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MICRO-EARTHQUAKES OBSERVED AT SYOWA 

STATION,ANTARCTICA 

Katsutada KAMI NUMA* 

Abstract 

Small shocks like micro-earthquakes are 

recorded frequently at Syowa Station. The 

small shocks are roughly classified into two 

types according to the initial motion. One 

has a sharp initial motion (type I) and the 

other has a weak one ( type II). Some shocks 

of type I have a clear S phase and the rest 

have a small S phase. 

A swarm of type II shocks is recorded 

once or twice a year. The swarm occurs 

only in the summer season. With the data 

of February to December of 1969, lsHIMOTO

lrnA constant of the shocks of type II was 

calculated as m= I. 99 using UTSu's formula. 

It is established by Moar that "m" in

creases with the degree of heterogeneity of the 

medium and also with the degree of spatial 

variation in .the stress distribution of the field. 

The movement of the continental ice is active 

in the summer season and the structure may 

become heterogeneous. Thus, it is concluded 

that the shocks. of type II are iceshocks (or 

ice quakes). 

On the other hand, if- a natural earth

quake occurs around Syowa Station, its "m" 

is estimated at about I. 4, because the area 

belongs to the geological province of Pre-Cam

brian gneiss, a part of the east Antarctic 

shield which is one of the non-seismic regions 

on the earth. 
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Erebus 1-il#Jlivc, -tO)J.l�i.J�cb Q c ':tg x_ G:h --C \,' o. 

7 ,r ;1,, � 7-z�Jig---c-vi, J!'.IH:Hi-vc 3 fiffiO)mlO):fmJ.li.7�c5 Q. -tO)� 1 vi, P,---.,S *iajJt;:fJJ 

---c-14t/,§!J1�:vct.
0
-�0)c50mlO):t1gJ.lc-, l�iajvc*9200118'{ftn:QS:.Q. �2vi, p,.___,s a=t]:iaj30 

t/,{.\LO)jtgJ.lc', �iaj 1 '"" 2118'gcii�tL, � 3 O)ml c L --C vi, "''nv;J:> 01l<J.lii�gc� �:h --C"', Q 

(BROWNE-COOPER et al., 1967). 

aBtQ£jtgO) HES :t-fu'-l§tc' t, {f&tj\:tfilJ.l�gcii L "(\,, o s:. c vi, 1$11=1 (1968) i7�¥1i� L --C 

t,,Q. tc..t.:.L7'-!JtJ�1y'tcr_<, -tO)tf&1}:imJ.li.J�, EI�:!m'-1-ccbQi.J;, 1JcJ.1---c-cboi.J;v:tlK5JIJ"e 

� tcr_i.J; "? tc... 

-tO)f&-r--!J t�ffl'.�:htc..O)c-, 1967�3 J3i.7d:)I970� 1 J3 i---c-, HES :t-fu'-l§tvcgc�� 

n tc..f£&1J\:imJ.lvc "::)\,, --C Jffi« Q. 

2. HES i:ig�lrvc J: Q tiillU 

aBtU£jtgO):tlgJ.lfltJ!Uvc "::)\,, --C vi, fE!Jfil� (1968) i7�¥1i� L -n, Q. 1967�1)*, HES :t-fu 

Jlttt-gc� Ltc..::ttcr_:fmJ.lvi, ��&c0)3fl.�*vc J:: "? --c �,�fer_ 7'- !l n�wcd/. c G:h, -t0)¥s* 

� USCGS C 7 ;I. !) 7J iB*lJ!U:t-fu]J:u) VC¥fi� L l ju 9 ' :im'-1, t=f¥vCi¥J-f::Stvc@S:. "? tc..:fmJ.10)11 

ffi 7' -!J 0)�5:Evc* � tcr_Jtmk� L --c"', o. 

B *v=-��Htt G:h tc..gc�vi' 1f},!lt-r ;r. 'Y � � :h tc..:r&' ffit-fu?itf5E-t: / !J -jj; GJBfr � tL 't \,' 

� "]ARE Data Reports" 0)-ffl c L --C �P Jijjlj � :h --C \,, o (KAMINUMA and MuRAUCHI, 

1969; KAMINUMA, 1970 a, b). S:.O) Data Reports ti, .:r:..:;:/,..�:ncc50 ISC (ffil�:l'!g 

]1--t: :/ !J -) vc t �GtL, USCGS J:: 9 � Gvc� < O)fl{J!U,B��"? --c, 11��1*5:Ei'" Q{-'p 

*vc t �:.v: "? --c \,, o. fcr_:iu "]ARE Data Reports" vcvi, {£&1J\:fmtl0) '.5 � ---c- t, *� tcr_ t 

,0) vi i3' "i tL --c"', o . 

:t-fuJ.lttO)ffi$vi, �VCJ:: -?'t�j;'O)Jt\,,vic5oiJ�, 1'""5 }jjj� attenuation factor µ=If 

5 ��\,,, -t0){-S:$vim.Jl)jlt!,t-*957Jffi, 6'""12 J3i.7� µ=l/2 c'ilB1575f-s:-ccbo. '1§-:tfO) 

lE1ittcf.{-g$vcv::)\,,--cvi, §IJJffiO) Data Reports ��p��:htc.."''· 

USCGS O)fllJ!U1'Jvc J:: "? ttl�O)iR: i "? tc..:t-fu110) '.5 �, aBtQ�:i'!gi.J; G-:ffi:Jli\, ,�m---c-� 

--: "? tc..:t-futlc' t, �t:15v=-ilB 1, 600km !illh t"', Q. yfcr_ < c t aB:¥u£:t1g1tJli---c-1t, �$:im]f 

, }:. fer_ o J:: '.5 fer_*�� O):l'lg!fvt�--: "? --c"', tcr_"',. 

3. :tlft � 0) � 

a:B:¥u£:t1g---c-nmu � n --c"', o �1J\:t-fu!fvt, 2 ":)O)mivc::kJJIJ �no. � I �f.t, � 1 vc�i'" J:: 
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1966.if:.2 fl -19 7 Oif:. l fl O):JtJlFs9 t·, .: O)�O)i-tjl,� c L -C !i �:;k:0)±-thlf' 
The largest shock of this type during February 1966-January 1970. 

S;Bl'.O):}�rji; 0)1j\ � L '19Ll 
An example of small S phases, 

S;Bi'.0)1��';0):;k: ti. L ,191] 
An example of clear S phases. 

� 1 SB.fO�:J:t!?.O) HEs :tthatt J::ri:JJJ$t:9-r:.ic��nf.:�,J\:ttha. tJJifJO)ft'0 

.1:iJ� IJ O)ji1., ,%fil (� I '.Im) 0){7U 
Fig. 1. The i-ertical component seismograms of small shocks recorded at 

Syowa Station. These shocks have a sharp initial motion (type I). 
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5 K., r,l)if)O) :s'l �J:iJ� IJ 7J��1l, t 0) c·.:b �. IZI 1 (A), (B) 0) J: 5 v::., S r&: ffG:53-0)f[j�rJiJ� c· 

�vc< \,,mlt, CC) O)J: 5vc, SJJIJ i 5vc*U�rJc·�0�ciJ�.:b0. 

�IJO)�vt, IZ!2vcif-;--tJ:5vc, -tO):rM�in:, :s'r�J:iJ�IJvt.tt�1'J'yJ\�<, �,He*�< 

ti�, \, 'nv9) 0tv5i!M�tJ:--t�-c·.:b �. 

1Z! 1 (A), 2 (A) 0) shock vt ct vc, -.: 0) 3 �icmcm-.: 0 t.:: .. -.: O)fjO) shock c L --c vt, 

l'&*O)*� � �if-;i'". t�vc, IZJ 2 CA) vt, 1969 � 2 JJ 19 B vci!:g-.: 0 t:h�, -.: O);!Wi�90)f-tf$ 

;,j�fif,\,,vC {i;,j,;,j,;b Gf, -tO)iJ.&�lvt:k� <, ftl!O)� cm�uc.tt-"(--C, 1,..__,2 vtt�:k�tt_m:m 

c·.:b 0. 

1 9 6 6-4: 2 fl - 1 9 7 0-4: 1 fl (1) Wl rai -c· = (1) � (�II �) (1) t-1!!� c L -C (i 
�j;:_(l)t-1!!� 

=. (!)� ( ffi II�) (1) 1J, tt t.. '!-ti!� 

·ml 2 f)]!tfJ0)3'z:'bJ:.h; I? :thH/.IO),j, 2- 1, ,ffi! (�II�) O){J� 

Fig. 2. The Vlr!ical seismograms of small shocks recorded at Syowa Station. 

The shock has a small first motion (type II). (A) The largest shock of this type 

during February 1966"']anuary 1970. (B) Examples of the small shock of this type. 
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� I �O)�vi, �II�vcJ:t""'(t�!::�vcJdJ: <, �FJ39�ili tt ii IO�M&c·&)Q. -7J�Il 

�O)�v;t, � I �O)�{tc·, 1 �vc 1�2 ft swarm iJ;&)Q. :: 0) swarm iJ;, "j¥jf]!O)Ji� 

vc�.& GtL Q:: c iJ\ G, :: O)�O) shock vi, ±i!1 '.R c· vi tJ: <, 1.k'.R (ice shock i t..:vi ice

quake) c'&) Q c � :k_ Q. 

4. fl( 

§IJJZJ!O) ice shock swarm c ,ri�tbtL o t O)vi, "* 1 vc� L ts: J: 25 vc, a:gf1l�ifilO)ii\1'.RJUJlU 

�fJmiJ;�fJm �:M,t-=. 1967�iJd':), 1970� 1 Y3 �O) 3 �rlc!ivc 4 @]�:: -? t \,' 0. ,f O)g2,�0),fylj,a:' 

� 3 vc� Lt-=.. 

� 1 �Jej}(�O)* 
Table 1. The list of ice shock swarms.· 

Date Duration Number of shocks 

Dec. 29,...,_,31, 1967 30h 31 

Dec. 27,...,_,29, 1968 29h 21 

Feb. 11,...,_, 12, 1969 24h 12 

Mar. 9, 1969 4h 8 

� 3 � II �0)�¥81-fR�O){Jlj 
Fig. 3. . An example of small shock swarm. 

Swarm c �5:E-t Q�$vi, (J( 0) J: 5 vcfk'd:>t-=.. C 1 ) 24�f139c·I0{1tJJ:O) shockiJ;�::-? 

t-=.rlhfi. C 2) 1 �rJ39tJpq vc 1 fltJJ:O) shock iJ;&) IJ, -ftLiJ;�1t1ff139®t\, ,t-=.rlhfi. 

1f�O),fy!JiJ;, "* 1 vc� Lt-=.1969� 3 Y3 9 B 0) swarm c'&)Q. 1.kEivt�{:�s:vc,fO)ffi$JiJ;,J" 

�\,,O)c· / 1 ;(O)*�\,, s vut, IE1ittJ:�'.Rvic·�tJ:\,'. Lt-=.iJ;-? --c* 1 vi, :: O)m�O)* 
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ft�7G L -c1, '0 c�k Gh0. 

f,J;ztO),:::' c <, l'!Bfo£t1!2··cvt, f*�O)t.::..00a-;k1l[vfrn+0)5<:��i""QO)c·, :tfilE!UtO)f.g.$a, 

:¥.:::' c f'.:.�y�tJ: Q. -ts:. c·l969:¥v:. "':)\,, -c 0).7;., s:. O)� II WO) shock 0)£1:-i& EE (7) "m"* 

v:. "':) \, \ -c w/,J� t.::... 

1969:¥ 2 }j '""12Jj (7) Fajf::Wt.J;. c--:; t.::.. shock O)?&vi 139 {�c\b 0. -tO)*s;!l� 1ZJ 4 v:.7G L 

t-:: .. �il£dla�t�$i, �ifiaivtffiff L t-.:ti!2�?&��--t. 2'"" 5 n O)ffi-$vt, 6 '""12 n 0) 1;2 c·ct) 

0 (7) ··c, s:. O)W]Fajvi, i71:.;2;. c--:> td�$i� 2 {-g. L -c ct) Q. 

"m" vi¥W (1965) (7_) A� ffl 1,, -cit• Lt.::... ��$i 1mm Ll r (7_) shock �i""� -CWt.7;. c 

QS:.cvtc·�tJ:.t,O)c·, �t�JVi2mmUr(7)-J"'-!J!i�;�, 891�(7) shock �J:§1,,-citffL 

t.::... -tO)*s;!l m= 1. 99 �f)[f t.::... 

IN 
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Oo 

0 

<D 
0 o_ 

10 

. Amplitude 

0 
0 

0 

0 

0 

·- I 

� 4 �II�t-tP.JlO)E:,$:-�EBO) m. � 
�O)jJ$v::. J: I) ;J<obt-: m O)fi([ m = l. 99 

Fig. 4. lsHIMOTO-!IDA's relation 

of the type II shock. The constant 

is' obtained as m = 1. 99 . 

* E::t-�E80)5:\. 2e>6-5E;tf:)11131r:pvc, 2e>0�ffl-Z\ j('J,-t.h-t.hO):ft!!.�.b\ 2::··0)�/jtil!9:: 6iJ,vC--:)\i, 
-ox, � < O)wct-f·v::�vj;?, ;;zo) J: ? tJ:�{,f,5:t.b;14 Gt'L, --c \i, 6. 

illi!'l!c�O)J::-e, -f.-0):lt!r�O)J'&jdJlH�� A, 11.tHll\.b� A c A+dA 0)11310){@:� 2:: 6til!.'.l\f£� N (A) 

2:: i""6 2::, N(A)dA=kA-mdA. kc m vi5Etn::·2e>6. -�v::.:: O)A�E::t-�E80)5o\'.:cOfU'°, m � "E::t 
-�EB 0) m" 2:: rg:�. 

fi¥J LJ::, ta:�;l;;t�-c-, GuTENBERa-R1cHTER 0)5:\)'J�;lb.:S. ::;/1,vi2e>6:*:;?-/!:0)'? f =-=r :::i. - f0)113j (M 

±LIM) O):J:ti!.�;1),, c'O){:i'[O)� (N) -eil!9:: 077'�:tzb-htc·, log N=a+b(8-M). a c b vi5E�c· 
2e>6. b � "GUTENBERG-RICHTER 0) b" cllflj, b cm O)rf3JV:C:.fi b=m-1 O)�{j.b;2e>6. 
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13 *"t:'vi, ��ii!i.'L!: �O)#,ivc:to1. ,-c, �� (1955, 1961) vc J: IJ , 71<!10):@f�tJ�fit,d-:,.h, 

�VimJO)*s*"t:'vi, m= 1. 8±0. 2 iJ�� G.h -c 1. <6. i t.:�0)#,iO),WU"t:'vi, m vi 13 JJ1Jvc>J<69 

G.h -CI., 0 iJ�, ,tO){[iHil. 41,.....,2. 05 c iJ\tJ: IJ 0)$jiJ�25 0. LiJ\ L-�vC>l<69 G.h -Cl., 0 § � 

ttl!Ef O) m vi, 1. 5,...,2. o "t:·25 IJ , J:O)fu1 c vi-iz L -c1., 0. 

Mom (1962 a, b) vi, :¥fElBl•O)��*s*iJ\G, m O)j(l]"vi, ,tO) shock O)tac'?-c 

l.'0��0)�jey- 1��mb-tC c�ffiL/-:. 't"tJ:b� m if.:vi GUTENBERG-RICHTER <7) 

b (b=m- I) O){@:b�:k� 1. ,ViL!:', ��0)-�EfJ�jey�O)J.lir, � G vc vi��P'JO)�jJ:5t;;fp 

O)�jey-O)]Jt-€5-;o�:k� I.' cc �ffi Lk, 

m O)fil1vi, fir.1-tt!!�"c'tfQC'?f.:tt!!'.at"t:·t, �r1=1,Ef)VC�1t-t0 L, itdi!lU�.nt.:ttl!'.§1<7) 

*��vcJ: 1JAtt0-=. ctJ�. m��9e:tm'.§lttc'O)fm.lU*s*"t:'¥IH!r�.n-c1.,0. 

'8';t;1 (1962) vi, � !f =- :;-- ::i. - r'O):k� ttttl!Rvc 01. ,-c�«, ,tO)*a* m i tdi b O){@:;o� 

,J-., � I. ,;tm�vi, :tt!!P.KJ: --c· t �IE L td!B�"t:·25 0 c c �:t�Mi L -CI., 0. c 0) .�t�vtb\ G� x..h 

vf, IIBfn£:tm0)25 0Jlnt�jd�vi, 7° v n ::., 7� Y 7 ::.,�ftO)IJ�jtg"t:·s lJ , �IE L -c 1., 0 <7) 

"t:·, §�:tt!!'.atb�ta-=- '?-c1.,0 c L-ct, ,t<l) m vi 1,4,...,1,5 0)1J-.,�1.,fu1vcttGvif"t:·260. 

:1JOii:tJljey�tt?bO)c�x.G.n-c1.,0. $�71 :Y:,::., f'O) Saaksjarvi ji!jij<l)l]('.§IO)fm,jU 

*s*"t:'vi, m=l.55 c1.,5,J-.,�1.,{@:;o��G.h-Cl.\0 (LuosTO and SAASTAMOINEN, 1964). 

Lb\ L, fiijzl!O)�O)#,iO)ffeU--c· t :5tb\ 0 J: 5 vc, ,tO)�O)l](<l)�Jt�vc� t,, m <7){@:vi 1.'01., 

6 vc�b 0 J: 5 "t:'25 0. JtVC>l<69t.: m= I. 99 c 1., 5 {@: t, j{gP.KJ: "t:·vi�JlJffivctfQ c '? -c v, 

ottl!RO) m c ViUf'fir.1 t: "t:'25 IJ , Jt�Efl�jey�tt��O){@:"t:·25 0. c .hvi, M7l<WJvcvi, 71< 

fijJO)m[jtt jt< , m7l<P'l{flHCvi��<l)!U.n § 7J�9E� L, 7j(�{t;o��jey�ttm�vCtJ: '?-Cl., 

ot-:69 c�x. G.no. 

LiJ\t� 1 vcffiLt.:J: 5 vc, swarm visl$vctac 0 L, shock t��vi&tt"'· IIB5¥0£ 

tm#JITO):kP-t7l<fPJ O)vfEJ!OCvi, ffl.tE i "t:·JEiitttmUJE*s*vi� G.h -c 1., ft 1. ,tJ�. � lOOm,.....,2 

km/year c�x. G.h -c 1., 0. -t L-Cl](fPJ<l)Jiibvi, El$vcn§9evCtJ: 0 cc t$�"t:'25 0. 

L t.:iJ� '? -C@I�.:. -t &tt I., iJ�, �lU �.ht.: swarm ;o�, �iJcli�;m t, -C ta.:. 0 0) "t:·vi ft < , 71< 

fPJJiibO)n§9eVC ft G E[$vCO)�ta C-? -CI.' 0 $�iJ� G�x..hvi, .:. 0) swarm viwJ""(·jm:«f.: 

J: ? vc, ice shock swarm c!:: ';If; x. G.h 0. 

;i_ ::z 'Y i- £jtgtt c'O)*� (HA�HERTON, 1961) "t:·vi, m7l<tJ�tu.n -c7l<JlJvcfJ: o�O):J:JN 

lbtt 0 t O)�!c� L-CI., 0. fir.I l: J: 5 fJ:mJ.O):J:JNibvt, IIB5¥0£:tm"t:·t lf!lU�.ho cc 7J�25 0 7J�, 

ffl,tf O) c.:. 6, 7l<JlJ O)�JJx: c xtrc::�0vt 0 :1Jilld:dJ: < , i t.:-tO)Rlv� t �JE"t:'� fJ: 1., O)"t:· 
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5. ff.a 

� I �vc. L6, �II�vc. L6, aB:¥0£:lfu--C'O) 1 ,�3Jilt5}0)ffliJ!UO)�--C'vi, -tO)'.rl��l'.:R:/E 

-t 0 c. c i --C' � tJ: 1,,,. it.::. HES 1-1 �:lfuRtt OlrFf • 11vfttt c i 1 fPO)fifilffmJWD --C'vi, 

�,fL i�,J\:lfuJ!O)�yJ{Uvc.;ii§Lt\i,0 ct \,,;z:_fJ:\,'. � Gvc.1969�,ltg;vi, :lfuRtt'.i)J�ffB 

J:.vc.:@t Gh t� IJ, ��9k{lf:, !fifvc.JtO)i;llt�@[�5 vtt.::.0)--C', �1N'fuRO)ffliJ!Uvc. c "? t 

a, amu 0) �dlf:vt � < tJ: n � "? t.::.. 

1970�2 JlvC.vi, �:lfuTAC:!ei-fi��u IJ, :lfuRtt��:@�L, :@��f*�:!ei-1::i--C'��"?k) 

0)%fr:lfuRtt�iJ�, ** / .f1v �JN:�,�O)* fJ!Uvc:@�� h, fflil!U� !mftit Lt.::.. i t.::.J:. Ttb 1 Jilt 

5J'O)� --C'cb 0 iJ�, l;m;�vc.�,J\:lfuRO)BmLJ t �»f!; L ti,,, 0. c. h G 0) 7'. - j( i7��fl �hhvf, 

� Gvcff L\i ,®'fttaf.Jtd�!t�;fJllx. Gh0 c. c iJ\WH��h 0. 

it.::.�,J\:lfuJ!O)R�i'.'.k:5:EO)t.::.oovc.vt, !J =2. ;1 � • ;t;1vA�173vc.J;tJ: < ct 4 ,�{ft, !m�� 

ABmLI���vt. ���ffliJ!U��*i"0C.c����cf)0, -tO)��oocLt, *:;t:/Y� 

�173--C'.:::::.,�amu��*-thvf*f*O)R�i'.:k:5:EviAJ��--c-cb 0. /fifVC.� I �O) shock 0)-�iJ�, 

:lfuT� km O)fflcWTJE�hhvf, §}j GiJ�vc.§�:lfuR--c,cb IJ, mffi*�O):lfuTm:i�O):lfu:f.:i¥J.J 

�+Elf.Jmm0)5x_K, •*�����-t�cb65. ikl, II��Mbf, -t0)•��. 7]( 

O)i::pvc.tk: i hvf, aB:¥0�:lfuftili:O)�,J\:lfuRvt, vi c A..i c'7l<R--C'cb 0 c 1,,, x. 0. JAJ�vc.-tO)ffia 

JIHi, aB:¥o£:lfuili:15§'0)*�7l<O)JIJb�wlu�0 5 x.vc., *� tJ:�iu�vtt.::.-t c �*-0. 

c. O)�::Z�Wt:A..i--C·T� IJ, �'!t�T� "? t.::.***+:lfuR?iff�m • '8'*11�.:::::.��� J: U:@� 

�:@�?iJf§'e?,Jrffi!�:lfuRI+tffi • ��-��ff�ffe:VC.�tL$ L.1:vf 0. 
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