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Abstract

Crustal evolution and deep structure viewed from East Antarctic Shield are summarized
relating to the continental growth process in the Earth’s evolution. First, the crustal structure of
Antarctica is discussed by comparing deep seismic probings of the other Precambrian continents.
Next, seismic reflection/refraction carried out in Antarctica in recent few years are reviewed to
obtain an insight into the tecnological development. In the latter chapters, we focused on the
subsurface structure and the crustal evolution of the Liizow-Holm Complex (LHC), around Syowa
Station (39°E, 69°S), East Antarctica. The “Structure and Evolution of the East Antarctic Litho-
sphere (SEAL)” project has been carried out from 1996-1997 austral summer season within the
framework of the Japanese Antarctic Research Expedition (JARE). The main target of the “SEAL
geotransect” is to obtain a whole crustal section in the different geological terrains from the
Archean to the early-Paleozoic ages from Western Enderby Land to Eastern Queen Maud Land. In
the austral summer season of 2000, deep seismic refraction/wide-angle reflection probing was
conducted on an ice sheet in the northern Mizuho Plateau, of the LHC by JARE-41. More than 160
plant-type 2Hz geophones were set along the Mizuho route 190 km in length. A total of 3,300kg
dynamite charge at seven sites along the route gave information concerning the deep structure of
a continental margin of the LHC. Continental evolution from the Archean ages to the present are
clarified by combining the geoscientific results from East Antarctic shield and those from the other
cratonic terrains of the Earth’s continent in future.

Key words: crustal structure, evolution of continents, East Antarctic Shield, explosive seismic
surveys, geological and geophysical interpretation
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CMCESEBIEE M HED S TWAS  (eg., Clowes, efal,
1999; Thybo, et al, 1999). U LIEEE7EE OHIEER
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HIFR O EEEE (Vp=T7.0~76km/s) H»RELTED
(Durrheim and Mooney, 1991), AERic3ZRE~< 7
ROT V=T =F 4 T3P EEZI LN
&, oiEREe SRt RrEENEVR T Y vk
EFEEL, MERERRT 25 AMKRE LT, FichaRe
BUOHBHEREECYELE cECHBEsN S (Foun-
tain ef al,, 1992) T &, EBFETF LN D,
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DWW, 1970 FRPTHA O RS IR ZE T I RHCHIREE
IRDIRMGEMEL L 180 - 1208, Bl DEESRIFEE» S 1T
AR O R T 5 DHWOKEAHERS W TV 5. 15
km DUE W - IRTEESTFEL (e.g., Goleby et al,
1998), &1 v 70 TR DO F 7 b = 28, BFEREL
HWEd U & ABEORBERTERERE & 3@ L Tv
1T EWBNB, BLORED Y 5+ YEBHTRERARD
FEfasenshEil s h, Y07 L — 577 b =27 XOEFE
T AR LTV, BIEOHEEECHREINS N
SR, BEOFI b=y I REYY — UDSHEEL
TAREET, 10~20 BRSOV BUICEETH -7z &
EEET 5.

LbiETR, 7445 - o—L vy 7HRIIEZZC
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Table 1 icF &7 (e.g., Srodaet al, 1997; Jarvis and
King, 1993; King et al., 1993; King and Bell, 1996 b;
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al, 1997; Vedova et al., 1997; SCAR Meeting, 1996;
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BTV (Kinget al, 1993) 75, # v EFEL/IEEL &
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PRVEEESE L TRIE 100 kg BESKETH 5. &
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HVEYIVPEUK Y VRSN TE o (Gl
1980; (Hikfth, 1983). Ffi 5m DIROFLOEE, FEHF
YovEROTESEENICHEIL 7o, B AR
Bt (Japanese Antarctic Research Expedition; DI
JARE &3 o8B 53526k 11 £ (JARE-41) O%EER
T, Fricic 2 7 — A ERBEIEEI N Y v 2BIFE L, 30-50
m EOFLEEHIL /o (R_kAth, 2000).
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BETHY, JARETHZhicE-TWd (Hp - £
F, 1996). UL» LEETi, XY —2—RDr—7
FHOWEHIEG RBEHS N TWVWS (eg, King and
Bell, 1996 a, 1996 b; Jarvis and King, 1995; Jokat et al,,
1997; Smith and King, 1989). HFic, KIKAREHRTRE
FHTHES | TEZHOEEES L V. £ OREMIER
HIRICHEEICEETE Y, RBFEOFET/ 1 XL~
PEWREND B, Lh BB TOREEIEIRKAS
kmBETHY, REEOBEITEREEICEEAET V. XK
K ETor —7Es|Ric & b ElARETO XS R
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Fig. 2. Geological setting and proposed refraction seismic lines in Eastern Queen Maud Land and Western Enderby
Land, East Antarctica, showing a distribution of the four distinct metamorphic complexes (modified after Motoyoshi
et al., 1989). Schematic NEE-SWW cross-section by Harley and Hensen (1990) presents relationships between the
Napier Complex (Archean), the Rayner Complex (late-Preterozoic) and the Lizow-Holm Complex (LHC:
early-Paleozoic). Late Proterozoic structures are interpreted to have caused initial uplift and exhumation of the
Napier Complex; Cambrian and perhaps more recent faultings are believed to have resulted in sufficient thickening
to cause later exposure through erosion. Metamorphic grade in the LHC increases progressively along the Prince
Olav Coast to the Shirase Glacier. Transitional zone between amphibolite facies and granulite facies is defined as a
first appearance of orthopyroxene in ordinary basic to intermediate gneisses through various reactions. Syowa and
Mizuho Stations are situated on the LHC. (Proposed refraction lines: A. Mizuho Plateau; 1999-2000 austral summer,
B. Mizuho Plateau; 2001-2002 austral summer, C. Yamato Mountains; 2005-2006 austral summer, D. Prince Olav Coast;
E. Casey Bay-Amundsen Bay, future plan.)

BE S o — Ve 554 B REEHIBR T, SRR
PEZSEA v 7Y THROBERMAZ <, FICTJARE T
WEETEL Yy —E—35 v N3, 39 EERE TORS
EREFD > E 7B EREZIFAER - TEROEENS
95, FRENEMOMET 2 ) 2+ - SIVLEK
T 5 RERIOILBEBRERBM O TEY, TOfhk
— IR VR X A — L D IRRIL B sh £ > (Shi-
raishi et al, 1994). Figure 11cid, V 2V 4 - &IV LE
&2l & U 7kt b ie 2 HiEk st oo B i _k iR
1. TN E CHESFEHITEIC L D EIC 10~5 [EERTO 7
VYENRUNY - 77 YA VEBBENONTE
B, Bl TEKRERF 7 EROBEERIHHE AT

b, BERZERAER ORKR & ZERUE RS I fREE X
Nno>o% 5 (eg,Osanai,et al, 1999). - TJARE T
WH & T A, BIEEASEMRT [En v 7)) TR
RichE OB THE L TV 3 KEEERR S 2 fF#E7 ] <
XD THDEE VA B,

R FAETHE & [, JARE 35 7 EFTHE 2 EAIC
HEHSNTHY, FFCHUSO MR - HERYERH
iz & 0 KBRSk O KEHIFEE & LER LR
% [HEERY v X 7 = 7 O E ] (“Structure
and Evolution of the East Antarctic Lithosphere:
SEAL") »fkfithcd 3. o5 b, ATHIRZEDLE
L 7o e A s E (“SEAL geotransect project”)
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Fig. 3. Geological setting and refraction seismic lines proposed by the “SEAL geotransect project” in Eastern Queen
Maud Land and Western Enderby Land, East Antarctica, together with aeromagnetic anomalies (Golynsky et al,
1996). Seismic refraction lines conducted in 2000 austral summer operation (JARE-41) are indicated in the Mizuho

Plateau area.

DOEEENE, BBy —E—5 v F~HI 4 —VvE—
NS v M2 TORERIERK 1,600 km 1T SHEA
&b, Ko+ E75F» S LA +—FF GRIR
B, Vava - mvasl @HEEAER, L -
NP AEtE FHIEAERD, Eokke—-v - nrvS—-x
it GREAEALR) 1ckkss, HEFERORYT 2RO
BHEOHMZBWI*WMET 2 & Thb s (Fig. 2). #E
7 — & QIR - IRARSTERET & Sh e, SEHER
VIR R CHUE SERIZE I L 0 KRB 57 7 ~ =
7 2 5MEAAY 5. Figure 31213, HEHANE = MRS E
5 —4% (Golynsky, et al,, 1996) IcERIz bDERT.
MR DOMBETIE D 5 FHFRHFITIA - TR icB VL To
HEEREOBERELIEEBTEZ R I0FELVN, ThiFK
BOKER_E oAb = RIS RIS EEER & LTl
n3.

$£7, HERSBIcBI B 7L — 527 =2 2DIEFD
DORHAZIATEL L, REORRBRELZFHTIEVIE
R, “SEAL geotransect project” (ZHAF|E %13 L
» &35 EIVEREIE L dREET 5.

5. Ua¥y - RIVAEEK

COETI, BHEMOMNET S 2V « RVLE
wAEGUNT, Tk TOMBEZEY - sEFHTIER R A
F LB,

Vay s« dAEEKE, JARE ZHiIcHIUEFHH
BEFEARE IR I S N, HREH TR b IR LR TE A
RIS N TV BHIRTH 3. 5 (SEERTIC IR AR %
S IEER, L SEREICED - THIISHE, MBI
W—7r5=a54 MEEFBR, S51c/5=2251 M
ERBERMREOERENREIC LR L, BaZREER
TEAVRAERERERICENT % (Hirol ef al., 1991).
FHREN S — 7 b, BfEHZ 3 U»  oftlga g
DMICERSIN TV S, R & 2 SR I L
7oER & LT () HIBRBGREM/NS L, BE7 724 —
QD AWhEW, QFZALLIEOHEREI IS Whrd 50
BE, Q) WES EEELELTERSDIE Y, FEE
LW (& - S, 1989). WA HREEO 1D Y
WIKIRDEEL, TOEEE2EZEELLIRIFRE SV
7, Mo LIFE WA 5. FlZE >0
T, U avar - RIVLABHIBOMNIE D — 515
BE7 v 7 ¥ —=bfErEh  (Akamatsu, 1991; Kanao
and Akamatsu, 1995), =7, IHEMOEEE FaD
ENEEERIC X 2HBERREE R, RIS ER M
GEE® Vp=60km/s) & LTE SN TS (Yukitake
and Ito, 1984).

JARE-21, -22 Tl3, JARE-41 &[] U &3 13 HH—IF
FOIESHIRS (A0 — b)) KB ORI ERR A5 L,
F40km DFESICER@mMARKD SNtz (kami et al,
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1984; Ito and Ikami, 1984; Ikami and Ito, 1986). %7z,
ERICHIE SRR (Shibuya ef al, 1984) S ESIHIE
(Ito and Ikami, 1986) 23fTbh, HIEREE T — 5 & D
B~ oo, ATHIEREEDSNC S, Sl 3HEFAE
iz o R T — 4 S AR ICiTbh T B
(Kubo et al, 1995; Kanao et al, 1997; Af% « &=,
1997). %7z, FERAREER/IMEIEED PP WicY, B
A R TEIHTERTIC3BRTh 5. & 5T JA-
RE-37 DIR&IE, ) 2 - wVABRDOREREEIC
AR AR T AR E L, MREE 2ErcEE S
APt E 72 (Negishi and Kanao, 1998). 71z, &
FTEEFRICHEREmG UL, BEONBERIT TARIKK L
THEAOUESHEODELEBENTEBY, EREOESHH
T == RE LD T, REENES N — A E TR
THEASH D (lfth, 1994; @2 - 3, 1999).

6. HIFE(L & RIS

gt b & OIS & AU > CEliigd 52 &3
SEAL fTHOEERHETH S, HIEFNT 7o —Fh5
P o EERE S & HIGRIERGRTE & OBEfRico2 VT, Y a
Vo e RV A EEETOMCPIFICRT  (Kanao, 1997:
Fig. 1).

RS EERIO T v Ny FEBARERRICES Y - T T
YA VEBT, Vava o kI AHERGILE—FEESE
D EREGZ L S IRBERIER Z52 1 7. % OfES 5,
K EAE ORI E AL, mHZED P2 — 55
BO L v — BRI K D, HIAERPIHIER IR M ASIERD
izt & LARLIC K D i D ZRBAE L2 T &
MER &Ntz KREEKRE <3 & R M O HIFRP R A
KRIHBRIE T dh 553, AN T IRHIGRPIEE R S & iy
wIEEIL, Bk v P VEERE o,
BIcKBEKIE T TR b 5708, BREAFESHENS S 5
=254 M, BIUAKREHE—25 =254 MEEH
HOEREEZFE->EEbN S 2 >OMHEETI, S i
DEVWHHERS N, S SICEESAFERIC K 2 EREH
B oxtits b, HEOHREFKT 25 A%EHEL
fo. ZOER, 5 EFERIOHE~THHEEAEHLN TH
3 EEZ oNAERBETIE, WAERE bR - ERM
B, HAIEEOREUATRET 2HEL bDLEEZ
S5, BEOHBHRETE, AREE—7 5 =254
M AEEFS ORI L 0 EREE TIEIR IO € Fovic
WD, 75 =254 MEDERTIREREE T &
Bbh s, T FMMENCHEN T 35S, mARs b
EEESR T — % v N EEUEREEHERA KRN TH
5,

9

X SICNIREB T, JARE-21 7 — % OFRE» 51
Fein & PIBE 150 km (/043 TEES 24~45km o F g
R K EREA e 2 72 (Ito and Kanao, 1996)., T ®
RetETROFRE U Tid, REERIERIC L 5 EiEs
AR, HIERME L 15 3 & RIICZE RS D EiE L
bEZ OND, REANED > TREEO FmPEL TH
MELRY, AFRELV—+ ETHES N7 - EIR
BWEFBE LAY (Kanao et al, 1994), & 51 SKS D
HERAMOBITcL S L, i<y ricBLTHL
S B AR O AREPBIED 7 L — M HEE R & E—E
w9, BLAZOHHOIE—FERHAROT £/ X7 =«

TORNEES T EMEMEINTWSE  (Kubo etal,
1995).
cZDBOIT Y R FREOSZEN N, a2y ek

VB ERIZF 1B EERTICR ) I v A EOBEEBEIA L
fo. O & EILBERRIERR LTS 5, JLE—mEES
B DIEIGAEER L 7o, mHitiEo P o — yao v
¥ — BRI IC & B NREES & BN & D FRIIC B 1 Bl
EEFNVOEWE, <OBICIERS h i KEGTEO
HEr2LTwanafighdbd b, F/, Vavar ki
AEBIRED SHBEE0km @ F — AEMIIcESZ FTO

KIBHIE 7= FENREE» O &, D, SHBEICEIT T
EAREDH 10km FRREHEL 45 &0 D, BEEHRo KkE
BIEMOEEIRRE NS, & 6 2O ORIIGIC
LT, HIEEROILEKRT 7 =7 RI5TAHALNB &
T, FEHHEROREENS SIc b LicEEZ 5N
3. LdL, BEERDIEKRT 7 b =2 2B X 3 icgin
FEED I I % —va /HEE LTI, BEDLEIAR
HEhTwiWizd, SH%OFMEREEEENNET
H5,

- ZERRAER R LI (3 5178 K BiE B 2 52 1 97 Ic Ik AR
15~30 km 2 FHAB X OBEBEREERCHELE >
fo. O 5 EEICKRIEOHEBIZREIL, KW HEEGE
B (~40mW/m?) o L@Ds 25 km FELLEDEWHIFE

FHEE LTHEbh TS &4, EL TEWY vz
7 =27 ELTREBENS, FHEFIEMLTA O NIRRT
ARV a— 5 QDM S, VYA THODSIHK
BEOEXHFAERKD 72 (Akamatsu, 1991; Kanao and
Akamatsu, 1995) 73, ZOFEREFBEEEZED T 1~24
Hz @ & QREEEFEIcB VLTS, Bl S ~TR
RW/NS WHEN RS LI,

7. JARE [CHBITBIEEDER
6 EDEEDRYME X SIchRET 57, K 11 4F
B (JARE-41) Tld, U 2 1 » R ABEOKREEK




ek Bid

R FEL— MTBOVT, AEERN 190 km O FEHT
@ - IR RSTERERE 2 M U (R, 20005 &
fiTftt, 2000). SPA% 13 4EEE (JARE-43) 12i%, JARE-41
DORFREEAT 3300 km EOFEHEAFEL, Y a
Vo RIVAEED 2 D OREBERBEREHTH SH
BIEHE () v 2 - A5 7R, BLUS5=251 b
H CEBEE) NG 2 S E i 2. /A
YV a7y —FHONTRE b L— 7 —BIEE GEath,
1992) ICXABMBFEL TV S, & S ICHIBRRISNIEE
Ty EGbEY 2Vt - RV LERORIGRET S &
LB 2R ANICRIAT 5. KBEKIKRETOA <L —
va VIERHE LTI, 1) 8% JARE THEEFEEN
bOEEERN T TICBON, BEE O THIRRNER
RS ORI SREE AT c i T & 3, 2) BN
HUCIE < #k - ABRRE DA RV — v o VIHIRKIE
5Th 50k Y, JARE41, -43 TEABERT
Dt (S16)—A ¢ 3R E cE A FE T 5.
JARE-41 % T 20 fER 0 ATHIEBENE_S nig
o cEEE, D RE - BlommE i kK#n s A
N — Vg TS NEDWEE, 2) BRIZSH H3iE
REFITHEL, 2o 1 B BEMTH 2 HIEFEE
Ho#Ettz 1 EEBc 100 X E2HET 2 ICREEHEDOT
BB PME, 3) R, FCAEOR VN~ Y o
7y —AEHT BEATARBEEMENLE, 4 &SI
RETI, FEROREBRHEOTED > RIS E £ T4
WiTH B, EOMMIck 5. B ) B L TEL b
N3 &, BRI T TR IR T 2 B E S
PR 3 FEICEIRE N, EN TR 9 Fic R
OB ICEId 2| SRS S N, £ DD
g B4 2 EEHEMIC S 0, T 11 FEED S
FITAI D O TR ERNCIREEEF A2+ T WV,
BREGFY T ONETERR & FERE 1FEFH T o hie. JA-
RE-41 EffiD723dic, FEMS PR EFME  (ni-
tial Environmental Evaluation: IEE) Z{g% L, Bl
FFROBEMEBLTIEE & L TOFMi% 2 EEBRZ ]
9. COBREANORIRE, S%omigick i aRE
FEVIHEEIC S T - TIFICEHEETH 5.

8. &HHUIC

I E THEBERMZ i, Bh v 7 ) 7HILIE
DTS & (LRI W TEBR L TR, b
ADOKEICHEZRIF A L EETHS, ¥ —E—
5y FPHEA - L3 ) 7RI LD ET BIERERIC
FAEST 5 RBEE, »oTHBAMEST Y Fu+2ERL Ty
fz. ¥7:LITHOPROBE ic X Ao — L v v 7 EKHID

B L, FEILMEERICRAE L B AR DR
L OBRENRI NS, KEEREHERD 51 + 1 7
2 Eime 5 LT, ERBCSHTE 5 bV RUZO
B OS2 RTIFL T 5 2 L 135 %h 4 TEEL
EEEH B,

iR

SEAL g1l (& B BRIt 75 R D2 77 v — 7 % il
IR SN, FAERER oA IBRHEIR T h 2 HFIRES
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