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Abstract

Lake-bottom drilling at the central part of Lake Inawashiro was carried out by the member of Fukushima University in the fall of 2012 and
about 30m long sediment was recovered. We analyzed uppermost 1.99m sediment and some event layers were correlated to historic
earthquake and flood events. The sediment was composed chiefly of dotted greenish grey silty clay intercalated by thinly banded dark layers.
Brownish grey silty layer is intercalated at depth of 35 to 43cm. Soft X-ray photo shows several dark layers which imply less transparency of
soft X-ray. Sediment samples were taken at each 5mm depth. And water content and grain size were measured at 1cm interval. The result
shows existence of several event layers which show lower water content and coarser grain size. At depth of 35 to 43cm mudflow sediment from
Nagase River, after Mount Bandai's eruption, was recognized. Mass sedimentation rate was measured based on the age of Mount Bandai's
eruption and Hr-FP tephra, and sedimentation age of each event layers were estimated. The result shows existence of event layers of the off
Pacific coast of Tohoku Earthquake in 2011, Jougan Earthquake in 869, and flood caused by Typhoon Kathleen in 1947.
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BHARK EOWERIRO - 0121%, BEITREE Lz -
I - WK 7e OB - BIEL - gEERF A L0 E L <R
THIENLETHD. BRERIZBWTE, ZhbAR
ST OTERIL A CE R & OSTME B S F Rl a iz Sl rk
ENTWD. UL, HENGIXEZFHEEOAS, Pk
I L o THHRE R KB EM R ER b2 HA b
Ry (Bl Z0E, JHEEIEA, 2005). £7-, SLEEMRICE
WL, ZTORET LEIN TR, —JF, MEHEREY
WIEHBRE RSN RSN TWD & &, EFEOHE T
WK S BCK LS B OINE DS - HEE - ok 7p & oo
AR MZOWTORFREL RS TWD Bz, HHIiE
73, 1993 5 HN, 2000).

AHFFETIE, WUEHER S A N NHER 2B L,
Z DFA BN & MR R & K RIFIZ Ky LTS Ay 7y
HECH P K DOFER L OMEERFTTHLIE T, &
SCEFEIIIRRHEN WA iSE T A 2 b, B L URENR
FBENTWaanE ) e E Tillo THRESLOE L E T
DRIEEMITHEEEME L, &b, HIEERRD
ARy MHERIICOWTIE, TNERESEIHERET
REME (LEwh) 2HEELL

AR
A IR S & L7213 T R

T 5 HAT 4% HICIEWHT, #fg 103.3km?, 7Kk 38.6
{5 m3, B RUKTER) 94m, )& 55.3km, HEA)IIE A/ 21
AThD (FEIED, 2008). g RIAOILIT B L2 H
v, 1888 F- DMK CEILICHRH L7z AR s B 1| L O
NI % FE X 1k, RRJFEIH 2 13 U O BB RE & M
LB OMBRIER ST (FH1IEH, 2010).
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FURHERER

ARIFFEDO KGR &3 2 5 RN HER Y [W =7 1%
T R OO TR AT, i 37.4572° - HURE
140.0929° : KIEK 90m (EAEIEA>, 2013) 1T\ T, 2012
IR B RFE Y 2T DB T 2O BBEIE S OIE S
N—FIT ko THEI S -, EEIERIT, 2012489 A 6 H
~2012 4 11 A 8 R TiThohiz. 7 u— M id
DETEMEBEEL, B EICHAZESSOIZHE LR
— VT YY) T =T EKETHLIA
T 7 i CWIEHERE 2 SR L 72 (BB, 2013). A E 0O
A THE BT 30m OWEHERI O 5 b, KIBE 1.99m
@ INL5-01A =7 + INL.5-01B =7 - IN2-01B = 7 & 5| L
72b D& EAFHICESNT I ADHEAN 22T L Lz
oON W ar ] Tbo.
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Fig.1 Location of Lake Inawashiro, shown on a base map from the Denshi Kokudo Web System provided by the Geospatial Information Authority

of Japan (GSlI).

{

Mount BandaiA

River Nagase

Fig.2 Drilling site of IW Core (37.4572°N, 140.0929°E).

VI Fa—T b LI E S, AT LEL, VA
— &R L TEE L.

BN - HEEE - MEORE 5 L oWERAER YL,
2Rt D T & TRk S LR OfGE & & b IC B R A
b9 2. BHSMAOHBBEOBFEALRZB T D1
OLYMPUS #8152 2 )L X 5 TG-620 THEHAZHRE LT-.
FEARY%, IN15-01A - IN1.5-01B =27 #EHZZ/% v 7 Tg
LB HRREIZ L CTREBIR D, IERIC L B M3 - HERE
HIE DR L RIE DAz Lz, £z, IN2-01B =27
HEBRFCBONWTLET 27 (UF ¥ L) 12810
HWEnhZboaE2\y 7 TEEH L. 0%, &%
0.5cm Z LT ER L7,

MXBEERE  FRLEABOL S —Fnb, BS 25cm
XME5CMXE X lem DFEH T 7 A F v 7 - — A ik & B
0, BOXGRIE AR M-150W-S (Y 7 T v 7 AR AL
Z L 38KV - B IMA ISR EH 1 B HERS L CIX 5
BHEafE Ll (BEIENCED).

HIEBIE - AL 723 BHI W TBIE 1.0cm [E1FE Tk R ]
EERATY, HERERLD AR MR E B2 DD BT
O_ETEFEHEICOWTIE, B #IEZ B 57013
J& 0.5cm FEIFE CTEANGE 21T 572, HIOIRER O H Y
BT 50O AT/, R 7L re—7h
—IZ#EE 10g~15g Z BV, J@EE{ LK FEIK (H,02) 5% K %
30me~40me Mz THHE L7Z. ZOR, 1~2 BB L TYH
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AN HIUE, X DICEEE{LKFEKEZ 20me~30me % T
B L7z, IS U — W — 8L - B9 20RL B 23 A ) E 25 1
Mastersizer2000 (Malvern Instruments #-8) A/ L, KiE
REEIT o7z, IR EZO EBAEET, ZREKE 20me
Mz, MEFFEHEET 3 H~5 o L. SV Tk
1000me¢ A, R 750rpm, 787 1500rpm ICEE L, 3
v 7 7T 0 ROPERICHELTRE D 11%I272 5 F TRE}
AN, FUTABLOTNA—T A MIEITER 1.52, KIL
01 LFEEL, HEAH(water) DJEITRE 1.33 LR E LT
WA PE Lz, D%, MERFORE 3465 & H ks
& (50 X—F v H A1 d05) KD, SBHITEDOEHHE
LR EE KD T

wmR
BEHE (B85 - #HEEE
HEREW IS REIR 8 (= B FEESR 5YR2/1) vV NE
MENTERT, EEKIY A— MU TORGBOBR S
EL, WO (w2 BARAR Y 2/1) BRERIZSHT
5. WD B IR 35cm~43cm IZIZKBE (v L FER/
F :5YR4/L) DIV NEDNHHETE D (Figld). E£7z, &
BE 178em (Z 134 Y HHEIRT 7 7 (Hr-FP), ¥R 182cm
WIdE4 Y ERIIT 75 (H-FA) AR shTnb (B
HAIED>, 2014).

BXIREE

MXMEEIZBNT, BAZRTBIEIXROFEREIK
WETHD. AIRTIIHEICAZAEHETHRXMEET
X7 IFTPHRTEDLILD o7, IW a7 TlE, BE
0cm~10.5cm, 29.5cm~30cm, 33.5cm~34cm, 34.5cm~39cm,
49.5cm~52cm, 68.5cm~70cm, 70.5cm~71lcm, 75.5cm~
76cm, 77.5cm~79cm, 80cm~82.5cm, 84.5cm~86cm,
111.5¢cm ~112cm, 113.5cm ~115cm, 124.5cm~ 125cm,
128.5cm ~ 136cm, 137.5cm~138cm, 142.5cm~ 143cm,
156.5cm~160cm, 164cm~166cm, 172.5cm~180cm, 181.5cm
~182cm, 196.5cm~200cm (ZIKF D)@Y, F 7= 17.5cm
~18cm, 18.5cm~20cm, 23.5cm~25cm, 43.5cm~44cm,
47.5cm~48cm, 58.5cm~59cm, 61.5cm~62cm, 63.5cm~
64cm, 65.5cm~66cm, 90.5cm~91cm, 97.5cm~102cm,
102.5cm ~ 103cm, 105.5cm ~108cm, 109.5cm~ 110cm,
118.5cm ~124cm, 161.5cm~162cm, 183.5cm~ 189cm,
192.5cm~196cm (2P (4 % 7R 378 238l 42 S 7z (Fig.3) .

FLE

WA K KT & DA HE o) fR AL T VREE 4lem~
41.5cm, 93.5cm~94cm, 94.5cm~95cm, 127.5cm~128cm,
164.5cm~165cm, 165cm~165.5cm Tl i L v sV FE i
MBI 5 ILT2IED, 53.5cm~54cm, 113.5cm~114cm, 115.5cm
~116cm THMYF SRR Sz, RIE TR B 6 gRE
1lem IZH 1 TR B AL L, #RE 1lcm~11.5cm
TRMIZHAA LT 5. BEE 15em~65cm (X TR K& WA
FEoMI EARIAL L, BREE 65cm~REE 125.5em F TI3kE

SO EFHRAL LTS, R 125.5cm~134cm (2T
T EFMKAL L, #E 177cm~178cm @ Hr-FP &t A TIE
FE134em LR T E TIHIEE—ETH B &0 5 AL
BT&E7 (Fig.3). Hr-FP &R 7z kiR O SEHIE I 7.5
pm, EHERZE (o) 1X19um THD. HOBHEICHEA L,
ZTOLTORBAELY 20 UL ERERMEERLEOIXTRE
0.5cm~1cm (T1 : LA FRIERIZA <> hNo), 7.5ecm~12cm
(T2), 32.5cm~45cm (H2), 70.5cm~71cm (T5), 124.5cm
~135cm (H8) TH Y, 1o ER&ERMEEZRLEZDE
17.5cm~25.5cm (H1), 112.5cm~119cm (H7), 160.5cm~
161cm (T13), 166.5cm~168cm (H9) T& Y, 050 LL E K
X fEE R L7-DIE 29.5cm~30cm (T3), 75.5cm~89cm
(H5), 96.5cm~105cm (H6), 135.5cm~140.5cm (T8)

140.5cm~145cm (T9), 145.5cm~148cm (T10) TH Y, 0.5
o R TIED D NI RKEREEZRLTODOF
47.5cm~53cm (H3), 62.5cm~63cm (T4), 62.5cm~68cm
(H4), 87.5cm~88cm (T6), 119.5cm~124.5cm (T7),
148.5cm~152cm (T11), 152.5cm~157cm (T12), 169.5cm
~175cm (H10), 184.5cm~187cm (T14), 193.5cm~196cm
(T15), 195.5cm~199cm (T16) TodH-o7=. Tablel IR L
oA Ry NEOBEFRBEIIXAROBEB IR © B F 2 HHr L
THED, LT UL UIBERE &I X—F LR,

EE

AR MEBYMORA

HERE SRR LT, X MHERE &3 TSI,
BERIRD, & D \WITHER IR T IR RIS = 2 (A
Ny b)), ol X, MR, Hk, R, RmEpiE kL
%, BAHETRECEL, TOEMRD D WVITESEO B
Lo TEMEINT, ZoFhritskT 24w E 5. &
I8z, 1998) ) & STV 5. FETE I O W0 IS UT T A
WX, J@E ML ARICHRATRI S L B NHERE L TV B A8, M
BIC L DWERNE ORECBUKDOFTA R SITL Y, EHER
ENER e ZKBEG T COHRMM TGS D 5. 20
B L IXRR D070 DR SN, RS H)E b
BESORLEE AN EL R B ATREMERN B WV D T, KBRS X D%
WERRRLDZEBBZLZLND. EOZ En, R
TiE, MXBREGIZ X D XBROFERZEORE L LORLE
277 ANADG, B OWERRY (XHROFEIRZED
HE<, PN 5um~7um) FIZ, UFDOLH7%T XA
TEHZA T ORI MR B EN TN D Z L& R
L7 AR L, TXA47 (T EFRRL, LD
Fmikffdlz) LHZA7 (HEERRL, ML FES%E
11 72) O % Fig.3 B L Table.1 1IZ/R L7z,

T &4 7%, W OMEHEBWITHST 14um &M<
(Fig.3), FEEMD LEERICHEI D> TASA ZRICHKIAE L
THhHIEREE L, EXI2 1em~4cm &V, JLEm S
¥ —7"C, XMOBHER EALA~ANPWE L, HRIEED
Hbhd (Figd) Z b, ¥—EH A MNEEMEE XD
5.

HZ AL, @ OWEAERMICHE T 13um &M<
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depth Soft event  Mmedian depth Soft eyent  Median depth Soft  event  Mmedian
Photograph diameter( ( m) Photograph diameter( ((m) Photograph diameter( 1t m)
X= No. X No. X No.
(cm) ray & 15 95 (cm) -ray & 5 3% (cm) ray "
| S

I

{403um)

o

Dark color layer

Fig.3 Photograph, soft X-ray, event layers, median diameter of IW core (from left to right).
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Table.1 Estimated sedimentation age of hyperpycnite layers and turbidite layers.

Difference of grain

estimated age Age of related historical floods or

Case of historical earthquake

No. depth(cm)  size between upper classification (AD) carthquakes(AD) - -
layer and lower layer Magnitude Epicenter Name
T1 05~ 10 = 2 turbidite 2009 2011 9.0 Sanriku Offshore The 2011 off the Pacific
coast of Tohoku
Earthquake
T2 75~120 = 2 turbidite 1989~1977 1987 4.4 Aizuwakamatsu
H1 175~ 255 = 1o hyperpycnite 1960~1938  1958,1958,1956,1954,1950,1949,
1948,1947,1941,1938,1938
T3 295~30.0 = 0.5¢ turbidite 1925 1923 7.9 Kanto region The Great Kanto
Earthquake of 1923
H2 325~ 450 = 2 hyperpycnite 1917~1868  1913,1911,1910,1906,1902,1898,
1897,1894,1890,1878,1875,1864
H3 47.5~ 53.0 hyperpycnite 1839~1789  1833,1830,1828,1824,1822,1810
T4 62.5~ 63.0 turbidite 1691 1683 7.0 Nikko
H4 62.5~ 68.0 hyperpycnite 1691~1641 1687,1678,1676,1660,1637
T5 705~71.0 = 2 turbidite 1612 1611 8.1 Sanriku coast and The 1611 Sanriku
Eastern coast of earthquake
Hokkaido
H5 75.5~89.0 = 0.5¢ hyperpycnite 1562~1434  1540,1536
T6 87.5~ 88.0 turbidite 1444 1433 6.1 Aizu District
H6 96.5~105.0 = 0.5¢ hyperpycnite 1355~1276
H7  1125~119.0 = 1o hyperpycnite 1197~1138
T7 119.5~1245 turbidite 1128~1083 1096 8.3 Kinai and
Tokaido
H8  1245~1350 = 20 hyperpycnite 1078~980 1090
T8 1355~1405 = 0.5¢ turbidite 970~925
T9 140.5~1450 = 0.5c turbidite 920~881 869 8.3 Sanriku coast The 869 Jogan Sanriku
earthquake
T10 1455~148.0 = 0.5c turbidite 871~851 850 7.0 Dewa Province
T11 148.5~152.0 turbidite 841~812 818 7.5 Kanto region
T12 152.5~157.0 turbidite 802~762
T13 160.5~161.0 = 1o turbidite 723
H9  166.5~168.0 = 1o hyperpycnite 664~654
H10 169.5~175.0 hyperpycnite 634~585 601
T14 184.5~187.0 turbidite 486~ 466
T15 193.5~196.0 turbidite 397~377
T16 195.5~199.0 turbidite 377~348
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Fig.4 Characteristics of grain size in turbidite layer and hyperpycnite layer.
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Fig.5 Slope angle of the bottom of
Lake Inawashiro.
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Fig.6 Schematic views of the terrain
of the lake bottom of Lake
Inawashiro.
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Table.2 Flow ratio of rivers flowing into Lake Inawashiro (Miyaji et

al., 2008).
Name of rivers Ratio(%)
River Nagase 61.2
Rain that falls directly on Lake Inawashiro 14.6
River Mae 1.6
River Atago 1.4
River Funatsu 7.2
River Naka and River Suge 24
River Tokonatsu 18
River Hara 5.3
River Takahashi and River Oguro 45

(Fig.3) , TFHEDN O REERIZ A A THRRAGIZ A F 0 Efkib

IZHED Y, BEIE 3~13cm LRV &V ) K B 5 (Figd) .

T2, HORIES S MR OBV IR LA R o, RO A
TG oA NX— 7 FOVRHEREY O R (Mulder et al.,
2001 ; Z5%1E A, 2005) (o —E§%.

Mulder etal. (2001) 12 ZAuiE, WA E ORI L DR
#yt (Middleton et al., 1973) %, —i&ME CHRBET SV
—URNRERTR AR &, AR X — e X A N YRR
BD. A= FFRIC K BIRBTL, KGN A5
BN H TR A JtA T 2 IR T, Ak 235 A ~%%
B EEL, NAR= 7 FLmHEn EHRE T2 L LT
BY, HOHA X MEREY OMEREROHEE LI T
Hb.

Z—E XA N EHERTT DIBET LTS H 0 5 K T E
BEOHRBEIZL VA LZLD LHEEESND. BB,
TIE, HUERRFC I AT 2 RHE AT BRI IZIZR b
D0, WE (HE) TIIEREE, Salck-Tix 1° U
T eV o T IEFITEORHAICS W T HOREAREN R Z 5 Z
LE S TWD (Lewis, 1971 ; Fieldetal., 1982). i
RIFMEIC BT 2 AREIX 86° THV, 1° LLEOMEE
A bZ W (Figh) 729, BHEAMOWIEICI W TITHE
WL o TRIBEREDNBAET D AEER RV EZ 2 6D,

—J7, WOKBRZII ANA =7 F AR oM LA
TRICARE L TR Z B Z 8%y (FTEED>, 2000) /A /%
—arkEr b A T ¢ Nifi (Beverageetal.,, 1964) 7¢&
LHD., N RN—arBr N LA T 4y RIRICE DHEFEY
IR~ LS & AR & A RET S (EE
2000) HEEAH DM, ASEOPAR SO 2T TILMR I
otz Fie, PWOKRIZIEARTNSEBERA L TL 24
ADIFED, FRECBE L TRILAALTL 235608 E 2 6N
20, ZOWHITATOFHICEARE PR LB DI
RHLEEZLND. LER->T, WENDREHLEETO
BIBHEREIZR 3.4km H D Z 0 HEEITZ I VWEB X
7. 7ok, HOKETROTEBEHERI A BT LB R & W
O MBAIMERE D ICEFB LTV, BRI E 0 13
ROEELEZ TS WEDHF AN Y g AL DR EH
B oORERBEIC L, WITHFAbHI AR Y g v
WCROBE L TERREHEDS T vy 7 shTne s

T3 (Dalrymple et al., 2007 ; Schrottke et al., 2006).
L7 o T, RIFFEIZEBNTAA R—E 7 A Ngoikil
MNTEDIL, SRIOFHE A IKED (Fig.6)
WAL L TW D Te b A /=B 7 F VIR HERE ) D AR L IR
FEah Tz kickstnz o,

HEFROMHTE

AT RN 21 WA & 255, BEIEH»N
(2008) IEHIMOMEEAR B LA EE Wb D 2%
FiE L L, TOMEMHHEEZRDTND. HLWALNE
WO EME (Fig.2) T 61.2%, RV CESHEEAMICKE
DD 146%ThH D Z b, FEEHOWAILRE W
JIWKDEBELARELEZLZITTWLEEZLND. &T,
EARHEDIC BT, 1888 4EDAEES LN kAT 1800 4
RATITHAK A 4 [ERAER S T D  (RRBh 4%, 2005)
28, MK D 1889 4EN D 1913 4E T 25 4E[IE 9 [ H
dk N FEAE (RRBLKEARE, 2005) L, 0Dk 1916 LI
Wbk & IR BRSSO B W CHESEAME B TR D 72
<Tgofe (BTHIZ2N, 1988). F£7z, KW AFHE T,
=IN%E 400m~500m FiESH 220 O LW EEAL 1879
END 1908 EEDICH Y, = D ERNEEHRKICL D b
DThHDHZ EEMEN RN E S TWS (HF, 1979). %
JE 46cm LIEETIE, T XY TALOWEHERED £ IR O
CIXEAR Y, SREHFIMOREELE LS, SHEITHRIZR
R PG SN TV D Z &5, JRE 46cm #5473, 1888
IR K OBWOKBEEHOIBED & B2 b1 5.

F7o, RE 178cm IZ R 55 H-FP 7 7 7 4R 1L 6
oL Wb TWd (KA, 2013). EARMARERIZON
TIXRE (1989) 2% 6 1AL 2 DU ~55 3 DUH, 7|
1E2> (2009) 2% 520 FFHifE, HEFIEA (2009) A3 515 4FE~
534 FE LD D, B FEIZA (2011) TR LS I O
14¢C £ Al (Conventional 14C Age) 7> & JEAE 5 TEAE AR 555~
615 4(68.2% probability) 5T\ 5. F7z, HE 182cm |
RoN5 H-FA 7 7 7 O8I, FaIED (2011) ARk
KA D ¥C X E (Conventional *C Age) > b 15 7= [ TE
FEETH 430 F£~570 45(68.2% probability) & ZX DO HE N
KEW., ZhbHEEEL, ZZTIEHAFP 77 7 0FENRE
FaJE 555 4F L ET 5.

PLEDS, REE Ocm 2 FEE 2012 4E, RJE 46cm % P&
1888 4=, YRJ¥ 178 cm% PHJE 555 4E & FLYEIZ L TENETND
HIMOHEEELZ —FEL L, Bl Ll —t X1 NEen
A= T A NEOEREN DTN D OHERFEREHEE L
7= (Table.1).

BERHLGEHMEOREFNK, GHKOREFRKED
*F I

AT A AR E RS (1R, 2003) B L UORET
BET—F_—A L0 ER LB EET — & _— 2%
GENIED, 2013) 2 BEE R OWLIERIZR T 2 HER
BN 35 (KBETEERK4) U EoMEBELHMHL, b
DHEOFBFER EHE L X —E XA FEOER L &I

7
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9.0 1 o T T e
The 2011 off the Pacific coast of . - ‘,j_f.f...l.I.,. e I = = T
Tohoku Earthquake co— '. __________
8.0 - — - 'x The 869 Jogan Sanriku
-7 T garthquake . _ _ ——-
7.0 A .. 0 g--__ The 850 Dewa
- earthquake
L] Ci
35‘0_.‘(:‘;’, ’/’ .//
= Gy, 7]—7 on the Japanese scale
o 1il s
'E“ ;;,» S // — .- upper 6 on the Japanese scale
'51- ! / - lower 6 on the Japanese scale
HU
5.0 ' ! // — - -upper 5 on the Japanese scale
, ! // - --lower 5 on the Japanese scale
:ﬁ / — —4 on the Japanese scale
40 i.' / + historic earthquake has the related turbidite layer
U0
I': / A historic earthquake has the related turbidite layer covered by hyperpycnite layer
! / ® historic earthquake does not have the related turbidite layer
' + other earthquakes
3.0 1~ T T T T T T T 1
0 50 100 150 200 250 300 350 400

Epicentral Distance [km]

Fig.7 Relations of magnitude and epicentral distance on the historical earthquakes, and the correspondence between turbidite layers.

LA, 16/805H 108 (T1, T2, T3, T4, T5,
T6, T7, T9, T10, T11) Axh& L7z, ®IGORV 6 @O
56, 38 (T8, T12, T13) ITFHiEofekNn <, %D
3/8 (T14, T15, T16) (X H AT (720 4F) ohHqd (712
F£) Lo b HERBEADN VL O TH D, iz, HEEAHE
WTRAE LT Bk OFRAER (ITHIZL, 1988 ; [H %@
B, 2012) EHEE LIonA =27 F A MEOHETHEN &
LT ZA, 10BOSS 7/ (HL, H2, H3, H4,
H5, H8, H10) %Lz, IGEDR2n3@on o b, 28
(H6, H7) gtk oiigkne<, %2 18 (H9) |
AEAARLHFL LY BHBEFERD TV DO TH 5. 4 l50
EIZ— ] BEORUKOFRE —F L.

A—ESA FNEBZRESEHFLIELMLEHHE
ETIREE
AR OFE H R HIE T — % _X— 22O\, RElhE
R E CORRIERE, Wtz ~ 2/ =Fa—FeL Ty
ML, HBOREBERNY — XA NEOHEERRBER L
?G“ﬂ‘?\ L7-tEs>@®~—27CFuy kL7 (Fig7).
T, HAHEE n LLEANHET B HI O Snkm?)

&w@%%éﬁTﬁﬁﬁ#%b

log S, =0.82M;-1.0  (BfXiZ2>, 1971) @®
log S, = M;-3.2 (FHHa, 1969) @
log S, = 1.36M;-6.66 (Ff12, 1969) @
logS,;=1.25M,-6.88 (kf#s, 2001) @
log Sy, = 1.44M;-8.40  ()I[1E7>, 1997) ®

REE 7 UL EO RO B &2 R RBRICIOA L @Ko
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