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Studies of Long Term Alteration and Behavior of
Volcanic Glass and Bentnite

Hitishi Takano® Yuji Sakuramoto¥*
Kazuhiko Okazaki**

ABSTRACT

The alteration characteristics of volecanie glass and bentnite are
investigated as a part of the natural analogue study of geological
disposal of high-level radiocactive waste.

For the study of volcanic glass, scoria glass samples are collected
from two pyroclastic formations,one is from Izu-Oshima voleano and
another from lzu-takatsuka-yama volcano, which ejected 8,600 years ago
and 45,000 years ago, respectively.

Paleoclimatorogical and geological data suggest that the scoria glass
grains from Izu-Oshima have been under the influence of low-salinity
pore water for the first period of 2,000 years, then, high-salinity
ground water for 4,000 years, and relatively high-salinity pore water
during the last 2,000 years.

Scoria glass grains from Ilzu-Takatsuka-yama are studied under a
scanning electron microscope. Each glass grain has a leached layer
around the rim of the glass in the shallower part of the formation,
vhile a smectite layer is formed around the glass in the deeper part by
the action of penetrating rain water. A smectite layer also occurs along
the periphery of the leached layer of the glass grains by the action of
Sioz which is supplyed from the overlying sedimentary sequences. The
thickness of the alteration layers decrease with depth.

For the study of bentnite, clay samples are collected from a clay
deposit in which montmorillonite and sericite are coexisting. Genesis of
the deposit are clarified from the study of FT,K~Ar and Rb-Sr dating and
X-ray diffraction analysis. Two alteration stages are recognized in the
deposit. The first satge is represented by the formation of
low-clystallinity montmorillonite in tuff which is formed under the
influence of heat derived from the intrusive body of biotite-rhyolite.
In the second satge, pyrophyllite, sericite, and high-crystallinity
montmorillonite are produced by the effect of hydrothermal fluids
migrated along the boundary between the tuff and the intrusive body. The
hydrothermal alteration process had been continued for about one million
years started six million years ago.

This work performed by Dia Consultants Co.Ltd. under contact with Power Reactor and Fuel Development Corporation
PNC Liaison:Geological Isolation Technology section, Tokai Works (Noriaki Sasaki)

« Dia Consultants Department of Energy Projects

*tDia Consultants Technical Division
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15} ERRAECN 5 258050 Mo (CEEHE~1) BREDOLNGB, ‘ S THBRE®E. 22V T
R, Ko TIREFPChIREBRICER

&) B8 MRS 2 ROEBERL, TR I REI R RIS R
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£.3.5 BIBKOKESITHER

KO KESWHERZE-14, 15K, ~F+H 54 ¥ 735 s%52K-9. 101K
Fo BER-ULRBEDOL DI IT-HRIM A & D FEE I 240mBE 1 72 L3k T
KTHRWMLAARAKOAWER b EBETRLTH 3,

REBEDOYN-1OKBAKREFRSE N 56.418~57.288neq/ 2, 7KEMBK
HENa*+K*>Ca?*>Mg?*, C27>>S04%75HC0: Y, 5i024533.3ng/ R CTH YV, %7,
IT-1OMPEKIZBEFRSEI L8, 591~ 49.939meq/ 2, KEMHK MNa*+K*
>Ca®*>Mg?*, C27>>S0427DHCO3 &I, Si022553.6mg/ L TH B0 C DL 3K
AN ELIBEEKOKBETHED N EUW BEFTELESL LTV, i,
BRERBRBRKOBEEBLLZ2b0EEAL 0N 3, BB, WMAKR—BFNIHNE
HMOBAKIRENT, Nt DBEBEL R TWBEI LN, BXEEOR
BZROITVBEIERBRBEREVEIWVWEEALALON D, Ff, WHAKRENIHRE
ENTVWEA, ChEARIAFLROEELEI SN S,

—%4, gBLozxat 7THEORBEKOKEZA2TAD L, BERSRR
0.678meq/ 2 (OH-B2)~0.893meq/ £ (OH-C2)DEiIFH cH v, KEHKII0H-C2
PNa*+K*>Ca?*>Mg2*, HCOs~>>C2°>S042 %, OH-B2ASNa*+K*=Ca2>>Mg2",
HCOs™>>C2~>S042° %L, OH-Cl, OH-B1% X CXOH-ADS Ca2*>Na*+K*>Mg2*, HCOs"
00758042 BT H B, F 7o,Si02id20.3mg/ £ (0H-A)~83.0mg/ £ (OH-CL) D
WIS 5, COXSCHBKOBREFERASE, KEMER SitBEELLE
FTOZEFBOOoN LN, HMEBEEEFRLLIIZHABTZERIAD SNT W,

«1) BRI O Loc. 24HHl



PNC SJ-4308 90-001(2)

#F-14 KBEXIVTHEKEIEKOAEAHER-EX

2 OB f 5 IT-1 YN-1 M K

® W 4 B 14 7R Bk BHmES

HH o EH i 51 7K

# W H 1989, 10,18 ° 1989,10,18 1989, 10,18

= & (c) - - -

7K & () - - -
pH %1 1 4. 65

EC(uS/cm, 25° C) %1 k1 107

ng/ 4 |meq/2 | mg/ 2 |mea/ R | mg/ R | meq/ 2

Nat 650 28.26 1 963 41.87 5.45 0.24
K* 27.1 0.69 14. 8 0.38 1,42 0.04
C a2t 221 11,03 | 150 7.49 4.38 0.22
Mg?3* 121 9.96 91.8 7.56 1.38 0.11
NHg4* - - - - 1.50 0.08
Fe?2* <0.04 | <0.00| <0.04| <0.00 — —

B4 A& 49. 94 57.29 0.73
HCOs” 31.1 0.52 26. 8 0.44 0.0 0.00
S 04?8 209 4.35 | 228 4.64 3.4 0.07
ce- 1550 43.72 { 1820 51.34 | 11.4 0.32
NOgs~ - - - - 20.0 0.33

B4 xvas 48.59 56.42 0.73
Si0O> 53. 6 33.8 -

sDHEERLPRVEDAELREE
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£-15 SBLEZRI) THRAOAESHEE—BS

2 OB B 5

OH-A

OH-B1

OH-B2 OH-C1 OH~-C2
B OE fr B HEE4s.6n R34, Om PEEESL Tn HE19. 2n EELTL 3n
AHEoEH i5] FA /3
R B 1989,10,17 1389, 10, 17 1989, 10, 17 1989,10, 17 1989, 10,17
= & o - - - -
7k & (o - - - -
pH %1 %1 1 ¥1 *1
EC{u8/cnm, 25° C) 1 %1 ¥ 1 ¥]
mg/ 2 |meq/ L | mg/2 |mea/L | mg/ 2 |meq/ £ | mg/2 | meq/ 2 ng/ £ | meq/ 4
Na* 5.8 | 0.25 L7 | 0.20 5.2 | 0.23 5.4 | 0.24 7.4 | 0.32
K* 1.9 { 0.05 1.1 | 0.03 0.7 | 0.02 1] 0,08 1.3 | 0.03
Ca?* 6.7 | 0.33 6.4 | 0.32 4.8 | 0.24 6.4 | 0.32 6.1 | 0.30
Mg?* 2.7 | 0.22 3.3 | 0.27 .5 | 0.21 2.5 | 0.21 2.8 | 0.23
Fe?* 0.04 | 0.00 0.05( 0.00 0.05] 0,00 0.15] 0.00 0.15| 0.00
B4+ > & 0. 86 0.82 0. 89 0.78 0.89
HCO3™ 22.0 | 0.36 32.0) 0.52 | 29.3 | 0.48 | 26.8 | 0.44 | 28.0 | o0.46
S 042" 10.4 | ¢.22 3.8 0.08 3.7 | 0.08 7.3 | 0.15 6.0 | 0.13
ce- 9.9 | 0.28 6.3| 0.18 3 | 012 6.0 | 0.17 8.1 | 0.23
&4 4 &8 0. 86 0.8 0. 68 0. 76 0.81
Si0:2 20.3 50. 2 48.5 83.0 48.0 -

) A5 D 3 f2 I i
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B A 1Ay
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I T I T T 1 i 1 L ¥

(meq/1)
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EL7.3m

OH-C1
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o
>

| > .
>

D,

OH-B1
RE34, 0m

OH-A
#EAB, Bm

B > B

Na'tK + Cl

ca* < ::::;> HCO,
(Fe Z'JT,[E,—.-—‘- S0
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5. % ®
Sl RBEBEBZRIUTRHEOMTAEE
AREDOYN-1&IT-10Z22 Y 7HB R, 0B ABEERSCZE L, fHicNat

LU BEHBETHLL, BIUBNRLAMABELBERAEREOENMTHZ & h
5, BRELRBIBKOBEZRILAERIPIEVWEEILNZ, 2T, RE
ZERBLAZO+HwMBPHEBLTLSHAERWVWASZ T TOM T/REE % YN-1H &
2P ELTERELTS 5,
(LEREHOELL

KOD~QERTEFEZOELEEROLLERT T 2,

@%ﬁﬂﬁﬁxﬁ:ﬁﬁi&mﬁﬁ%a:ﬁ%&@*zﬂﬁfﬁ#@m, LB o LI LKL
RPFEL, BEEVOLAEBRE D LB VWIEDLS, BRETRE VL
EALbND, LitHF-7T, EWER, HBEHcrBEAKPBELTRVWEL,
Fh, RENEBEHZZ T A, - e

OQARBOEHHHIEN T Z2ABEFHRAF I ATV VS, 1INEUROR
REdficd s 2NN RERNO L TESIEM+2enlAT, LREST
BEofBlRBDONL W, £/, 196FOEAKMBTCOENHR ETEH
HEH30en (B K60en) Th %o

QDLO» 5, RERBILIBEKELZLI kKFNkoBKELHOLTEH 3 &
A 135,

@AHM (1987,1982) ki E S WA BRI BT 38510, 000 @ ¥k
HEELERLAR-112 5B bR & 50T, BWAKER 10, 0006 5 i ~40nff i
FTETFTLTHED, ZoBE1n/1,000FE0 s TctLR (=@ xHELE) L,
LODERIC I RERTFEOKEBILE LT W, 0%, #W/AKIiE, 5, 0004
ROPMEELLINEFOPNERBICIVELEFES3VRET (20 Fh
+2~3m) ¢B5M, 2L,000FEFLUEBRIEIIRECHEKEELR - TW 3,

@ LEXFHETOL/50, 000 KHMBER» 5, FAEMAROEEI100~-100nf
TRODNLFHMP LA (3.8') BBESEHRTE oo Fh, COME
HURKIDKR G & TR L 2.

OHMRAIcB T 2 FPHEREER, HEBEDOLEED S, 2n/1000ETH 3
& BT,

OHBERCIGRAERREL Y, GHERHICEAENRET 5,

HMELLBERBROZLEE-12IkFR Y. COR%2dEk, BEHOEI ER

RBEMDEX SR B,
OssBEHERBF OIS, 600FHiIcid, HEI-32nfiElc b, MEKE,
AR SHELD bRLTMEERA W E S - R LTSN 2 (R-12-4)0 %
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Ok, BEOLRESEIEHEMOMBLIIESOMNMEZLIIC L, 56,0008
BOBEBIAEIDME VT THE LA (K-12-C)e 0%, HBKER
BIZEEL, BREORENIEE » 7o 6,000 /15 54, 000FER £ TD20005F
ik, BERAELIDI~0EL{ A>Ty, BREENBMARIES-2~-3nTH
Erol3BImEMcd-~EFAL o0 3 (H-12-D)o 4, 000FEF O /Nl BE i
REBEBEORBRIEBL R~ b b0 EIELA(K-12-E, F)o 2, 0008/ »
PREERIBERELALKET, BREEOBRENHEEL N - 72,

B, BEEOREREER BXEBERTE»oBEEI TR HRicEBaENR
BEBLALET B E, L.t(en/year) [=(T1E/n)] LREShH 3,

()R TR D KAL & KE

PErocédrs RAHEBERMAPEZEOKRBEELRIBKRKKKELIA I LI
KofoOt, WBEFORWEMOEEHESNS, LEL, EALELS K
6,000 R 54, 000FEFE TO2,000FEHR, NI ARBETOREE
HEeLTEh, BRKESALHTKOEEBZH I ENBEESTH %5,

BERABMTAMEI V-7 (88)cEnid, BEOXRBOHTAKMERZIEZEN
KRR bW LsR»TCEBHT I EBBAITHhTEY, %7,
KELEHLGEEZ2ER T2 MBO—BRBEKOFKRKEBUEET A RB LA
EOBHTHAKOBANEDON, BEDSNE~kabl LREALEBHT
1,000mg/ A Rl ED " BEBMEN T 5,

COIEDLDS, LI0EFAP»SLINEFEcCOoOFRMEEHOME, HBHK
HMEAOZRa Y 7REBRKOBEE2ZFLHBTRKEBEATWRLEESLH, Z0
HMTFKE, ZSHOBEPSnEELPELTWEDP- L ILEZET S &,
PR EESBETE - LELSN B,

—%h, L,000FT P CHAEZTCOHEEETREIHMTREBETHOMIZ, B
BHRMEAOA IV 7RBAELALLI I CHENESBEOSVHEBEAKEELT
WREEABND, T, 6 000FELMORMERMABHTKRELLY +55
Wb otfch®, TORAYTR, BXEOLEEZIUTLINESBE
ODEVWEMA, #EALNEEHEOLoc. 240NIZX I Y TONLIZRI Y 7 O
ik ERIBFEOMBAKEBELTWALLEES N 5,
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5.2 KECBUIRIEEREE o &

HEELRBELBVWTRFHAEEEDTONA4 X2 Y 7PENLI R Y PRI
RETFaFNTFrFo V7 BlERNEBE A TWS (PNC SI4308 89-001) o« < Hu
COBPBEHRLSOOFABREBREET LD TR-16ILTT, 7, BFBEAKZEDOK
HAOWHEF Tl fiEFFLRBLAELTRKLEREOR Y 7RE 08K
HELEDTR-1TEH-13iIcE & HTRL %o

#F-16 KEcbBUrs85E5EEL 8BS

= ¥ % | Loc.24 Nl | Loc.24 N4 YN-1 IT-1
X8 M B N1Z3Y7 Nza117 049A1Y7
3 & (yBP) 811 1239 8640
B EE (n) 4.3 5.8 17.6 13.8
& B (g/cn?®) 0.88 0. 80 0.99 1.11
a2 Kk K (%) 13.2 28.6 23.0 20.8
SioEZHHE (wtk) 51.68 51,42 -
Ribzmay V) mL EvEyoFd L
H B K o Na*+K*> Ca?* > Mg2*

K B #H 5K C27>>8042"> HCO3"
RIBEK DB ERS | 5.650 6.905 56.418 48.591
B E (meg/ Q) ~5.903 ~7.242 ~ 57,288 ~49.939
RILEBEOBE | /5 2 BHEE H5ARRERPPES

ZEBE:102~10"%m |ZEEE:10 2mn

¥ i K& (CC0) 4.9
FREAKE  (mn) . 2953.1

DXBERAF I L DRITE =Y

E-BOERBERET 2 LAMEEOREL LTER, EEEESD X OMN
MAOBERAENER > THD, ZEERE L CRBAEEENOF Ei Xk
ERNEEPBOON S, MBKOBRERSBBER o BEinkhsiiTcai
W, XBEHFFHTCOR IV 7REBEE YT Yo+ P BEEDIHL &
B, FROGSLEELALOEEL N B, £/, FEAEME R TERN K
W Liied €0 0%, EROBEVO0,,23 ) ToRALEEBLEROEFL W
Ni®NZIYUTED b LPEVEANED &R 30 |




F-11 BLBIXUREOR 2 Y 7EFHCBY 5 MBUK-BEK-BRKOKBSTER—BR

swg R B 0| 0| g B o4 A v 3 Wity | B4 A ¥ é ne 4 B4 | si0,
H R (us/cm, 25°C)  Na* K* Ca2* | Mg2* | Fe2* | NHa* | ° at HCOs™ | S042- Noe~ | = "
R RE 7K - _ ___4_49____5119_---§:§9____!:gl____:i______:i_________,__,g§_§-,---§-§_-_-_g_}_----:i_----__--_-_-§§-?__
0.19 | o0.04| 0.26| o0.11] =~ — 0. 61 0.40 | o0.14| 0.12| ~— 0. 65
K | g [ 8A | o | e |8 t2s| gas| w0l = | o= L lsso | oz | onr |- | |82
2147 = = S ' 0.13] 0.08| 0.4 0.09| ~— — 0.66 0.54 | o0.04| o0.05| - 0.63
K2R oy | e fon20f 0s ] sar] wazl = 1o~ fss0 | 28 | on4 o - | | 229
Wk | ' 0.14 | 0.02] o0.41| o0.09| - — 0.66 0.54| o0.06| 0.04| -~ 0. 64
iR . 3,60 1.10] s5.78| L73| - - 13.4 7.8 5.9 — 68.5
gy MK - T | Toie| 003 | 0.20| 0.14| — | = |06z | .22 | o1 o.11| — o8 |
7H 7.1 195 | _.9.20| 1.62) 890 705 — } — [ [.89.0 | %2 | 24 | ~— | 1450
. A 0.23| 0.04f 0.44| 0.58| - - 1.29 .13 0.07) 0.07| - 1.27
Et 8A | o | e |om7lonsof sri) ese| asof — | 61 | a1 | oz | = 1 1861
218 " Bk | 0.21| 0.03| 0.44| 0.54| 0.10 - 1.32 1.10 | o0.10{ 0.08 - 1.28
Ao L, LB tasl eor) esal - - ] feat |52 | 21 | -~ | | 426
Wk | 0.22| 0.08| 0.45{ o0.57| - - 1.27 1.05| 0.11| o0.08| -— 1.23
N4 . 86.0 3.13| 40.2 | 15.3 400 — 6.10 | 26.1 |[222 — A7.17
gagy | PR 8.0 B0 e T hae | ook | ST [ oo ost| eze| < ew [T
N, ] 78.0 2.87| 27.0 | 11.9 .16 | — 7.63| 26.9 | 176 — 51.5
gayy | P B 80 B0 e T s | ocee | o.n | = [ Thiee [ Tows | ose | awr T e [T
GIEEA 963 | 14.8 (150 1 s18 | <004 | — | | 2.8 |228  [us20 | = | | 388
049 (YN-1) - B 41.87| 0.38| 1.401 755 o0.00f -— 57. 29 0.44 | 4.64] 51.34| — |56.42
A7 | B B K 650 | 2.1 f2a1 _juer | o<o.oa) || 817 [209  [1sso | — | | 886
(I7-1) B - 28.26 | 0.69 | 11.03| 9.96| 0.00 49. 94 0.52 | 4.35| 43.72 | — [48.59
5. 45 .42 38| 138 -— 1.50 0.0 3.4 | 11.4 | 20.0 -
TR BRI B I 0.24] 008 | o2z] 01| = 0.08 | 0.73 | 0.00| 0.07| 0.32| 0.33] 0.1

E) EEKE2EE LS, BEECIOHBLAEbDTH %0

(2)T00-06 808¥-rS ONd
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5.3 Bk R 2y ToEHEBE
%ﬁmxnv?ﬁﬂosEM@%E;%@&%EEQMEE%H%@ﬂMC
~Fo
R-14% 225 &, RV TORMMEEBOESREBEREENFE( LB RN
THLPIRRDPLTWS, ¥f, SEMBRETR BAALEEBREKRBL X 2
774 PEERHTHh, RIFREEOREVEBCED L, Chicxw LikEFR

TEBOEY (um
) 5 10

T T y ' T 4 ' T T T

i p

c-2

c-1

®r B2
B-1

48

5@ ™=

0OH-A | OH-B1 | OH-B2 | OH-C1 | OH-CZ
fll E ¥ 24 32 18 21 21
EH4E | 1.268 | 1.901 | 2.061 | 3.408 | 4.618
BERZE | 1.09 1.10 1.29 2.12 2.486

X-14 SEMERIZZ2VT7EHAEBOEIOHMELR
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FEOEBEVWAHBTHREAEKBOARKZ, FEOBRVWEH T2 7EFHicEE
BLTOS S EREDER - foo |

Ihedlihro, RIVTORMAMEEOEFVNEZEET S LER-150L5
2123, R-150@0H, BELUOX a2y 72~ vBERSWLAER» SO,
KOBRBR L BBEMAEHBORKRRAEERLTWE, BABRI Y 7 BT 2&
BLTW(EBE, —BRUECRBEKOINBEEREELE LB T 5, Si0:
RERHEINYT 5, CO&E&, NMRBEXPEL, SiEBEXEVWERTHR, 3V
TERARRBRBKEBAETREN 22, ITEESEL, Si2BERNEVERTHRR
2754 PBVPERENBEERX SN B, —F, RHBERE A0 ELRIC I,
ETRUKEFEEES MW I o -2 RoREESSELTVWE, oKUK
A2V TREROLELHIEHERLT»5HE, H-150QikRFRLAEL S KALKD B
KE->TR2D 7ERSI0:MBEBKLEIN, RV TEOERETLEEKDSIOE
EXELRY, BRBEOABNCRA A7 54 P BERIhELEELZEBTE
%o

S.4e Bz 7HEBRoKE

BELXLTERLAEz2y 7R, -8R B—=RTs55, A
CEBOEEHEO—>THhIBEEEFPENL ->-TwWE, LAL,FBE-10FRL
e FREZELCEI KEEAROELREETE L, H-163ZRXH OS50
BREOCREZILEZRLALGDOTH 2, SiBER—BHRACRBTKRAESELT
WCROWBIEFELORBFELBMML TV, Lal, E-165 585 H
I3, Si:EBEREFELELILEBPLDTIARMNDL 3,

CoBdHZERF T8, ¢, BEBEABEOBRIKEBELEI»PhTWE b E
BTH B _

B-1TIZEPR7K DHCO~/Si02E Mik & Na*/Ca®* e Nt L% %, H-181cNa
TENVBEBELSiIcETVEEOMBEE, K-191CHiSi04€ VBE & Cal* /U T Vi
oMEERYe ChooRicl, BIEEFELAELAZAR Y 7TORBKE
BRA2V7O0MBAKBLVCELTRLIBOFEKOMNERESHETRL o

R-1TH O MR 13 Garrels (196N DR LA KILE LM TREORBG KB 5 &
GoeEveEyurdb, BEEoAFVFAL, BE-£794 b 0BRUER
CHERBTH 2, H-112R3LELRLEOBEKREEE LRIV TOHETH
DAE (- ZRVWTEF I A P XV EDOHEB R v F &4 3,

H-18D 2R DEMESi02:Nad2:1&1:10HTH 5, lkeda(1989)ic L hiE
KLDEPORHEFEBBLLTHAA YV F A4 FPERBBOMTFKDSI02:Nald2:1T
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V>4 PRI oy FXh 3,
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