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Dam Sediments Impacts on Downstream of Kurobe River, Part 2
— The evaluation of water quality and suspension chemistry
during discharge of dam sediments —

Kazue TAZAKI, Yukie KUNIMINE and Toshikazu MORIKAWA

Faculty of Science, Department of Earth Sciences, Kanazawa University
Kakuma, Kanazawa, Ishikawa 920-1192, Japan

Abstract

In 1985, Dashidaira dam with discharge gate had been built for the first time in Japan, at Kurobe River in
Toyama Prefecture. Six years later, in 1991, the dam sediments were flushed out for the first time and impacted on
the downstream of Kurobe River. The dam sediments and the suspension contained a large amount of organic
matter (with high C, N and S contents) with sludge-smell. The annual catch of bentic fishes (exp. flatfish) and the
annual haul of wakame seaweed have been decreased year by year since the first discharge of the dam sediments in
1991. Until now, it has been reported that the sludge has deposited in the Toyama Bay which is apprehensive of
influence of discharged dam sediments, because suspended particles affect the fish’s gill respiration.

In this study, suspension of river water were collected at three bridges during discharge from Dashidaira and
Unazuki Dam in June 19t - 22" and in June 30t - July 2™, 2001. River water quality and suspended solid were
analyzed chemically, physically and mineralogically. Extremely low DO and Eh values were observed at the
periods during first discharge in June 19t - 22™ at two bridges. Moreover, during second discharge in June 30t -
July 2™, DO and Eh values were constant. Therefore it was shown that drastic decreased of DO and Eh values were
a peculiar phenomenon during first discharge in June 19 - 22t 2001. The results of NCS elemental analyses were
suggested that high organic contents were related with drastic decreased of DO and Eh values. Clay mineralogy of
both Unazuki Dam sediments and suspended solid on the seabed at the offing of Kurobe River mouth, show abundant
semctite with chlorite, mica clay minerals and kaolin minerals, suggesting those are the almost same origin. The
dam sediments associated with organic matter impacted on downstream and the seabed, and was the cause of
affecting bentic fishes and wakame seaweed.
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RIEICHEBLTWS, TTREREINLFTACBNT,
BN OHERDDSEIT S 5 2 £ T, 5 A DRKEEEDE
TL, FARKDOEEESREI- BB ANSEHHEEL T
w3, ZhsDREDEIK L LT, RNFEETH,
SREREPHERTILOOABEDORE, 7L AKMICTHKA
TELIHEBEERT 52D DH N4 A A NVDH
B, & AREAKHICHRE L 72 10 THiABEL 3 2 H 7 —
FDERBEIT-oTWEYY, HEATY, 1985FICEILER
BEI)IARK 26 km EFRic, B — b 2RE L2
LS ApBRENED, 6 EEDIVIEIZAICIE, b
BETHID T, FLAOHWYT — b oo OEBEHEDHTH
iz, 20B, o050 R3EMIZTTRE L SROER
BHEH & h, THRBCBRERNHL, FERICHLAER
FELE5 270, 20O%H1999F F TIZEF 8 EOHERDHS
Thh T, 8, 191FEOH MR, ZEH/IF O
SR DOBEMIZ T TIThh T 3K L ERECRE
WD A A BFEFCKE RHFEESH. 7H AEHIL,
19928E~19944ED 3 ERTHENMET L, KBTFELE
B, BEILBCELWREBCH->Tw3 (Figl)., &
51z, FLMEREC OV TIX, &L, \EEE 19954
D SABITKBITENBEY LETTWS, $4bb, H
LESADHWE L REEDRVZ L —HLTWVE

(Fig.l). HLFS L DHWDOEENE S I NI EILE
NDOERDOHEBELBEMB FOANEICE 2 2D
WTIRBIERTEEG L TWw 3,

I 512, 2000FIFH LFES ADH 6 km FHiZE L
CHEDY — b 2 BB L. FRA S ABEFE S NIz, 2001
F£6 AI9HIIE, HLES L LFEAS LD S OHW
¥ — s 2B, 7 ARKICHER L -2 Tk
T 2B S0 TITbh iz,

AHFZETIE, 20014E 6 B19H» 5 22HIc0 3 TiTbh
T LY A L FEA Y L OB (First discharge)
Bz B 2 2K omIADKE, SEWEDOEY - 1t
R, S5 ESEEBYOBECOWTHEL, W
BTRCEZ 2EERE L. &/, EEHREZO
20014E 6 H30H» 5 7 B 2 HiZ»F TiTbh /- EEaEw
(Second discharge) FFDEIL/DFIAKIZDWTH 5
WU, EEBEHERDRF & EESEEE & O )IIKD LB 21T -
To. ZFOFER, BRI, THROMIKDOBERE
FZEVPEIRICET UETREBICR 3N H -2 &,
F7z, ZDETTHLE)IADOFICIEE T 5 YE AN
CEBYEZSLEELTEY, THREOAERIIKE
HELRIZTIEDHEHSHIIR>T-DOTHE T 5.

2.8 H

AW TR WIEREHER (First discharge) BEDEI
JNom)ASREHZ, 200176 H198» 5 6 B22H I » )
TTESRE, EHAEB X UEREIICB W THERL
72 (Fig.2). ZhZhofEiE, HLUFES 20 5%725km,
21km, 12km OHgcH 5, FHEHIAE X D 30~605

T LRBYOEEHFD BRI OTRICEZ 28, TD2 65

B EEAEEIL, 500ml <y bR kO E
TAEAN, ZEBASRWIRETERAL. R8T
TR T3, BEIHAETH3REZ L TERBT23
AEITH B, 7, HiEEW (Second discharge) KD
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Fig.l Annual catch of flatfish at Yokoyama and Tomari
Fishery Cooperation and annual haul of wakame
seaweed at lino Aquiculture Association within nine
years. The decrease of annual catch and haul are
related with volume of discharged sediments from
Dashidaira Dam.

N
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Fig.2 Location of two dams (Dashidaira and Unazuki) and
suspension sampling points at three bridges (Aimoto,
Kurobe and Shimokurobe) along Kurobe River.
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Bl o)l ASEHE, 200146 H30H»5 72 HiZ
»ITTETES X CERARBHLCB T, gD
FFDEEL L AR L 72, Bz 2 h Th TESE
T69REKL, BEPABTHRETH S, B, HEHD
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BUIIHLEY LB LUFER Y LOHW Y — + OB,
FAgERE%% Tablel R L 7z,

¥/, chomlABROfMMIz, FEHEFERWHD 6 A21
H6:00Z 3, FFEAS AIFAKMOKMIMET L7ZEE,
WEBCBWTFERAS AT KMOHERY %2, 251,
6 H22H13:00iC &)1 Osp (36 55.5°, 137 25.9,
AREE50m) 12 B W TEEMIOBREWE &L 7.

Table1 Time schedule of discharge gate at Dashidaira Dam
and Unazuki Dam.

Discharged date and time| Dashidaira Dam Unazuki Dam
o 8 |June 19, 2001 15:34] open the discharge gate
¥ 3| blJune 20. 2001 20:00 open_the discharge gate |
8] ¢ [June 21, 2001 22:42| close_the discharge
d [June 22, 2001 2:10! close_the discharge gate
] e [June 30. 2001 20:24] open_the discharge gate
§ | f [July 1, 2001 11:20 open_the discharge gate
3. ||Ju§ 2, 2001 4:33| close_the discharge gate
h |July 2, 2001 12: 00! close the discharge gate

a~h; corresponds to Fig 3~7, respectively.

3. EBRFE

3.1. BIANKDKERIE

HUFSY L, FEA S LOBEEEWRITHITZ20014F
6 A198» 5 6 H22H, ¥ & EEBDBIITHhbIIFE
6 H30H25 7 A 2 HIZERE L 7-[\)I[kEE 0 pH, B
{L&TENM (Eh), EXEHEE (EC), BEMm%ER (DO)
DHEZIToT. ThEFNDOHIECIZ HORIBA # X ¥
= —LABpH #* — % —F-24, HORIBA % X ¥ = —
ACTpH #—% —D-13, HORIBA # A% =—ACT #%&E
X —4%—ES-12, HORIBA N> T 4 BEBEA—F —
OM-12 2wz, AEHIEX, B BV>T 500 ml v
PR MVICERAL BRI 2 ERECRBRY, E——
B LIEBICHIE 21T 12, SHEHDREOFHLIZ OV
T 6 H22BH&E» S 6 H23HDEHIIWIF T, Fi-, HifE
BEREOFREHCOWTIX 7T A 3 BF®»5 7TH 4 HDH
I TRERT- . &8, HEHDRIZIZ, F5
& LK 2 B HEE B L UEFRE L VK 3km £
WOZFFRBZB VT HM)IKREHRL, BHTREHE
(pH, Eh, EC, DO #llzE) %#1T-o7:. ZhZThozaEE
BIHEBE T8, SRETC6EANTHY, DO
7.6~10.6 mg/l ThHol:., 7, FEEHW, HEBWDR
LAz d S ADOTHRBI B W CEMTABERIE 217> T
BY, DO iX5.0~94mg/l TH -1 (Table?2), EER
ETHIE L 7o EE PR L EE R OEIC O W T,
DO B#BIFIZIE R o 7eFF 2 BR { & 5.2~8.6 mg/l TH
3, LI3oT, 4E, EBRETO DO HIEME L BT
DHEM/EDEIZ1I~2ThHh2EEIONS.

R

Table 2 Daily river water quality of Kurobe River measured

on the site.
River water Measuring pont
= B

Otosaws Bridge

Otosawa Bridge

September 4, 2000 7:30] 6. Aimoto Bridge
451 67 210 74 4__1 Otossws Bridgo _
280 80 i idge
340 1. Shimokurobe Bridge
450 86. Shimokurobe Bridge |
282 33. Kurobe Bridge _
S X Shimokyrobe Bridge |
2250 6 Kurobe Bridge ]

: Refresh treatment
ey

: After second discharge
3.2. ANKOEBMED X BIHKEFIHT (XRD H47)
YR B L EEEWR O TRIE CHIL 72/
NAZBED S &, HEEFEWEFD DO 5.0 mg/l LT %7K
L7z 8 Bkl L Z DEIEDI3RAE, B & CEHEEWEROD 3
K DE24FEHT DN T, FYIHEK % XRD i & D
R L7: (Table3). i i3EEERKS RINT2200 &
XBErEE2FERAL, CuKe f#2H W TEE 40KV,
B 30mA T 2IT-o 2. BREBEYWEOHIEZLEZR
Brary 88 FR O H-26F 2L TEHBELE S
DEATARFTTACEBEL, GREELEMIZ2IT-
7. VAOREZRUIKTEHORIEDIDIZ, TF
V) a—VAEERERKL, MrETo, mFLV VS
Y a—aEREeH, BREER 1Kz FL ) a—
VEFERL, BEETERL, BERETHMILL. &
B, BB E2 7074 v BIUN—-IF2F54 b
DRXEFNZIT-> Tk,

o0OwW>»

Table 3 The sampling time schedule and the river water
quality at Shimokurobe Bridge. XRD, ED-XRF,
NCS and SS analyses were carried out for the

suspensions.
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3.3. FANKOBEEMED I I —DEE RSB
(ED-XRF 5347)

PR B L& CEEEEDR O T EEE TEER L 72
NKERELD > B, XRD #ric v 7-38Hc>WwT, ED-
XREAMC IV EBERRZDODIERSH 2T 72
(Table 3). MTICIFHEBE TR T 2V ¥ —DBRIEY
X 531738 JSM-3201, Rh-Ka &E %2 AV, MEE
H30KV TFP (77 3 XAV ININT A —F —) -3
NWIZERIZEDEERMTET o/, ThZFhozEkha
7Y 8l PR H-26F 2 B CBREWE 2 BiEL,
RAT =T ANVALCEBHR LRI DR FERALT.

3.4. ANKOBBHMENER, R¥R, HMASHEROE
BHH

HEHER I & CEEEDRE O T RS TR L 721
KB D S 5, HEEFEHEFD DO #85.0 mg/l AT %
AU 8 BB Z DRI DI3FE, B X CHEESEWED
1I3AROFMRRIC OVLTHREVEORRHEL b D
LR CEF34ERIC DWW T, NCS TEIEE (BRE
#7428, NA2500) 2L, BREDEFOERE,
RE, MBEOEEDSH21T-o7 (Table3), S#icix
a7 Y B EEOHE H-26F 2 L TH#EEL, LB
¥ BEMEERR LI bDEERFRH 2mg T
Av, 18#HCD & 2 BT EITV, FEyERD L,
REHFOMERIZ K-factor 28 AL, E#ERE I
Sulfanilammide Standard (CsHsN:0,S, C; 41.84 %, H ;
4.68 %, N ;16.27%,S;18.62%) ={HEHL-.

3.5. AKOBEMERDAE

HHEHERRY 35 & ONEBEEDRF O T REAE TERE L 72
NAFEEID S 5, BEWEOEE, KK, HASIEED
EESWEITo7: 0D LFE CHUBRIC OV T EFDORE
YWEERORE%21T>7: (Table 3). FJIIASE 50 ml
5a 7% 8l FEOE H-26F * B CHREwE i
WL, ZTNR2URFRICCTERERIE-1B, FOERY
#IE LT,

3.6. FEAY LOHRY & BT TEREL -8
BB DS TR
HEHDT D 6 H21H 61007 %, FLEA 5 AlAH
DIKALAMET L7 B, BIEB I TR W-F5A
S AR ORI B X O, 6 H22H13:001 BRI
Oy (367 55.57, 137° 25.9", AEES50m) 2B\ THE
W& N B EMLOBREYE 0K L8R %2 XRD 4
ek VEZEL R, S i3 EEERKS RINT1200 &
XgEHFrEEL2FEHL, Cuke 2 HWTERE 40KV,
B 30 mA THW EITo . EAMBROHAEZ 2
B 8eE RO H-26F 20T 2um U TORF %
DB, BRELIEVDEASA RS RAEHAL, GBI
BB 2T, BADORKNERLSLEDOR
EDIzDIZ, TFVv TV a—NVNEERELIZSDicD

7 LRV OERIWSBHNOTHRICEZ 28, 202 67

WTHDHRTo ., =F Vv o7 ) a—VNBEEREHS,
BRIz F Lo 7Y a—VEERL, BEBETHE
BRL, BERETHTLL. 72, MADOREY 7 b
Lo 73z D Tid Gaast and Kuhnel (2001) 19
DWEFE X BB KREFMrEEZAVTREL:. %
DRI TEREL TV 39,

4.8 B

4.1. KERFERZR

HEFHD DT 1220014 6 H19H» 522HI» T T
HIE Lo KEDORR % Figl3~5 Ry, &8, WEEK
BLUERBORMCHE LIEIIZ, &b ELE»S
BT 72 FNIARDREBOKE E S BPTHEEREET
WBDT, ZIZTIREBLTHTIZRL TWARY,

FABC BT 2 EEHEDF O pH, Eh, EC, DO i3
EThZThRELEBRAShT—FEL T3 (Fig3).
HEPEW S O pH 13#7 6.4, Eh i3#7250 mV, EC 3%
57uS/cm, Z L T DO i3%J 7mg/l 2L 7=,

BEARETIZ, pH % 6.4, Eh 5% 280 mV, #L
TEC 23%158uS/cm & EFROEAME & 12 IZREROHE %
AL Tw3 (Figd). L»L, 6 H20H®D 9 :00&13:00
DDOMBZENRZFN 24, 33 mg/l LAY L, 21HD
1:30£3:30icd DO iFZzNZ4 2.3, 1.2 mg/l w5
BVWEE2RLZ, 20 4EO DO DETIZ, BELETIE
BOoNLhoT,

7, BOTWICAET 2 TEPH/TIX, ECOAD
b D BB 1 & R DK 584S/cm % 7R L1248, pH,
Eh, DO K& 2 EE»NA S iz (Figh). i DO
i3, EEREOReET 2 BIEREDER C » DO 14,
5mg/l Z TEIZ2fE% 8EHRL TS, ZDIb, 64
20H™20:00, 20:30, Z L T22:00z%#n%h 18, 15,
1.3 mg/l, ZLT21H®12:00, 16:003iz 1.1 mg/l &
HIEWER2RL, ZOKOpH 84X Eh b EECE
T3 8Zorons, 6 H208D20:00, 20:30, 22
100, £ L T21H®D12:00, 16:00iz Eh 3% hh Zh-75,
-184, -300, 141, 194mV %, # L T, Z Ok ® pH
BENZN 45, 42, 42, 52, 56 Thotz. Thbb,
DO, Eh, pH 232 & T 9 2 BefER 235 B & 38 5
ni.

BEAET20014E 6 H20HD 9 1004 513:00, B & U
21H?D 1 :30%> 5 3 1301201 THEHE X hi-f&{& DO D
%, WI0Rf#& 1, TEIME T H20014 6 H20H D
19:1022521H 0 :00, B & U21HD12:000>521H17:00
ZHFT, 2EOBREDO EXERAIS T,

5z, HEHERO 8 HED20014E 6 H30H» S 78
2 BiZ» 1 TiTb 18 #5EmEF I 81 2 KEHIERE R
% Fig6, 737,

BIKME, TEIBL b EEEORIcAShT X
5% DO DIET, ZLTZHIZHES Eh, pH DETIZ
A6hd, pH, Eh, EC, DO £iciZi2—EL7- %=
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Eh(mV) . pH
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m S
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e S

Fig.3

River water quality (pH, Eh, EC, DO) at
Aimoto Bridge during first discharge bet-
ween June 19% and 22", 2001, showing
relatively constant values of each factor.
period a : Discharge gate was opened at
Dashidaira Dam.

period b : Discharge gate was opened at
Unazuki Dam.

period c : Discharge gate was closed at
Dashidaira Dam.

period d : Discharge gate was closed at
Unazuki Dam.

(Symbols a~d are the same as those in
Table 1)

Fig.4

River water quality (pH, Eh, EC, DO) at
Kurobe Bridge during first discharge bet-
ween June 19™ and 22", 2001, showing
drastic DO change at the certain periods.
(Symbols a~d are the same as those in
Table 1)

Note that drastic decreased DO occurred
at the periods of noon 20" June and
midnight 21% June.

Fig.5

River water quality (pH, Eh, EC, DO) at
Shimokurobe Bridge during first disc-
harge between June 19% and 22", 2001,
showing drastic DO and Eh changes at the
certain periods.

(Symbols a~d are the same as those in
Table 1)

Note that drastic decreased DO and Eh
occurred at the periods b and at noon 21%
June and pH also dropped down from 7 to
4 at the period b.
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ENmV) Kurobe Bridge
EC(uS/cm) ;HO(ml./l)
400 12.00
300 ‘~.-----~.,..0\,~.,..“-"___-,s.u-___»_.‘.I 1000
200
8.00
100
[} 6.00
-100 = = Eh
______ gc | |40
~200 —pH =
200
o ' Y
0 1200 m)d"w

7%?0‘
Scond discharge
Fig.6 River water quality (pH, Eh, EC, DO) at Kurobe Bridge
during second discharge between June 30% and July 2™,
2001, showing relatively constant values.
period e : Discharge gate was opened at Dashidaira
Dam.
period f : Discharge gate was opened at Unazuki Dam.
period g : Discharge gate was closed at Dashidaira
Dam.
period h : Discharge gate was closed at Unazuki Dam.
(Symbols e~h are the same as those in Table 1)

20:00 0:00
6/30/01  7/1/01

Eh(mV) Shimokurobe Bri oH
EC(u S/cm) DO (mg/1)
400 - 12.00
10.00
8.00
6.00
4.00

H
200

-300 |5 F [ 'h
' 3 & .

20:00 0:00 12:00 0:00 1298
6/30/01 7/1/0t 1/2/01

Scond discharge

Fig.7 River water quality (pH, Eh, EC, DO) at Shimokurobe
Bridge during second discharge between June 30 and
July 2™, 2001, showing relatively constant values.
(Symbols e~h are the same as those in Table 1)
The water quality at Shimokurobe Bridge was almost
same as one in Kurobe Bridge.

L. BEAETIX, pH 23%76.7, Eh 537 280 mV,
EC 3% 54 uS/cm, % L TDO 3%y 7Tmg/l TH - Iz
(Fig.6), %7z, TEIMETIZpH 238765, Eh 234
270 mV, EC 3% 53 uS/cm, # L TDO »3%J 7 mg/1
THY (Fig?, T ZThOBZBIT 22V ETED o1
Ripotz, BB, ThoOHEBEWRFOMEIL, HEEHD
ROZABOME (Figd) LiZZ—BLTWw3,

4.2. X BBFERFHHHRER (XRD HHER)

HHEHERORE (6 H19H~22H) B X OEEE@ADEE (6
A30H~7HA2H) kBWT, TESETHERL -%E
B D XRD ks R % Fig8, 9 wFd. € TORM
CBWLTRFEER®14, 10, 7 ADOMLEMOFEEDL
Bontikol, ¥/, AREE AX, EAELER

T LR OBEIRD BTN OTRICEG 2 28, £0D2 69

LTw3 (Fig8). ZhosnERCZF Lo 7)a—n
MEZBLUER»S, VADKEO—EHITANE ¥
TFENLIAXAZ 54 VOFEDRDON:, £y TF
V7Y a—NVAET, REBSY 7 LRV IEDS14
AZas4 bBIUN—F254 b, 10AERET
g, TAXA V) VEMORES T, EEEDB LU
BHEERD O L ORI B W T HEED XRD Bl 85 —
YRB, XoT, DOEDELR, BN, H#HiE

<
v  amphibole §
O  quartz Q
0O feldspars
=
&

g
June 20 19:00 DO 75(mg/l) &
<« ~ 2

©

z
: :

. June 20 22:00 DO 1.3 (mg/1)

1 July 1 13:00 DO 7.9 (mg/1)

0 10 20 30 40
CuKa 26(C )

Fig.8 X-ray powder diffraction (XRD) patterns of the
suspended solid (bulk samples) in Kurobe River water
taken at Shimokurobe Bridge in June 20" and July 1%,

respectively.
June 20 19:00 June 20 22:00 July 1 13:00
DO 7.5 (mg/1) DO 1.3 (mg/1) DO 7.9 (mg/)
< <> smectite
o2 E W chiorite, vermicuai
- @ mics clsy minersis
@ kaolin mirerals <
< ~
3 ®

NT.

2 [] 10 14 2 6 10 “ 2 [} 10 “
Cuka 26 )

Fig9 X-ray powder diffraction (XRD) patterns of the
suspended solid (clays) in Kurobe River water taken at
Shimokurobe Bridge in June 20 and July 1%,
respectively.

N.T.: non treatment, E.G.: ethylene glycol treatment.



70 HERITL - E& BRI - F&)IIRA

DI L 2L EDEDRVIZIFEALED SR
ZEMEHs Iz o7 (Figs, 9).

4.3. IRXNVF—DEWBEKX BROER (ED-XRF
HRER)

HEHERF B L EEED R I T RBEEIC 8\ TERE
L7z ®mIAEE O BBYMERE O ED-XRF 31T E
(wt%) #* Fig.10 iond, HEEHEE, SHHEWRD
WThOREED Si, Al #FKSEL, F14~5wt %D
Na, Mg, K, Ca, #J3wt% ® Fe, # L THE®D Ti,
Mn »S>HERE N TWw3, DO EDE Y, HEiEH, &
BB I & 2L OBV IO Sk,

4.4. BMBOENER, KX, HEASHROERIITRER
FEHEHERDRE 1 T B THRE L 72 W) 1| Ak 3Rk o oD 188
MESHCOWTER, KK, MESEREOEERMT
TolBeFigllic, ¥7-, EHEDROKRE %
Figl2 o d., %7, #8&KICBF2 DO OEL LV
BEMEOERL bb¥ TR,
HEHEWENC BT, E DO E %257 L3z,
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Fig.10 Energy dispersive X-ray fluorescence (ED-XRF)
chemical analyses of the suspended solid in Kurobe
River water taken at Shimokurobe Bridge between
June 20* and July 2™, 2001.
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Fig.11 Relationship between DO value and N-C-S contents in SS of Kurobe River water taken at
Shimokurobe Bridge, during first discharge between June 20% and 22", 2001.
Note that extremely low DO value was associated with high N-C-S contents, suggesting discharged

sludge.
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Fig.12 Relationship between DO value and N-C-S contents in SS of Kurobe River water taken at
Shimokurobe Bridge during second discharge between July 1% and 2™, 2001, indicating carbon
content was associated with SS contents whereas DO value was constant.
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Suspended solid on the seabed at

Unazuki Dam sediments the offing of Kurobe River mouth
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Fig.13 X-ray powder diffraction (XRD) patterns of the
Unazuki Dam sediments (<2gm fraction) and of
suspended solid (< 2¢m fraction) on the seabed at the
offing of Kurobe River mouth.

N.T.: non treatment, E.G.: ethylene glycol treatment.

5. % B

AHFRER» S, 200146 H19H» 5 7B 2 HizolF
TiTbhiz, HLU¥ES L LTRSS AOHBY I EEDE
BB I EEBRD X NBICE U AKBEOEE S X
BYEOBENHAS LIC RS, Thbb, HEHEHRE
2B EH) O] AD DO £ Eh O &28 2 ET I
BYEHRDO N-C-S OERYESERENKE{BHb-oTw
2L S MR 0T, EEEHIR B L EELEDES
DTHRICEZ 2%E, ZOHTLEE, FLAMBYES
WK OES), HBHEWR S X EELBEDRFOBREDE



72 FHIFRITL - BRI - &)I#A

O, BIU, BUBIGHERT 2B ROBRE 0¥
BIrOWTEET 3,

5.1. ¥ LA ELRKOER

BB LU TESBBE2RT T 225/ 0m)[A2s
{E DO, Eh %=L 7:RMH#IZ 4 ~ 8 BIFED S,
BEABTAHASNI: 4 Eicbi: 321K DO 275 L - Bl
¥, TESBICB T 2{EDO 2R L7 8 BIORRMHE & ix
FhZhMELTWE IR 23, 3%2bb, EF
OFNADDOBET T2 L id, HLESABLIUF
ZAS rbp o s M FhEFND S LHEBRYOFT TR
BERLTWRLEZONG, HLUESLDOHERY — b
BBRIENITON T 5 (6 A19H15:34), BIREBICE
J3%E1EED DO DETHEHEENE LT (6 H208
9:00) BXZI7TERE, %/, FEASLDHWHY —
BERIENSTbh T 5 (6 H20H20:00), EFAMBIcH
J2E3IEEDDO OET (6 H21H 1:30) SEEX
NBETBLESKMER> T3, FEASLDE
EE®» S ZDF LHBYBHRE SN LT5E, Zh
DBFEEA S L0 o BIMABCEEYT 2D CET 26X
KSEE 23, XoT, HLFESL0HRDIZ, HL
Y ADHRY — s ST ShPEHE R TH» S, 6 km
THROFEAS LANBIET 2 £ CIHIBFME2EL
Licks, ¥, HLESLOHBEYIORZELEZON
LEMABTCOE 1 EEB L UE 2 BHEHD DO DETH
Rk 6 H20BM 9 :00£13:00TH D, FEHSY LD
7 — b OFIRIERFRE (6 H20H20:00) XD $Fw, D
FHZhiz, HLFES 2 r o8NS LB S
OEAKDS, FRAS LEAMCHEAT S Z & TEORE
BETL, E6IFDEKE, KERNFERUEFESYE,
MR OR F2 BB Bt s, Ikt EHis S 5 ARE
FTHRRACHTL, FERASLDOHWY — T3 %< H
KOS THALHHEhZ L 2RT. ZOKERE,
EROH LS L THW 21T &, FHRAS LD —
FEEBRL TOREWEETH, TRICZDOEENEND
ZLERLTVS,

5.2. ERHVRS L UELERDROBREME ORI
BE)IOF)IIAD DO 8 & Eh 0ETIX, 24E/MD
HERY) R HEE U 7B HERF O 2 2B & h, EEHED
D 8 HEfThbh I EEEWRICIIZD s h g o7z,
Thbb, BEIFAIIADDO B & U Eh OE T id8#
PR BEORRKRTHLLE R S, £, NCSTEH
SIRER LD, EEEHERERC 38> T DO DB Ak
DBBEMEICIIBHK, RENZLSETNT0E I EHH
Shkkol, ThiZDODETZERLRE, T4&b
LEBYOBENH L ZLR2RLTEY, ¥AlKitbD
Lo SEGI NS LHEBYFOERY SRR EF X
Sh3, —7F, EEEDENIC b RE, MRS I8,
EREERIEEIWRICHAIET Vv, EHEHER
B LEHEGEDRFICBWT, FAFhOBEMETOER

MRz

MIBKECEZ 5 EBRIRLS, Tikbb, EEIRE:
CHRTLI-EEMIE, DOOETLE B THROLERESR
DELERS|I &R TREBEND 2, —F, EEEDEEO
KEIZ, ERCTLABEELZORETOERIOBR
RFIGEOBRERRBL Tw5,

& LfrkiE, AKE - A IZE & BB OEE D
R EHEREOM, FABME LIELIEREN S X 5 ¥
B DIZ S 558, ¥ AAMICHA LHHE Z,
W, ik, o, £VNOF#L Y OYERN, LEHN
5 NI EMEN R HEER 2 KB RMICb > T
Zi}, FRoOERMBIBII2BEPERERANDE
{LEFERCEBIL TV AR, FAafkkiticix, Ef»s
DFEFER, FEE, LR EOHA, ik, ZL T, A
ekt icERT 37507 b ORBOLRIC X BE
BYOHR L BRILSEZ Shb, — A HiA
L7 EHYIE, HET 288 TR RMEDIC XD 53R
2h, 2OERBRIEERESDR CBITHRBEIC R
TWBI2W Bk THr iz A E S WM 75~
7 bR EOEEMIKF THENMES AP T VLOR
MU, WK, FE RiLihEONAREOERYIZHEK
HIEED YD b OREWD | ERFOEERIICIE, £ a—
I T b b RMREOEYERE, TR EEIEAL
EHERE, HAviRRINs LEMOBERMBSELEEh
TWw39, %7, HEEPBEAEROERYSEILAR
BEOHIICHAT 2 &, F)IIAFOBRLGESLES
FT 3 2L BMESRTWBI,

L7zd35 T, ¥ABKHEDRTHRBEICHREL -
By EET I X FIcEE a3 &, WmJlKke
DER L EBRYIES LBREHET 2720, W/AD
DODET.25|IsEITLFEL OGNS, —F, HEED
RE i3 & 2 Bk it T OB B O #2372 0 B ik
PEEESEAOELMT LA L, @Al DO DE
TRV wEEZ5h 3,

5.3. EHMBIIZ & 2BA~DKE

—R AR T, ANIAKEEKOBREBEZ 5129
2, FNAKPFOBEBIEDE < 1X, BARKPOBFHA A i
Lo TEELUBLRT S %5, FD0, WEESH¥K
OE#MEAIZELC THOSKICED SR, FD%LIZ
WO CrERE LR T 2 LB 2 5 319, FiEY TR~
1-BIIBEEOMIEMPLER, BRE, MEOIH» S,
B oAb oF#ECHIE »S0ERIE, B
)R O S LR DOEHIC T T, BIROBE/F O
FELZIERE, UBRTALEIOND, ¥, BERE
DEBYCEKER 2 £ b S TR Gz B E R
sEWwY, BiEd 5 VLIEBEYE RS ShEEY
E O R#ENBY,

Williams (1968) i3, EEMEBMTOERYE L ¥
FEBAR 12 #B KD DO pMEL %5 Z & 2HE L TWw 3D,
AFRICB VT HRTEOBRENELE R 2 F£HS5
LEFKHMICHER L - —B i s h, AT OBEE



E4l%E H25 (2001)

BETHIERIVBEOERRLESIEEITI LN
%z ohd, ¥, BEOHBEREI —RCEREIELS
ENWEEGETIEH D, BEEL»SDBEBIIOTAI L -
THBYIORE TI TN ESRT 2 IFKMEREIIEBRL T
w3, Lal, #EATOBERREOETICHY, BILE
TEMMET T2 LB EEB L, REERTHEIC
X ABUEARORELBUDELT, 7T VERTAVT
t RS CEMCEERYEOERBSFEE Y, #
BRI & - THH A - ¥ A MBYh O EEY, T&
bHEERTHE L BEILBBEADEROHERICLY,
ERAD DO DETBLUVEEMEOERSREID, B
INE O SILEOEHIC BV TEEATHL LT X
CEERSZ, BROCHEROBY 25(&RI LI
Ezohd, 2B, BEWEICI2E T XD 7R
OEEOVWTIRAA, HIF 200D)PESNTRS,

5.4. BILBIZHRT 2 FROER

BZot - EHRBOME IR, FEEEEERTDH
D, BIRE, WECE - AEEAXKILREE, ZUTHK
ERHELTWwBED, 205 b, HUFESLEID
e BRI X D ERMEL TREELR T, BFIh
FEECHELTWS, LizdioT, HUFES Afrkithic
2, ChoDEWHBELIFICHEL TBY, ZOHRE
HERZHE—L B> TWBY,

—fRiz, EAKE, BET, £YEELCRL L
BRI XY EEERAEZ 2T FOEERSELL, =X
FMEERT 2D, FlxiE, EmEOE LR, XE
DOIEED, MRAPEERNE THELL, 1 74,
MAKBER, N—3IF254 N, 24 8Y, ¥7H
A MY RERT S, S5 RELBETT 5L K, Ca,
Na %z ¥ DA & > S L, KX, 749 V8
VIRF T A MRE L% BD, E(LDOETHRAETH
BBERAAY) VEIBER S NPTV, LB >
D LETTIHERARX 7 T4 M BERINS, BT,
KO E DD AFAKOETIE, HERO-L<D
LRALLHEIT LA X 7 7 4 P BERIAR T, &5,
BB HER L T A2 ERY L MEVOFE LD Z
DERBEBEENSE LEZ SN B,

%7, HLFESLDHMIC L VEEE & Wi & LA HEREY
ERREYE L pHT FHEOFN K TIXBRE L T 5 25,
pH8 fhrD ¥ ic 5 &, Naf A& CaftA D
B4 A RBRIED: D, HEE» SGERMCET
20, Zz DR, R T—FcHR 7 A
HRYIEILBNICERE, T2, 351, BROE
VORI 1I3WEAIC & R LREFRABESE L Tw5 &
Zzoh3, BABLAREOEXRBHEBRYOM LI
HRicaoN3 X512, BRXOBB 3BEOK T
YRR, B )T oE R EL & b e
ENTVwBEEY, ZOFE, 1714 M3HEREEELE
BWel, AXZFA4 N, A4V VEWIKEER, ¥
fzy 7074 P3IHRELERELERRFELTVS

¥ LB OEEFWBBRMINOTRICEX 2HE, £0D2 73

EHREINTWAY,

AR T, FRASLOHBRYIT ALY VEDE
EHIZARXTIA b ED SN, THRIERERED
BHEOBEFELE XL UTERLIZAA Y Y EEYNCIZ,
HLUES LARFEA S AFAKMBE TER I NIZA AT ¥
ArThBrEEZO>NS, Figl3d Rl &S, &
BB O BIR)IMOM T, BELISIWKAAZI4 |
ZRIUHETIHRBROBBYVELEEL, TOMIEY
R OSEETDRRC 81 2 F5H 5 2 D#EBYH oML
FHERR EEBLL Tz, X 5B TRLU-BEI
IO DY EHERY D ORS L EWMER & 6 & b—B T
3, Lizdio T, EEHDIC & - THH & 7z 57 LK
Wb, BEIFORCHRALESE, HBIT322LT, B
IBRCHEE L2t TH S, 2B, Mllkdg
OBEYE D XRD kR (Fig9) »5B3PVEDA
A7 F4 P LOEDSNRLoTL, Thid, 2EO
THHZE, FANKORENEREATHS Z LicEAL
TVw3bDEHEZOGND,

6. 3&H

1) HU¥S A, FEAY LOEETEER I BB AL,
TEBEIZBWTHIIAD DO DETHASN, K
TEF/TIEDO DET &+ pH, Eh DIET b &
shfe. Ly L, SE#EEWEICIE DO DETIZRD S
hadhofz, Tbb, MIKD DO DETIE, &Hif
WO ADBERTH LI ENHSLER ST,

2) FNAFOBEBNBECEENIHLIE, AX754
b, 7054 b, N—2FaT4 b, ERERLTEY,
A VY, ARERE, A%, TLTREETH 3.
HEEER, EEEHR % L T DO EDE VI X 2 ¥4
FROBWIZED S Loz,

3) EEHDEFB L CEESEMENC B W) AT O
BYEOLEERIC b KERERBD oL ho T,

4) RO sl 7 LA EBYTOSEERCH2H
By, EEHEIC X - TANINTRAL, Z0OKE,
¥ DO DIET 25| & 7.

5) BN OMOBEDERICE 15818V
X, HLUFESABLIUFERAS 2ok a iz 5 A
HEREY) L FERIL T B,

6) ¥ AMBYIODIC X 3 88 KEDOEE L HHEY
DEHBEVEIEDNTRLBUBRNOERBRICE
EBEEX DI ENTRENS,

LI

EHFRETIOCHID, AU BV TERBERE K
) ET 3 AER LBEAOER, BREERKOHN%
B, Bitts L CERZICB T 3 KEHEICRESRASE
BEIMHBHEZEObtE, FREOHBN2E. UED
HRZ, LEXVEILBELETS, g5k, BHOERSE



74 EIESFIL - B2 AL - #%)I18A0

DFMTERLERCRHEL LT3, &8, FHED
—ERC XM ZEDOMARMBIESEB A 2HEHSETL
7212wz,

51/ 3Tk

1) RXEfLF (2001) FArHAE EEHmE 224H.

2) A #ih (1996) ¥ AH:AT118, 20-34.

3) A #th (1998) /11628, 43-49.

4) Kareiva, P.,Marvier, M. and McClure, M.(2000)
Science, 290, 977-979.

5) Mann,C.C. and Plummer, M. L. (2000) Science,
289, 716-719.

6) Jeremy, B.C. Jackson, Michael, X. Kirby, Wolfgang,
H. Berger, Karen, A. Bjorndal, Louis, W. Botsford,
Bruce, J.Bourque, Roger, H.Bradbury, Richard
Cooke, Jon Erlandson, James, A.Estes, Terence,
P. Hughes, Susan Kidwell, Carina, B. Lange, Hunter,
S. Lenihan, John, M. Pandolfi, Charles, H. Peterson,
Robert, S. Steneck, Mia, J. Tegner, and Robert.
R. Warner (2001) Science, 293, 629-638.

7) A i (2000) FrkitEREEHERY VRS T A
V—7vay THXE, 117-126.

8) /IAREA (2000) Frki LR EBREEEY R
AT —7 v ay TEXE, 99-115.

9) HIEGANL - BARET - HEHEL - F/IEBM -5
BAE - BocEE - SHEC « EU50 « KHER -
MHEBEE - CBE—E - )1 EX - SHEEES (2001)
HEEHE &,

10) Van der Gaast, S. J. and Kiihnel, R. A. (2001) pro-
ceeding of international clay cong. (in press).

iR

11) FE IR (1990) BRO¥EL#EE pp.117-133,
B,

12) MEMEREHESHE (1974) MEMOERE]1 %22
HiiRt > % — 204H.

13) dbrt 1§ - FHRHERE - ILTEFHR (1984) 418
pp.3-15. F&HRE v ¥ —,

14) RE IheE (20000 BEW ZOBE L AKEVR
pp.125-148, Bk,

15) Matsunaga, K. (1982) Jap. J. Limnol., 43, 113-120.

16) ESR=-1 1M X} 1§ KEXHE (1979)
~F a5 44-49,

17) Beck, K. C,, Reuter, J. H. and Perdue, E. M. (1974)
Geochimica et cosmochimica acta, 38, 341-364.

18) ZEILERHEE - IR B (1984) BMEMERBHESIR
HWEMOEREL2 pp.110-129, FLHRE > 5 —.

19) #HEEH (1995) ~Fo63, 29-43,

20) Williams, P. M. (1968) Nature, 218, 937-938.

21) WK WE (1991) BEMEML 414727 /0
Y— pp.242-255, HiERE

22) AAFIR - BT (2001) MERRERIZEEYS
20014EBRALFHRE.

23) EWR (1992) 10540 1 BEILEMER pp.201.

24) RO B - B % KFEHE (199%) BEOBR3
HAED]I| pp.228-232, £HESE.

25) JuJlIRER] (1999) #it-®I239, 37-44,

26) BY BB (1998) HUEFRERTH 49, 639-667.

27) BHAKZ= (2001) A X7 % 4 MAFRESSERIL, 3-12,

28) HARZ=ER - £ AB (1981) MIEFHEZES7, 429-438,

29) &£E B - HARSRR(1999) HEAREREHERER
(BREIF) 43, 81-96.



