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A STUDY ON FRACTURES IN THE CRYSTALLINE ROCK
- BAnalysis of properties and distribution
of fractures in the granitic rock -

Hidekazu YOSHIDA
Hideaki OHSAWA

ABSTRACT

For performance assessment of the geological disposal system,
it is essential to evaluate groundwater flow in rock formations.
Rock mass heterogeneity, which is considered to be derived from
properties and distribution of fractures, might be taken as
an important factor of groundwater flow analysis.

In order to comprehensively assess the fracture characteritics,
fractures were classified basically according to the geometrical
properties such as fracture pattern, roughness of fracture
surface and angle of fracture including mineralogical analysis
of fracture fillings, using the core samples obtained by drilling
in the granitic rock in Tono area. On the basis of this
classification, the rock mass was divided into formational
segments from the surface to 500 meter below ground level.

The results are as follows;

(1)Based on the difference of fracture pattern, the fractures
of crystalline rock can be classified into four groups; i.e.
Planar fracture (P) group, Irregular fracture (I) group,
Curved fracture (C) group and Stepped fracture (S) group.

(2)P group with a higher angle has smooth fracture surface with
striation. Approximately 70 per cent of this group has such
filling minerals as chlorite, sericite and calcite. The
fractures of I group, about 20 per cent of which has filling
minerals, are characterized by rough surface without
-striation and with lower angle. C group and S group have
curved and stepped surfaces, respectively.

(3)In the granitic =rock of this area, each groups have
difference in their distribution by which three segments
are yecognized from the surface to 500 meter below ground
level; i.e. Segment I {16m to 300m), Segment II (300m to
420m) and Segment IIT (420m to 500m).

(4)Segment I and II are mainly dominated by the fracture
of P and S groups, respectively. Segment TIII is quite low
in fracture density.
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2. EIMB&EZDRIEILONT

“BNE" LRBBENMIEAR | DOBHERBEYPERD ZVWIIHERICRD NS
AERAEETE LRTESRTHD . /MEHET YA XOHDN 6, KBEHEY 1 X0 LD
ETEDOLNS, AWICHBVTEOERD “G9hE" 3RV r»7ar7i2dleéLizboT
H B8 JIRTHLSD GEREM) 20 TREELTVEL, AN- 1 21 TIRKD 3
DO YN — T OFREREPED N5,

Th—F1 /NFEENE (oint, Fissure?sd) & LT
HNIETERDSIE D,

FN—=TI: wWhWwaZEHERE LTRIBETED ST, BT
KBWTEERIRELEINE Microfracture),

FN—71 : W8 (Fault) R OREREE (Shear Zone) o

TN—71 ETIREERBRICHD, BEAEOEEEI W TUNIEOIME OREMN
EZLW, AN-I15FlicbW T, VL —71 0ghBErekicE GgHiczZhon. 7
— 7T OENERE+mC ] 5B BHEEmOY/— L LT) DEESTEDLN TV S,
TN—TNOWBICE > CTREERLOIR 1 »ITLIEDSNTVIELD, BiEd 2
W NEORIEE BN 2 Oy ARCBVWTED LA TS (EHED, 1989) .
PTForn—71~% TOENEEEOEAREZRYT (K 2.1) . KA TIRET ST
Wik, ZA=71, I, MOFndbEREL. TEHERED L S ek L,

2.2 i3, EARHEE #EFOSB THOON TR NERROZHEZEE L b0
Th b, SLHMEENEOREICE W AEHE LTRRIEETS D . 2ROV EICE
DB L5, RRTRET HIHE T, —BINTIKEMEENEBEEZ 2 L2 5
NTWBENEOREOHE., RIBEMOFENENEOBRRICE STV B ENWSEE M
5. CNoZEEL THNWBORELESE L/,
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Adgim, ZIHE (Fracture)
R=F 4 7 LARHEZEBTEN - {BRlOAIN 2 EHE
g E Joint )

BHETHEL T, ShBEomANCENOBH 5NN HD

ny HBEVEEMNEDONTH LTI UMEML TV

WHD T, ZRTEARELTRED 2 >DBHAICL 5 H DR

»H5,

1. HE&ETIE (endokinetic)
FITEFEAFICARNERIC X DS h S HiHE,
GRS, HUREHE, v—74 78

2. AAEMEE (exokinetic)
CEITEERERRBICAMIE I E D BRI R AT,
(—FER TS HiES)

) B8 (Fault) &HiEE (Joint) Dig&E%E | »DENE
(Fracture) = >WTEBICKRNT 2 Z & 38 LU,

v— I EARRETER - {EROANITWEINE
Zoh ( Fissure) , #w ¥ a (Gash)
31380 (Tention)DHIZX>THEINEEIOSND
LOT, ENBIcH L TEBEARIDEMNZR>HOEWV D,
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e
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EabdH 5o

77wy (Crack )
—RREETH D ESEMICIESuncrackPrudcrack®
DEEE L THEHLNAIESNEZ N,
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3. BhBERETE

3.1 % 3
HNEHOITBAEICTH>VWTIE, H—EEIC L AR S 3 pEIET o —
F{bL7ze LA L. 2= FEICE D ABEHEF -y NESNA3BNNI-DEL ONE D
WLl T2 7LD EREH I LI LTS

3.2 ®RHIAR

ENBERWEIT-7cAN— | STLOFHER, HFKOKEERIRR D L UHIERLEER
BAETEBFEI TN ICT B HRAEZRNT, BRKICIDIHIL . £/, 27
OO H LI L TR, ATNGHNEZE LS00V E SMLOERZIAV, DIEH]
BB a 75 RETESWEREL. BROEFNBISHLTLUTO 1 3IEAIKSWT
BE - E#HET-72 (R3], &R3.2) ., £OIRAR. DEE, DERKE, DENBEEE

. DENBFERE DHINEERE OFNE S -1 DEhEREEES RV vy
Y4 FOF#K DENERESEY, IOENERER 1DEEE 12)ZHE, 1DEL
BoRE (AERMERF - v 7 eFEitd 556 dd S, B#liis IR #ETLIER AR
LEMBORIHETEREATS) TH5S,

3.3 iCHIEEER
T &L#BEHOER. AERFI— NZ>WTEddT 5,

(1) # & (Depth)
TEEE X 4r — Ui, 1/205 AW, TORy—VidENE BT 200X ~-2%
FERT B DIHELALOT, HIBICBY 3 HCRBRULE I r — L EEZL LN S,

(2) HIRE (Geologic column)

AHRTRT ORI, BREE (IED) 20RELELOTHE, M. F—1U
FRENC BTSN E 373 WEHRERVEMBOBEEIC LD, ATHIC(Fh
720 HBVHENTERWESHS B, £/, FEELBNTREROMIENEIE
L. REREIBADEET 5, DEORIUCHIET 27, ZEE, a7HN.
% ZOREILEDTWS, b, SHEIEL TE, AEURERICSHT 2 5E0ME
& DR B DEORRERCATHT ERITE LR EBRET 08NS B, T
2 OTWHE TS,
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E3.1 S ERE

FNBRE

B B

EEFNHEHLE

I 7 B 5 14 7

FUHBHE SN EREDER
. Po ; Planar Type
S
b #, ; Planar with major spiays Type
= P4 e P2 j Planar with minor splays Type
sio ’_‘,,a""”f L~ Py Parallel Type
[ Pe ; Hoenpersistence Planar Hairline Type
- TR,
P
1o ; Irreqular Type
I i n ! Iz 1y ; Irreqular with major splays Type
e ﬂ‘ — Iz ; Irreguiar with minor spiays Type
s ,\_/""""f ta 5 Braided Type
. fa j Short nonpersistence Hairline Type
Is ; Hicrofracture
= | e |10 {1 sy« TR (R s N S
lo [C, ; [rregular and Curved Type
I€z ; Irregular and Curved with major splays Type
. R 1€} Irregular and Curved with minor splays Type
I e3 Co j Curved Type
/\/ 4] ! ford v €y ; Curved with major splays Type
] =
| I -——r ca Lz ; Curved with minor splays Type
Cs ; Braided Type
- i .
= Co C4 i Honpersistence Curved Hairline Type
53
= So } Stepped Type
S, ; Stepped with major splays Type
= s1 52 ; 54 . .
- Sz ; Stepped with minor splays Type
s~ - L
‘ S3 ; Heshwork Type
! 55 S4 i En echelon Type
—-

s

w

; Honpersistence Stepped Hairline Type

Bd3.2 EinBREEDE
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(BEFR 2 — F]
OF : Open Fracture
CF : Closed Fracture
DF : Fracture opened by Drilling
— S A : Start of Alteration Zone
— E A : End of Alteration Zone
— S F : Start of Microfracture Zone
— EF : End of Microfracture Zone
— SM: Start of Fracture Zone
— EM : End of Fracture Zone
— SW: Start of Open Fault or Shear Zone
— EW : End of Open Fault or Shear Zone
— S D : Start of Rubble Zone caused by Drilling
— ED : End of Rubble Zone caused by Drilling
— SN : Start of Rubble Zone caused by friable Rock or numerous open Fractures
— EN : End of Rubble Zone caused by friable Rock or numerous open Fractures

(5) #EEEME: (Persistency)
ENBEOEFHEICOWTRT, TRICFDIEB AR,

(BEfra— N)
P : Persistency
D : Dispersistency

(6) #3ILH,<#—> (Fracture Pattern)

FNBEOXREEE HEPCEROFTE) SFOBKEE#REC, M2 ISRANE I 4
TICENEHOREEDE LI, B, CONFIT VWTIHIBICE LB THRT 3, HE.
HMARE - BN BTG, TOEREEE T~ THE - L, BhEBtET—s %
FETENCBECE 3 LS ICEBE L/, JITRET., FHEOBKELEHE 2 | >0
T A=~ EZ SN, POENMBORA (B BESBFOBIIES) 27LT0VE
LEZLSNBHNEOREHEE ENEXEOHE - REOFES) 2HE -, ghE
FHEEAE SR A SD T V—TFIE L, #Rh513.

- BN EREAE SHTELBHIREET BPlanar (P) ZIL—7,

BN ERESEOVEREER T Blrregular (1) Z0—F,

* BINBEREHE BH#MT BCurved (C) Z' V-7,

» BN BRENEEIREE T BStepped (S) -,

DADDTIN—TTH b,

SoIRTNENEMST L. 25FF (51 7) OBNERERRE LI, 8.2 duz
BZDENEMEOHEE TOBMBELIUEHERL TV, BUTFIic2 58hE v —
YOERD— FEIUEHRERL, SN EBEBC>LWTOBSSIc VL TER~Z,
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(BEFRT— N) (&#r)
P o : Planar Type
P 1 : Planar with major splays Type
P 2 : Planar with minor splays Type
P 3 : Parallel Type
P 4 : Discontinuous Planar Hairline Type

[ o: Irregular Type

I 1: Irregular with major splays Type
[ 2 : Irregular with minor splays Type
I 3 : Braided Type

I 4 : Short discontinuous Hairline

I 5: Microfracture

I1C1 : Irregular and Curved Type
1 C2 : Irregular and Curved with major splays Type
I C3: Irregular and Curved with minor splays Tvpe

Co : Curved Type

C1 : Curved with major splays Type

C 2 : Curved with minor splays Type

C 3 . Branch Type

C 4 : Discontinuous Cruved Hairline Type

S o : Stepped Type

S 1 : Stepped with major splays Type

S 2 : Stepped with minor splays Type

S 3 : Meshwork Type

S 4 : En echelon Type

S 5 : Discontinuous Stepped Hairline Type

{a) Planar Type (P) Group.

P (Planar) 7V —708NEBIZ. KEEEKWEOSHTEIREZZEL, EmicLid
LTS (B MRDoNB 717 THs (BEL1) , P/IL—T0ENEHIIA
BRI E S UIRE U HENEZfEDIIWS 47 (Po) |, iR4E LicREEINE
EZESTAT Py, Pa), Ben~1 0 nBBEORBIHMAEDP 7' N~ TOENE IR
ELTWBE747 (Pe) , ITERRIT>TVWREWS AT (P KRHGIND, P
FIN—TOENEIR, 18 0. lom~ 1 O mmTHEEME L CTRERL, HER, HEREPE
HTEMEW, T, SREEZETEP /L —T7OENEANERLTHE Y — 2 icid
FNEHRBRWIKEED 2R EOEET EEIMELTEYE)oF 1 b, 48
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ER, FEATMED) I I EABN,

(b} Irregular Type(l) Group.

I (Irregular) 7L—7OENEB L, EEHEPH . RENFEELTHEWSY 1
TOHNETHS (EE2) . INBERI7OREICLD ATHICEWTWAD, #
NEEHOMMIZARAIAE S | Zh—ToEN B, ARENBEEbIIVwSY
17 (1o) , HEEENEZES 747 (1L 1), B5~2 0cnBEICAOENE
PNEPLELHHETE 747 (1), BO~2 0 cnBEEOXEICET TR EDTEE
TEDEIEBODTHNIENENPLZHRERZELTHWE Y47 (14, 1) KERSEh 3,
P 7 —70EN BN, SREMHES GhEARicd LT, 10~60° OfE) 2245
oizstl. 1 7 A—7oEhBid. BAEEER EAEARI L T80~90° OmE)
229508, BREES GAEHMIHTLTIO~60° OFBE) 22323 b0 &N
BHohE, BREREEAETS] VL —70EHNBIR—RIC3FED A 4D W,
SAERFEETA ] /N —-TOENBE. FEE1~2mOE £ Or( bE2E
k& Lo BREOK IS0 S AFEMEED DDE, 2L FEEDEEDLLETVLD
ERBHOND, B, TEHENAD I 7 L—70ENEIE, 81 ~2wmdOELTY
T4 bEEEE L ERAOMTSMERENE LTES ZEHB 0, |

{c) Curved Type (C) Group.

C (Curved) ZN—70ENEBER. ENEREIELEBHTZ5 1 THB (BEH
3) o CIN—7DENBERNHEENEZEDLIIWY 47 (C) , Ikt LHREEIN
HEES 747 € Co), ATEV > TOIWRERL Y 17 (€3, C) IKXSDX
Nb, CTL—TF, 17V—TDENEE. 27d0EFEL DL, BhERRICERE
HUD CERMDEC, BREMICFRRLEENRE D, £/, [C/AL—TE, 1 70—
FTECTN—TDERY &H->IchHEINEIIREET B 51 T TH 5,

(@) Stepped Type(S) Group.

(7)

S (Stepped) 7 —T7DENBIX. RRABESBEBRIKEET S5 14 TH 5, Ik
LicHiHEIMBEEZES 747 (51, S2) . HEROBEEZRT AT (Sy), Tia
OUVRERT AT (8y), AT7EV>TORWRERL Y 17 (S5) KRBAN 5,
STN—TOENEIHESIEERBP I/ N—TDEFNIELUT 3, S/A—Ti3. £E
BEIBEIRERET S (BEY) J&no, BNBEREREBOGADOAMIHEEEEET
bbo '

#mtEE (Roughness:Surface Structure of Fracture)
FHEEEICL > T ENEBREEH A DOEELFHNMDEBLIENTE S, &

BIOHEBEICL Y REEEEAEZ{ 5D (A~E) OFIHEL: (H3.3) . 2D
BENB/ Y7 — o BLUEE (Slickenside), BN BERESGY (Filling material) @
R FHERBGR T E,
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TYPE A B C D E
N %p vj'?/ %‘
SURFACE ‘% TN % o
STRUCTURE
ROUGHNESS Smooth befined ridges " Small steps Rough Very Rough
Slickensides © O - - -
Fﬂn]n;?.gria] @ O ~ @ FANIE O - o~ - .~ O
Fractg;%tern Planar Type Planar-Curved Type Steped Type Steped-lm"egu?ar‘wpla Irregular Type

LEGEND @ :

abundant O :

common

A\ ¢ rare

3.3 g B OREEE

15
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A : Smooth(with slickensides)Type.

B

FRRBIEBEFESKEA T, BNMESECEDNEEL, £EHLLBHONS, £
WZENBEEICE -4 YV ENTWS, — I —F 1 V7o E X1
1 ~2mTH5b, BNE ¢y — 3 Pe F—FICEYT 5,

: Defined ridges Type.
REIZZBVMNERTTL B, AU vrvH4 FddbEhRBohd, BEYMLE
HEEEF->TWB LODORMMIIEL T—F 4 VI ENTWB I E@DIEL, LA
AZAT IO FREBEYOREICRENGHD, EVWHOTE 1 alE I BESHRH S
N, R ETHEHBICHALEELT O ENTER S, EINE/ Y — o TidPok o/ L—F
I EBH LI5S,

C :Small step Type. 2 D : Rough Type.

Fiz, RFw T4 7 (So) F—FOENBREICED LN, A wir
4 Rid@H o, R/EHHDLE . SEPPHE L TWAIEESTHEMDMIZ A
Ebohnb,

E : Irregular Type.

(8)

ENBEDI 04 TI/N—TOENERET. BEALDBAFEEHBRDONN
Win, B8 WEERMICHKNTFONMNTET 20ATH S, 051 TRERLEEF
RUZOEDHZVEIENBFICE ., BHMTRD OB Z 3DV, BITEE
THESRATIHENETHBEENE W,

AV wi a4 K (Slickenside)
AIER I, BEINEEERICLTES LI 0ERTLOTH S,

(B&FRa — K

0
1
2
3
4
5

(9)

Unknown or none

Shear with two or more possible direction of movement
Shear with defined direction of movement

Right hand movement

Left hand movement

Dip Slip

T BFESY (Filling minerals)
AIEE R, BNEERELTO AT SOWTOTEH TS 5, FTROEHEZIZH>WT

iZ. AN— 1 SALlOBEICEVWTED oD, SV —BNIcEELES &
EZOoNBEHOEERLRLI,
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BI:
CA:
CR:
CL:
CY:
DO :
EP:
FU:
FD:
GM:

IL:
MI :
MO :
MU :

Biotite (BRERD) PL : Plagioclase (#EA

Calcite CHf&a) PY : Pyrite (HEgran)
Carbonate  (BRERIE) QZ: Quartz (G
Chlorite  GRRiEA)D RF : Rock Fragment (FHhR)
Clay Chs 1) SR : Sericite (Y1 b)
Dolomite (Fa=4b) S1: §ilt (b
Epidote €53 Ta)) SM: Smectite (AT ZA )
Fluorite  (&#A) SL : Sulfide B¢ ol e:))
Feldspar  (&AD ZQ: Ieolite (BF 54 1)
Ground Rock Mass NO : None or no visible filling
(0. 1~ 5mm) (FeHE/Z L)
I1lite (€4Z4 k) UN : Unknown CR8)
Mica (E8D

Montmorillonite (&Y TOFA )
Muscovite (BZER)

40 HH EFEHEIE (Thickness of Filling materials)
HNEEEROAMEIC>VWTIRT, P07 1 77 IL—7 (3. 4a) 22\ Tid. EnE
FEIRBEDOAOREIIITET WV, So¥ 4 77— (K3, 4b, K3.4e) L1057 14T 7 N—
7 (&3 de, K3.4d) Tid. TEHOELENBEOBOMEAEZH 5,

1) ZEEE () (Type of Alteration)
AN—- 1 BFloa7HREERELD, BHEHOX Y - RREL 42t onb,
(Bg#r2— )

Brownish-Orange Colouration
FILBLEEOTR BV TEDLONE LD TAN - | STLIZBWTIRE
BicbWwTE» LoD,

Green Colouration

HE3 0 0mfTEE TOEERIIRLELBDONE Y1 TTHS, 20
~ 5 0 mER CHRICUNEIN B ORET 2SR o5,
Grayish-White Colouration
AN—15SHTE. 40 0mEBIIBWTRELONE AT, 107 1TD
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Filling
material

A ; Thickness of filling,
gouge and fracture Zone.

{Planar and Curved Fracture type)

(A

-

A%

A ; Thickness of filling

Zone,

materil Zone.
B ; Thickness of Fracture

{Irregular Fracture Type)

A 3 Total filling width of
meshwork Type,

B ; Thickness of Fracture Zone.

(Heshwork fFracture Type)

B13.4 gihEng

a : T EIE
b : EhEROE
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A ; Thickness of filling
material Zone.

B ; Thickness of Fracture
Zone.

{Stepped Fracture Type)

A ; Total filling width of
individual braids.

B ; Thickness of braided Zone.

(Braided Fracture Type)
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Hairline
Fracture

e} T TN

Main s
Fracture:

Ih;m teration hale

Alteration thickness is a+b¥*

B3.5 ZHE

ickensides

Drilling
direction

B3.6 BE

ABNBEIE B:RUwhrudda NEE
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