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Geomagnetic changes due to doming
— The 2000 eruption of Usu volcano —

Takeshi HASHIMOTO, Tohru MoGI, Yasunori NISHIDA
Masamitsu TAKADA, Atsuo SUZUKI, Tokumitsu MAEKAWA
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(Received January 12, 2007)

We investigated geomagnetic changes due to dome-like deformation by using a truncated
circular cone model. In the case of the normal magnetization, magnetic total field decreases
in the northern side of the uplift center, while it increases in the southern side. We found
that the original topography prior to the mound formation does not affect the pattern of this
magnetic change. We then apply this calculation to the mound-forming activity in the 2000
eruption of Usu Volcano to infer the magnetic change on the foot of the mound. The expected
range of magnetic total field change at the station U01 is -80 to -800 nT which is in the
opposite sense to the observed actual change (+70 nT). We examined some alternative
mechanisms to compensate this decrease due to the deformation. None of them, however,
can be a promising candidate. The most reasonable explanation so far for this contradiction

is the reversed magnetization of the Tertiary lava that may comprise the mound.
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RE T MR Bh A 1 O kI X 2 MR A b AT 2101E, BMWRSRES = VKR D
AN, ETHIEEEOLDIZE o TED LS RERBFENET 502 HE L T LERHD.
IO LD G TIE, HIEREICHRE S BREE, EEICEo TR (LT 2R EE oF % |
LBENT L LTS,

K& R 21 5 B CORBEIRN L LT, WAREREIE, 5L 1977 45k, El
RGO PRI K, 2000 4EO ZEBEAN ST HNE. ARBEEMETIE, HHUTH1I mo
P E U7e & &4, ZHICBET 222N 7 e b UG OBFIBLIINIC L > TR X Hh
TW%. Rikitake et al. (1967) 1%, ZOBREE(ZETYHRIZE DO TRV LR LK.
AERIL 1977 4FMEK T, £ - il (1978) 02BN XV, LTEMKICPE D BEIGE(L HiE
ENTWD. BHIXZOEITHONT, $ 10 m OHERZEENLE > TR (LED—) 2%
LA LIk D b0 MR LT, ZIEBEHEORITIE, FRAENILIES F— D B> TK
IR AT AL Z > T % . Tanaka (1995) 1%, (RICHUZA T L 2 BHSOBHNH - TH,
ZEELORIMEET LR CEIE 2T 5720 F I/ S Ve LT, BWRENLENT
HLHETFRELE. ZEHEOAFITIE, Sasaietal (2002) (2L~ T, IWEDI VT T OMEk % HARHE
WCTHEEL LT M X BB EAFER SN, 2L, ZofITiE, BUHLASHIEES (i
Belk) OMHEMIH Y, FEEEIZEROFbN T, #EEEh L) L0 bRMERBIZE D8
BEERR LN EHETIES 5.

—J7, BRI T P —F L LTIE, Sasai (1991) 2%, SARET /WIC L 5 HFBRE IS ICOW
THLIBEL TN D, HIE, BRETVICE D2BSEES % 4 >0t (7 ) —=7 2%, i
R, V- AWESR, Ex YRR oL, BICe Y BRRNEET S Z 2R
L. oS iERE, MEGROHEENTH LR H O 5 EAET L THALTSH. LavL,
WEXRFICHL & 2 K& Ao M A B 1 : UIE LITHEMERA 2B 2 T s, 29 LRPUCH LT ik
EEOTEAE AT T D DISEEICEAETABRANOND Z LR H DA, ZHUC Sasal
(1991) DA ZOEFWHAT L LixTERL.

ARTIE, AERILO 2000 M AkERRE LT, F—2RMERICK DBKET & EOREIZD
Wi %, 2000 R0k DO FRFR IR TR S 2SR R 2 8 2 THE 2 - = AR Z » T
BY, bLIOEMIIEARAET VO VKR EFOFEHEATIIZE ToOb e KE 2k
WEPELDZ Lo TLED. ZOX IR TIE, BEICK2HEREZ B A
RLIIMNLIZIR OB O MER D D.
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k) NAELD EEBIZ, HITEIT~O~ 7B AILES THRAK 70 m O, Wb
DDHDIERL A Z » 7= (=30« HiEH, 2002). = OMEAATBIE LT, AbiEE K5 gk LAF
JEBIE 2 —I%, BAFRIFIEHEBA D7) O T CHRE S A7) O e BLN 2 R L 7o, 2R
SOFE % Fig. 1177, 2095 bh, U0, 02, 03 1 3ME K ERTORIEA M EIEB O FICRE S
N-b DT, ENLAOBERRIE, EABRBZIERER SN DO THD.

AHURIZBT 2218 b % Fig. 2 17T . RICRE SN 3805 6, U0 BHRE, #
RO IR OB S SRELAKOBEO R, NBkO (FH - fill, 2002) D 400 m JLH (Bt
HOL A B 13K 450 m AL IShEET 5 2 LIl o 72, T O T, KO ERT S R (2000
3 HERDD 4 AR 12T TH 70 nT O ERIENETE L. T0k, 2T
BRI IZEE U, BEEMEIET A 5 H 10 H £ TIZ-5 nT OZ{LE /7. 4 AFRILIEEOR

Lake Toya

Uchinoura
Bay

Fig. 1. Locations of geomagnetic stations and major landmarks around Usu volcano. Solid
squares (U01, 02, 03, 05, 08, 10, 11) indicate the magnetometers. Circles with the letters N
and K indicate active centers in the 2000 eruption. The former represents Nishi-yama
crater group where numerous phreatic explosions took place to form a new mound with
maximum uplift of about 70 m. The latter does Kompira-yama crater group which is
characterized also by a number of phreatic explosions. Triangles with MS, SS, NY, KU, OU
indicate major peaks of formed in the previous activities, Meiji-Shinzan, Showa-Shinzan,
Nishiyama, Ko-Usu, and Oh-Usu, respectively.
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Fig. 2. Differential magnetic total fields (U01~U11: See Fig. 1 for the location)
during the 2000 eruption of Usu. Each magnetic trace is the simple
difference from U02, the reference station. The uppermost trace indicates
the height change at the point P (200m south of UO01) due to
dome-forming activity (Hitoshi Mori, private communication;
unpublished data).

Srg AT, TG B0 B 1.5 km AL ~AGICEEL7- U0 B L OV UL B TH A5 T
TIRZLNTWER, TAELD HIEWERILE CIIAERBSE Bl S h T, A, =
T T, SNBSS OBREDTZDIZ, FILOREE F0H 5 BRITK 1.8 km B 7= 2 M8 U02 &
DOHfliZELE TN D,

Ve - Al (2002) 1F, AN RETIHEMAI TG (LK AFEOIRENCAE 5 HI N OBWEREIC X D5 b 0
ThHY, 4 AREITIEZIUTE & < BRIk HE U TBRIZAAEID M E > TW oD TiEZRe W
MEDTEIRINARL TS, UL, 5 bHHERHL TWD X IIT, WA M BB A
L<, UOLHAICB W THE 10 m OIERENEZ > 72 2 L IEFEW VWO T, #IEAEZDO LD
N b7 b THEZE OIS Tl e, B, Bl S emIGE (L, gD ETIEE) (&
#, MG RART—4) LMo THENRREL (Fig. 2), ZOT_XCEEWKNRITTT 501X
HETthr9.

ARETIE, F—2ROKEEZ, —HRICHEBLZH#ESORETRILL, ZHICX 2BERT O
RERIFERICOWTE LT 5. 2k b LI, FERIL 2000 FWE O FILF LRI 2 5 -
Bk & PR L7z,
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. hENREREEDOFHE

T 2T, BRI K D MBS R A LUT ORE & FIRICES W TR 5.
(1) F—24ROHLHIE A A Tl 5.
(2) MSER ITBTE O HIERBESS D 7 I — kR b2 B+ 5.
(3) MR D> DREKIF ZEIF (1991) OFIETHET 2.
(4) MiERO®m S Z2(bSE, BREFORHERZMA~L. OB, H#ESOREITLETELS
DIRZEDbDEEZ, R LEAEBEICRE 5 BOMEWEBER A LAMEND b0 LT 2.

9, ZOMEEEZ LN, BASHERO ERGOTEBETAZ ks 7)) —x7F
) IZHOVTHET L TR, R %, HEkP OIZE N MRS T TRBET 2 &, Higkdf
DB OREEE r, R 0 OHICBIT D ERENIIRDO L Y IcREN 5.

F(r,é’):ﬂo—M}\/ScosZH+l (1)

4rr

T, MITHIEKOBKMGFE—A L N Thbd. T LV, HERmOH LA (=R : HiEk
B) BT atRO 7 ) —= 7 AEIFRO L S ITRkdD b D.

aiz_il:;) (2)

or R,
7220, BoldZz oIzl 2 2RMETH 5. ALisER PEEIC T 2 2R & LT K= 50,000
nT ZH5 &7V —=7AfI34-0.02nT/m THDH. (> T, RKIZ 100 m OFERLNRH 7= LT
b, TR K DEMNZEITAN-20T THY, £F2TCWEIELE (~70nT) *iHEmd 2 LTIX
ML CELZ R 0.

ST, RETHDEZAD, FHUERIC L DMK FIZONTEZ D, FHilixzex Lif-
~IEOLOE, MIROEDELE LT RWTTTH LA, T, ETHIESRISTEZE
g 272012, HLOBLIT—HTH D LIRET 5. BALOBEIZIITRERBERN B LD, &
FPEURIMR LA S RFRED 10 A/m 20E L CEHE L TAh 5. AERSMGILIEE T ERILOAR
HREMRTL2LERETHY, ZOMETHESNIBLE LTIRKEEZBND. AERSMGEL
WA ORELIX, Nishida and Miyajima (1984) 12 L 21 EEESKHIEN O O EBEZ BB LI
MgEEORE Ei%, 2000 FHILOZNEFRBREICRD XS, ERERE 500 m, EEREE
50 m &L, M#ECORSZLEX THMRAFZHET L. BEBEOXE S, HARPEFR L —
P—Ta 774 T 2HNTTo AEERHINIC b IS R EHEE (PMEAREAEE) 255
WKL TW5. MREEFEICHWTZRT A—4%% Table.1 ICF &L ® 5. BERRFEOFEICIT
Rikitake (1951) OM#EEANEZ LR L (1991) OFEEZHAVTWS. ZOHEE, EER
FEPRRLM$ER O K O Rl IR ORI R T 2, MBOMKER (YT oY « NUT S
TERIASND) ofAfRESE LTHETALOTHS. Talwani IER EDO L H ICHEEZ 7o v
7 OEEERE LTHET 2L LT, #EMEOREMIETH|LLROMPFHETEX S &
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Table 1. Parameters used in the calculations of the magnetic
anomaly due to a truncated circular cone. ¥ Geographical

Survey Institute (2002 a,b)

bottom radius of the cone 500 m

top radius of the cone 50 m

height of the cone variable

geomagnetic inclination 57° D

geomagnetic declination -9° 1 (eastward positive)
magnetization of the cone 10 A/m

survey height 10 m above topography

WOKFENH D, +TIT Rikitake (1951) ICBWTIThbh/izZ L TlEdH DN, A THLA—E,
MEEEHIZIZ L > TED K S RMKREFE P ET 2002 L Tk<.

BRI ORMG ZHIRT 572012, &S 756 m OH#EEC L 53561 % Fig. 3 (a)-(d) 1R L
oo MO LRND, BREYOMMITHE - ORI ICE s b0l Eulths. T, £
WA RFICONW TR D &, MHEAOE EX Y EAITE, LMl cRDRT Z2/~7. Fig. 3 (-0,
i EE 10 m THIRICI > T @M R LIZb O TH D, mESS m —Ew (MG R
MNHHT 10 m EWVE) (2B 5210 b &, #RICh - 2oy, ADRE
DAL EEY L, 222 > TWBHZ Ebnd. KIZ, wmAOIIILTE - FMEORBTHE%
v, JbH - FEVEORRCTHRA Y O 4 GIRRRE Z2R3. 72720, RAN ST LRV DR O R
WR DR BN BT B . RARF QIZ oW T, MEEEOTE EEE PO L U TRWEFH TRA
NEL 7250, H#EORMAGTIZELS 22 VW oMinAons. MG RO EE R
L7291, mE 50 m R 250 m DA ORI EE F(eInd. MR EEo A
IR 725 &, MREPEMCHLOONSD, SROMBEIXSIZEED L2, E b o)
ROMEITITIZE A ERENRNZ L5,

V. I REREEDRE

WIZ, BERRICHE D R R T ORMFEBICONWTE 2 5. ERKICK Z o R OFEE 23 5 K 70 m
FRETH o7 Z LITRITRART2D, T OMEEORPITE KGN D 1+ A ORICETIEZ 5
TW5. BHEZRMERI, 7Lk D2 ol & U AR — B 5 2T £ 500 m FRAE, Jbvh —
BT 2250 m BBEDLEN Y 2H > TAEL TS (EAIEFNC LS L—Y—T a7 7 A
TWEEZSEIC L), ZOHEEIE, WUKRNCIE, AT TR B NZIHB I O i F A
D OREOFRIZH > T, HEHFMIIEE L E =& Rk, mthmicidimgt s 78 L6 LR
FEEE LB I E NN 2 B L TV ey, BEEOFRR E L TAaRE< 2D, Ry
e~ LB L LT,

EFFTNIILDIC, TOHEIFEET, TIhbM#ERRESEH L TRRET 285G TER
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3. Calculated magnetic anomalies due to
a truncated circular cone with uniform
magnetization. Parameters are listed in
the Table 1. Values in (a), (b), (c) and (e)
are those at 10 m high above the
topography. (a): Total field anomaly in nT.
(b): Declination anomaly in degree. (c):
Inclination anomaly in degree. (d): Total
field anomaly due to the same circular
cone measured at a constant height of 85
m above the bottom of the cone (10 m
above the top of the cone). (e): Total field
anomaly due to a circular cone of 50 m
high with a top radius of 250 m. A dot in
the panel (a) indicates the location of the
magnetometer U01. The center of the
cone is adjusted to the point of maximum
uplift.
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Fig. 4. Profiles of magnetic total field anomaly along the A-A’ line (340 m east of the
cone center) in Fig. 3a. Projected positions of the NB crater and a magnetic site
UO01 are shown in the panels with inverted triangles. Traces in each panel
correspond to different cone heights. Calculation parameters are listed in Table
1. (a): Profiles at 10 m above the topography (cone height: 0, +15, +30, +45, +60,
+75m). (b): Profiles at 10 m above the topography (cone height: -45, -30, -15, 0,
+15, +30m). (c): Profiles at a constant height of 100 m above the cone foot (cone
height: -45, -30, -15, 0, +15, +30m).
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THD. ZOHEITIE, Fig. 3a OB RKE T N ME#E OME & & b ITHEMEZ IR > THE
THZ LD, WEo T, Pl K0 ALMCIT AR A A EFERY, mACIX I 5 (0.4 km
FHECIE S 5 —20/NS v sini® %) . ZOT%, GO LS 340 m HO LR

(Fig. 3a ® A-A) 1T » =28 /0A47 & LT Fig. 4a (=T, BRTH D5, ZOFE TIREN
AU (TSI E L TRY, HEEROES 75 m OBAOBK AR I1TH L %-800 nT 1ZET
5.

WIZ, EARTOHTERIRTH DL AT OWNTELET L. MHIC L ABKRTIL, MR &
W E O— b E OB MR OO ARG E LTREAT 2 LN TE . MR -T2
RGN S3ARE, EE OMEERIC X D04 (Fig. 42) THIGOMF 5412 L7BICIEFES L (Fig.
4b) . #EE Om ST X S TG A LW iR OALEITE 0% A & R U < Hbh 646K 100
m OALEICEND. MHTEAHE DT O THEERR R < R D204, BRRE O/ 51372
D0, KEAEAETE L TBHEIT S &, BHE Lok Fig.da 04 LR T T, V01 #iAT
IER1E R 800 nT DI L7 D. ZNHDOZ LMD, F—AIRMERIC L DBIEEIE, kR
DOHFEHDIAA T D 5 0 MHE Td 2 2 59, B H Lo LRIcRd, miflcsinotm 4
AT EDRDND.

V. HEkIL 2000 FERE KA~ DE A

T E TR R A AL 2000 FEXOFTIMEEICEA T2 2 252, BEAEHOLY
O HHPAEMBFI LTI, T, MEEREMHRT 280 OBALITRR R E I LE$ 2 D TEET
#7%. Nishida and Miyajima (1984) 1%, Hi RS REICHES & FER L OBAAHEE TR
ENCZODOERNGRDE L, FHEROSRE, AEMmLEE, BIOLUED LT T & B
THREEORALE LT, #NZEH 3 A/m, 10 A/m, BL 3 A/m LHEELTWA. £Z2T, Z
NEZEBICLTHILORALEZ 3 ~ 10 A/m &9 2% &, U011 D K& L &1%-240 ~ -800 nT
OfiFAE & 5. WIZ, FEEOBEBIZESRMHER TIIk <, EEAHENICEWEEZ L THL0
T, ZALOBKI NONEIZBEA R B E N DTN TV D aREE R H 5. 22T, B s
U01 DAEMLEIC£100 m OFTHEFHT L, U0l OB{LRIZIE—7EOB XL /3 FE15 1D
AL 2D, ZnbDZ &b, U0l THIRFES LD IRZ L &L, -80 ~ -800 nT DOFEFHIZH %
EEZLND.

ZOXEIT, BAEROBERMEZBELTYH, HHIN2BoFEFTATHY, EERIC
U0l TSN DL ITE 72K THD. UL ED LI ICHFETIUT IV OEEA S 0. LL
TTIE, 2 00MEND ZOMBEEERT D, B 1 OMIETIE, RIS R 5 % 5
YIFEIETHHOD, ENEMHET DHOEENER LIRS EMLICEEZD. 5
2 OSMGTIE, £LZOHLOBLRHERTH Y, HIEIERZO L OGN E 726 Lz
LEZD.
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1. HEHRUNDA D =X L

B SNBSS, B2 F—ARERIZED2 O TIERVWET D E, ZOENIELDL
NBHFERELT, UFD3ODOEEMRHITEND.

(1) HhEWIE 72 & RPTHI 72 B 22k

(2) v YRR

(3) BRI
=12 L, WA OBSET — 2 13FE L UV0L LR\, EFAOIE S 2 HERICHT S
EIIRARETH D,

ET, RETRHEELTH 2 A, FLOEEIZIE-> T, BEQIZIEZBOEWEAER I
ZERMBENTWD (Z3 - HiE, 2002). U01 OAFTIZ S < DO HFEE 3R S LT
5. 1o T, FilTaefk s LTIk Ao T REZ L L LTHRELZb D0, KFTICIE
Ty ZIZaPNTHREMEEL TWVWD EEZLND. 2O L) BRIERONIE EORHE
EET D0 E#EWRT D OIXRETH S, U0 FHEORKAE S 10 nT/m fRE (EHNIZ X D)
WG N SN &0, BGAES ETER L SO E R EFRODICHRBE L T AT L
EEZDE, RFEMOEBIIZMELERE L R2VDO TRV, EHEIIS LS.

WIZ, ERVHBRNBICONWTELRET S, RICEYRKENS S & 0UE, HukEEz b
2L~ ~DBANCE DM TOBEZFEE L TEZXDHRETHAH. Sasai (1991) 12 L,
ARG ERR IRIC X 5 B BEEEhRIE, JIROA T RRE D, mE R CHEIN O B
2D, TNLEEBRISNZE L FHmETH D, HFEOBEEE 500m, 2% 300m & L7z
LA, rrE s v RS, ISEFRIEE 100 bar & LTHHEA+8 nT, U01 Of7E TliE-1 nT
BETHY, BN EL Y BIT2 0TI USRJIEE 1X 104 bar?, #I#IEE 10 A/m
ARGE). Miw, FlBRIZL 210, FriloEie&sr X CHtEFIC LI 260 EF 2561,
TIEIIHBEVICRE R Y BN AT D 2 L1050, FRUTEHENTITRW. EEL, B
R L DS DS, BUEERO/NTEICER SN D Z LItk d TR B YRS
ROFREMEE TERET DI LT L.

w2, <7 ~DBENIED BWER R A HET 5. Bl ot N~ 7 ~nBA LD &
IFEEVD 2. v I ZD S DIXEIRDO IO E b2 D T, BEALI->THTO LD
RSB ERDBTER SN B2 6NnD. £, BEALIE T ~OBNRIET 52 & TH
WOBRDPHEHEESNDIRELH DS . BIEHIC K D2 FITIR O LM C2m 8, B
DE LT HTOT, EENICIE UL 0BT —2 23t 22 1cbhd. BEA~I7~DH

AZEDbDEEZ D01, BEOKM A T — /WA LIEIR N EE T DR A 7 — L & 1Z
ﬁu&%ir;w®f Fig. 2 O X D ICHESGFZL A HBRAT S BELL L TV D 2 & 30T L RE

TR, 7272 L, SEICRRE Lic X 91U O I 2L D b D D 2hF73-80 ~ -800 nT 2
E%ék#é@%i;h%ﬁﬁbkif7mﬁ@@%ﬁ@ﬁfﬁﬂié%&LT1w~wmﬂ
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D) ZAECDMERDD.

MK KR D 2003 AFELARRIC BB S A7 0 IR URERGRIENLS L AUE, P Ik DR o # Tl
HERE A TR I 2% = TRBINEL L TS, B—OBE G -EEl T, NB kKO0
FAPE 100 m, ¥ T 200 m FHE (B Lok ik AR gei o 3R T4 400 m 3 12 2 O#HEAR D HE
EIND (AbiiE KA E K LB o % —, 2005) . W AKOIHIOTERED 2 & 7 UEATCiEd
ToTWeEET 5 L&, U0l MR TORMIIEMOREK D Y Th 5+870 nT 1%, FIHIHAL
10 A/m, F£% 400 m OERRFEIRSEEMLIC/2 D Z LY T 5. RB/DIRABLY THD
+150 nT OZALTIZ, ML 3 A/m, F#% 350 m OERIRFEIR N ERALIC 22 D 2 L ITHY 5.
LL, WINOEED IO LI ICKRERFHENPEA~Y /v ICEEHb o7z &5 2 5 O HEN
HDEOITBbhs. bo b/~ I~ DE AN &4 L 7o TRHEBOEANBWEK I
ELThH, ©Th 2 BHEEEOHEMM CTINIE T OBIRICEIEHSE Z 572 &5 25 DIF00R
HRTH 5.

2. FEHHORTREM

FIT, =20 LT, FUEMET 2EANYHE Ch DRI OV TEZELT
D, HER (B4 - fih, 1981) (XA, #HUAfm Sz 8ind, B oA e e L &
P OB = ALK ILEE ORI H T2 > T D, L ORBITIEWHE O ARSI MG LIRS 2 8 -
TS & LTh, 2O AT AL Ot 28 FEE LTV D WREMER & 5. KAE- il (2002)
DOZEHRRGEKMEIC LU, FLoILE RN T5 7 v N a@a 3 CItE ch 5 L HEE
ENTEY, ZHUABEIMIERE LD &S, Frillideme L T#Em#Thdh o THAREH
TIERV. ZOEEA, BESHABARTII Fig.3 8L Fig. 4 L3045 L7720, BMERED
#iPH 2% 2 40T U01 HUSOSREAHIMN (470 nT) (ZEHEALKHATEZ I THD. 20k I
EZ2HZET, ISR LT & OIFRENRBIEMAHET 20 E L R kD, HEETARE
BOIX, WHMOGEIIIBWHKOT S bR 52 & ThDH. ZOHA, FLE T TEIHEMA
%L U0l TIEEeMANELT5. 20X 57 B THE U0 0&kx 75 &, 4 A MA)IC U01
DWSHPWDITIE U2 LY, vV vBACEDBWEHAIRZ T\ 6B 60D, ZOMR
BDELWETIUE, BAKESOBIE, 5Lk OB A I B S T B R ORI
{big, EEFBEBIC L 2WH (BA~ 7~ ORHARE) 2R TW\WoHEWH 2 &l d. T, Bl
R CIE AU E 20T, 4%, ML D02 RBEIE & Z i X DSz
Ko TRGES AR TIE R B 720, ek, ARTIEER Leho72n, 4 ARAEICEI ST
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