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Earthquake Swarms Observed at Mount Erebus, Antarctica in 1985-1986

Katsumi MURAKAMI*

Abstract: Mount Erebus (77°32'S, 167°09’E, 3794 m) is one of the active
volcanos in Antarctica. A program to monitor the seismic activity of Mount
Erebus was started in December 1980 as an international cooperative program
of Japan, the United States and New Zealand, named IMESS (International
Mount Erebus Seismic Study).

Usually 10-30 volcanic earthquakes were recorded per day for the period
from 1985 to 1986. Three earthquake swarms (85-A, 86-A, 86-B) with more
than 250 events occurring within 24 hours were recorded in 1985 and 1986.
The activities of swarms 85-A, 86-A and 86-B are as follows: 1) The duration
of the activities was 66, 24 and 59 hours. 2) The total number of the earth-
quakes was 2315, 357 and 689 events. 3) The average number of the earth-
quakes per hour was 35.1, 149 and 11.7. 4) Ishimoto-lida’s “m”-value of
the three earthquake swarms was 2.14+0.10, 2.54+0.32 and 2.62+0.23, respec-
tively. 5) The hypocenters of swarm 86-A were located at the western part in
Mount Erebus. 6) Hypocenters of swarms 85-A and 86-B were difficult to
determine because the number of operating stations was not large enough for
undertaking hypocenter determination. The hypocenters of the swarms 85-A
and 86-B were estimated to be located in the same area as that of 86-A, on
the basis of using the arrival times of initial phases and the amplitudes of the
seismic waves at Hoopers Shoulder and Trancated Cone Stations.
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Study) & LT, MEHRCE KBRS h T 5% (KAMINUMA et al., 1988),

COKILOKRL KEFEE E X 208G, 1972440 5198448 ¥ TIOEL, Bigdio b
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198247 H1984FE D T KD O PV E - # (KAMINUMA et al., 1986) L, 19854751986
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Fig. 1. Seismic stations of IMESS in 1985-1986.
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Fig. 2a, b. Daily frequency of earthquakes observed at Hoopers Shoulder Station in
1982-1986. 82-A, -B. .. etc. denote the earthquake swarms. The data of
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Fig. 3. Monthly average number of earthquakes per day at Hoopers Shoulder Station
in 1982-1986. = is the month without record.

RN, 1 BFEomERI26.9E T ehy, 8 Ao LA ER e
Isote. 9 ARARL s THIEROHMEARA R bh, 9 AFa»LI12HE o 1 BFEHD
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Table 1. P-wave velocity model of Mount Erebus based

on the seismic explosion experiments. Depth
of 0km is at the summit of Mount Erebus.

Depth (km) V (km/s)
0-2.0 3.1
2.0-4.3 4.2
4.3-9.9 . 4.7

9.9~ 6.5

15lka ¢ . . J
Bl 4 1982422 Hink 198445 Bizii & o e = L A XIUASEDOHIEE D EF 1
Fig. 4. Hypocenter locations of the earthquakes in the period from February

1982 to May 1984. The focal depth distribution is projected onto the
vertical NE-SW section.
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Fig. 5. Hypocenter locations of the earthquakes in the period from September
1984 to December 1986. The focal depth distribution is projected onto
the vertical NE-SW section.
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IR 56MEfE T 689 HooMEABEH M I I fcny, 1 RHE4C ) OMBRIIFERE 86-A I h X
LA {ILTETH - .

ThbHDZ binh, 1986FEICHEI i 2 o0RREMEL, 1985SFEBRIh RERHBE
XD BEHOREIRNI LT T BT Eavbn 5.
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Fig. 7. An example of seismograms of swarm 85-A.
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Fig. 8. Hourly frequency of earthquakes distinguished from five types
of swarm 85-A observed at Hoopers Shoulder Station.



Vol. 33, No. 23 1985-19864F R4 » . L -3 R || DBEFEHRTL 123

5 7ciiEE% Type 1-S L U Type 1 LXBIL4. Type 1-S i, #HERDOH 5% Y5
115 E RS hi.
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{, HOO Gi~DiiREMEOFERXIN TRC HX v L RVLHIESBAIh TS, 20
BN, WA R RO MEBEEEN S, TRC &k ) & HOO o< TRE TV &
HEIRD., Z0X5iEYL Type 2 & L. Type 2 13, #HHEROWH 2% wX4icb
973 HBRM S hte.

4) Type 2 T TH %2, TRC HLTOMBOLD LX) 2AFCHELBHISh T
W3, ZoElE, HOO STomEosrs ki) g, Kigs, TRC LTt 5n
wREWZ LMD, Type 2 L hd HOO fitiiV & ZATRETVWS LHEEIND. TO
X5 icHiEY Type 2-S L L, Type 2 LIXHIU7. Type 2-S (X, fRHBEH O 26% 1224
7= % 500 EBH X i,

5) WEHENAT, HMEBEABOIERLL JORES, 1235 LB oBREY Lzt
ENBAIEh TV, COMER, WATRERBELINCEER CRETHRMI WS o,
ErLOEEAIZEELVWELS, L LARFAE»OERICLIATRI - TWD LHEES
n5H. ZOXHIciEY Type 3 & Uiz, Type 3 1%, HMBROK 6% w2475 138 AF
RBlZhi.

D2t S FsdslUTOXsefiRicics. Type 1 & Type 2 OMBEREH~NS
L, Type 2 12 Type 1 of1.715ThHs5 T &mb, TRC Hizlk~XT HOO Siigv& o
ATRETVIHENSWZ Llbnd. Type 1 & Type 2 (X RyH2Z2 i w0
H 50, Type 1-S & Type 2-S (3, EBELAUTE-EH LTWBDT, Typel & Type 2 Okt
B X oo L EEENE. 2o Type 1-S & Type 2-S D& H~TH B &, Type 2-S (X Type
1-S» 4.3 fzztc b, HOO O TRI - TV HHEN S EERELTW5S. ¥z,
Type 3 DBV e olcl &b, BREOFEVWHEIIAA»LEA A TEZ »
TUVABHMEI VLD LBbhD. ThboZ EnbLERME 85-A OF R, ko
Bz LT % HOO ffhiic s { i LT\ 5 ATREME 2 &L .

3.3. BRHW 86-A OREFH

FERME 86-A o RAEMIRNE, IWTEME O 6 HElS (X 1 T El, TRC, TSC, HOO, BOM,
ABB LR LTWB)DF— 20 BbhTW5BZ &mb, F1OATHMERMNOKENGED
RIHERE L > CRERERX T, LEL6BREDOT — 2 BOATHTHEL D
BRSCTHEBESBUIRAZ LDV 5 2, MBEOYLL EAR Y ATARRC L L E
LT, AP - HEEBAZED 10.0km LUK, BAEOFHE 2.0 BRI - EFIT 9 @
Thote. TOEBEFESMAERICRT. MPOBFED 5 BLAKF - MERZES 2.0km LA,
REDOTHHEN LOHLUNCRE > HEIZ4ET, ChHBRBATRLTVS. ZOX
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Fig. 9. Hypocenter locations of 86-A. The focal depth distribution is projected onto the
vertical NE-SW section. Open and solid circles indicate the hypocenters of
which location errors and RMS of residuals are estimated to be less than 10.0 km
and 2.0 s, respectively. All solid circles indicate the hypocenters of which location
errors and RMS of residuals are estimated to be less than 2.0km and 1.0s,
respectively.
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BEONIVCHEBR S WD EBFERREILTE Ao, £ 2 THAEMRE 86-A LEBK,
BRCRLAWVERACHBESROICEETZ S RE L, AR MCHER S RENCEHZ
LIBERRDBROREELTT- 1. ZORR, HEHEI BT HOO S EFE 3 5 BEMN
RbEL, Zox4 7OMER, HIEMBE 86-B ORI 689 HD 5> B 276 HBEI X h,
I e kDK 40% whic s, DO W TN D TRC &, El fiolies <, Thth
T6(, TSEBR I iz, ThbWTheEoR 11% wXics,. Zoz &nb, R
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1985427 55 1986 4F. 00 R I X v 7 3 8 o0 BE FE3 52 o0 YRS USH I 5 A % (103, Atk
THER, B HMBORKKREY LD, ToBlERROLE (5, 1965) TR T, A
A HHORDORE m KD, oBEiRiE Smm KEGOMEE, /4 X v~ rrfEh T
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Fh 2.14+0.10, 2.544+0.32, 2.62+0.23 r7co .

19824572 H 1984 I = L S A CEBI R W e BERMEDO m (HI1Y, MBS KER /A
AR TW5 IEOFFKMEE (83-D, 83-E, 83-G) #r< L A LORERMEDL, —BRICH
EHHENSEBOLRS 20BEOEI I » TV % (KAMINUMA ef al, 1986). ZoDZ b
19854 L 19864E I BRI S e 3 O BERMIRD m AL, BERCBMI W cHREBED m 18
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Fig. 10. Frequency distributions of maximum amplitudes and Ishimoto-lida’s “m” of swarms
85-A, 86-A and 86-B.
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LHANTRREWMENB O cZ Edvb b, ¥1, —BOBEMMED m fE 1.8-2.2
(MINAKAMI, 1960) } AT 2R kX WVENEOR TV,
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i LT\ % (KAMINUMA et al., 1986). —7f5, 198547 H19864E 1 HHI X iz 3 O REFH
Bz, 3.2, 3.3, 3.4 §i Tt~ f- kX 512 HOO ST nEwWE 2 ATHENIRI - TWEHE
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Fig. 11. The duration, total number of earthquakes, average hourly number of earthquakes and
Ishimoto-lida’s ““m” for the earthquake swarms in the period 1982-1986. Open stars are
“m’’-values which are obtained from the seismic waves with very large noise (data of 85-A,
86-A and 86-B are added to Fig. 4 of KAMINUMA et al. (1986)).
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TWaEEZLRD. Fi, KGN, HRlUE ETRITTHRCHE L TAREBENREWE
HEINS.

AR - FHOKORE m Offiy, WEOEI ZHOTHEMOHME & i 51
M5 (Mool 1962). 1985475198640 3 EOBRMBD m EH, 214865 2.62 &
FRURICRE Z - HREHEDO m (EX Y RKE Lo T 501, HWENERVWEZAH, OF
DFORBRDOAEREIATRI - TS LEANNTD 5.

3.6. 1984 S LIGIDF M & O LB

BT B AT - e 3 DOFRMBE R & TI82EN H19864E F TR I W - HRMBEOIEE)
REGERFTE), HMEOKE, 1RRHMTY OWEY AX - FREOXORE m 0Z{Lr KaMr-
NUMA et al. (1986) O hnE LKILZRE . oAb, 198245 5198441 5\~ TRER
WEOHBMAREM, WEORE, 1IN OMBR/EE, EL2X 5500
ACKELL-TWABTZ ENb5. L, 198449 Bom KIEB BICBR I i BER
R, MEREEER), R, 1 BFRIMAC D OMER D 3 DO ET N THAEN/NS (s T
5. ZOZENBIBYEORKIFEELIEIY, HREMBOKNEN - o2 Tikml, R
WEEHOREZOLDL NI RsT0BEELLRS.

4. #& 5B

DEDHEREELDDEUTOL LS.

1) 198546 1986 Fic k¢, ATOMMIC 3 BOMEMBE, BRI i, FRME
85-A: 19854 7 B25H 17855 7 H28 H10R:, BERRHIEE 86-A: 19864E 3 H30H 16R 25 3 H
31F 15k, PEFHE 86-B: 198645 4 H14 131 4 F16 A 2385,

2) 19844£9 o LW AEEI i, | BRI h 5 mER, BERMEOREHE,
TR ZhORERMBEOIEEMGERR, k IU0ZzoBNOMBORYE, 1 MM OMIE
BoWTRIWA LTS, Fi, 198449 ALIANT, WEOHCL &L OREXRFMH LT
WieA, FRUBIIIUEMECEENER LTu 2T TR UAD L AITIE, 13EALY
HALTWIW., ThbDZ Eab, 3Tk KaMINUMA (1987) TS TV 5 X 51,
O KIETT, 1984429 OB KRBT HIT TR AICE F » T o lo= R L F — RS
RHERIC TG L L, IWEOMEBEEESNEFML L DEEL bR S.

3) 8S-ADHBERO x4 7T XHEIEOHE, B RINE 86-B 0MEHE O KBRS
DOMEWHFEIALM 3 X O FFRIMNE 86-A ORENTIN S, KRR THEIT Lc3 DORFHME
i, WThLIHEDTERIOERWE ZAEFLICE T » T 5 AN E .

4) RN LU-BRBECOWTAER - HAOROEE m OfEX RSO LR, —BoOHE
PR L N TRREWENE S his. ThRIEINEEREYET 5 KU ERV & 2 A THE
BRRI - TWAD EHEINRD. 20 Lt 3) ORBBLFAFNTH .
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ARLEBCY D, B OHCRBHE - . KFRET ) BEEFELTILEY,
THE, CPERHOCACEBRERRBNMATOBRBBEZCO»bER L. Bk
W OMB AL, WREBChI-> TIRE, THRLTHELLHORHLE
T ERROERE R TR, EVEBRENOBEHREFIA, BBEHFIARIZES KK
CRIBEHEHL LEdbmernaismekitiEiciy, ELBLHELEFET.
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