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Stress Fields in the Antarctic Plate Inferred
from Focal Mechanisms of Intraplate Earthquakes

Atsuki KuBo™*

Abstract:  Typical directional features of intraplate stresses are extracted from
focal mechanism solutions of earthquakes in the Antarctic plate. Typical directions of
stresses are obtained in the following regions, 1) Bellingshausen Sea, 2) south of Juan-
Fernandez microplate, 3) Balleny Island region and 4) Kerguelen region. P axes in
regions 1) and 2) have been interpreted by ridge push force. However these interpreta-
tions are based on one focal mechanism for each event and on crude physical concept of
ridge push. It is difficult to explain intraplate stress fields in these regions only by the
local ridge push force. The stress direction in region 3) can be interpreted by both
deformation near triple junction and deformation due to deglaciation. Earthquakes
near region 4) appear to be normal fault event. Because normal fault events appear
only in the younger ocean floor, the stress field may be affected by thermal features
such as hot spots Quantitative modeling and superposition of various stress factors are
required to discriminate among stress origins. It is difficult to discuss stress directions
in and around Antarctic continent, because number of the earthquakes is not enough.
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Tl = NNHED X G 2 X bk o RN OHELIS IO RIIR S S AHAShTY
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(Tant and Kawasaki, 1984; JounsTon, 1987; Kaminuma and, Kuso, 1998) 7 — ¥ Miifho s &
NTY B h->TLES. LA LT L — MoBswTIols e T i ORIEmERE, 2
T vy, IEWEEE A &) AT A L ANEETH L. EOHEICE, ERT L — b
SEEN B S AT A TLERSHELDNT, HAIITESHLN T -y EHERMLTNCIL
DUFETH 5. mmﬁ&mﬁA:@Mﬁﬁwmm%é(&ﬁ FAHFED DT &) RUET
AW EOBATT - ¥ AL E ) 12 R T ORE OIS % & Deep Sea
Drilling Project %* Ocean Drilling Project DHHIASTTHN 72 T L H TR L, T

L EENL LD E L ofLiO@mmeMW)gﬂbmﬁmﬁb7bﬂbmﬂ&@1ﬁﬁ

L EBIEHEE, BT L — MR A NERND O VIERE LS L E
ZAHN5,

World Stress Map Project (Zoack, 1992) DRCARIZ L A &, 7L — DERIZTLHENVLDE
BT, mWfb~bmwmﬁiﬁﬁﬁ®?~7d6ﬁﬁﬁﬁbh KEERIZIE L LA 7%
V. ERSIETRTHEN AN Z AL LB LDTH S, WRFOIEIH &) FL O
Tu,m&ﬁu%#%mﬁmeXF%ﬁofwétm M7 L—bDX) BT =D
Wb DA IREROWN G E B 2 L D %\ (CosLentz and RicHArDsON, 1995; Birp and Li,
1996). LA L7 L — FF0 b OIZEED S HEIE, bV LEEIIIALDL %
W — & Bk TIT S LA SH B, T4 F TIZ Forsytn (1973) X OkaL (1980, 1981) (2L - T
Bl L — FNNHED 2 = A npRo b, ORI R, IR E ) v VIRL TR
BT 2V EBALEINTWE, AETEINSOHEX GO TT — Y 2 REMNICAEL
T, EEMAEFUMUET AEMFEEL L. REKR T L — MERIZGILAAAREILE
IBHHELAVOT, 7L — Mo ANELTAT 7 7LEEEL TS v, mi7L
— FOIHB I FOMOIEHFEOERSH DL L THE I ENTES.

2. 7 = %

F— % L LTI 1977 4505 1998 4 4 H ¥ T Harvard Centroid Moment Tensor (HCMT) 77
% T % (DziEwONsKI ef al., 1981) @ best double couple ## % 72, A 71 = XLk Pl TE#OK
A A R FRFEN L, 2, 3103, HOMT DAHI W KD 7 L — S AOHEED A 77
Z XN RO A . Forsytn (1973), OkaL (1980, 1981), Neaisti et al. (1998) (2L > T
BT L — NAHMED A A XA ME SN, CNOORICL D A=A LHERLIS
G

3. EATL— NAIGTIHE O
F LRI TES N A IO E R, 7K da-d (2B HIHO A F = X L EZ fl
TV, KENSTIIHES VL WO BTV R,
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1 BESL—-EHLTEI >/ HED
HCMT # # 0 72k BXRZA M5 T7 )0
7 TNBEDGA (1977 4F -1998 4E 3
RET), AEOFESIE 50 km LLi%
(PDE). 5| & FIBAIKED A 51 =X 1
FRBRIIZBF TR A H =X 4
ETHDH LR,
Fig. 1. Distributions of best double couple
solutions from HCMT catalog
(1977-March 1998) in the Antarctic
plate and its surrounding regions;
Only the events depths shallower than
50 km (PDE) are considered. Shaded
mechanisms are obtained from studies
listed in Table 1.

B2 PE®OAMOGH 7~ 5ty MIX
LIZELC.

Fig.2. P axis directions; same data set as in
Fig. 1.

B3 T#®OKMLON; 75ty MMIE
21Z[E L.

Fig. 3. T axis directions; same data set as in
Fig. 2.
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Table 1. Focal mechanisms reported by other studies.

Date Lat. Lon. M Strike Dip. Rake Reference
) ) (°) ) ()
May 09 1971 -39.78 —-104.80 6.2 196 60 90 ForsyTH (1973)
Feb. 051977 -66.50 —-82.40 6.2 195 33 103 OkAL (1980)
May 03 1973 -46.14 73.20 55 206 36 269 OkAL (1981)
Sep. 14 1997 - 65.68 44.46 4.6 129 60 166 NEeaisHi et al. (1998)

(a) Bellingshausen # (X 4a: T HI#E): COHBROEEETIE, ZITEE, S FHILERPHE
o2 Do/ PEAELN TS, HED AN =X LESEHBRTHEL. 777 F =
— OB AT R O MR R TR E RO A, EEARMIIENE S
PDOIFL L KX L FDOEITEZEZ, Bellingshausen Sea TIALE—E R HImIC R 5. FRI
KIEL7: 7L — bOBKTIRISHBEHHATEZ ) IZh

mnmmMmMu747U7v—bﬁﬁ@(ﬂ%@¢i@ﬂy::Tm,ﬂﬁy#@@%@
OONT—FED P, JCHE—EHO THAHEEL TWEEEXONL. HMLILKT T
Ao FHIENEAFRERLTBY, Uy VL CTEFEHMTE &\, Forsyd (1973) DO
TRDFPEHOFMIEZOMBROLKENOLOTH Y, ZOHMBIIRAMILL, €O
BERF - TVBMOF— 7B TR TV,

(ommWE%MNH%y:@ﬂﬁ@ﬂ%ﬁ@%$3ﬁ%BKMwﬂM@Eﬁﬂ%k%@?
ERETHL. FNLOHMEORTIGNEIFIEFE LT, LR—HEHEOPHER->T
Wh SOKHEOH, 1981 FiZZOBBEORBFKOE S IZB W CIERE OHEDE Z -
Twhb,

(d) Kerguelen #ui% ([ 4c): & OHUSICIIAED TEAEBL T 5. 7— 7N~ A (Zosack,
1992) TIRAFRANEFHHMOATENRTVLNOT, HiLoPp#EEbNLAY, GLAT
BAACERICZE A > TH Y, PEIIEHEFIACE. 205 S 2 Ol shE )

£2 EHETL— FABEICRS N AIGTIE OIS & FE

Table 2. Regional features of principal stress.

Region N Feature Fault type Max mag.
a) Bellingshausen Sea 3" E-W or ENE-WSW comp. RF 6.2

b) S of Juan-Fernandez 3417 NW-SE comp. Mixed 6.2

¢) Balleny Is. region 6 NE-SW comp. SS 8.1 (Mw)
d) Kerguelen 3417 E-W tension NF 5.5

el) Continental margin 1 N-S tension SS 49

e2) Continental margin 1 N-S tension NF 5.1

f) Area off Enderby Land 1" E-W tension NF 4.6

*1: derived from OkaL (1980) but duplicated with HCMT; *2: derived from FORSYTH (1973); *3: derived from
OKAL (1981); *4: derived from NEGisHI et al. (1998).
SS; strike slip: RF; reverse fault: NF; normal fault.
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Fig. 4.

FlEFEEPIKED L DIFER 1 OF— ¥ %R,
(a) Bellingshausen i# (T#), & Juan-Fenandez ¥ 1 7 1 7L — b /jih (L-#) (Bellingshausen Sea
(lower box) & area South of Juan-Fernandez microplate (upper box)
(b) Balleny 5 #138 (Balleny Is. region)
(¢) Kerguelen BT 1% (Kerguelen Is. region)
(d) Wilkes Land, Ross if§:#138 (Wilkes Land, Ross Sea region)
Focal mechanisms observed in the region where characterized stress fields are detected. Shaded mecha-
nisms are obtained from studies listed in Table 1.
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KEFANOMIEBIZ L BHBEA 2 OA LML, ZOLDOMEIZOWTE LD b O LR
AJNYAL kN

(e) KkE, KEEWIHIR (X 4d): A H = X LMEAKE > TORHDIXZDOOMBEDH. 213 Wilks
Land DEATRETH L. JOMEIIKEBOFISEYIEHEZ T TwD Ev) 2 & THY
ﬂ%f%%.%OMOi&m@WGk%W’M%T% T AR T LLBR %0 K e 1 7 T — K
o ROEMIIIIZELT S PHAEATHBE SN A0 oR ) BOTTAHM TS %
V. TR CIOKE BB S A EE NS ST h R ) K& WITHESEA S % O T < OF i
LULETHAHNH L,

(f) = 3% H i Enderby Land M KFEHI L O & 2RI TR 2 - 72RO 2 7 = X LR
WrAsE ST wan, IEREM S % b 2T RO 2 7 = X AlrEoTwd (0D
(NEGIsHI ef al., 1998). [E 18 & L TR DT -5k D), BILOIEHE# % b .

DY NS AT 4~ LABBRO T G TR IOMIZE 7L — PNREIEI - T

B, ZITIETL— PADIEHEE RA OIS OB EFIE L.

4. EZOHNLINTIE
EEPOREE L TERDEI L LDONHIEELLND.

4.1. HWHE <> MLOEBEEFEROFRICEFRL LIEH

0L 713 Arryusiukov (1973) 12 & - TEBMIZHE S hUd Lo fs, KB
OBz FIRT 10 MPa LU & 52 2 /LT B (STEIN ef al., 1989). FREDHIBAMRERZ TH D K
e A O KR Tl RIS A IS ERIG I &5,

4.2. Uv?ﬁb

41 E L ABICEEE L FOBBOERERH L LIZEVELSL. EBOT L= MR
@7&/1717;)$E&ﬁkiwfm OGRS, FIZIEEE L2
FLUTATETL — FORATIEICHT 2 v S50 MPa, RO JHIZERDOHT T
{Y ¥ T L — FTIlE22MPa & HE9E LTV 4 (SENo, 1999).

43. BVLBH¥ETOE THE AL BB
BREEEALD SRR A DA H B & BRI B &, IR E BRI X B AT ML
L 42, WesseL (1992) 13\ & & A TH A, EWVID THE & v 7 L — P NHhE
DI3AFD 8% — > (WiEns and STEIN, 1985) % B I THM L TH Y, HuigEgEE 7 L — b
TIFFICEETH LR D S
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44. ZT—JVICERELEY v DL O3 RT

2B THAN) v VLA ECTFIL2RTEMEEFVTEZ LN TEAA, 3 KT
RNV BEEZRDBHEDHD ) B, SHII3RTEMAERE L TO—ALAEbDE FL — b
AT=NDEDIIDT LI ENTELLESL), U—HVABERE L TIREL Y 20T
W R L T2 L9 28065, S0k s, FHMICRASERO T ¥ — 14
TV = POWRHEDST NI DL LD, )y SHELOHDOHE G 2 OF N7 7
FHEIZIED) S Ei2% b, BEICIE2RTLEFVICBIL ) v VIHLOREIZMA T, Fo o
AT+~ LBREOWBREL 74/ 27 2 7HHE L TV BT H D5 FAEE b S+ 2 & v
5%%%%5&w5:&?%%.ﬁ%&%h?yx7w—AW%§T%Héﬁu,%@ii
AHIGNELTREZZHL DT, U= AL BIENREL LTEETHLEEZ 6N, Zh
if%ihﬁﬁénfw&w.:ntu%u77m&fb~b%ﬁ®M%%%“:%% E3]
B7L— MO LEORKE LTBY, 2hFho0id V=T RAT F— LB
RDTV—MERTH L. W EFRDILAERD S 7L — BRI A - T v S L AT
BER T EEZ UL, 7L~ NEOS 5B CORNIEIT. BERIIZIZ0 4 D+ 7 2
v hDN Yy IWUDEIN T B O THMI T BEOILAT T ORI ES) Hli & T & 7 < 1
5.

45. TL—FEEICB®ST O MLRS Y Y

ARG ETIIMHET 2 7L — b E OMBEER 72 ClBR A X 205 18 0 Qi At
HATE LN EDS, TR/ ZAT2T7HOR Y FLOBAL T L — MEKR AT 5 F2 2 &
“C“Lujjiﬁ@/f%md%f’ﬁo TVBEEZLND LI h o7 (BHKIZHBIT L6 Meuer and
WORTEL, 1992; Russo and SILVER, 1996; JLMIZ 351 2 B 2E: Seno, 1999).

4.6. KEEROKEKFER ZDHEKICL DHE

RN OKRROFEILERESDIETIL XL & EH 255, A TET Y~ oW E %
HLTHRPISHDOL NV G ELTHE 12, ZoFE, KEEOIBIBIE 7 — 02 o
BEHDPOEEDY, BEPEELIZCVE ) IZH. ZANBEAER ) -2 52 Fo
IR CTHUBEBY MK OB & L THEI S LTV B (JonnsTon, 1987).

5. &k G
5.1. Bellingshausen i#, Juan-Fernandez ¥ 1 7 O07°L — NEHROEHBE Y v L
CAITOMETHE 7L — FMNOIGHEIE, FIZ) v S LIS L THEB SN
OkAL (1980) {4 Bellingshausen DS M A IZIFTRM D) v S L CHMTEETH 2 & L 7o
B SN D BTSRRI BU 2 EE—KTFETL — FE ORI EE XY P LIcH S L
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S35 THhb. LiL, BEOWFEIIEITA Y v Uil L oERNEHEILZ AL S8 T
B, Yy SEBECHEIGFI»SEE RS L, FRE L bITT L MImHIL, £
nciik, BETS. Uy VHLEEIo L - PEEVEET AEREIC»2LT /A
T 2 T h S OFRMAEDOKFER S % R EE L2 b D THDLE X 5N 5. Bellingshausen i
DA RBED 70— 54 ¥ 7 — % h b, BIEOIAFIIEOILK LR TH 2 ILH—
BME AP ORED L ) HE IR WAL 78 Bbh s (21X MuLLer er al., 1997).
Yo THENY) v SILARHECTHIUE, PEISMIIHE L) I —FRAEIIMEC &
FHENL, LaL, SE0F—4%+ v FIX5S L Bellingshausen waekTit, BALE—TUE
TR RO A SN D, 7 — 5 AEITEO Y v VLTI &0 FHP 7 NEE L Jmicy
NTLE) I EI2h0, O A E R L) HMA ) v VI LABEN L IZEZ 2.

ForsyTH (1973) i Juan-Fernandez ¥4 7 0 7L — bR HMIZEEZ - 7-HED PE L K
B, IHEFENTODY v Y (KEE—HR, #El—F 2AA5R) 0 v I L CHBT&
2y L7 O TREE—KTEETL— b, FRI—EBETL - PO Y YOI M
FIFFEHTH Y. COERIIGRIES . L L, Forsytn ORFFELLE IR C - 7o 5 12X
42 HCMT O A # = X LRO 5L, ARG HEO T CHAICAE L, P& 30°
IEEFHVE, CHNSDF — 71 Forsyti DiE 272 £ ) IZHEDEFEOZIFFITR DD
G UL NAHNED E VI EZTIEHEBT LI LA TER V. HEDY v JHILLUSOT)
BECT VA, Uy SHLUEESY v P — b T AT 4 — AIEROBEMED 720123 K
TR > TV AT HEN, S4EXLLENHL. FAH—@HETL— MDY v 2 T~
2T 4 — AR RILEENICEET RO T VAT — LB AEEATEY, 44 BT
O — L7 3 KTCHEAISE IS 2 2 e A S 5. Lo L ZORFEBEERE ) £ (AT
BHTIC B A . b o EBOBBEEE R DLEN S D, |

ﬁ%@W%TUVVWL&%i%htmﬁ%%ﬁﬁL@%%ﬁ&%:kﬁb#ot.k@
B L LTI 7L — FORIKRG KR ERAICEHE L TV LEDN D 5.

5.2. Balleny BSOS HIB/OEIERICOVT

Balleny B HHE OG5 b Bz ) » VL CEHBITE L, LRI L TR
L UED B BATED T Y AT 4 — AREOETAORELTR TS, TREARICY
2 7-%121%, 1) South Tasman {E\ZM L 72 #B—4— A+ 707 7L — FEHAIP ST L
— R AT (AR BFA, 1998), F 701d 2) KEEEIA S L TR A (PS5, 1998) 4 KO &
Z26N5.

HOBE, N TV vy a VR EOERIIER LB XA ETH 5. DeMETs ef al.
(1988) %° Kugo e al. (1998) 1= & » TRENZHEIL, v I ) — MY TN T v v va VGO —
ZNTY TR T L — FEORY) v Ty MLz L — b EEE TV S KRR D 129
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NTa, COMMEBORY 21245 Fmmly D7 L — FNHEEFEE S L — F0do
TRZVWETLE, A=A 51U 7 7L — MO South Tasman {FAFEREFEIZ 6 mm/y F2E T
EE) L TV LLEDNDH . :m@%u%@@iv~r%%ﬁ-mﬁﬁﬁ’WL%%(A%
FIR, 1998). [EEHIZAFE—F =2 b7 ) THOHNEEORH & FEICHBT 2 2 & A5C
& (FROHLICH et al., 1997), EE 3 AL L DEHEE TN THET 5.

bLEB—F =2 N7 U THOMMESOTHhORESEH 7L — MM 5 & +hT,
Balleny SOMBDERAS 7L — MEROMOFEEIE, #H7L — MR L CILrE 5 f~8)
CELENDHL. ZOHE, BT L — MR A OB ENLETH Y . [
1998 £3 H 25 HOARMBD 2 71 = X LIIKIEDOWIE % £ 2 -84, HRTNICLLRETH
DB R L 6D % (Kuso et al., 1998 ). 811854 65 A T HALH—R R SO E 12 b EH
CFBM SN D PEAMAIEL20I1E, R MVDFT v VA E4BLLESH L. b L
SOL) RN HITENRE L SO HN LTRSS L5, FO LD 4 E B
A C &\, BERMITIZ % < & L A South Tasman DI, B/ EEIFEHRIZ A > TV 5
ZENHER S LTV D (VALENZUELA and WYSESSION, 1993). DL ) 2 HHIZL Y 7L — R 5
RTOMMEBOTNLEREII L) L)~ 42707 L — @R BRI E 2 5 2 L it
BERTIE 4\ (Kuso et al., 1998; Conper and ForsyTH, 1998).

2) DY — AHRM SN 72DIL, James and Tvins (1998) O kA Z B O £ 5L 1Lz X 25
EORERN, &9 EZOHFBIZ I mmly THEBIL TWAIAEMEASH S LV EELL T
H o (FFH 5, 1998). 7272 L BHOKIR DRI B 05 2KROILAIIS DV Cid, BIEEK
AENTVDEIAHTHY (FB S, 1998; BErkman et al., 1998), Z 046 H, HiR, 451 s
TOKREBIMEREZ SN T L) GBI N E W EARSELBHTVL, Dk
I %E L VEROKKEE & F o BoK IR Z 813/ 5 < 4 0|, Balleny BHIE OB HA45T
TONRFHMOREEL, F105D I BEIZE->TLED (A5, 1998). k— & LER &G
HDLEH 6 G AR S COMBERI T O 5 TH 20 L) P RET 2 L8N D
15, FLIOMEIKKERNZILDZLDTH S EH 2 2841218, KKEHE M

YIZK & LA EER ORI R, HEHICAKE 2 EAE X TV R VO 2T EEBOM &L

WWARHBEZEI LB E ) 22 AHEMICEBTLLENH L5,

5.3. Kerguelen BB DS

Kerguelen B570 5 7' L — MERICE L  TIEMBOMBEA LB T 2 (Mde). Zh T TOWE
L= FNHBEOWED S, 35MafEE F TIIIEWMEIHET 2020 L 0 b lRERDIE
KRB EEMBOMBIIRL 52 b I AR SN TV A (Wiens and STEIN, 1985). Ker-
guelen BTN 7= 4 THIZFF LAV, DL BEVIEBERO 7L — N NH#EOER
RIS IR T V0D &0 ) B AH B (Haxsy and PARMENTIER, 1988). Kerguelen {1
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MTFIET) 2 — ADHFELTHBA L 2VwOT, BESPEN T TSNP RE(R
S>TWhHIREEH 5.

54. MEARE, KEEEGOME

B AREO NI IZF A = A LHRE - B . B KRR X° Enderby Land
MOMBEIZOWT D, FRENLFLE2BMLAT =22/ o5NTeRwb, TITIEA
HZALERTETICE EHTEB &V, BRAREICHES DL L AE SIS OB
DFBITIIEETH L, KFETL— MIEET L — b L) SO THIIEOK AP IR %
IOEAIL TV AR S 5. F4 & 3 iR ISR 2 28 L L TIOKRICEE Y
2HONH L. KEMESKEIEFENIIOP> TV LEEEIHECEEZMR S L) I2H)
¢ (JounsTon, 1987). KR DIEA R & DEBIL TS ZF OFFE I BIR I~ & MBI
S5 LS BN EIES (Wu and Hasecawa, 1996a, b). B & EEMAEOBIMFEEIZL (B
5. BEOGBRIEEMILEY Y A TH S, L LEBRAREIC BT 2 KKEENIIL KT
DT ) AV TRO—L » ¥ 4 FKEDOHLIZHAIUTHBIL NS v, 7RI OE KR
KBS BT 2 S TURITZE D 5, BROKKROEBHAS NI TER LN TELZET I
L0 LIS ot b EALNTWD (S, 1998; BERkmaN ef al., 1998). T 5705
TSN L EHO K HBREHEL NS RETHA ). £HF2ME, EHETERE
BIEEEATHE SN, JHEEBEE LD > T D (Kaminuma and Kuso, 1998). DD
HE R A 2DIIE LY ROWHIMO 7 — 5 OFRAPLEI G 5.

6. ¥ & O

BT L — FNOMED 2 H = X LEH S HET L — O 4 DO IR TR R IE )Y
%1972 (145).

1) Bellingshausen (2 4547 2 PR P — S AL O P /5 1L

2) Juan-Fernandez < A 7 117 L — N A2 3311 B AL 04 /710 O P 57

3) Balleny B b s—m 4 J7 100> P #h 7 {7

4) Kerguelen #3812 3511 2 HPH 110D T 8l /5 ik

Bl L — MG AARE AR, AT 77N ORBRRIERHE T L. 7L - FAT
—VTEICHELT, )y VL OBESZFRETM > TR TThE. LL, b
CEBEENY v VH L OATERUNSEES TR EIZE LA LERELRY. Uy U
LD 3RTEM A ERHbERMOISHES B L /E&W sl ZEn s, 6D
BAzoOWTEFY v VL TEZ £ CHBRENERMNISIM L 2 LT, ZOMOISTIIED
WHEMAHEL TV I EPEETH A ).

F YO Sh G, KERLKEFETOHED A 7= X LI K BI0% ORI NEET
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Fig. 5. Typical directions of stresses recognized in the Antarctic plate.
Solid and open arrows show P and T axes, respectively.
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