica. The classification of time-scale may
fall into five ranks, ie. 1071~10' (year), 10'~102, 103~105, 103~106, 108~107.
Brief discussion is given on the relationship between phenomena concerning
the fluctuation of the ice sheet and the geochemical investigation or method.
In this connexion, a speculative chronological correlation of glacial events in
Antarctica is tabulated based on several sources including the author’s own
data.
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Time scale

(year)
Snow accumulation Was?age
Fallout
Inclusion (Formation of blue ice zone)
a1 Firn Evapo.-Subli. Surface melting Bottom melting Calving
107~ 10 | l ~. -
(Ice) Isotopic fractionation Freshwater discharge Glacier tongue
to sea and inland lakes !
~ ,,——””” Icebergs
(Flow) Formation of morainic deposits
Superficial deposits of inclusion
Change 1in mass balance Change in climatic parameters?.
(or other cause)
1
10°~10 Fluctuation of ice cover
\ -
Ice surge(?) Stratigraphic change Change in location Change in area of
Change in surface elevation of ice margin \\\\\\\‘ice—free region
Change 1in
vegetation
Change 1in morainic
deposits
___.____4L_.___. . e -
Change in ice cover Change in climatic parameters?
3 5 — f*__*__“‘“‘—————————___________\
10°~10 Change in mechanical equilibrium?

Ice surge? Change in stream flow Change in ice 1level
due to change in mass balance
due to eustatic change in sea level

Change in drainage pattern \\ Change in hydrologic cycle

in ice-free region
\\Change in morainic deposits

Isostatic deformation of crust
Eustatic change in sea level
Emerged marine features
Formation of "soils"
Submerged glacial landforms

Change in marine and glacial
marine sedimentation

________-4}_ ________________________________________ —

10§v106 Disintegration and re-generation of the ice sheet(?)

(Especially in case of the West Antarctic Ice Sheet)
—_—
1O6~107 Genesis of the Antarctic Ice Sheet

B 1 BENAr - A X VRS LBEBKKRO Rd L EFCREET 5#8 8
Fig. 1. Phenomena related to the evolution and fluctuation of the
Antarctic Ice Sheet, arranged on the basis of time-scale.

B2D214 2Ry =AIX 10~ FEDOF — £ —C, KEKRETRZEnL7 10 v, XKD
TE, D5VIHESECHSBEBRROKRILED 5 2 —2 —OEH, BAEMTIRW
LIEEREREL 55, 5 LeEEL, —HTIXKKBLZOELEIn->THRRS Z &5
I35, 22 TREBIRHBFENLW LEXKFNHTEC & 58803 Thbh T35, BE
EoBMB oI, RISHERYD (evaporite) R FESEEY (efflorescence) DLEFAIBF
®hEh, HREELTOEMHL TRERBRLILOLoOH%. LI OHE, &



4 HF OH % *k Cra gt

DX sREEOfHY & > CTEET LA BETHD, LORIIELTIRLVWCL TR
SRBEDLETHS.

F31X 103~ EEDF —F—DHDTHD. D X5 ERHEHA Yy —vOBRRZ, i
PREBFEED RS IREh3. Tihebb, Tv—vost, BEITHE, HKKkE#
W, WoZl, B BEMEEYOE I ETHS. BV IE, ThbeBEr 5L
Hol3, BEIhRWZ ERRD. LichdoT, HICREAE % A\ fookia B 200 5 k236K
FI N5, BEWHOENLIATIE, ZOEFNZLVWOT, By omIEE R
NULELEDS. BB TRADBEEHIK THE 7 ~v—Fe AT AR, THLELAET
b BEELEEIRE 70505, Z OMURO FB K &M & IcHBEFESEo Thb L0
MO, WAL LTHETHS. T2 T, LEHLeFE~AOMATIARE L, HR
e RDOTOMEEHRE, VY ARMME, H VT a-Tr= vkl Qe X 5ER0E, A
LR X 5 HRH (B2 \VIZEXRE) MED DO (7o & 21¥ Beaing, 1972), &
VI HBREHEORMMBEL LORENI OERTIZ LB TN,

COZA ARy =T, JHERROKARA L FEOKIROWRD, VWACBIES 55 00R
O ERE T, JEBROKT O BRIC X % K EDOER—KAM= — 2 & v ——»\FafE
KRR N2 LT S &35 Houw (1962) D EFIXAWZRFFZED TS, LI
KMOFETSD & ZAHTIX, TOWEANDEMM I LKFAOIKE b b T L5,
<= PR Bl 5T, BREHAT O X 5 ko s W EHEEORET, BLT0
Lo ENRI o e BRI BSRFE ORI S S, KBRS, FLBETOBICH
BEBHBNCTERBKIKIE, EhD TP T v AR RS THEELTE Y, BEOAKKC
BRETHD EIND (fok 21¥ Hucnes, 1975) 7%, FOXEH) & WEBKKOLER) & DBIF
oW TIE—FH LRI, ThEBE LM T3 DL HIF|OERBUNETSH
3. BEED OO BIMELL OBEMBORE LBEHEL ¢, BEEEDOSNIHETTH
E, TOBETHEIOERE B ENTESEE L LN, LFMHEBOKREEI RS
hs.

#5413 105~10° FEDF — F—TH D, < TiX BIFEDFIURE D KIA—EIKIA & DB
EEELBD, ORI XY —FIRkERREMPAr -1 OB (b LAIXEGDET AL
DBECHITLIE DL bhWESR) B LLS. BERELIUROKMI LV
BEIEhTELEh% (Funt, 1971) 25, BT, H<rLHEI R (WriGHT
and PriesTLEY, 1922) =1L DKIKDOFENEIEI N (7o & 21X Rutrorp, 1972)



No. 58. 1977) IR DR IESE & M 5

Dk, flloloificd LT, TOX5BEXLN BN THS., =MV Ar—vEZhD
Piwt (1960) o 4 B DOKKILE KON, 20 cdb ¥R 4 BOKMCH L #icd 0T
BHoledl, ThHD5 HOHWHDIX, HUREZIIDZNCHL D Z LI (tkx
¥ DENTON et al., 1970) Dit, KUWBOH IV 7P A—T7 13 vER IBERREC L - TT
B5. CORERHA—F—TX, XD VFITAT 4 v 7 LHREHIRELTMSRD D Z L2,
—HARESNCIE D, FRYRAEINRD, AEMOE - &L —BR O HR IR 2 T8l X
®H—&, BREITBCALNDHROEFPEROREUL, PP F V27 vALTHY, H
BEEOBRFICRNTE, TORRREVBEELLY, LENFRCIZRENE TN SD.
#513 10°~10" T, Th &BIET S LIXAIHIC b B F hob R KEBIOKIRE
b, XRORBETHS. BEZVHLPEREERLBE#ETS EE2ORTE Y, Lo
HEZIALHTH S, LELIODTF T, SHBUINIREZLNBEDLDTEL, B
BRETIIART . V= a VS, T THEFEMCEERS DO—DXERIETH S
2, =V b Ar—HBRHBEOFENRBEORNIEREINS.

2. BEOXKOWBEE

ATEICIRNTKIRDREEBIEL T, ThITRARIhT K", Bt XY IEHE
CIKAHEBC B THINI W20 “FHl” %, D TKERFERE L TR
Dh, B2 (FH, 1976) TH%. ChIXFHCIH2 Lo, FROREMI-EH Lk
W DOREZNDT, FHAMBORKNIRREB VA, ZohXoMEE, SERBRNIZRE
bOLLTHLTHRRL., ¥FO0—HBFL LT, Zhix—o0k s LTHHOTHN « &
B IEERE L, bEHEMEORFIC LW EE LTS,

1E#i2HEXBUC, B RTSREL LCEERT LO—2IX, BEERLE T 5
FRMIBE 2350 5 %2y, TishblilRd EOMEL, ThiflE e 2BEMECRE
HEETENLEVLI ZLEEZALMICLTW L THAS.

3. EEHOERNR
EBE O T 5 ML YRR b T E L, BIEMEED 7 vy 7 ) 7—
V7Y TROKRE, BRECHT s ETENRNEEEARE TS, Lo, ERED
RERCAD, BRI A 7y — A ORIIVERTES EI VIRV E S THD., FERITOWTUI LT
DL DBRNELDSTETED, LLHEVLMNE (1967) D LdE BB, 7~ — il



Other events
N

Glacjation
4y

1

Ice sheet
€old?

Ice Shect

1) 2 3) . VR SOYA COAST,
TAbsolute Surrounding o tarets Eustatic change Temperature QUEEN MAUD DRV VALLEYS |HUMBOLDT YAHATO Ry v . PRINCE OLAV
age(y sea hs fAntarctic in sea level variation MOUNTAINS MOUNTAINS MOUNTAINS LAND
"Climatic
"Meteorite . é;znée?n
Glacial "01d Vanda shore"
Stage"? d Vanda shore
i N "Saline lakes"
1093
5x10°1 ithinbank - "Flevated
lxlOu- Formation of nsel I®
ice sheets in Alpine I “Fulkushim: - 5 r
Northern Hem- Ross 1 Glacial hormation o Glder "Ele
fsohere Ross Stage"" scence"? beach dep
Cola '
Ice "Glaciated
Sheet landforms"
«n C
5
3.
1x10 (llas the West
Antarctic Ice Insel II?
) Shackleton
S Sheet disin- st
i Glaciation Alpine II
tegrated ocns
sionally?)
2ab Ro v
1x107+ Ross .
Taylor II s .
' : Alpine TII |Insel IIIe]| Lamato
Glaciation m " Glacial
Taylor IV "o
h Stage"? 7 "Glaciat
A 1" Wright Upper
5x10°- ] v
Cooling
] Gradual cool- "Tertiary
1107 1 ertiany ..
1 - - ine caused by sedimentat
|Eax‘m.’mg Ice sheet or & K
H small ice cap heat sink due
4 (Warm?) to Antarctic

100" o =100 20®* 10 ©

Sea level (c)

M2 BB oKW OLEE
Fig. 2. Antarctic glacial events.
1) After MERCER, 1968. 2) Compiled from several sources. 3) MAYEWSkI and GOLDTHWAIT, 1973.
4) BULL and WEBB, 1973. 5) BARDIN, 1972.

R



No. 58. 1977) PR D HIER (L & 3 7

BoKIEOWRE S Iedho2oh5 (BR, 1975). SHEIFERBRMIRIC TS B AR X
HREXZDEDT, 1M FVv—1527 =272 LDBEDBERN, REDO—DL
A5,

¥ bbb H K

PDEBRRCX S, EBEOMFEDOERREO—DO%InTHEBKKOBE & LD EEDMHEY
iy, HEREZRBRDO DB ZENKE V., Wb lE b - TEBIC BT 5 ER{L
— (R BFERO—DMRRED B2 EREFTHEE, oML TShZ LrZFERIhh
EEWTH S,

BB, ThETHEVHAERC X TR EFORTZ e o2 & T, MFEORES
BhbRHABBRCLC ERFIFR L.

) KERAOEOME—EKELZOER, KI—B—EE—KOHEIER
2) BULLWEDOBE R LU EDFENR
3) XkABEILF
4) KEXKDEHE— L Lot —

Eif 23
F2EIFEBMIRIEE Y vESY AR LT, BESTOINHENL 2 2V M2 IRTHIK
Ta8E2E5 2 bR RILELSEBNERS O EERCEL SHLHELETS.

X B

BarpIN, V.1 (1972): Moraines of Antarctica. Antarctic Geology and Geophysics, ed. by
R.J. ADIE, Oslo, Universitetsforlaget, 663-667.

BEHLING, R. E. (1972): Calculated dates of selected glacial events in Wright Valley. Antarct.
J. U.S,, 7, 247-248.

BuLL, C. and WEBB, P.N. (1973): Some recent developments in the investigation of the
glacial history and glaciology of Antarctica. Palaeoecol. Afr., 8, 55-84.

DENTON, G.H., ARMSTRONG, R.L. and Sturver, M. (1970): Late Cenozoic glaciation in
Antarctica: The record in the McMurdo Sound region. Antarct. J. U.S., 5, 15-21.

FLINT, R. F. (1971): Glacial and Quaternary Geology. New York, Willey, 892 p.

HoLLin, J. T. (1962): On the glacial history of Antarctica. J. Glaciol., 4, 173-195.

HucGHEs, T. (1975): The West Antarctic ice sheet: Instability, disintegration, and initiation
of ice ages. Rev. Geophys. Space Phys., 13, 502-526.

AR — (1975 : @l e AEKIEEDO A + v v+ v A FMAER. HWERILE, 9, 61-66.



H OHE K K CRafEEORH

MAYEwsK], P. A. and GoLDTHWAIT, R. P. (1973): Glacial geology and late Cenozoic history
of the Transantarctic Mountains, Antarctica. Paper presented to the 9th Congress of
INQUA, Christchurch, December, 1973.

MEGURO, H., YosHIDA, Y., UcHio, T., KicosHI, K. and SuGAwARraA, K. (1964). Quaternary
marine sediments and their geological dates with reference to the geomorphology of
Kronprins Olav Kyst. Antarctic Geology, ed. by R.J. AbiE, Amsterdam, North-Holland,
73-80.

MERCER, J.H. (1968): The discontinuous glacio-eustatic fall in Tertiary sea level. Palaeo-
geogr., Palaeoclimatol., Palaeoecol., 5, 77-85.

MiYAKE, Y. and MATsUuO, S. (1963): A role of sea ice and sea water in the Antarctic on
the carbon dioxide cycle in the atmosphere. Meteorol. Geophys., 14, 121-125.

OMoto, K. (1972): A preliminary report on modern carbon datings at Syowa Station and
its neighbourhood, East Antarctica. Nankyoku Shiryo (Antarct. Rec.), 43, 20-24.
PEwE, T.L. (1960): Multiple glaciation in the McMurdo Sound region, Antarctica: A pro-

gress report. J. Geol., 68, 498-514.

RutrorDp, R.H. (1972). Glacial geomorphology of the Ellsworth Mountains. Antarctic
Geology and Geophysics, ed. by R.J. AbIE, Oslo, Universitetsforlaget, 225-232.

B 3k (1967) : §jf& Victoria Land o Dry Valley ###iss. VI, HRAROENRE, BHEER,
29, 76-81.

SIEGEL, F.R. and Dort, W., Jr. (1969): Mirabilite and associated sea bones, Southern
Victoria Land, Antarctica. Antarct. J. U.S., 4, 173.

e (1975) : RO MR LE—FERIC KT 2 BREFAIP%E. IRk, 9, 16-21.

WRrIGHT, C.S. and PrIESTLEY, R. E. (1922): Glaciology, British (Terra Nova) Antarctic
Expedition, 1910-1913. London, Harrison and Sons, 481 p.

FHEHEEK (1976) : P R1T 2KIKROLEE) & Erufc. SBPUforsE, 15(4), 28-35.



