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Observations of Ice-rampart and
Icequake Activity in Lake Kussharo

By Yoshihiro SuciMOTO, Satoshi FUJIL.
Takeo MoRrIYA and Tsutomu SASATANI
Department of Geophysics, Faculty of Science,
Hokkaido University
(Received August 24, 1981)

Formation mechanism of ice-rampart and fracture of ice plate in the Lake Kussharo,
Hokkaido, were studied. Observations of icequake activity, temperature in air and in ice,
distance between two ice-plates separated by the ice-rampart and strain in ice plate were
carried out in the period from January 31 to February 8, 1981. The main results are
summarized as follows : 1, Icequake activity is closely related to the rate of temporal
variation of air temperature. 2, The Ishimoto-lida’s formula holds well in the case of
icequakes and m-value is found to be 2.0 and 2.4 at two sites. 3. Icequake activities before
and after a large icequake (a large faulting of ice plate) show following pattern: Preseismic
quiescence appeared about 30 minutes before the large shock, then foreshocks occurred about
10 minutes before the large shock, and aftershock sequence were observed for 10 minutes, and
it is followed by postseismic quiescence for 30 minutes. 4, From the observation of strain
in ice plate, it is suggested that tensional stress appears in the upper part of the subducting
ice plate when air temperature rises. 5, In the daytime, the distance between two ice plates
contract and in the nighttime, the distance elongates. The amount of the elongation is
smaller than that of the contraction. From the results mentiond above and field observa-
tions, a model of the development of ice-rampart is proposed.
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THEGIL, HREERBS (ce-rampart) L MR, BICEHBHMTIIFL (, [HIAMOBRIE
N DETHELTHD, BREEHAFORR L L T, ThF TICRDL ) L#EHrZINTH
5 (BlziE, HF (1942)). FFEEORHERCKHDWHEL, Z0HFETKEEI TR T 20T
BIHRET L, TOBEONEIL, BAROLER, BAICLVEET LY, oI MOLS
CHELTHE, BREERT L. HH, RE0BE FRICL - TEEL, BERCE 2854k
BB E > TWBRBREICH » TIFL EIF 5 Ckoig BikER) »*T& 5%, HH (1942) 2k
3E, BREORBICEWTHEM & INTFRBEOBRBERER R, 2R (RER), BR
HMEPR), BEMEER) BV TL/HED L d#ES T 5b, Rk, ALEEDEMH
BBV TODHREREBRRIR > T b 2 X2 HEKR (1980 I X - THE SN, Tt s b
L, BRBBOERERIE, ABOERLIEL, 22032 R10km L EICERLLDH Y

(1980 F£%), HARAKDOHIETH 5.

WM OBREREBIR B2 [HAIED D) ik, &< 6% DARICERS N, MRINT
&7, BARDOHBEFEEL, ZORFIKROBERRETHL I LIcEHL T, N2 HERE
DETNELTEZLBE P LWMREIT - TE BLE (1943) 13, BOKOBREERE 2 KD,
ENE L LICHROWIRN 2 A = X L% LT 5., OMOTE et al. (1955) 3, KR 0BEEic B L
TRETKENFER L, [RB, KR, KOME L OBERE2RNT, THEOKREIL KRB &
ROBBYIHLZEER/L TS, 72, HHIKBEORBENRERESMICONT, HA—K
HOBMROHAZL, 1F 572 mEXBRMBEOBESICBLNDMEE, TLAL—HT LI L2
&1 Tw %, HAMAGUCHI et al. (1977), HaMAGUcHI and GOTO (1978), GOTO et al. (1980),
EO - BEE (1981) 13, HIKE ZHUSEFES KRS, 7V — T 7 b= RICBITBE) VAT LT
EEDTEDT 2/ A7 2 TORFIZENL T Z kB L7, #5113, KENEMN & iz,
ZDFRAEBELTAND 1201, MRDOKFEA R, HKEETES THOKRNT) &, KR, K
BB L UKIBDIBESTA OB KR P ORBEOMENBBE 2174 v, KE L RIBEAL, KRR
DY, KRAWDIG 5 & DR, mEDRBKEIZ DWW TEHE T 5, R, &D-
% (1981) 13, JMRAIBEFMICES L VRET 2120 T, HEO7Lv— bk )ik
FHEZORET SR EZHRHEL T 5,

40, WRIZBEFBHICEWOKE, KMREPDE, KB, BERERZIEI T 2 >OKIRMOE
B GKIREIOT~XN) OBREIT% - 72, FRISKRNBOEZOBEL, ELHTHRATH
5. UTiiZ, 2 snBRloiER %, WeFiBic BT 5% (OMOTE et al. (1955), HAMAGUCHI et
al. (1977), HAMAGUCHI and GoTo (1978), GOTO et al. (1980), & -148E (1981) =) » kL,
KRESERBERAZRICOWTERZL 2.
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TEE %77 - 72 (Fig. 1. 2 OBE OB DKL, N80 006 Ic RERS TS 2R T OAT,
Ml TR TE LN T W7z, KHUZ L, #2010 m 2 5% km (2 2 B2 EEIZ £ - T 72 (Photo
1), WEH mm» 5% cm B0 L 28O WIS, WMAKP T2 LRBALERKL Tz, 2o
LAERE LB 2BEBT5E, ZONIICEZH L EEFTEL Th ), #E &)
HHEL TWADR L LN, 72, DNEGBHEDY
I cm DA — 8 — THATIRIZIEA T2 LD
AL, SHUE TIRERERIAR ST L Tn
72 (Photo 2), Fig. 2|3 SHEOEEX Tk 5, Hotk
By ok & CIRE T T L, SR MBSl Ik

Photo 1. Large cracks in ice plate near Photo 2. Icerampart at observation site S.
observation site N. (10h Feb. 2, (15h Feb. 5, 1981)
1981)
o
o
™
N

L. Kussharo

®
Hokkaido

43°35'

144° 20"
Fig.1. Map showing the observation sites (S and N).
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Fig. 2. Simplified map showing ice-rampart and the observa-
tion points at site S. The hatched regions indicate the
site covered by water in the daytime. These regions
are subducting beneath another side of the ice plates.

WS, MO HIAE IS BT Tv72, Fig. 2 T, $Hg %3173, 0 L 72 MRl o
KR EIZRBALZZEKOFAEEZRL T b, ZOBREEIRATHS 80cm ETHRELR, £
7z, NMETIREARERRARII L2 - 72,

n-2. BARE
KEIEE) LB, EEREFOBREFANL BN 5 RkD 4 DDBHICOWTEHRE 2T% -7,
1) XEDEENIKK
2) KihoE
3) HORFEAE % (3 & LRl o KR D BB 2L

(4) KAHDIBRE

SHIR TOBB S OEE % Fig. 2128 ¥, 72, NHETIRMED 545 100 m s c g
EREL TBMZITE > 2. UTICBRIOFEICONTENS,
(1) KEBEDOFEERIUC >WTIE, BEREE 14 Hz o FTamEH +HXEL, EREL 22— —
RV TRER L 72, &ROB BRI 10~200Hz Th o, ChebdhbeT, w4 7u7sv %
BB D § ¢RI B W OKDOBES 2 N4 L 72,
(2) EIZDWTIZ, Photo 3R THER, BXUHEND 2 >ORID L2 H— & EHK L TR
L7z, MO LY —iF, 6 mmENT 7 ) WROHOMIZ 6 MOES—2 %> F 4 v F
RICBIALZLNTH Y, FMBROFHNNEFMOEEZREL LI EVILDTH B, $£72, H
DL P —i3, HE18mm R ) ELE =— VB oIz Do & FiTic E7—
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CERARY, M oE E s
Lo v snThs, MHEH
EI2iE, 3HHES—IZEED,
FDFEE & 52 & T8 T ol
WO OREBLE il E
BUCEH L Ta 2 &, fHips) o
BB TE DL D bh - 2,
L DR, R H L)
CRDBITH L TEELCEET 5
L& LUTEIIN, FaEE

EHILK VTR L T B = & B Photo 3. Two types of strain sensors, A: disk type.
B: cylinder type.

ZRNERD> L O ST,

W EDTDE X —DFREIL, HoREEED? S5 1.5m
DxMHIC (Fig. 2) X&), T V—%20dH T 5
KEKEAN, BEFEIEL, Loy—i3, KAPL
3em k6 cmOEIITHESI N2, HERICOWTL,
kR OREMIC N L CHE, P47, 45°0 3 HIICERE
L7z, WEREL =2 LBHEZVE, MRICBWT
T -7z,

(3) Photo 4 &, HMEEIOMNETH 5. Z ¥R
P20 2 DR DEBEO L E KT L a v 4 —

THEAIEMOZEE LT YT Lo¢, Bt
B~ L O — S — SRR R o B BRI k-

THMEAZMEL, EHRLEOEIEN X+ ) 7L —2 3 Photo 4. Extensometer used to measure
change of the distance be-

Y ERAT o7z,

(4) KRz DT, BIREEA ) S EREE 3 m, TRE 5 cm

DRI — 3 2 g IR A BE L CllE L2 (Fig.2),
LT BLLEDT— s DM, AGERERE KFEDORIBMREE R 2 5 N EORIBRO T — 8 % B

L7z,

tween two ice plates.

BARS L UEBE

Fig. 312, SHuEIcBIT 228301782560 12EE COMADT—3%2F LD LNT
HbH, HL, REENBEDLDOTH S,
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Fig.3. Temporal variations of strains in ice plate (A), distance between two ice
plates (B), temperature in air and in ice(C), m-value (D) and number of
icequakes per hour (E). These data are obtained at site S except for the
air temperature that is observed at site N.
M—1. REELLKEEE
IKOWIERIT R & e & HICOKEL RE S5, IR(1968) i, FEHBI 35> THRET9 ~10
BREROKDBERITHE D BEEE &, F1% 8 ~10 BRICHA S ) BT HORIBRBOMEICEKA & 7% 5K
WHEIC ) R ENTFAE L HUE L T b, 272, GoTo et al (1980)i3, HEh#lon KEHS) »°,8~13
WBLUSTN15~228D 2 DD —7 £ 555, FHMOE -7 DT ) HIERTH 5 2 & 2 HE
LTw5. Fig 3E i3, 4EIDEHBHICH T 5 KEEEOBEREHR TH %, 6mkine LI EOKE
KOWTIRMILDRERERLThHs, 2H4HIE, §~12BICE—22%b, ¥HDE—
7w, IRV HEDORBOTHRIW LRI 220 ThH A5 (Fig.3C), 24 5HIE, 4
FHDBREHICKRE L E— 7 2 H 20 %K%, GOTO et al 1980 DHEIC L 2 FWHH DA & [
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LTh5b.Fig3nC rE# /RT3 &, KEFEBIZAR
AL BB BRI Ic IE R 7 > TV B, Fig 4143, Ntk
HTHEMEN 1 H%) OXESK (bmkinepp Ll 1) &
RROHEZLOBFEERLZLNTHY, WEOEIC
BIEDHEEY H 5, FEEDZ L IZHHHOHE TH ekl
ShTtwsb, (OMOTE et al (1955))

KEEE P RIBZALDEESPRE S IEKET 2 E
LT, UToEsr#Ez snb, E—E LT, KiIgzH
TONZ RN T (22X107%]/em-s-k at 0C), *
A THOREEIZT ClcidPMEb L v, LA -T
R BB LR DRENRIZRE (),
EBEEPLENEEL CHEZEL &85, GoToet al
(1980), KIRNERDIBES M % Ked B = & T, KE LG
NP BREECDBHABICRET I L2 HEL T
B, F72, BIE L OKMROBEIRBIAEC TH B0,

Number of icequakes

1000E 3

T T T T T T T T

100 E

l 1.1 4 ) S U S N G S
5 10 15 °C
Daily range of air temperature

Fig.4. Relation between daily range

of air temperature varition
and number of icequakes
with velocity amplitude great-
er than 6 mkine at site N.

KDEUERIC & I HBRHSERE 2, BEEMBE LHE, EHRAIIC & - THERIc LR L
BN ZEZFLET, KEEBONERE XL EHNELLNS.

M—2., XBOBEIREBRESH & ME

Fig.5i2, 2 A48, s HOMAICFEE L Z2KEDHER
FIBEEESFTH S, KREBIMEMTH 5. RIS 12
mKkine CH5VNEZHLNNEVEZALTRERIZD
5, DN, HRHETI (HALN TV 0K —HHD
BE{%, & 5 \2l3 Guterberg—Richter »BAEHHL Y 3L -
Twh, WHBOREIZH L T, OMOTE et al (1955)i%,
BB RAFES O EMEICOWT 1.8 EWw)fEE
BTwg, F72, B ESFEZB VT, HAMAGUCHI
and GoTo (1978)i3, 1.9~2.0 NiE*1F T\ 5%, 4D

ERIRMTHBAITIE, SHENZ>HDAT—2 3> T

m=20, N ctm=2.4 DE &5 N7z, ZOElL,
HLEPICEHBHTOEL ) DKEDTH L. MELED
LEZ Y LR, WEOAREE S (Moci(1962)) <
DOIEH L~ (SCHOLZ(1968)) 28 2 s b, 72k 24d,
HENTHENERHIIET L, WENEERNL DL D

B2 kR AR LD {2 ) MR AT B

IN E
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o
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Fig.

E A )

1.‘8 ' kA 125 25 mkine
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5. The amplitude-frequency

distribution of icequakes
on February 3 and 4, 1981.
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BRI T 2 5400 L MR T 5. BAHEHO 2 A TmlEANE S 2 Licon T, S
AR TRERERSFGE L TB ), BEHERTH- 2o, MRS ( TRET
BKBOEEHKRE (LN, 20T EESNIE L VNS oL 5 5,

Fig. 3D 1243, SHLETHOMEORIMZLE R L2, F— 2 MR A I RSN T L 02
VW, SEEHESOT— % 1T OBEI ST e > 2mETH S, 5 HOmYEE 4 Bic kL <
VCBANE o T d, Bl 2R TIBHEEOTIE & 7 & DBEI L Tw b
YEZ LMD, EAE 0 BED b ORI, MEAKE o T b DD TH D,
DRI Tt T 5K BHA D 7 CIERMEIZE LS, KEESP RERE VI 22 baTh,
JEH VAN T BB, OB Oh L LT,

HAMAGUCHI and GOTO (1978)i%, IR THRBEE % 13 2 LM DML RO
~ND)EBEEL, BIEORE WIREBRICmES NS {0 2 RS L T 5, Fig 3B o fhijEst
%255k, WEIAMTHOBREGIZEA LR, ZOBMIICMEI AR CHD 2 23
W DR EFE L, Lo L, SHEOBECE, Bz ok s IR mfEssm
TBENI S EEhd -1,

M3, k& Hk@AIH0ER
BRI, BRBR A TT R Fet 5 1on47m 205 o
PETBREDEMEMED B Ayt m sty

e

L7z, Fig. 6i3, 205 boo—>DC “:m‘“W}Wﬁ et C high gain
' ’il f ‘u‘ W k’ﬂ’#’m e L
_ b 47 g s s ' J ‘J\W; i 'I{ “','7, | J;'w B high gain
2 75 H 10 W 47 52 Sk L 720k *'M\./ ":n’n"k,,‘\} ;: 1 /&Jﬁ‘t )a«‘ W\W
EOERTHD, 5WREOMNE ” ' %v‘ i B low gain
i
FFEINIC, Wb [ b pf - ‘ —-*—V"ir A My
FEL TV O0by 5, Fig?7 7 o pwt*
| g'\ﬁqwil il H“ D hkgh gain
I, ZOKERTHRIC S s A (Fig. ~wmﬂ}{ % 'MWWWJ
|
2) RS LR bmkine  ——i] il oL D50 9
LIk ER %, 10 5 IR : wmx:$4¢wm 2lowgain
TRLE, KEOKENgcEm A
BBLUORELALNDERDH Fig. 6. An example of the seismograms of
) R SR s R the large icequake recorded at
D, FHCHIROEE R L Ty stations A, B, C and D.

5, F7, BIREEIOH, BLU

REIEE D 30 I 22 AR R TFAE L T B, ERF L FRc <4 707 3 > 2 5 4%
LT =78 0B TERE W [EFEF] L v Wb ZBsEs, k& 2o
BmL, —EOHIENRZICE, Y, LEOKRE—T 5, oM, 18R %e g -8
BIRE) — AR - REEE - ROy — i, BRMBICLALNLHETH L, EDESL,
BEPLBI0FIZ L b2 b 2038 — 20, S ROKEEE T3 1ERYED 3 ) oRNIC A
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NLBEBRER. — I KHRAT O 22 N , Large icequake
BN, BAVTAL T 5 —fE 100k 10h47m
HAT—RENREL BT iIc &

5 w9 (Blz2i¥, KELLEHER
et al 1975) %, BEFHLHFRY
HEILLBEnwy7aR) T4y
7 (B 2 1¥, IsHIDA and
KANAMORI (1978)) iz & - C 383 _
ENTWE, XKEDESL, 20 % rebs

o hEZHFTCHEBRENL»LL Fig. 7. Number of icequakes per ten min-
. . utes before and after the large
Niv, £72, REOKICKEZE shock which occurred at 10h 47m

BENE, —EOEBE TS 2RI on February 5, 1981.
ENRTDTHBEELLNDS, 4B, HEHIREHOMHEICEVEZALNLD -/,

Number of icequakes
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o
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LI S S S B B B e e S A T

10 11 12h

M—4. KiRPDE

Fig BAl3EnT—2% 79y P L2 TH D, HER LY F—DiE&IT, TXTCHORS TE
DLy AHRL TH- D TEHLZLDET ey F Lz, [RiBD LA T 3 FHPIE, 2900
Bty —3RicUrziRL Twads, [UBY T - T RG> —DEisk TR &
ToTwhe, oY —REBEAMMERE, BHKIREICKNBAISHY), 2A5HOHTLLLS
&9z (Fig.3C) kiBiZ 0 CiE F TERL T3, oy —FLnKkDEWER OB, i
NHdEEZLNE, 1HOEEMBLEHFNED LY~ DOWTEVH L LN, KNEICH
T —DREOLPLICHENSLZ s bd -7z, L LEENLERICIBEZ 20T
HKIBDEAL L B L TERL TA5, 2HA5BOFEPBICOWTAL L LT, ENEBlILIED7
W 5430 HLIEFEHZE TOKIRRE 5 cm) DE(GIZACEREN LR TH 5. KDOBIHREE 52.
TX10° (0C) BIUEL T —HHNBABRERIKLIZIFM L L 2E2 b2 L, EH
PMb LV ERELLHED I OMENEEIX 200X 10 RELLZITTHS, LrLEL
F—ic ko EMz, BEto 2 5m Fig3An1l,2) oy —»5, FRENLIBELHE
RETHINEZRE, oL -3 FHRENDKRELEBREZRL, 51R) DA DP-TnEE
EHTRBEEND, ZHZ L IBIREFABICIIEROG YD - THRERIERENE L v
EZICFET 5. GoTo et al (1980)ix, FMFMNKIBN T — 55 b FAHFEIZ & - CORRHERD
WBHAH & KDz, FRIPORELABFICIZEE5 cm L VRO TEEDAIGHIE L4 ->TH
D, TRNHSENFERE KL v, SEOMETIIE LY T—2HRBEROT ORBICHEL,
FHE L 22l KDL —F DK TIZ G C DAL E - Tz T (Fig. 9), kikosliss )
DIzDIZKREF TR DI Mbor2 v ) WRERELH S, FHCZDE 213, IBA L H—
DIERT, REH LNDREH 3 cm DT, LVBR6 cm DL DL N LBROESIAENE
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EEXLFBELL. $72, AR Y—ndh TRELEELZRL KSR, EEORKERD
FEECITL T 45N FETH 25, Fig 2 ok 5 1c8RERIBITLTEY, ZOELyH—nk
BARARABD A EEZ TH B2 L I3k n,

M—5. #REE% 32U KRN ER NI

Fig. 3B 3, #HKME %1331 2 2OXMMOEROBBBZELTH 5. [EE(LE &Y 2
&, RIBRAECRHCHEBZPHE L, RURAMETL Ty 2RIIERIIMU T3, 25 HICDW
TEHELLAADE, FPRIPOBELABICABICERIIRS L Tnd, ZORPL a0k, #
KEENEZEICHFS L2eE2 05, Ly LYHUERESTHEL, BiHORERIES TEH-
iz b 5T, Fig 3B oitsék i, Mg —
OFEGFEELPEEL T, $28RERD emb
STEIIEMEBL 2, Z0FBHEEF, SRERNR 10
EEREZLLTCEELZIETHY, FHUIDOWT
BB TERET S,

AR DR L KBRS & BT 5 &, ff
U'H 5 WIZIHEDEEEDTK & VIR ICOK BRI E)
LIGF & pEmM»A LA, Fig 813, Fig. 3B
DEFO—WEILARL 224D TH B, KENL, B
BErEREREERICB L SR ERBEORE LR
LT3, KELKRBOFRERIC, KRMEOERE St L
DRT o TROBERL TR B2 Eah ), 8 ® Fen.s 12 h
KEERIC BT 5L, AL 2T v 74 Fig.8. Change of the distance between
KD 2R H B Z EHMRIN, TnbnZ two ice plates. Arrows indicate the
E13, HAMAGUCHI et al (1977 FEhH THkE ilerge which large icequakes occur-
RE—HT 5,

TN WO S WO S S

Extension

AN R B B BN S e S e e

U S W Y

- 6 BREENRE

Fig. 913, S TRA L REREROMEN R 7 v FTh 5. HEAIDKIKD, & 5 —HDKR
LU ko ke L 22 03kAR Hic i3 KB AL S 5, HEEHTRE S, B L 2ok
WESO T, ROL JICHEE FIc > Twa 2 & Thb, ZOBBROMER, FKlod~Nrer
B DR DDA S FUBEIE L ez & C RSB EEZ L5, Fig 1013, =
D2DODBENLEZ ILHMREENFZEETNVTH 5.

1. HEOWHEROKZBEEL, SEEYOHIC L N BHEIRET 2, BHEHOMICRALLZKIE
FEET 505, Mo L D EERINE W,

2. B, [EFLEATEE, KoBRC L ) BRO—DOHIERERE L 5.
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3. %, BUREBXTAT S,
FKARICIZZIR YD s fh5nb 5.
KOBIED BEIFEHEHELD D
BEL NS Vo, BHRERRS
P b BREIRET D, HDW
i3, HVCBEIHUBEOTLIE
LEFEzZ6N5, ZHICE DB
ET¥ 50 THRKERIZELIIZ
WRLZw, 2, KROTET
ok FEL TEL i 325, R
L72 % 3 KR Seumihi3 K &

89

80cm

Ice plate

Fig. 9. Sketch of the developing ice-ram-
part edge. Note the step like lay-
ered structure at the end of rifted

BLTWEWDTELL 2540, ice plate.
1. Night time 4.Day time
- -»> - -

| [Uceplate T

U Water T

2.Day time

3.Night time
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Fig, 10, Schematic representation of the development of ice-rampart.
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4. BAH, BENFEASTS L ERERIIEET 555 WROKE L Thid - 2emBiaE<,
K EBL T BTIIES, BEIEREND.

5. LT, 2~40NBLICEY, MERLDEENIERIN, BEREE L,

UEDEFNTEEL A3, BREEDRED, KROKEFHORE LBRELTVwbEnS
ZETHB, WICBEOBER 100 M@ 1AL L, SINBNIEL5 cm &35 &K4K 1km
TR 50cm DFEEERY), +HREREBRNAREIIHBTE S,

KNP FROEED £ 7 =X 242DV TiE, &O - %8 (1981) »%, FHMOBEKDIEE
SR E, NP LROLNEIGS, BLUBROMEOERY L, Zh2HBLTW5, HLOH
& B L, HEPKIROTEEBEICSIRD DI HBRL, 28T s caR,»HOL,
PERIC IR BAT 5, 2 DEKSEEET 5 2 & TRUIAKEFHICRRT 5. fick~NHka
DETNTIR, KRTEICEND L)%, KRELBROREIZL ZKMEOBEEE2EZTWED
XL, #5103, KRR N BRI L 2BREEEZ TV IDENTH B, F 72, B 1 (1943)
12, FHHTORIR L AAREROMHEOBERY &, BRHORIRKTOEELI/NENT2HIZ, KD
ICHRBRFDERICE » ¢, BREPULHBIEIC L >TLIHEBNICBEL W2 & 2B X T
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