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. . . COMMERTTAL PROPRIETARY
Studies of Long Term Alterlation and Behavior of PNC 2J1308 92-002
Volcanic Glass and Bentonite. February, 1992

Katsuhito Futakuchi* , Yuji Sakuramoto **

ABSTRACT

The alteration characteristics of volcanic glass and bentonite are investigated
as a part of the natural analogue study of geological disposal of high-level
radioactive waste,

For the study of volcanic glass, scoria glass samples are collected from two
pyroclastic formations, one is from Fuji volcano and another from Izu-Takatsuka-
yama volcano, which were ejected 285 years ago and 45, 000 years ago, respectively,

Additional scoria glass samples are collected from the Miura Group(middle Mio-
cene)to middle Pliocene) and the Kazusa Group (middle Plioceneto middle Pleisto-
cene),

Chemical analyses of pore water in the Fuji-Houei volcanic succession and Izu-
Takatsukayama volcanic succession indicate that they contain calcium bicarbonate
(dissolved component (.34 ~0.663 meq/£)and calicium sulphide or calcium chloride
(dissolved component 1,01 ~1. 40meq/ £) respectively, Moreover, Si0: contents of
the pore water increase with the burial depth of the samples in the Fuji-Houel
volcanic succession, t

f-ray diffraction analysis of acidic volcanic glass shards from the Miura and
the Kazusa Groups proves the existence of alteration products. This results sup-
port that the paleo-geothermal gradient was about the same as the present one
(about 2, 1%C/100m),

For the study of bentonite, a drilling survey and X-ray diffraction study were
performed at Murakami clay deposit. A preliminary study was done at Tsuruoka acid
clay deposit and some clay deposits in Simane Prefecture,

The Murakami clay deposit can be divided into the following five zones, based
upon the results of various analyses and dating, These zones, from the intrusive b
ody outward, are;
pyrophyllite zone ( I zone),
sericite zone (I zone),
high-crystallinity montmorillonite zone ( IIzone),
sericite/montmorillonite mixed layer minral zone( IVzone), and
low-crystallinity montmorillonite zone( V zone),

These alteration zones can be grouped into two according to their origin the
groupe 1 {IV andV zones) is a product of thermal alteration and the groupe 2 (
I, I, and Mzones) is a product of later hydrothermal alteration,

The process of the alteration, which occurred in late Miocene, is assumed to be
folowing order:
the felsic volcanic activity and accumulation of acidic tuff
intrusion of biotite-rhyolite into rhyolite and tuff
formation of IV andVzones by thermal alteration
asgend%gg hydrothermal fluid along the boundary between biotite-rhyolite
and tu
formation of I, I, and IMzones by hydrothermal alteration

Chemical analysis, X-ray diffraction analysis, and physical properties of clay
and tuff suggest that the hydrothermal fluid which formed pyrophyllite, sericite,
and high-crystallinity montmorillonite were high temperature acidic fruids and
must be derived from the last stage of igneous activity,

At Tsuruoka area, a dolerite dyke intruded into Tsuruoka acid clay deposit are
observed, Y¥-ray diffraction analysis shows that there is no evidence of sericiti-
zation in the clay deposit near the contact,

According to several published papers, some clay deposits in Simane Prefecture
are sites worthy os investigation on thermal alteration of montmorillonite,
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This work performed by Dia Consultants Co, Ltd, under contract with Power Reactor
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K HRE 0-8(s) 540m 1. 90~2 O6Ma.
M. Kasuya(}990)
# — — 1850m B - #&H(1990)
HimE 370m 2 84~2 59Ma. 1.665~2 10Ma. 1. 6Ma.
~ s ‘i&gg =| dom == 250" 2 76~3 3nMa
%ﬁmﬁm ::g;g%(s) 2260m )
T Ry |
= RS — 2710m
T W—‘fzt%u
M| WEE gyl | 80
—~Ky-8(s)
i
n-97(s ‘
é Am-96(s)— — 3580m
& () BCE) fR(E)
o— Am-83(s)
T Am-T8(t)
K Amx(t) 1025m
# 0 mr;gg(s) 5. 2~11. 5la.
= Am-16(t)
Am-14(s)
—_ — 4605m
S Kn-3(t) 775m
A J

() ADs, thehz2hza ) THRE, BRKELTT.




3. o - BRECEARE
3.1 & %

24, EBLRUEERBIBENS X 3 TERELREN Ui, KF, EXLTHAE
ENBLE-ABHEOUEZENSEREZRR Lic. ¥mBLTH, BEFEE» 6
FETIDIISWHBKOESLTEHTROKRS DT, ~Ny 7 =y RORHIENIC X
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HEH NS TE A R EH AR
paj=ei Cu Cu Cu
Zany—| M Wi Wi
EEH 30 kv 30 kv 30 kv
BEE 10 mA 10 mA 10 mA
ZYy r&R| 1° — 0.3mm—1° 1° — 0.3mm—1° 1° — 0.3m—1°
EAEEE 1° /min, 1° /min, 1° /min,
FCoFMCERET | 10 om/min, 10 mm/min, 10 nm/min,
TWAr-LEtE | 2000cps 1000cps 1000cps
FFERL 1 sec. 1 sec, 1 sec.
EEHHE 20 = 2~B60° 20 = 2~20° 20 = 2~20°
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-5 AT TORBKOKENHER

A B & B| HSI-1 HSI—2 HSI—-4
SREREREE (n) -1.6 -3.2 -6.3
= O'E BRI & 5 RIBK
£ W B 1991, 11, 29
ol 7.6 7.9 1.5
B4 ng/ £ |mea/2 | mg/ £ | mea/ L | mg/ £ | mea/ £
Na* 2.82 0.12| 1.32| 006| 230 0.10
K+ 1.13| o0.03| 059 0.02| 0.94| 0.02
Caz 5.92| 0.30| 3.23) 0.16| 403| 0.20
Mg 2.69| 0.22| 131| 011| L74| 0.14
F e 2 1.88| 0.07| 150| 0.05| 175 0.06
B4 & Vot 0. 74 0. 40 0.52
HCOs - 0. 48 0. 40 0.52
S04 L2 | 002 11| 002 07| 0.01
ce- 3.1 009 17| 005 LT | 0.05
NOs - 7.1 011 05| 001 09| 0.01
R4+ VA 0. 70 0.38 0. 50
Si0; 32.2 33.0 33.0




e

£3-6 EELZTYTORBKOKES LR

# N E S| OH-B OH-C OH-B OH-C OH-B (1)] OH-RB (2| OH-B @) OH-C OH-C"’ OH-B OH-C
PR B34 O B9, n HE3 O &9 2 &eE3 On RO | B0 T On B9, 2n
Sl il
BWE (19 720 (19072 1590, 16, 30 9L 4 11 9L 4 11 191 7. 19

juil 7.3 7.3 7.3 7.5 7.4 7.3 7.3 1.2 1.2 74 1.2
mg/ L |mea/ 2 |mg/L |meq/ £ |ag/L |mey/ £ |mg/L |mey/ L |mg/ L |mes/ £ (mg L |meo/ L \ug L |meo/ £ |mg/ L |men/ L |ng/L |meq/ L |ng L |ney/ £ |mg/L |me/ £
Na* 65| 02| 68| 030| 67} 030 L6l 024 873| 038| 662 0.20| 628 027 79| 0P| T64| 03| 48| 021 &6z 037
K* 18] 00| L63| 004 08§ 002| 105 003} 12| 003| 0| 002 0®R| 02| 17| 004| 15| 004| L00| 003 LH| 0.05
Ca® 918] 048] 973| 049| 1249} 062| 957 048] 57| 09| 55| 0%| 506| 05| &89} 044104 | 05| 52| 06| 08 | LM
Mg* 59| 049] 425| 35| 564) 046 38| 032| 37| 031 348| 029} 339| 028} 441] 03| 447} 037 223| 018| 73| (6l
Fe? 348 012 33| 012} 05| 0.02) 200 007 32| Q12| L64j 006) 331| 012] 211| 008} 48| 017 28| Q10| L00| 004
[EAA 85 13 L3 L4 L1 13 0.2 0.94 L2 L4 0.78 211
HCOs~ | 20 0%} 183 | 030 56| 042|283 | 0d{22] 0%|1m1| 028|183 00| 40| 08| 140 | 0B| 40| 0B| 98| 016
SO 205|048 %2 | 05226 045 146 | 00| 166 | 035|109 | 0B8] B9 | 09| A7 | 05432 069|130 027} 390 | 081
ce- 169 | 048|180 | 051175 | 049] &1 | 023|149 | 04L& /1| 043|127 | 06| 169 | 048|179 | 050 86 | Q24| 01| LIS

(EZP =S L L3 136 L0t L15 0.94 0.9 L2 L 0.7 210

Si0, | 634 60.0 &1 2.8 209 73.6 81 69.1 g6, 7 %209 7.9




mea/ £ mea/ ¢ men/ 2 meq/ £ meq/ £ meq/ £

{(cm) 0.3 02 01 0 01 0z 0.3 63 02 o0l 0 01 0.2 03 04 0.5 0.4 0.3 0.2 0.1 0 061 02 0.3 0.4 0.5
0 g L [ ERE A S | | L SR B S A S A L | T T 17 " T 17T 1T T T
HS =4 by pHiz6. 3 ' -
X $i0,:3 8mg/ £ pH:?. 3
HSI-!
B 1. 60 §10,:32 2ng/ 2
HS=3 7 pll:7. 0
. 8i0,:5. 8/ £ pH:7.3
50 A s S HST-2
2R -3 9m §02:33. Omg/ 2
pH:7.5
HST—-4
%&:‘6. 3 8101 :33. UM
5 Mi:7.3 pll:-
HS—2 p|%e :
160 4 0 0/ 1991, 11, 29
: 5i02:8. bug/ £ §i02: 34. 2/ 2
e g ' Rk
| Ne+K cl
Ca HCO:
1988, 6.26 : My 504
T AIBK :
1m0 AL
m:7.2
Si0z:1). Omg/ 2
200 ~ e ot
a a LY .
P 1990, 10, 31
a a4 JHi]79)d
@ e
e

X3~ 4 FKRITYTOMBVKONTHFA Y75 L



meg/ £
.0 0.8 0.6 0.4 0.2 0

"90.7.20

" 90, 10. 30

LA

BT

O K — 13"

meq/ £

0.2 0.4 0.6 0.8 LO

T

T T T T

pH:7.6

5i02:63. Amg/ £

pll:7.3

5i0:28. Lo/ £

{1}

B3 - 5(1) SRR TOMPVRONFY &4 Y77 L OF8)

pH:7. 4

Si02:90. Ing/ £

pliz7.4

5i02:90. 9mg/

(2}

pli:7.3

5i02:73.6 me/ £

{3

pll: 7.3

(D ~BIF— D
$i0:84. log/ £ '

Na + K Cl
Ca HCO3
Mg S04



OH — C’
meq/ £ : ‘mea/ £
L0 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 LO

I 1 ' T | T 1 T 1

1
pH:7.3
"60.7.20 <
8i02:60. Omg/ 2
OH—C""
' pIt:T. 5 (OH-C' o | mFHD)
" 50, 10. 30 meq/ £ tiea/ £
Lo 08 0.8 0.4 0.2 0 0.2 0.4 0.6 0.8 L0
Sil]z:23.8mg/£ T T T T T ¥ T T T 1
p:7.2 pH:7. 2

"9l 4. 11

5i0::69. tmg/ ¢ §i0.:66. Tmg/ 2

pH:7.2 pH:7.2
’ 1. T.19 < <
. s 5102:81. Img/ £ $i02:71. Omg/ 2

/N A

Na + K Cl
Ca HCO3
Mg S04
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411 =
H4—1kEkAa ) TEOHMBAOKEFEETEELTRT, R4—-1%b&i,
FAA DY TEOMBKDKEEA TS S ERDL ST S,
@ LB EBEHAD OBEICH 5 RED. 06~1 650 ORIBEK
s, 6.9~7.3 OWEICHD, BEHNEEBIEONTE L AEAERLT
N5, KEERE, HEAE (0.060) TiiCa—Cl- S0, BTH 24, FE( 350 Ll
BETIHCa—NC0s R & 72 %, IWERAEIL, 0, 24~0. 3Tnen/ L OFFICH D, FEN
EBLBACONTE BAENAZRL TS, Sil2EIX, 3.8~11. 0mg” £ D%
Eichy, BERSBIER, FEERENICONTE LAERNS S,
@ Ll GEROBLE—&BME) OBEICE T SEE 1 6~6. JnRIBA
o, WERABRUSIEER, 2heEh, 1.3~T.6, 0.38~0, Tinea/ 2, 32.
2~33. Ong,/ £ DHEIZH D, WTFNHILBOBHOMBKDEZN S X0 bEVE
ERUTV D, KEERE, EEICIDSTCa—H0.HTH S, 2L, BEL
uDRIBRAICIL, N0a~ % T.1mg/ L& FNTVBDICH LT, B 2nLIEO/M
BUKICHE, N0s™ RiZEEAFSTHTHLEN, SO0 &E, FBEL nDRBAKDIEE
EBAE (0.70~0. Tdnea/ £) AEREES. REOMBADZH (0. 38~0, H2mea/
2) XDBBOTEAERTHE, BEL CndRIBIK S BRI, 2nLlEROMBK & 1
KEWICRTERTH 2 S U SN, Lieh-T, BBRKOKESEBREEED
BfR% A 215 A1, BELmOMBKERA L TR T 2HEND S, REL oD
FERAKDKEAZE UL, BENE LD L, BERSERE LT3,
TS, AR Y TEORBANRE DL S LRI E FEREICS 2 0ERE T 5,
B4 — 24, ROBUKOHSI0, B IVEE &Ca2t/ B T EELOBRERLLSOT
b5, 1B, RIS Tardy(197D 0k BEF & T AEORIKICH 1 2 EHDEEM
OEFARLTH S, CORMSHSHEL DI, (WBROBHICE T Z2HEE( 06~1. 65
n ORBEKIAS Y+ 4 F OREEIC, \LEOHETH T SEE 3. 2~6. IndRK
Hlalle Ve Y nd 4 FOBRFEFEBICHBL TN S, SOIEMOHNTEL, Fk2
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0.00 i HS—4
<] HS— 3
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3.00
<] HSII-2
400
500 P
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<] HST—4
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Xi4—-1

meq/E meq/ £
0.5 04 0.3 1 ¢ 01 02 0§ 04 05 06
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pH:7.0
Si0.:5, 8mg/ £

pH:7.2
$i0,:11. Omg/ 2

pl:7. 3

$i0,:33.0 g/ ¢

i::::::::>mu
Siﬂz:33.u IPZ/E

Na + K Cl
Mg S04
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Tardy (1971) OFig 3 XOB{E LI



3 Y 7IEORIBRKI, FEL 650 DTN Y 54 b &, FES ETHlaRE Y
TV atrd b EEHRBICHEE0NZ 5,

4.1.2 @B

23 ) TEOMEKE, B3 -5icRshdkSIC, BERDH0. 14~2. 10nea/ £ T,
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EHELTHOEHDEEI NG,
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TRFCHERET CEEEIRES SR, $i, KEEOREFICSAET S22
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pifieti Cu Cu Cu
T4 —| N Ni Ni
BB 30 kV 30 kv 30 kv
HBE 10 mA 10 mA 10 mA
AYy PRI 1I° — 0.3m—1 ° 1° — 0.3mm—1 ° 1° — 0.3mm—1"°
EEHE 1° /min, 1° /min. 1° /min,
LSRR | 10 mm/min, - 10 mm/min, 10 mm/min,
MAr-LEtE | 2000cps 1000cps 1000cps
BEX 1 sec. . "1 sec. 1 sec,
EH@E | 20= 2~60° 26 = 9~90° 96 = 9~90°
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MT-17L : B3 — 4 ITREN B LS, BEN 0~23.5m MEIC 4 u7 454 bEE
KET2BAHRD SN, EOHEN (FEL 0RGU. In (4:5) 1K€V ¥4 FOEMT
BWADREET B 51T, ChOOHEMICR, chdholhsFRICAN-T, +
Y4 FEEEREL, HF Y+ 4 FOBDSNAES (FREL. 0~20. 0n £, FREE5.
0~30.0m i) &k V44 bEEHEEL, TVEYOF4 FOHEHONBES (BE
16. 0~18. Om {33, ZEEE33. 5n BIEE) HEFIL T3,

MT-2FL : B3 — SICRENB L SiC, BESL 0~62.5n MdEic ¥4 b Y ¥4
MEABENMRG Y YA FHEDONABAVEELTED, TORIDOPORED.
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ER '

#3— 5T, BREEEOEERHOXBETMrEREEAT»S>OHEM TEREL
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a—F VAPV F - a— YUy 4F - 2vEYondd b -BFFouhghiEboh
B, £YHA bR FA b SEVEY 0F A P BB RN CHER ST
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wt A MEAEEME (KN4-303, 4. 5) RhHroTah VHERECSH -/
EEAONS,
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—%4, vYH A SR 0F A MEREBEY R~ EEREDEYEY RS A b
- RO, RERRBEFROBEATREHIG LTSI EPEHEMOEND,
EERREEOMCEAZTEERICE - TRBESIEELLNS, $HDE, RE
BHRSEIGES BENENECATRE, Y94 b2V orA{ FREBLYT
P, XHIEEIOEALBENMENE AT, BREEDEVEY nd A bii—
BOPERLIEEL SN S,

4.1.3 EHESODER

ERBERREAERL -2~ 41K, EECOGORERREEEL~HITRY, T,
REUERRCHER - FABKICE LD, B4 - 41077,

SHHDOREED I, RibE - EROERERIC OO TERRY 5.

BEFRBERCBRED 74y Ya > - b5y 78U, £hEh 5.9~6.7 Ma,

6.1~6.8 MadWHE BIXEALHULTHD, BHPFURRAOERERL TN S,
F7, BREDOBRRRBES S L-BREGEIL, EEA SRR ER
THy, AEEDPSREBROFBE-REELAFO 1 BHICHYT L0 06H
Wi 3L, BREOEBRFEMRIL. REbHFitRA~alsrtsdEsh, 71y
YoV b3y 2 ERE—KT B |

FEICHEELEEZ ONABERRBEDERIE, T4y ¥ay b7 v 78K
A 5.0~5.5 Ma, K-ArsE{R0EBERT 5.4~5.6 Ma, BERT 4.7~5.7 Ma, Rb-Sr
CEEH 6. MaTH D, BEARH BN~ EOERERL TV 5. ZIMOK-
Ar%, Rb-Sr ZEOEIMEE (K-Ark; 2E® : 270+40T, Rb-Sr & REH 310
+40C, FA4wa¥ e bSw s v 200£30%C, Nishimura and Mogi, 19
86) »hoYrd e, BERKIEOEAERI, RAGHFURETHD, TARF
f’:flﬁ’ﬂ_f&?%iﬂﬁﬁiiiilf 120C / Ma & HEE S B0

BIRE LTETARREDT A vy oY - b5y 78R 5. MaTHY, BEHH
HHAOERERL T B0

RIZ, BEEDOFRITONTERLEYT %o

Y44 P ROFEEOERE, 74 v ¥ay s b Iy 7EAN 6.4~T7.2 Ha, k-
ATEERDE Y Y A +T 6.3~6.5 MaThH Y, BREPHFHBPOENZRL TS,

BEREDEVEY)DFAL YA FEVEY BFA FESELRYEY - B
HEEOEvEYoFA F—BEHOTA v vay - FIy 7ERE, EhER 6.3



F4-2 Tyt IERNERRE-EBEXR

ERZRAZERE | FEEI B b TNV )
=Y ap . _ : R | MR | REEmERE | viEE £
Ns | es(1/en®) | Ni | pi(1/cm® | nd | pd(1/cm?) r (cm?) (ppm) (ma)
408 | 5,05x10% | 1464 1.81x10% | 782 5.28x 104 30 0.748 | 8.07x10* 276 5.5 £0.4
REFRmME | 349 4.65x10% | 1397} 1.86x10% | 801/ 5. 41104 30 0.799 | 7.51x10-* 277 5.0 0.4
258 | 4.41x10% | 1359 2,33x10% | 1137 7.68x10* 30 0.660 | 5. 84x10-1 242 54 £0.4
BEkE 336 | 4.656x10% | 1204 1.67=x10% | 798| 5.39x10* 30 0.693 | 7.22x10-* 249 5.6 0.4
)94 b 589 | 1.67x10% | 17891 5, 07x10% | 8031 5. 42x10¢ 30 0.662 | 3.53x10-* 752 6.6 0.4
x ®H = 622 | 1.45x10° | 24821 5.80x10% | 1135| 7.67x 10" 30 0.805 | 4, 28x10-* 605 7.2 £0.4
' 340 8.14x10% | 1548 3.52x10°% | 1141 7.71x 104 29 0.775 | 4.18x10-* 382 6.4 0.4
TR b 570 1.25x10° | 1686 3.69x10% | 783 5.29x104 28 0.796 | 45710~ 560 6.6 £0.4
= " & 6151 1, 07x10° | 1937 3.37x10% | 7911 5.34x10% 28 0.776 | 5. T5x10-* 507 6.3 £0.4
583 | 1.01x10% | 2296 | 3.97x10% | 1139 | 7. 70x 10* 27 0.721 | 5.79%x10-4 413 7.3 0.4
/24 | 6561 9,38 10% | 2008 | 2.87x10% | 786 5.31x 104 30 0.858 | 6.99x10-¢ 435 6.4 0.4
REEIEYE | 5521 8.35x10°% | 1944 | 2.94x10% | 788 5.32x 104 30 0.904 | 6.61x10-¢ 444 5.6 0,3
= ' B 5791 8.79x105 | 1835 2.79x10% | 7921 5.35x10* 30 0.866 | 6.59x10-1 418 6.3 0.4
604 | 8.31x10% | 2182 | 3.00x10% | 794 | 5. 36x 10* 29 0.815 | 7.27x10-* 451 55 0.3
weUnrfb #A | 518 9.26x10° | 1738 | 3.11x10°% | 789 5.33x104 30 0.853 | 5,60x10-* 468 5.9 £0.4
HEHRE ‘
564 | 8.51x10° | 1832 2.67x10° | 785 5.30%10* 30 0.897 | 6.63x10-* 419 6.1 0.4
® KX B 872 1.53x10° | 2673 4.70x10% | 795 3.34x10* 29 0.729 | 5.69x10-* 703 6.5 £0.3
1167 | 1.56x10% {4999 6.70x10° | 1166 7.88x10* 29 0.765 | 7.46x10"* 682 6.8 =0.3
6641 1.09x10° | 1986 3.25x10® | 797 5.38x10* 29 0.861 {6 10x10-* 486 6.7 =0.4
Beifxs 368 | 1.41x10° | 1258 | 4.81x10® | 8001 5. 40x10¢ 25 0.913 | 2.62x10-¢ 716 5.9 +0.4
7921 1. 17x10% | 3377 5.27x10% { 1163{ 7. 86x 104 30 0.747 | 6.41x10-* 538 6.5 £0.3
856 | 1.27x10% | 3738 5.53x10% | 1165{ 7.87x10* 30 0.735 | 6,76x10-* 564 6.7 £0.3




%£4-3 Ro—SrERMERR—ER

Er S S Sr(ppm) | Rb(ppm) | ®"Rb/®%Sr | = °®7Sr/°%5r

z=g| 147 | 398 78.4 | 0.709880.00010
EEmDE | MEG| 803 | 2.8 0.010 | 0.702980.00017
4 = 02 119 170 | 0.70409+0. 00015

- 0.0000830. 0000089
0. 70344 =0, 00040
5. 810. 6Ma

The best slope
878r/%%Sr (i)
Calculated Age

I

#x4—4 K-AFERAERR—EXR

=EAZ R P 40AT 40Ar K i
(scc/gmx 10-%) (wt%) (wt%) (Ma)
BEF 0,142 38. 4 6. bd 5.4%0.3
0.132 35. 2 6. 47
EEFRES
#EA 0.010 8.6 0.45 5.7x2.6
. 0. 010 6.1 0. 45
HNOEEE | eJi{h 0.163 34.5 6. 39 6.3%0. 4
0. 150 68. 7 6. 40




#4-5 EEHEOORERER

Ogh-unk :EYIy-744

Ecology
Species Name
H. R, pH £.R. B-6 E-2H
Actinocyclus ingens Rattray Euh - 2
Actinoptychus senarius (Ehr,)Ehrenberg Euh — |
Chaetoceros spp. Euh - !
Coscinodiscus marginatus Ehrenberg Euh - 5
"Denticulopsis hustedtii -(Simonsen and Kanaya)Siomnsen Euh - 2
Grammatophora mazima Grunow Euh - ]
Neodenticula kamtschatica (labelina)Akiba & Yanagisawawa | Euh - 4
Poralia suleata (Ehr, )Cleve Euh - ]
Rhizosolenia spp. Euh - 3
Thalassionema hirosakiensis (Kanaya)Schrader Euh - 2
Thalassionema nitzschioides Grunow Euh - 101
Thalassiosira antiqua (Grun, )Cleve Euh - |
Thalasswszm zabe'l,mae Jouse Euh — 3
Rhaphone$s surzrella (Ekr )Grunow Euh~Meh - ]
Aulacoszra granulata (Ekr )Samonsen Ogh=-ind al-it [-ph — 3
Harine Water Species 0 127
Marine to Brackish Water Species |
Brackish Water Species 0
Fresh Hater Sp901es 3
Tota[ Number of Dlatoms ¢ 131
LEGEND
PESREBICMTSEEK PH: KEAAVREICWT S HIGH CR :FB\KICHIT B
Euh 23710 E4 (h{A4EA) ac=bi:¥Y¥ueq P=bizyav24bq
Euh-Heh:3¥21ot4{-Fada4{t4 ac—f1:394004 F-ph:29¥24E4
(M1 e{~FA4t4) ind :pH-7%{t4 ind :Y1924774t4
Ogh=hil:EyIy-191084 al=bi:yu7hputd r=bi:¥sUani{tf
Ogh~ind:EYIV=77484 al=il:2970hVE4 F-ph:39Vani4eq
O0gh~hob:EVIV=-4yIsEA unk :pH-~7A4 unk 42924744
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~T.3 Ma, 5.5~6.4 Ma, 5 WMaTHY, OTHIBRPFHFHEHOERERL T
%o
COESK, SETSOLEEDERL, SOORORS BN, DINSREE
FRAFOERERLTHD, EEHETH 5EREDERERCERMERICESL
leEEZONDBERBNNEDEAEREEEATEDGRE,
4.1.4 ZEICES Ll SukOlR
TESAF B SR T BRED S 5, BELRKDLREIC OO TREAFES 1
00%ITHEL, X5z 100cidbizb DRIMEER FARERICHE LbDEEL
— BICRT . Fhe, EEMERICK 3 TROELER 4 — 5I10RT,
B4—5hoHOMEESIC, Si, ARGK OFlkid, & 44 MENSIERRE
DEvEYaFA b-BOHIOTT—ETIHEC, BRAEDOEVE) 0f A M
)94 b EVEY 0FA P RABEYHOETASEY » v 08B 5, Ef,
44 FETH, Si, ALRUK PHERBNCE B T3S, ThibDZ &R, &Y
Y4 P RUSRREDEYEYut A VEAERUCEEERE Y YA P EVE
Yo 4 FRAEEYSR FESSEDE VEY) 04 F—BESEER LT
AR BSDTHS &S MEDBREIERT 5L EbIT, €V ¥4 FHHSI,
MBOK KEOHKIC L DERS N o EARB LTS, Fh, 24 F O
RIS Lcgukid, Si. AIRCK iICEDG S & oM 5 &, B KRBEREOD
LDEEZ DN D,
£1.5 EEBOEREF IV
Blbsk~cfe s & ARET &, B4 —BITRTES,
DB DIE & £ NI > BIREDHER
DREBUHEHOHA
OEEFRMEEORICLD, €44 b EVEY nF4 HEAEEYE SR
@g?%y%9u+4b%@%m
OREBHHEMHIH - BIEIHEBAMORK T, 00CEED OLA

@ﬂk;&%ﬂ4n74§4bﬁ,ﬂU#%b%.%ﬁﬁﬁ@%y%Uﬂf4b%
D

EVSEICHERZSRID, Y YA FMERRFZORIOERwVRERES NI &
C P Y (R
3h, BREEOEVEY o4 FFOERENEETEDERDIHME 6. Mol



- _88_

%4- 6 SEERNTOIBREOER

(B4ride/100cn®)
#z N A-1-D | A-1-®@ | B-1-O@ | B-1-@ B-3 B-5 B-6 50-4-@
Si 45.153| 40.007| 939.568| 44.559| 50.639| 48.710| 47.124| 58.229|
Al 10. 382 0,348 8. 545 9,816 11.032| 10.189 9,865 13,048
Fed* 1. 684 1.738 2. 075 1. 969 2. 084 1.132 1.172 0.714
Fe2+ 0. 599 0. 344 0. 266 0. 247 0.386 0.157 0,173 0. 305
totFe 2. 283 2. 082 2. 341 2,218 2. 470 1. 289 1. 345 1.019
Mg 0. 980 1,029 0, 586 0. 791 0. 404 0. 704 0. 756 0. 587
Ca 0. 224 0. 590 0.120 0.161 0. 524 0.644 0. 720 0. 281
Na 0.711 0,174 0. 876 0. 639 2. 490 1. 461 1. 464 0.107
K 2. 534 2. 309 3. 549 3. 997 4, 887 5.178 4,825 5. 296
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L, BERFEREEN 200CETIBHINLEREED T4 v Yay - PSS v
KOFELE 5. Mt § 2, BREEEDOEYEYoF4{ FBERLAERD, REEHR
WEEEIEH 11070 200CLl EOBSEEFE LTIz &EEEsh 3,

4,2 BRI

EVEYOFA bBEEa—7 YR AL FREDON, —BOREHIETER,
a—Y YrARELUHRFF oL BaHRDONS (23 —-58H) . chdD53B, a
— 7 YR NG A rPOBGEREREATOOORE S TOEICIEENRS A DOD, £0O
ﬁ@%ﬁﬁ%ﬁMEAE#Bmﬁm&EE%%@%&@%ﬁ@EE@%&%@?%%%ﬁ
FITRD SN, Fhe, YA PP YA b EVEY D4 HEAEEYIIAH
AR AT,

D&, SEERMBTRESRE ULEHI, BAEEEIRELTNSH00
NYbFA DY HA FE (454 MME) ARETH5ETRAES S s b, Lic
BT, FBFCHOTHSERE E LIz B IROEEH T L 0 2 IROE S OEOEF 42
Th, BLVRIOBROAEVEREETLEDLS 5,

4.3 AHHIbERHEE

B, HL, HIF (1980) ki, KibgoEey2 Y o+ 4 FREKERICK - TE
RENIEELON TS, BEHEOBE T TORKICIIUL, 720I54 MIEVEY
n44 FESTRELTOE DS, BEKLAEEHEOSENRELEERICHNNT
HBEMD, EVEYnFA MERBKRLEERGEALUTRAEYELLEERED
Tinde Lichi-T, RMBEOEYEY 04 M, FOERBICHS 5V EEKICXS
FHEAZTICAREISNEEZONS, COZENLOHET A EKBIIL, <Y P4
PDFFaFN - THFaSREOT + —WFELTHFETHEEEL %o
4.4 AKHWHRERHIE

Rk B (1965) CkAlid, KBEOEVEY nd4 MDD TRIEREEOHOR
EEHERBOICERENTNEDDE, KILURBED—BIREE LD ENS 2B
DERPEE XN TNEY, ZORAOEHCOOTHRERSHTOEY, Lidt-T,
FHFICEHOTR, EYEY 0+ FOEREHEKE €U TRERICOWTRE - o
RUILET, RV FFAPDFF S THolHEOXNERE LTHUTH 20EN%
BRI RELELOND,



A5 HEFSHHS

A (1963) idiud, AHBEOTYEY oF 4 HRUAREHER L TERS L
HOE XN TN DY, COREOFHERICODOTIRBNAOQ TN, KBRICHE O TIL
EVEYni4 FOERBRERE 2 U TREBECOWTHEE - IELALT, <Y
FA4 FDFF 2T T+ oI HEONEE LTHITHEHOENERHTNELELS
N5,



5. HERESHRORE

NEt VYA FERRCZOREOEHEBFORENEICDNWTIL, HELXTOHRE - ik
&0, DMEDBOEMIENALEZAONEY, BEEFRUVEABERO=ETHE2 6K
L, BRERECROALHABRICE SO TN AT Fil, EEFOERICONT,
FHICHE - FRT 200K, KOERSEEFRFEASHOE=R NS fHiDIEE
DREEYETEN S, CORDICHE, HE, HA2NERVMANNSOFR—Y YIEHRERZS O
ERTBHEDPARRRTH S, E0IC, BREEOEVEY) 0+ 4 M HOERBDRER
BEEIL, W 10AERIE 200Cl EOBREAF LTnicLEEESN 570, BREH
PERICELTW2EREEDE VY4 biF (EREER 200CLIT) 25, AR,
mEE NI ARELENEEI oS, Lithi-T, 4REREEDTEYE ot [ b
PERR, E5DLIBEEBEEELTOA0ERE LT BERD S, |
BREMEOHEZREOEAICKSEEORER, TOFLOEYT ) udA bt
B4 ME (454 PE) LTS EOHELT, BEEIoNd, LIkh-T,
EHIFIC BT, BEROTYEYnr4 bREIY AL oYY A P 2VEY DS
4 FREBIEMICERL T ARREEOED, JOBROASVEASGHRGNELDE
BRI NETHEEEION S,
EBREICRETAHLIBRIIODOTE, XBRETIXEY YA bRy yA b BYEY
v 4 FEABEEIBRE XN TORNDY, EvEY ot 4 FOERBICENEZETIE
KEAUEASPAHTIESBRICEEL, SRFNSHEBTELXERT 248 DS
EEI A,
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