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Matrix diffusion is one of the important phenomena for evaluating the safety of the geological disposal of high level waste
because it has an effect of retarding mass transport in crystalline rocks. Previous studies indicated that the altered granitic rocks have
high retardation functions due to the micropore formation associated with hydrothermal alteration; however, there has not been
enough knowledge on the matrix diffusion in weakly unaltered rocks (macroscopically unaltered rocks). Since the macroscopically
altered granitic rocks in Japan are likely to be affected by deuteric alteration due to hydrothermal fluid resulting from crystallization
of granitic magma, it is important to understand the effect of deuteric alteration on the matrix diffusion. Therefore, detailed
observations were carried out to clarify the effects of deuteric alteration focused on the macroscopically unaltered granite sampled
from 300m and 500m below ground levels at the Mizunami Underground Research Laboratory, central Japan. The results provide
that the micropores are selectively formed in plagioclases due to deuteric alteration and they have the potential of acting as matrix
diffusion paths. This is indicating the possibility that deuteric alteration can retard the mass transport in crystalline rocks in Japan.

That plays a significant role in enforcing the barrier function of crystalline rocks.
Keywords: matrix diffusion, micropore, granitic rock, geological disposal
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TERESL O MU BREEIC LRl U C, FbAh A D% HIHE O i
BENEHNE VS TZEWDN S, BESLENE NS WRED
S 3 H 510, 11 72 ). Fiz, kEGE T, ~ 7~ mHEl
U [E#E U7 B OFRIRIZ & 0 #H1AERI 7R 258 2 1% %5 (Deuteric
alteration &IFEXIL D). ENOIERE TIL, ZOHAN:
TEIZLVBEARLRENO—ENEE L TWDH I ENH
HENTWD[12-15 2 L] ZD & 5 RUIENRZEI, &
S OITEROERE LD 728, ZeBRA N S & 5 A6
WRHDHEDOD, ZOPENRERL~ MY 7 AYLEE O
BIRIZ N TIRIZE A LR Lo T,

Z T, AT, R EERTICAE T 5 H AR
JIB I BH BB 3T A T 5 B IR VR M8 B JE T O ML
300m 33 L ONB00mM I B W CEIA AL O~ b Y 7 2% %t
Gr& U TIHIRMZER OFEER & A I DV TRFTEZ T o 72
BARMIZIE, HTFHLE»SHE L72A— 1 > 7 3R R
ENFzaT7rs, ENBEBRLICAIRCIIAEZRODLZ &
DTEAn~ MY 7 A AL, WIREES, WCmEikss
Bleg, EEECIEMETEE L OVEETE - IAMETE S &
Totz. F£7-, AIRBETEEIRBD N WE I 72< b
V7 AEIZEBIT D~ b 7 AYEROF BEHERT 5729012,
HTFYGENDEAT By 7 Z R L CHREGRBR & 1T o 72

2 HEMESIUCEALEZER
ABFFETIE, S~ DR LE OB 2 PRI 5720

(IS B ERIR T (AL 3 2 BiR AR HUE AFZE AT (Fig. 1) @
HF 300m 35 LY 500m THUS L7=fERaa & vz, Bk
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Fig. 1

Geological map of the Mizunami area (simplified after PNC, 1994[19]) with the location of the Mizunami

Underground Research Laboratory (A), and layout of shafts and research galleries (B). Red lines in (B) show location

of boreholes.

BURHUBATIEITIE, BRI JEBR A AY,  HhE sy
FAF B3 2 BFZEBsE O 5 HgHE O R 2AIE (g R
FHIGR) A FEMT D OICER LTV AR TH 5.
IR EFZEANIE, BRE 500m £ TO 2 RKONHL, 3HE
100m Z&1IT 2 KOS E SRS T AT—, WO
FZ 300m & 500m (ZE%E L2 EEAKEYLE (BFFETE)
MO S TWS (Fig. 1) [16].

WFZRERTCIE, FRESK 170m LUEICRWTC, Affik i~
W B AL R EAE [17]3 0 L, TR BRI RS
Z L CHTE AL I O BHR B RE[18] 3 45 LT\ D
[19]. LmAEREIL, VERE A AN O LBFICET AR
— ERIEME RO —SEKRTH Y, MFITEO TR EN
12km, FEALH) 14km OIZIEME O % 737 [17, 20]. B4
BT CHERR SN D Bl b ia 1, TITERDIRT, f%, fE
f, WVEA, BEEMS RV bEOY VI Y, BT XA,
WK A, Bfa, &R E S 1e[13]. HFEHUEICIT,
T AE S T SR O A B O WTE S R S AT
%21, 22]. 7o, HIAERAE OTERAEN & LT, 68.311.8Ma
(EF A R~ CHIME 1) 234561 T5[23]. BFERTD
BUECIE, LAERE OB E S8 em~+%% ecm 2
O~ kU7 AR, BUKIEENCEE - REROREAL L £
EADA T4 MU Ko TR~ 2 2T 25505 5
[13,15 72 & ¥£72, AIRBIE CEENED LRV MY
7 ZAIITBNT Y, (ERE~ 7~ @A TR S LD
Bk LY, BEMEEBIER A r— LV CREFOREAILOR
EEDOA T4 MEDBRD LN DLEH H[13, 15].
AWFFETIE, VRE 300m I X O 500m ORFZEHTE CEME

SR —V v FHREIC X0 BfS Lz femia sl 2 vz
ELRMICIE, VREE 300m 2> 5 5 aREE (10MI22 B-fL[24]79° 5
238k Gr I 11, 12MI30 4L, 12MI31 S-FL[25]7> 5 3 #kk) ;
Gr_lll, IV, V), ¥REE 500m 205 6 30k (12MI32 5£L[26]2>
5 43k Gr VI, VIL VI X, 12MI33 S £L[27]22 5 2 3kt
Gr_X, XI) ®Ft 11 38k &8 L 7= (Fig. 1B, Fig. 2, Fig. 3, Fig.
4). s 1 EEHT, AIRBIEIZBWTEINLERL O~ R
U 7 ZAERCEE RO 20BN H B (Fig. 2). 7235,
AEHRIBERT O ZEAMIE, Fig. 3, Fig. 4 B XL 18 Table 1 R D
NP

3 EEAR

AT, BNHEEEEL~ N 7 2HORE % 11
AEHRIL, FINBm & BEASH IS AT 2R L.
Z LT, S PR X OMMARAZE R O 44 2 1R - 2
7o, (WA 2T 2 TR LIAMEE (Leica M205 FA)
ZHAWT, R TR IO T ¢ & (RSl B iE :
450-490nm, WU 3 %R Ak - 500nm LA L) A S
FHERBE T COHGEN OB, EEETHEMS
(SEM ; HITACHI TD-1000) % JH\ = SR AYZE B D 5341 D
BREITo1-. &5, 42 TRIBIEMZERO~ Y 7 2
T A~OFEZ R 5729, TRE 500m OAEHHE A
MRl Lia a7 e v 7 2 RV CRiGRER 2 £ L, 5
R AT ma T vy 7 %, AT CRETHIZ L
WKLo T = —E (V7 =) ORI
AR LEZ CBR7 vy 7 OBRBALET Fig. 1 228 .
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Sampling points are indicated in Fig. 3 and Fig. 4

AAWENIE, AP OBENZERO S AR A RS D
720, #EEAE LTEHNEA (BERAT7 /=L A) BEE
NA5LDERNTHERLEZ., ZosAERZHWT, %
B OSSR R TS & & b, MIRZERR D55
SRR AR Uiz, SRRSO 00 1L, B
AW L migiox LC, fa - i L[28lic S,
9X9 TS TG T T 4 NE EHWTET 4 )V H B AT,
J A RBREZIC 2B UIERR L= iR (82emifg) 1285
TR U7z, F7z, ZEBRSRITVERR L7 sOtEiB S, x5
& T DG EIFH O v 7 e VIR B O v 7 e
DOEGE L THEIB L=, 7238, Fig. 3, Fig. 41T/ L7=EIN
H25 Ol & DZERR 0B LRI, #OEEg O 1
v 7w Tl HEFmoOfERO Y s A TR O Y
7R NBEBHELTIEL V2 BV TORERELZEL, £h
EERNEREODOEHTT 2y R ULIEKR L.

HAT By 7 E AW IEEEE T, #t 300mm X #f
300mm X 5 & 200mm (ZRE LT2E a7 1y 7 OFLENIC
ML—P—RINFLERE L, AA7 vy 7 2EEREKT

BELRETH L—9—Z2 ML THh 5 403 HREFE L 7.

ML —H%—i%, FENEEOTLFLETFT Y T A

(CHNaOs 5 AR, 77 =) W, 7eds, FEEK
IRk 2 AV, SRERERES IR EUE FOSIRSSMCTHEE L
72[29].

4 R

4.1 HNEEBOLYFERIEE

BB L 7= B B IR & Fig. 2 1R, ARBFZEIZ W
72 1 REHT, —EOREITIIN ) EA BN RBOEIRT A,
ERICE A CHRIRBE CIIFIN A Lo~ b Y 7 REIC
BHITRD LNRVEHARETH .
MBI ORER, nboRENIFEICHDE, BV

r

Magnified photographs of the samples studied. Red lines in each photograph show the position of fracture surface.

A, fEA, BENGRY, LEORIESR, 1T A |,
FiRf A Ete (Figd, Fig.4). 2D 5L, FEAITRERD
JERAERZ, 4 T4 MIREAOFIEMIZRD b, A
1% Gr_IX ol 2l LCoAid 5 (Fig. 3, Fig. 4).

4.2 WRRZEMO SO
FREEBEMEEZ T, PR 2 Lz
(Fig. 3, Fig. 4, Fig. 5). £7=, SEM 122 (Fig.6) 12k > T

HOGER & WARBIZERR D A RCIE N ES T 5 Z L PR T E
2D, SO MR ZERR DAL B E O A A

THERLIND., ZORNEBN LT LI ZZRFBILN

1.45~563%CTH-7= (Tablel). 7pd, HOEHEDHHEE

L72Z8BR1E, KO R B ORSMEARIZ R LT
AR (AT =—F > Aspd granite X° Bohus granite
T 0.6%LL T[30]) . BEAFERFZE T S 7o Z2psiy, KEEA

Table 1 Porosity estimated by distribution of fluorescent

dye

Sample Depth Porosity*?
P P Location** rosity

name (m) (%)

13.45m 1.68
112.23m 1.81
5.250m 1.45
15.840m 2.51
7.830m 3.23
7.30m 5.63
19.43m 3.77
24.50m 1.82
95.30m 2.83
48.28m 3.89
93.70m 4.08

Gr_I 300m 10MI22 :
Gr_II 300m 10MI22 :
Gr_III 300m 12MI30 :
Gr_IV 300m 12MI30 :
Gr_V  300m 12MI31 :
Gr_VI 500m 12MI32 :
Gr_VII 500m 12MI32 :
Gr_VIII 500m 12MI32 :
Gr_IX 500m 12MI32 :
Gr_X 500m 12MI33 :
Gr_XI 500m 12MI33 :

*1: Location shows borehole ID and sampling point (meter
along borehole)

*2: Porosities are the calculated values based on fluorescence
images in Fig. 3 and Fig. 4.
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Fig.3  Sample locations at the GL -300m depth with distribution of the fault [21] (A), and distribution of fluorescent dye
(greenish part) observed by the fluorescence microscope, superposed on polarizing microscopic images (B-F).

Fracture surfaces are located in right side in each image. Symbols: Qtz = Quartz, Kfs = K-feldspar, Pl = Plagioclase,
Bi = Biotite, Chl = Chlorite, ill = illite.
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Sample locations at the GL -500m depth with fault distribution [22] (A), and distribution of fluorescent dye (greenish
part) observed by the fluorescence microscope, superposed on polarizing microscopic images (B-G). Fracture
surfaces are located in right side in these each images. Symbols: Qtz = Quartz, Kfs = K-feldspar, Pl = Plagioclase, Bi =
Biotite, Chl = Chlorite, ill = illite, Cal = Calcite.
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Microcrack Microcrack filled

‘e with quartz

L~

Intracrystalline micropore

Fig. 5 Mode of occurrences of micropores indicated by the
distribution of fluorescent dye (greenish part)
observed by the fluorescence microscope, superposed
on polarizing microscopic images. A; occurrences of
microcrack in quartz, B; occurrences of micropore in
plagioclase (enlargement of Fig. 3D).
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*ﬁ HOGEG D DHEE L7 ZERRIT A BRI A S|
LTI Enb, MOMBRZER & @ LT RungE
B (UEHORERS & U CHERE L 722 WVIARIIZER) b & /-l
ThdLBEZ LN, RERSK LB TR I NI L/

FEBEMICER T2 L TERVEVZD.
FREOCEAMEES L O SEM BLEORE R, THAREIZEk &
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Ui, R, hiNBR, i8R CENED b,
&L IZREAHICITE R LT IR ORI ZERR 0 H i
% (Fig. 3, Fig. 4, Fig. 5, Fig. 6) . ZA B 2> D OZERFDLE
{t% Fig. 3 & Fig. 4 XA RO FEIZ AT, Gr_l, VI
i,%ﬂﬁﬁﬁ%@mﬁﬁﬂmwﬁmﬂ%éﬂ,i%k
L CIEZERITFIE —EDME A~
E%m%_ﬁﬁﬁéb B S Y S e 4
07Ty I RROLNDLOD, @O LIV MERT
BEHRDHD (Fig. 5A). RGBS H LU SEM
BROEE, hbld~Ar a7 7y 7 ERBICAFETY
— VT ENTE~A 0l Ty I ThHI ENRHLMNIAR
~7= (Fig.5A, Fig.6A). Ao~ A7 0y v 7%, W
JEDND Tm BREEDONLE D HEREL L 72 Gr_ VI TEIZE <R
b5 (Fig. 4A, B). Zo~A 270z F v 7 3WENs
DOERE G T T GrVI, Gr_VII, Gr VI DJEIZRA3 S
MR&H Y, FERELFRHEIETTS (Tablel).
BERPTCE, BICERPBENZERE L TRDLNS
(Fig. 6B) . REEANETIL, & <IZZ < OMBARZER D55
HLTHRY, REAMNGHT 2 HPH TIL2EBEEAM oo ik
(e LTV MiE & a3 (Fig. 3, Fig. 4, Fig. 5B, Fig. 6C).
REAHOWENZER & ARG & OB R EIE, dhfge7z M
hEAT HIEREZRT (Fig. 6E). —F, BV EATIE, %
RIZERRITIE L A ERBD B (Fig. 6D).

4.3 BRI AvY ERAWNIEHEAR

TERGRER IS LT3 m 7 e v 7 20 L CERAME T CF
BEITO N L——WHE (77 =) OILERRIE-OHL
.%b’ﬁ LL7ZAER, B L—H—iALos 55+ mm o fifH

LT =V L, sOLEHET D 2 MR I (Fig.
7B). O EFET DEATIAREIT A LTV DD,
FIRERATHEICY 7 =12 X 290 R S 5 (Fig.
7C). F72, FIUICHRIA THEIEFRD Hiv D (Fig. 7C) .

Intracrystalline micropore

Microcrack

Qtz A Qz]| Qtz

Grain-boundary crack
TD1000 15.0kY 17.7mm x100 BSECOMP.

B
Cleavagé

TD1000 15.0kV 17.7mm x110 BSECOMP

Fig. 6

:K‘S‘L:ace of

PI intracrystalline
licropore

j0urri | TD1000 45:0kV 21 7rmrn x5.00k SE

Micropore

\

500um | TD1000 15.0kV 17.7mm x110 BSECOMP

SEM images showing distributions of micropore (black part). A; mode of occurrences of microcrack in quartz, B;

mode of occurrences of cleavage in biotite, C; mode of occurrences of micropore in plagioclase, D; mode of
occurrences of micropore in K-feldspar, E; enlarged mode of occurrences of micropore in plagioclase.
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Fig. 7 Schematic diagram of rock block used for diffusion test (A), and distribution of fluorescent dyes under the ultraviolet

source (B and C)

5 FEE:EWMETMYIARITEITET M) Y REE
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BN ABNO~ R 7 ZEMoRE 113D 128 58
AOZERIY, R RA, RNRAR L ORIMAR L »wo T
ATy 7 RLRERTOBERICNZ T, FERNE
O JEh L7 BRZER E LT 5 2 ENHLMNITR-
7o BRI O~ N Y 7 AFO T T U O5 AR R
ZIEN L CHARRIZEB O 534 2 B2 L 7= BEAF ISR ORI
BWTYH, v 78vr Ty 70BN, v MY 7 AYERUC
FHE LB E LT STV 5[1-6, 8,9 72 &].

KIFFRORER, AR FHRICEONL~A I T Ty
70, W@ D Tm BREONE N SERILL 72 Gr_VI TIEA
Bl OENZ\ (Fig. 4B). Wil &0 ORERER T, A
HEMPIZBNTY 7 v 7 OBEENEVK 2 E OFEOBE)NIC
RS LI EAOES | & L TRO LD E—/L K<
ArarIvr, 77y NI RGNS D &
WLV SN — IV R~vArmy 5y 7PN LicAt
—T oA a7 Ty 7 nEML, BiEhbEn D &3t
W5 2 ERBE L FESHTWBMHIZIE, 31-34]. &
WFFETIE, Gr VI 235 Gr VI (Zh T THTE 2 B EEN 512
LERWHEIER TR O~A 707 T v 78 L OZERERMNME
T AHEANRDO LD (Tablel). ZDZ End, Gr VI
ORERLFHO~A 70 s T v 7%, WEEENCEE-S THY
MUTEFREMERB X 5NN, Wit~ onr 770
BIURIZOWTIE, SH%MEEITILERHD.

REAPITIIMEBERIZBO LN, B ®E» S
DZERRZ A OLEALH & b RHRA DA 2 S8 TRy Vil
T2 &, SEM BT b AHR A IS AR e AR A 22 3
ZHRERIND Z L0 b, BEAFHOMGEMZERITM O
M L TEZWEERD. Fi2, Aa7u vy 7 E2HW=
PEEGRBRORE R SI1E, FICHRAOME TIERT S
ZLEBHALNTH D (Fig. 7C) . BEFHFIFE CIIREA T D%
FRICHOWTIRIF & A RSN TWRWHEDD[1-6,8,9 72
Ll IO OB RS, RIEA T OMBENZERIZ~ b
V7 2RI B~ b 7 APERICEF 5T DRI ZER O
AR EERT S ETEETHD LB X 5N (Fig. 3, Fig. 4,

Fig. 5B, Fig. 6C, Fig. 7C).

*72, BET v 7 ZRAWIEGEER T, FICRER
HoHLNENEF L, REAUSNSOWRNZER CIXEIT
EEAETERSN TR (Fig. 7C) . EhEEREIT, &
g (WEOBBRIIYV U 7VORE) O%F) [T
B9 %[35]. HHB[36]ATR L7 & 912, ImihENRE RS
I, WEOBITRIEDEL 25720, MRS E DL
W imim L X RN EL 2D (EBEHENME T 5). &
EOHROMBRZERIT~ A 7 0 s T v 71Tl LM
g LT % (Fig. 3, Fig. 4, Fig. 5B, Fig. 6C) = & 225, &
HEIIREWE B X Hh, REAFOZERICIST D ImBoR
IO NI Hl U OB ITREMER S 5. 72, A1E
BT OGEIZ LR LTI ZERRN 2 2 L b, /I
AFRICEY 7= ERTE D2EIENZ N EE LD,
U T2 ATIRNEETH B END, HAT ey 7 2N
ToYEHGABRR T RICRE A O THILDFED AV RIRT,
7T = AIRHE AN 2 R T 23 SR (PRI RER
WD) 72, RELAHOWHRAZERIZY T = MEE
LIZfERTHD EEZDLND. Thbhb, —AEHEZ LT
WiRWE D REINEEL DO~ h Y 7 AR T A REA
HOMEZERIE, TR E LTHBREL TS B2 D
ZEMTESD.

T RE TlX, WHIRBIE TEE NGO bWt ks
~ bY 7 ZEIZBNT S, PIAENRBKEZIZLY, THE
RINCRHRANA 74 MIEBE LTS Z EDRBH LT
%[13,15 72 K. fEREFROREAIL, FLEMIEET / —F
A PRSI EHIMUNEE T AL FESICET (0D,
FLENIEE CalzE A, JMIEE NaloETe) RHiGEs 2
TLOR—RATHY, T/ —H A1 MO BLORERIZ
EVEME LT W I E SRR D STV B [37]. R
L THRD BT RR A ORI ZEROREL, A
T E A LRI L - TSN & ) ik Z /R LT
W5 Z & (Fig. 6E), AIRBIZE CTAENRO L= MY
7 2T G B A o — L TIIRHE A ISR BT B
KEBGN THDHATA MRREOLNTNDLZ b, &
BARHOMBOZERIL, EREE~ 7 ~DNnE LERE L
BRZAE T 2EUKIC L A YA EEIZ X > TR Sz &
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EZHDH[13-15]. bbb, TERE ERE S OPIER 7L
BOKEEL, & ITRER R OB R ZER AN =7 (3
bbb, EREBEZHINSER) BN ZhbOH
WAZEBRITE A 7 a v 7 2 O EIEERR O RN S, <

b AYEERE S L CTHEBEL TV D EBEZBND T
5, WIAEMRBOKZEEIL, ~ Y7 A EEEELTH5
LEZHND.

AR CTEENRO LNV EA~ M 7 ZERIZBT
LREROBUKEEY, LIREEEUNATYH, KBEROR
HAERE, & F RO B RECmM LR O 5 AL Es 72
L, BERNOMOTERERTHL BRI LN TND
[12-14 72 £). F7z, REAHOWRRZERIIEMEIm il L
T2 Z EATHAERE THHERENATVWD[36]. Lk
A AN T, R ZERICET 2RI A+ THhH b
oo, ERLUEERETH~ M 7 ARV CHIAENE
BRROHNDZ ENnD, WIRTIEIEE LTV &l
SINDHERAED~ NY 7 AT, ZEEAEML, < Y
7 AHREORRIE A 2 T D ATREMER B 5

51, LIAERAEOERNE S & SICHEn 7z BN X
T, fOfERAEICBWTHEMNEZED 2 MNEITH D H O
O, BREOTEMEERIZ~ Y 7 AEHIC X 20EBITO
BIERS IR T X DATREMEDSE 2 DAL, MBSy D% 23T
OBENLEERARLTHL EEZILNS.

6 F&H

ety B VR it YR T LS AV 9 2 B YRR VR M B B SE T O ML R
300m 3 L O 500m A HERER L7z, HIBERZO~ KU 7 A
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