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Continuous Seismic Reflection Sub-bottom Profiling with “Uniboom”
in the North Basin of Lake Biwa
—— the Structures of Sedimentary Layers and the Origin
of Prominent Acoustic Reflectors——

By Hirokazu TAISHI
Institute of Paleolimnology and Paleoenvironment on Lake Biwa, Kyoto University
Yoshio INOUCHI
Marine Geology Department, the Geological Survey of Japan
) Tetsuo MEGURO
Institute of Paleolimnology and Paleoenvironment on Lake Biwa, Kyoto University
( Received November 25, 1936 )

The sub-bottom sedimentary layers (a thickness of about 50 m below the lake-floor) of the North
Basin of Lake Biwa have been surveyed by the continuous seismic profiler of “Uniboom”. In the
eastern margial zone of the lake, two groups of buried terrace-like topography were discovered at the
respective depths: 13—18 m and 38—54 m in depth below the water surface. The shallower and the
deeper groups of them are distributed from River Echi to River Amano at a distance of 1—3 km and
3—5 km off the shore, respectively. This area almost agrees with a blank area of subaquatic
terraces, which are continuously distributed in most of the marginal zone of the lake. The depths and
locations of the buried terrace-like topography are in harmony with those of the subaquatic terraces
at the boundaries where both of them meet with each other, and the deeper buried topography forms
the inner structures of the subaquatic terrace off Nagahama. These show that the buried terrace-like
topography are connected with the subaquatic terraces. In most of the central region of the lake,
three or four sheets of prominent acoustic reflectors were observed. They are correlated to the
volcanic ash layers interposed within the sedimentary layers, based on a comparison of the “Uniboom”
record with the geologic columnar section of the 200 m-core sample taken in 1971. This result has
an important sedimentological significance that the prominent acoustic reflectors are indicators of
synchronous planes on “Uniboom” records. These reflectors show a tendency that, in the central
region of the lake, the sediment depth increases with water depth. By the rough estimation of
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sedimentation rates in mass from these data, it is implied that the phenomenon of sediment focusing
has occured on the bottom of the North Basin of Lake Biwa for at least, several or twenty thousands
years.
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2= 7 AHBEEE UT (z=7—4] KT 2) 3, RELHBL COWEREHICAREEN
72kE EG & GHBO/NUEHEEREETH 2, FERERIMBEECH 10m, BEOBHMEIEIZHN 20
cmEINTWE, 2=27 =403, kKB EZIFNFF o ANFROZT—F o EREL LD LI
BREERLZERNFNONBENENETELIDFLGE BNV ETHEH, MNRKE2FE5TH
N, FRBERASECE ENENEREPELTWE I ER25 0, EFHREBTEORRIRE
BENTWD (2k243, HR-IUT, 1978, #84&#; #l- B, 1981, BIAFE ; Johnson ef al., 1982,
F—2 k7 ) T AEREES, . Kang and Chough, 1982, #E Gamagyang i ; ®HiI», 1986, FEEHTE
).

IEEMICBWVWT Y, 1979 ELURRER A EEMEREERERIC & » T, F72 1984 Fic TERMIREME
FAEMICL - T, @B 27— 2FEIMTONTEL., ZNHDOEE, BEMEOERRILSHER
T#H 10m F TOREBOREESICEHL T, 2HNVEKRD 2EEIRBEINLY, ZOHRTH L, BE
AL R RO BB IGESED L VRWEFEREEME»SFT A2 EEEE AL, Tk
3 e REER, SEMBOCBOBMERBE 10m OHEMEBIC OWTHERTIIL > L LEELBIBET
HUEFER X A8 5 TV 5 200 m $EHIEREL (Yokoyama et al., 1975) & DLEIC & » T, HEREEHICHK
FNBAURBICHET 2 &, HeldEl Ta 2 (RIFTFiEs, 1983 KT, 1984 ; BEIZA, 1985 ;
FHWNITH, 1985, 1986). Z OHEHIHEN T 2% 61, KK IZFERAE 2R 2 & FENC £ L BE
HTHENT, 27— LRI RENHAEDHEEE AR EBEENEESICET AMAICL - T,
EhOTHEXRBELETHSI.

AHFETE, T, 27— BB SBLNLEHRLEGE VW OPRBML, ZOHRILEESR
NAEEHHEREHERBOMESICERT S, DEIZ, 200 EHIEE L 2= 7 —LRHFH LN L ) HEL
MR RA D, 20O, TNEFTRHEREIN T2 — LSO KBNEE S, T T
LT&s, 2, #AFICBIT 2 ZREERE2 DL LEICHETIUIRSTH 2,2, v ) HE
LELBTEEIEL IS JE2RT. Z0kIiE, WhE1=7— ARG EHELPICTEIE
ok oT, MR, LMEE L TELHEEROEE L FRHEKINKBICNILEN S RAADE b
T o2 ERHLPICT S, LI LOMRICEIWT, BESHEIC B 2 #EE LoMES
DH—->TH b sediment focusing 12DV CFEICEIRT 5.
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BT RETHRE & SFIUTT R L 2B SBEEE I, ETRvIEE (H1# 623 km?, FHK
B4lm) XL TikmEEl (EH 58 km?, FHKE 4 m) LicHiFonsd, =7 —LREIIHEC?
WTHERL 2, KBEFZROCLHICHAED & ZAFHNLERIPB LN T WO T, AEETIIALHD
HEOAITOWTHENS, HOBEREOMEIR, A8 (1971) KIAEUTOEEY TH S, HED
AR AKER 20 m BLZ D AKIRRL B O BRI TR EICEURS L 5 54, ZNLURTR—RIC LML 0T
WS EEETH S, MENESHI—BRICERL VERNOF AR THY, 0ot KEFHOBEEE
TREFEHFEEMICAET 5. LBOBEERHED ST HMICEV 3 EHBBIC L - T, ETR
LTI (RAKE 94 m, SEETH) &, 0% TRVERHBAERE (BAKR78m, EH
IR TR Lo b s, & BEEHORIOKE 104 m AL, LERBRERCET 55, TOH
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Fig. 1. Distribution of “Uniboom” survey lines in the North Basin of Lake Biwa (a) by Institute of
Paleolimnology and Paleoenvironment on Lake Biwa, Kyoto University, and (b) by Marine Geology
Department, the Geological Survey of Japan. 1 : direction in which “Uniboom” was towed ; 2 : line
number of “Uniboom” survey ; 3 : locations of the “Uniboom” records exemplified in this report ; 4 :
area of the 200 m- and 1,400 m- drilling sites.
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L7, BBI=T7— AV AT AOBERER Fig. 2. Arrangement of “Uniboom” system under the
survey.
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EiIzHnTiE, BE - IIT (1978) % D'Olier (1979), #HIIH (1986) ICFHRINTWBIANT, ZI7
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Fig. 31cmd. TREBEN L,
FREEEE % 1,500m - sec!
(=Vo) EEET B &ICE-T
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B wiR) ZoBRALTL R

ZEMBIE v, F BT

FREHEERE Viconw Ty, 120

Horie and Tanaka (1983) iz &

BIT AR LB

BELEH OkF i :%'U) Tl 1, 0 077 132 D E 240 M(A) -
480—1,550m - sec' L HEEI N Distance from Starting Point of Survey Line (kn
THY, ELlcELBOR LN Fig. 3. “Uniboom” record (L. 10) in the eastern lower part of the
AT Th B VAT g omgakedor s ot ok b T e
Vs 134313 1,500m - sec™ TH 3 multiple record of X ; S : secondary reflection ; F :fault ; bold anc
ZEHSRENDNDT, LT TIEN thin arrows : the points nearest to the 200 m- and 1,400m-drilling

N . sites. Depth scale is based on “Uniboom” depth Z;. For loca
bIDECR) 227 LARE tion see Fig. la. These notations and comments are also ap
ZyEHWDLZ EIZT 5, plied to Figs. 4, 5, 6, 7, 8, 9 and 10.

=T — ARER D BEHEE N —Iz, HERFEHEICOE DU LOBEEL 2 (£ DEAEE 1 mLR

REFEGIBbNDE L) Zehd b (Fig.38H), Znid—oicid, ~ Fu7x > 2B E i
FLTEMT DI EPFERFCELWLDIZ, ~M Fo 75 o~ KERSICEL D kB REORERT:
52k, 22T —0E—HEICEHEL NN Fuo 71 v OREZEI CEHL L 2ERICLVELO L
7o, ZoOEER, REAMICB LN KRG RN L RS 2EbY v, v bbRENGERBICH >
N Fe 7y VRERELLERFEICHET 3 EEZLNLENT, UTTRINE ST L TR
T3, b5—D2=7—LRHOREHFEL LT, KEEDEIZ, H5WIZEICHERPOERERS
BETLLZERFOMELH 25, UTCRREERFNEVDH 5 &I TTCHERON G L4 T
3,

Il. 2=7—LRBOBN & HERBHERE DRSS & VKT

HIES THIAR L 72 Fig. 3 =7 — 4 508%i2, TEHILMIREHEEE ) BESHE T4 (L. 10 ; Fig. 1a:
B)PLBONLZLNTH LY, ZITikd, #HBMBRICES»L A, B, C, D iS5 %ML E>
B CESEED L WRHAE PN T Z B END, ERETIZMEROESHI R | CilgE
A TROPICEC T 3 LRI, BEKENHEME & HICREHEOEBMBEIKRE o> T,
Iz ki, IVEITERT 2 & iz, sediment focusing & MEE N 2 WIS E S IEEMBE R - T,
ZERTRRY B, ZOHOZ=T—LEHETH I —DOEEENLNIE, 200 m IFEHIH S OEFH 700 m i E
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BrHRoNBZZETHE, ZOMBIREHAEC, D 245> Tv55%, T H 5 ETE D D HHEER
EXELNKEVDT, BEMELPDOEECL WV EMIREENLMBCHBEEILNDG. F20ME
HERICLTC, SO0 B THEBBIRICE  L->TwaZ L 3EAINE, 2B 0MBIX, #
DESR, HERBES I THBRESTI LN T3 RKINA £ 5K L ¢, Horie and Tanaka (1983)
EBIT A EEBRTCLED LN, B3P 4.5km ¢ NE-SW Fiic 57 2 K8l —8T .
Fig. 3 na=7— A8+ BRN L FTERAEEF L L (AT k-, KEHA, B, Cosn
HEE T BEMIMOIZITEBICc bl > TEWHT 22 5 CE& 5. Fig 4 3EENILHLEMAEE D EH
#HmE (L. 45 Fig. la M) 0BT 2 MENSEARBICIIIZETLARTOL=7—28&TH B,

~—

ZCIE, KT Cid, 100-500 m DXTFRIRE & 3 m BIEOEZ b DWKROHEEL T Y. 20k ) RS
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Distance from Starting Point of Survey Line (km)

Fig. 4. “Uniboom” record (L. 45) in the northern part of the gently sloping lake-floor in the northern lake
basin.
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Fig. 5. “Uniboom” record (L. 41) in the area of the maximum water depth in the northern lake basin.
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H C DS &, MEBAED LA OimokEBIciR- THEH LN D, KEHEA, Bii,
COMEN LB LBbN D THLEKE L O, 2KNICAITHER & Ffic & b TEHET
DERFTOE, BEEMLMINEE (L.41; Fig. laz2R) Bl 5 2=7—L8EHTH 5 (F
ZOFARTIE, BT C ORI IEFICH (BB AHREFHEN AL —IHFn L BhbL3), -
AL VEWNTCIREGICHLNTI v, FLRHE B I RAKEAME TEEIFAICH LY,
MTHERLTLE ). REEACOWTCL, BAKBRAL VBT V0L 25 TCRBLZ Z LI o
I &S ICEHENOEEITERT 601, KFEZANX—DRFEC & 2 B2 58BN Lnh
WEEHEHEPERL TV 202 ETETH S, LB REE A LA MDD ST A
%, Nk REBEOFERICBHZEROEBN—2ThHs., ZORHNEHIED &S ik
WEDOBNZL DOPE, BEDE ZAHEEN LW,

Fig. 6 iz amRRFomdbHE (L. 25 ; Figla 28R) OMBKEZ R T2=7—A88&TH
ITEHOBEEEBRT 3 ERO—HrHMEREICEANTW A, HETSEFmEIIER LY
ZOEFRICELTEY, ZOEADFRTILEMTLIIRESCL>Twd, 2k THED B0t
DREER, 72l ZSEHEEN L S ICKRIC L 2BREEA2ER S H D, —FH T ERATEL M
LHAMIN L Z Lo HHERGEES R L D QNI IR W 2ok BB OTREL AN, £
BEEHLIPICTSEI LRBABOBEELHEREN—DOTH 5,

Fig. TR L 2wpBd Ao E S m (L9 Fig. la i) 0o=7— A&z, BEEHLEn
& E S ONHMEE TOBNIE 2%bT. 22T, HEBIEPRMCHEY bhs k) ol
L, FEEISESENTEE{ TP KA N LS IELENTWE, 2Dk ) h2=7—1
W, CoOESMEORRICRLIERELERFEMRL T 225, Zhiz, BEBHdLE
HEORENMEICLBERT 2 LELNZDT, MOBERL ML THNOELIZEH L 72\,

(N) L.25 s om—>

Depth (m)
3
[3,]

120

135 ==

s e
16.32 1703 1753
Distance from Starting Point of Survey Line (km)

150 5 A

Fig. 6. “Uniboom” record (L.25) in the southern part of the gently sloping lake-floor in the norther
basin. BR : basement rock surface ; k : sublacustrine kettle hole (after Kotani, 1971).
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Depth (m)

105 £—
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Fig. 7. “Uniboom” record (L. 9) in the part north of the Okinoshima Islet.

DTFiRT 2RI, BEMRREOBEE, LIFEBIC P T =7 — A58 TH 5, Fig. 812, ER
TSR AFROMERICERT T 20K (L. 47 Fig. la$R) 0= 7—LETH 55, BTE 15-30
mAhE & 45—75 m (HEOHERG R IR EROBEMEGBH NS (Eiindbn% BT, TNy 0%
BT, 4%). 25 % BT, 0Fd, Y ) KBETT~ZE» b7 s, -ENHEE O LTERIZ, Eh»
5B, BT, C, BT, MEE % > T 5,

Fig. 9 iz BiETIHE (L. 4; Fig. 1a$R) 02=7— A5 TH 245, BEE 30—60m fHELIcUELT &
b b7 ZBBENRERMTEFTH SN D, I, FEOEIMEPRE, 7L (R TRTREKEE.
FESAE (Fig. 11 28R) » 54K L€, Fig.8 D BT b —~BENLNTHEEEZLND, by J EIN
ENHEmIIBER R (Mg, 197D STuick - TH Y, BT, R LEBENH DIz 2 DRIESE N —HRD %
L T3 RS, BT, £%420 STy nINEREEELZ L L T2 L 1E 2 L3, BUHHE A, B, Ci3 BT,
L& L (abut) DBRIZH Y, F 7z BT, O TEII KHE C D THOMBBICHKEVTWL0T, BT i3
EEEC LN T nEEI LN, FAICBT: (3 STy i3, 7L 23BN L J IcEEN LT ERIC
Lo THBRE N TR LW 505, B2 2T, Fig 8 HBT, (ciidd 28R R IHIL
R&ie b7y, 1 IZZ0OREICHERE (I, 1971) STy 2 FET 5.

B R ok, ERENR LA SEHINAM Ot i Toimslc b R s, 2oLl
‘o #ER (L. 24 ; Fig. la ) T 2="7— 45046%% Fig. 10 1R 3. 2o T, BE45—60m & 70—
80 m ) ZEEFTIC R MR BRI NS AL TS, OB E REE L 0 L FEGI Wi, K
HE A, BREUOBRERMB2E ) Z & Laoh bk, $£/2, INKIBOERER LKLk
WO TR T 5 (Fig. 11 B88) o ¢, Stk BT, % BT, ¥ 0B #Eic D C RSN CIIRETFH
5,

PLEBITR U723 R ER LRI DO, SN2 =7 —A0EEE: L, FOL v FOMEB LIEE L
PR L7 ey S Fig 1ok Sich s, ZoR» 5, BT 35 0BT, i3, Falaodbhibsr s
FENT O T T, BREEIC L CEAFN]1L -3 kmBLU3—5 kmnk 2 5% BB T4
L, BEIEAEMIIY I NEL > TnwaZ 39 h 5, F72 BT, RAFihE T, #OERICEYRL
RIS 2 - T B, Fig 11124388 (1971) I & 2B EN T o FOME & KED FRHC #7225,
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BHRET—L =T OREIRRI DR

15.77
Distance from Starting Point of Survey Line (km)

Fig. 9. “Uniboom” record (L. 4) off Nagahama. BT;: the deeper group of buried terrace-like topog-
raphy ; STy and 8Ty : subaquatic terraces (after Kotani, 1971) ; t : lacustrine trench (after Kotani, 1971).
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Fig. 10. “Uniboom” record (L. 24) off Onoe. BT : buried terrace-like topography.
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WokBicEBET s, &
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Fig. 11. Areal distribution of buried terrace-like topography and correla- TEREER RO
tions with subaquatic terraces (after Kotani, 1971), in the eastern margin- RZFOREPBEL I LT
al zone of the North Basin of Lake Biwa. Numerical values show the X
depths below the water surface at the edge levels of the steps (subaquatic WCTHSTH D, bB, %
terraces, underlined). Only the uppermost step is shown in terms of BT,. DE—FHE LT, BEMNL

IRESEBRME R T 13 1986
11 A, 8B RO e 2 = 7' — L& R L N AFIPEOKER 40.5 m RIS BV, BIE
BT 26.8 m ROFERBEHMRE 2L 222 & 2T TBL.

IV, =27 —LRBROKET R M & ADERGEERE

BB ROZIITEBICHH T 25 TEREN L WEHE A, B, C(XHE D ooz st
HHDHCRENS) DEREZEHES LN RELLALPICT B0, AU b7 —AKE
ZyEWEL T, MEE COXKELZIERICREL Z LPVERTRTH L, Toizd, BrizonE ca=
T LREENDKET A b EAEPIT- TEL2D, TNLDOERPBENTHLUTNEE N TH S,
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(a) -~ [ ———] {b)
ZB| g H ZHT

I 7 2

k]

R Lake-floor

Fig. 12. A method of bathymetric test ; (a) arrangement of Boomer (B), hydrophone (H), depth plate (D)
and survey ship (S), and (b) typical propagation paths of acoustic sound in water from Boomer through
depth plate or lake-floor to hydrophoe. R : reflection point of acoustic sound on the lake-floor.

¥ Fig. 121, 7> #—CHRELZFEMOARIIC A Fu7r 2 ERC7—>—28L, 7—7—
DHFTAF—NENOEER 5 mEBI S ICBETIEL I LI L 0T AKETFA —FlERT. &
FoFEHRERRERE Fig. 12b 28) % 2P, Kb FEREEBEEE? Vo T, 2=7—2 KB Zy i3 P=
aZyr WO BB FECEETAZENTESL, 22 CTa (=Va/ Vo) i3I3T—E2E% &) (0.95—0.
98, Vw =1,425—1,470m-sec™), F#HT0.97 (Vo =1,455m-sec’) Th 5, LihoT2r=7—21
B Zy i3, Fig. 12b 22#10 L€, BEER

Z*:(V (ZaZU)z_L2+ZB+ZH)/2 1

2&oT, KRZVICERTLIEHPTES, 1272L, Li37—=—~fFu7x MR Zs & Zuid
T—=2—BIUNL Fa 73 DRI TH S, kB KPEREBHRE Ve LENL ) w2 b2
DT, BEHOFHN L KREGEZERTHTHBA» D,

V. =7 —AR8HE & KILKE & oxtEt

4, 227 —2KBNEEFEFHAL2IIC LY, FLUTTHR3 LI 200 m EEIHSIC H 7% DI
WEZATLYY 1,400 miBEIME X —EN2= T — AREIBLN L WI T LRREPREZ T,
I T3 =7 — L REE & KIUIKE & OIIGORBEIC—IENREI D 21T TAHIzw,

TEHIEED Z1HATEN T2 1983 4E 5 A 24 H, 1,400 m IEEIH S B0 2 = 7 — AR 21T - 7277,
055, MEIEEOREY 50 m HLA %2 BRSO 1= 7 — A58 Tl AR L7z Fig. 3 ThH 5. 200
m JEEIH AT 1,400 m RHIHE SO 350 m IS ALE T A%, ARRIE, 1,400 m BEIEE S A RERTE
S0 mMELBERL T 20T, 11T 200 m IBRIG AT BEEB L Z 100m L) 28-Tw3
tRbNE, 2L Fig3na=7—A8C L - T, 1,400m B L U8 200 m FEHIHLE TR &
DOMNEOBLEET L Z LV RBICL 3, RIEBR&T I LIS, o7 —LNEEREGHTH 2T
H10mBENEZ 7 1,400 m HBEREHIRIERDED » 2 foddic, KIWKBOREIREER( BT LT
o7z (i, 1986). L2 L 1,400 m JEHEIH S OIS TIXIRENC SB3L-DEFTFEZA ST 1981 £ 9 BiciThn,
ZOBRIE N 12m BOERAIERFIC B O XKD R E N0 T, 1,400 m IBEIHAIC DWW TR S
NEFEHIOFR ERATE 2 LT 5.

EREHIRRNOKINIKE 2 2= 7 — 2 RHEICIIG 3 2R %, Table LiciRY. ZHEISRLER
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HE A, BOMRRER, Table 1. Correction of “Uniboom” depth Z;, and correlation
BEBROEREERE between the prominent reflectors and the volcanic ash lay-
- _1 ers, using the preparatory core sample. a:the ratio of Vi /
Vs % 1,500 m - sec™ & 4] Vs, where Vi is sound velocity in water under natural
ELTHELZDDTHS conditions and Vy is 1,500 m - sec™.
7, BRI TR L sk Preparatory
- g core sample “Uniboom” record
WIRTE DHEBIEREE & DI Water depth of the lake-floor (m) a
HEDLDTRETHS., = 68.4 68.3 0.96
WIESTE A, B 2skILR Volcanic ash layer Prominent reflector
’ Sediment Sediment
Biorth& s 2 & LRk depth(m) Name depth(m)
i, HEHIOmBEDH ﬁg ﬁ Sg
BN THVs DfEIZIZIT - -
1,500m-sec ThHhaI &
PRT. Table 2. Correction of “Uniboom” depth Z;, and correlation between the
. Peminent reflectors and the volcanic ash layers (after Yokoyama ef
200 m FEHIHIZ DT al., 1975), using the 200m-core sample. The original data on depth are
i3, TTHEXKEZREL modified to the values with asterisks. « : see Table 1.
TA%, ERTIREIME DR 200-m core sample “Uniboom” record
EXE (Z*=68.4m ; Water depth of the lakefloor (m) &
. N 65. 2 67. 2% 67.2  0.96
Horle, 1983) 122w Tid, Volcanic ash layer Prominent reflector
X5 @=0.96 (Vy=1, Thickess Sediment Sediment
. 1\ pesE Name (cm) depth (m) Name depth (m)
M40m - sec™) »RHND BBI5 2.5 0.0  8.0% A 738
(Table2), = a NfE® BB23 2.0 13.4 11.4% B 11.0
, - BB51 1.5-2.0 24.9 22.9%
RAL T J: " 20_0 m BB55 44.0 26.0 24. 0% C 24.6
R R D 2. =7 — L5046 BB85 2.0-3.0 37.1  365.1%
PLKEERD B & 67.2 BB151 5.5 62.3 60. 3%
N . BB153 5.0 62.4 60. 4 %
m &7 ph, Zid200m BB163 25.5 65.8  63.8% D 63.0
REIE AR D KEE BB165 2.0-3.0 66. 7 64. 7%
. . BB15=Ah (6.3 kyrBP) ; BB23=U-0Oki (9.3 kyrBP) ; BB55=AT (21-22 kyrBP)
65.2 m(Horie, 1972 ZM) (after Yokoyama et al., 1980, Machida and Arai, 1983, and Ishida et al., 1984)

INy2.0mIZFBEBLAT

»% (Table2), —HUREHAWT Z*=65.2mic T2t @ #BET 2 L «=0.93 (Vi =1,395m-
sec™) &4ch), ZHUIHIEI TR a MEAER L ) I ASTECTHELTH S, U LOFERIE, 200m
FHIMEOKEME 65.2m 25— 2 mIZENBEREATWDLZ X 2BERT S, D XIC 200 m $REEIRE D X
WIKE & REE A, B %, HERE T 2 LMEI—HL LW LIZBH LS TH 2 (Table2), 200m
IS BAERI S & I ARTFERICL ThT2 B0mBELIENTELY, L L Figdnz=
T—rTGEPLLHD B LS, TESRAORBEOSBYLEEIIZAL T2 L BbRDIC LR
b5, 200 EEIHE CAUKB E2=7—LARPEEDMICZNE S A —BHED 2DITFREHE
ThbdEEZ S,

Bl iz~ 7z 200 m IEATHESIC B 2 KBEIC N T 2 8ME 2= 7 — A KEE L OB 2 F
BRZSENIRRT B 2H0—o0FEL, 200 m EHIREOREBREHB W2 m FTHCTLTIZ &
Tho. 200 mIEHRB OB FH 2.9 m LMW IIRIRE Nicdr » 72 (Yokoyama ef al., 1975) oT,
N HREEETOEEIMICHALTEAR 2L L R HLD TR, 20k BELITEIN
T, 200 m IEHIHLE DOBIBOKES & CKIUKG OMRERE 2 EFE L 2R, x> x T Table 2 2R S
NTwb, ZOfFR, EHEA, B, SRENRMEOEE LRk, Z>onXUKE BB15 3 L' BB
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LBIZEbOTRFLHETHEENZZ L4305, Lizdi-> CUT TR, 200 m BEISRNO #EEEC
DWW, ZNLHIR-2.0mEBELLEERZMSES 2 &Y 5,

200 m FEHIEEL ) BUHTE C HMERIEEDRICIE, B L CHEBT 3 2o XILIKE BB 51 35 & 1 BB5S
%5 (Table2), 2N 6N HbDEL LICKEE CHANEENZ2IRBLT L LBRKBETIIBH L2 TEW
A%, BBSlOERF 2 cm BT eI L TBBS I Mdem DER 352 & 2 BT, B0
BEEIC & 5EE - REFMEP LA T, BNEZARH MWL LORFEN ALY —3 5% D iHFES
NZENEGEEBIZEPEEBIC L2 EEZ LN5DT, 22 TIIREHE C % kILIKE BB 55 ol & T
B, FLIoly, 227 —nFHE & KIUKE & OBRRREZEHIVRE { THEOBEFR ., KiHH
D DMRREE (7272 LAMEE) HEic i mMonkIWKB»EET 557, BB163 PsHIA %L 6 cm LI ToO®
WKWK Th % (Table2), RHEE CoHALEBLERICL), RAED 2 o0 TiEb - &L E
WkILFKE BB 163 (o &4 %,

DEogsmic k), 2=7—oRE®EA, B, C, Dz 200 m BB T KLKBICHLEELNEE
AEHES Y, ZOFER, IhbnRFRItz =7 — ARG ETRBREEERTA L), EboT
BEETHEMPENTRL OO -2 82 5. #BREME A, B, Cicxthd-¢72kLIKE BB 15
BB 23, BBS55ix, #LiTa (1980) LA HITA (1984) ik 0, FNFNERDBEE L LA ILK ETH.
¥, 1983 2M) TH 5 (RF—) T 7 v kUK (Ah, 6.3 kyrBP), 85 — B2l k11K (U-Oki, 9.3 kyrBP),
BE TokilJk (AT, 21-22kyrBP) ThHaZ AT TICHLPICES T3 (Table2 £8).

Znkdic, ERETOKNKEHFFEFEEREIC L > CRIEXNLH E LT, BB, A—
A b7 ) T REREES (Johnson ef al., 1982) RREFEITRE (BARIIH, 1985) 55, LrL—FT
13, WRWEAHRBUC & ) KIWKBOFEEIFERE L2 (EINED, 1975)icdhdrb b, Fnz=7—
LEHNHL L h - L EBEAGH (RAAEBEREREERBIC & 2FE, RER) WL 55,
I, =T —LDMRERHIEIC & A2 FENLFEICOWT, FHFICIRE - BEIA TR WES
HhHBIELERL, SHBOBFREEL L2,

VI. REEDHRERE D% & sediment focusing

£ e L TANTHBHERNIG L AL LESEIBICB YT, ZFZICA S N5 MR T o 5kt
RMEDTFKBIBA L ER I 2B %3 sediment focusing & IHINTH Y, FOEE, HEREEIRK
BELLICHALHEES TRAICET S22 L% 5. Lehman (1975) (3, sediment focusing »3bh
FOMBEOMERKIC K E CKET B2 & %, BMUEHLETLEAVS ZLICE > TFRLE. 20%,
MR DMREE LD 7P T35 D b b/ANE TlE sediment  focusing 7B - TV b Z b
sediment trap Z:ic & DHIEEE 1L (Deevey et al., 1977),  72#EMEEHIRRIITITHA L THAT L
EHNT A G AREOD/NEIE T Pb-210 £ARIEREIC L DR 3 L2 (Evans and Rigler, 1980), 3 51c
Hakanson (1982) i, R —T>YOXKEBICEWTH, ANFANFEE I EMT 5 ¥R E BV 72 P 9ug
TIHEEEIIKEE L EDICEMT I L 2R, TNIERRICEDIEENEE LT L BEBRBOKBRT
55 EBRLZZ, 2ok iz, sediment focusing {2V { D DB THERINTED, FRFNOHIBO
AR HEREOBRICEE L&A 2272 L T3,

L Lah s, TNLOMRBIITRCHENTEERE, T bbb BilOMERMcCEB INZLNTH B,
AETEHRL LS5 LT 2 EEMHED sediment focusing NI, BEETEB LWL 2 TEEO#HE
MENRETHLNTHS, BEMIREN L 5 ICBCTREWIIC L - 72 0l, 60 THEAK" B (Taishi of
al., 1986) & %\ 347 40 TT4ERT (11, 1986) N & Th B LEZ LN TWwh, FNLREEMIZ, 200m
Blhic b RaBwHEEY 2 IR EE ST & (Yokoyama and Takemura, 1983) blF TH 555, 2
D& RVEEE L HOEBEHHE TORBHEROBESLCEBLRHL T lbn—DnFd»r) &
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LT, sediment focusing icEH T 22 L3 E O THEEELFETHHEEbLNS, UTTIL, BEHT
F£5H 512 2 THERICEEHMIE € sediment focusing 758 2 » T 3 2% 2 FEMICHERT 5.

=7 —LARERRP LBL N EE TR EHEOEBRRENFEIFN S b, KT A & CiciEL
Tt Fig Ba, b & Jici 3, KEE A, BizERDSH - T b kKB Ah, AT o220l
LbitanT (Table 22M]), Fig 13 n&Hid, kL )V EHBICAVLNTWLIRBEZERETRT =
LIk > THRONS "HEEE"H MiEclT 2 PE2 A 252 5 L LBRTE S, ZhbnlrL,
K 40—-50m L D RAEBESILMOhIIE Tlk, BEIRS 4513 Y RBAE 2R T 2 REEOHM
BRELREL L 2EMERT. $7% b sediment focusing DEEA—IGH LN TV B 2+ 2R8T 3 (UL
Folimmiz KEHE BEHEROBEIC >WCLEHTH ). oM, & BB oL HRmaE
EBORAESTE IC B W CHBERIC AL NS,

ULirL%dss, MEMREBIERICL ) TAORII FEAKREY ) oMo EEBRIBAT 20
% 5T, FHMIC AUTEFROREIIKENHICHE - TINH 22D L EZ LN 50T, "HEEE"

REFLECTOR A

0 2 4 6 8 10km \ 0 2 4 6 8 10km
[ e R

Fig. 18. Areal distributions of the sediment depths in meters (bold contour lines), (a) for the reflector A
(or the volcanic ash layer Ah) and (b) for the reflector C (or the volcanic ash layer AT) in the North
Basin of Lake Biwa. Acoustic velocity in sedimentary layers is assumed to be 1,500 m - sec™. Thin
contour lines show water depth in meters.

B) RBEEFRCHE DV LNOTH B, MEERSO-T0cm 2 oW TR I @R EECALNS, Ly, &
E24E, KB30mM TIEREE SOcm TpeA¥1.4g-em™ 2 2%, T3 1,400 m HEEIEEE (kIR 68.4
m) CTiRBLZ10m OHEEEEICBIT S s HE (TAISHI ef al., 1986 ) IcUET 2, ZoZ »s,
HREEESR 10cm BIRICB VT, ps OXKBEC L DRABLERIBECTWE LN E#EEINS,
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Hiznk ) tEEOBE LS TL 2V, B DHERRESCEFTOMEEE 2 HEICHE T 50 TE
YTh 5, sediment focusing % BEEFICHIR/ T 2 2O I B ORBEOBE PR X N2 HERYR F Z 0
LOORREE R H D UES DY), FOLD ABHEEE LT, o2 TIRBAERS & BRI L Y
ICHIEE I ERIGET 2 IR FORBREE S 2BAT 2 (SR ML T ' mXkTEFEL, BEENKT
LT 3R 5N Ed, 22 CREEMICHEMRE SITS), BHEBOREEE2»3FE MBkeE

o) o TREZ R HIE, SIERASPLKES.

S=H [ps (ps ~pw)/ (s —pw)]

7272 ps BLU pw i, FNENHEEORTE
EBIUHEBAREETH), Ebob—BEE
LTEXZ W,

T Fig. 13aiciR L7z & 5 i, JERBAEE
L A 5 NW-SE F oA &g 2 A4

(#NZFh L. 46, L. 50) #—HK$F0EAT,
FORE S ¥ KBEOBFR RS, £ -EEHLH
ORI L bz, BoEdd e RE D
BcR-> T2 2 e 2ERL T, =2 TlRERAK
Baodhwil b mERM e 2 XA+ 5, £3 L. 46
& L 50 okt 2 S ESAHEOMBERES & CRE
HENBENKERIC & 5%1kiz, Fig ldasLvf
Figlba k5% 5, ZORIC LU, HREEE
RBEIZRAKEE TIRITEXRICET 545, dLE
AR T HERRE SR KB RAKERDRPR
LR > T2 L) iIcBbiLs, & BKEIL,
=0.97, L=5m, Ly +Ly =1 m & L T)=RIic
&N =T — 2 KB HERL T2,

DEI@RUC L D HEMBES KD B Iz
12, B, SEE g (F7213BKE) DHBE
DD EBIKBTH D » Tl il & e vy,
BENEZABEBHTZN L ) T ERMELNT
WBNIF T B LN ETH 5 (Yamamoto ef
al., 1974, 200 m #EHIM A ; Yamamoto ef al.,
1981, 1982, %&)I & A BN & 2 #5004 | 15 3
HOBERFE 10—20 cm ; Taishi ef al.,1986,
1,400 m A HRITH, 1986, RIETH A4
km #80) 20 m EIRAIERL . WIERE 1 m LA
22T ps DSRESAEIC BT 5 RARKRER S
WK DORBHBENT, TNLLEHTAEITWD
HWMREF CHEYY pp OFHEDHE 2 KR
TEICHELTCASLE, LB LLS0 L
TxNFh Fig. 14b ¢ Fig. Ibbn Lk 5 ic% 5.

LLEo ps % BV CRETE A B L ORHE Cic

DEPTH/ THICKNESS ({m)

Py fgem®)

RELATIVE VALUES of S

60
s0f
a0l
30|
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o L.
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Fig. 14. Estimation of sedimentation rate in mass

for water depth along L. 46 in Fig. 13a. (a):
changes in sediment depths of the reflectors A,
B, C and D) and in sediment thicknesses be-
tween the reflectors (A-B, B-C and C-D) ; (b):
change in the range of bulk density ps in the
uppermost several tens meters of the sedimentary
layer ; (c) and (d) : changes in the ranges of
relative values of sedimentation rates in mass, S,
for the reflectors A and C , respectively. These
comments and notations are also applied to Fig.
15. F: fault (see Fig. 3).
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SNT@RICEN S ZEEL (s & pw iz DT . j:'
FNFN265g-cmB B L U1.00g-cm™® 2{RE ;

T3), AARORREE L BIOKRAC B 22 €%

Rinlr LCEbTE, REEAICHL R T

Fig. 14c 3 & 0 Fig. 15c, KM@ ClasLT £ 'O

it Fig. 4d B L' Fig. 15d n k& 5 R4 1B 5. 8 ok

i, BEBETEDLVR2TEL LVORD 17
EEMMEI 55 2 RRIOERICELT, sedi- T

ment focusing NDEHRYFFE LN TV B I & 2 2 b

FET 5, & HMEEROERMSEME TR, o 1af

BREEIIKE L 2 b TRIFLHBEGRE D ar

o, 7272 LBRAKEADILEM T3, HHEER ok

LBREWEEDRH LN, iU, o DEED wel 2!

FETUD 2120, b B IFBREBI TR % osl gl

B HOREIRHN T 20, bk § | p]  PERECTORA
KARETREEN 2 HBEBOLEL YLD s g

b SBOMEATHS, 1L S0T, EM | B @
B (Fig. 3 ) oW lE CaRErackx & 2!

(oTBd, ZHREWSA LRy —MCB “r | semccron C

I+ % sediment focusing NREE %8 5223 5k oer I (AT)

T, —2DOFHLNICLDEEZLNS, 86 99 l 90 85 70 80 50 40 30
PETHE®mLL LS, BEETEHD VW2 < WATER DEFTHm) =

FEL o REWS 4 LR 4=V T}, sediment Fﬁé&;ﬁﬁgﬁzﬁgfﬁﬁfg;ﬁgh”mx
focusing #EEHMIENFRBTEZI > T 3

THHITHSTHD LBLNG, Lo L ZUCET SREEN L BRI E L T £, & bITid sediment
focusing DIRE & 7 2 HFRMES, L2200 L) AHBBREMLPICL TV ZLOBREE LD %5
W, ABOBETRIIETETERLLNLLBTHS I,

BB COBERFEDDBICHN T, BROFRLHIENE BELHERE W22 RERFES
HEESHREEREROETEASRIC R EHOELEL T,
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