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Abstract

It is known that in general, rock color gradually turn to brownish as weathering pro-
ceeds. It is therefore common to use changes in rock color as a rough index of weather-
ing, together with such structural changes as opening of cracks and reaction to hammering,
etc. Therefore, if it were possible to quantitatively record rock color, one might achieve a
somewhat objective view of classes of weathering.

The authors used a chronometer to measure the colors of drilling core samples from a
variety of different geological ground types (granite, sandstone and felsic volcaniclastic
rock) and studied the relationships of the results to weathering and differences in rock
quality. Concerning sandstone, the relationship between change in color due to weather-
ing and internal mineralogical change was also studied.

The “L*a*b*” color spacing system presented in 1976 to the Commision Internationale
de I’ Eclairge was used in assigning numbers to colors in the study (Fig.3). Also codified
under the Japan Industrial Standards (JIS Z 8729), it is a relatively easily understood system
that is construtced according to a pair of coordinates at right angles. Prior research on
the colors of rock and minerals that graded colors numerically uses L* a* b* color spacing,
and it is adopted as well by this paper.

Color measurement was conducted using the CR-200 chronometer made by Minolta
Camera (Fig.4 and Fig.5). This instrument conducts measurement with an optical head
having an aperture of 8 mm fit snugly against the specimen.

First of all, the effects on measurement results of the following three aspects the core
samples whose appearance could be expected were studied: (1) differences in diameters of
mineral particles, (2) surface curvature and (3) surface moisture or dryness (Chapter 3).

Concerning item (1), as shown ih Fig. 5, it was found that differences in diameters of
mineral particles resulted in major difference in brightness, (L* value) but that hue and
chroma (a* and b* values) are not greatly affected.

Concerning item (2), as shown in Fig. 6, it was found that indifferences in surface curv-
ature were no more than the curve ratio of the core sample, measurements are not affected.

Concerning item (3), as shown in Fig.8, it was found that differences in surface moisture
or dryness greatly affect L* value, but not the other two values.
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Chapter 4 covers the relationships between color and classification of rock (4.1), color
change due to, weathering and its relation to mineralogical changes and changes in physical
properties (4.2) and its applicability to assessment of dam aggregate (4.3).

Following is a summary of the findings:

(1) A systematic relationship between color and rock classification was determine d,

reflecting mainly the degree of weathering.

(2) The turning of rock to yellowish-brown with weathering is due to dissolution and
accumulation of iron hydroxides that occurs with progressive microcracking and
fissuring. This process is also systematically related to absolute dry specific
gravity and rate of moisture absorption, and there is a clear relationship between
the latter two factors and change in color.

(3) The correlations between change in rock color and physical property valuesn were
applied to assessment of rock aggregate the dams, using color as an index. The
sites to which the aggregate that was studied is supplied use the same type of
color-based assessment standards.

In summary, there is a systematic relationship between change in rock color and wea-
thering. It is therefore possible to establish an accurate and objective set of color in-
dices to indicate the state of weathering. When the correlations between these standards
and physical properties can be established, it is possible to use rock color to evaluate rock
mass or aggregate. In addition. there is real potential in applying color of numerically-
coded rock as a standard in evaluating rock ground in the early stages of site investigations
or for distinguishing fine differences in physical properties of different kinds of rock ground.

1 EAME

BHADEIX, WEHIE T PO LILE R %
RRTHE—DI/ETHD LI ZENTES,
UHoE, FLELTEIRIBBTEEK - Fvx=F
TLROBETFER, BEHPLE LTOBRTRIG, v FiE
BRI, BEOPROBRMARIN IS Z &
X - Twb (Burns, 1970, ZAEH, 1975), * 7=,
F—#Y N OBEETTERT, 7o & 21E, Fe?t L Fed+
TED XS IRILIREBO R B 1 FviigEhd &, fi
EBEC L5 BREBIE OB S b, BT
5o

—iic, BEOBIE(LOETE X » T, Ba~EE
REATHZ EXHBRT WS, CDkdic, HAEDH
DELZIEL LT, ShBOMnER X oBafGkD
B~ v = — DB THREE R EEMEL, X
ENLBALR DD END 2 0%, (o 21E, LR
Ey, 19715 REIZH, 1988 7c &), HH (1955) D
B EHERE, £ LCRILoRER & » TR X
NI DTHB, LicdioT, BRADAYEECENR
THZEATERE, BERESE LToEBSERX S
BHLIBERBENCTS CEXTRTHDEELDRS,
L L, REORBEHLEK X - TaLiihd 5B,
TR#atal, THREBE), TRBal ok, &

FRTESELESGLRIEEN ER HER L bh,
ZEME, FRECRI b0 Lo TWh B,

TEAZO SIS TUL, TEoE#EERT S
T, BAEBELIBEL LD ED, XY REHLOE
BIRLRE T 27D BRI ShTEl, o & %
¥, Shield et al. (1968) %, = v-wAFREEEH T,
TEoEEER LTS, ¥, Torren et al. (1984)
X, terra rossae DFREALDOBEEHIEHEEH W
THE LTz, TO X5, AORBOEEMEE W
SERTIE, THORFHEI WD RELDTH -, B
BT, WEORBENEL, ToRERIBR IR 2
BALOTHoTL, BETIE, WEOHESDRERE
EWVWSHTKELHEELD - Tz,

Nakashima et al. (1989) X, 7, FKE, B L
TR I 5MEFHECHAIN TV B ERBHET LW
TaEA s ot ilE L, A coBbREBRLER
IEOETRIIC X - C, BRRMBCELT S &2l
B Uiz, %7z, Nagano and Nakashima (1989)
2, BREETEYAVC, EREOBILCES g0
fLatE U, BUbicfE S Kigfksk (FeO (OH)) D4R
T XoT, HADENEBOANLRJFEHCELT I &
T LA LTz, ¥ B, Nakashima et al. (1992)
i, BRSO LRI BT A EMEIRE & LRI
DOHETEEORFRERIEL, BILER T, & LTEt



BADBLHE & B S3s & OHETE~ 0 58

"@fl T YRIEEFROONK (I )AL ASH TaEdt ) LY)
Fig.1 Solid view of Munsell surface colors (after Minolta Camera Co.)

T e T e g =

 TE | i I : T
- ._...{.H pod i i |

08

510

0.7

=

0.6

70
500

0.5

“g|580

600

20
0.3

0.2

0.1

450
i avo {38p |

ni 0.2 03 34 0.5 a8 o7

—e g

K—2 xyBER (I)IAHASH MazEs) &V)
Fig.2: xy color chroma scale (after Minolta Canmera Co.)




[CHAMEFESR No. 16 1994

30

- ERE

*

’i‘}ﬁc
i “l =
+

B

i
{

=
3

AT

O

=5 H
+b*
60
i ETL
40

L‘a‘b’egrﬂj (

L‘:a‘b'ﬁé%iﬁ

—3




HEOOEHEE & BRI L O MIEERHE~ O JEH 31

MO ERI X o T, BENEBENLELTEORR
L, BUKBBECE, RSENREL DD, BENR
B/~ LT B o & %R Uiz, Nakashima 7obic X
5o h bo—EORRIE, HAOAOERNNE % IE
T FEgkRT L b, BlbC X58AD
OB LT, SR « EEHNRAEE X d D
ThhH, LivL, Tk zif, BESLEH O s
FofaiigEe LCHAL, MBETY RoEMAEE L
FHLDIZ, BACAEOERMRIACINZ, DI,
BAAR I E(E & OBRE I BT 5 LEND 5,
HPEEs (1994) 1, ZoEXERL, AEARETT
roT, A=V v /a7 0oERNENERLT-T, =
7 REDZEAL & ERERIX D & ORI 7B FRY D
BT EXRR L, oL, FELTIEREEERNZRE L
EFENLLOTH Y, BHEORKIERAC KT 5 H
B, b, BibicfE s HAOBOE L WEE L DB
REBNT D CENSEOFEE LTERI N,

£ 01, AERASINIERE, ¥ 70 TE
WEHOWE R X OFHE=RRFitEERE KIREEE
EWEHIB DRI D 3 ODHIBIC B\ TR E i A —
Vv 72T EAWT, BRAEINC X 3A0REYER
L, BULRS & LT OB BERRK S & oBIRCOWTR
Hlic, 7, LEROTEWECOWTEILCHES B0
b & PIEB DL ZE L DB FR % Tz,

ARG T, chboffReowWTHET 5 L &
2, BPAETNC I 3EA0BOREE L ThcEb D
DD EE I DOWT RN B,

2 BEOKEL

WBEOELY, FOWECR TR EREERLLY
OFOR N QEEF380~780nm) DOFEFEC X -
THRDBRD,

KH (1993), HE (1994) R IV s 2 A xH AT
O TREF I X, toFEHEELT, oF
DA DDFENPREINT W5,

@ =V SR I5TE

ABEio B o Ui, BHER, T8N0
T, MEALFINhG, TOMEAOEREL LT
M TwbA, H Munsell ERD < v erF
Rz, M—1RTEMAETEISh, ~vers
G —F = P EAWTREERRT B, X, <V
DT —F p— F EEOBETRBCHEL, B
BOBRTRBENH T —F +— FPDORET (vt
B TERT D, '

® XYf®ER (CIE1BIAER) ©Xbkik

BT AREELHE L, BE LTS EEE
ZE4% (CIE: Commission Internationale de I’
Eclairge) 1%, 19314EKk, = vEAid5icfb b
toEELE LT, X, Y, ZTRETHFHFELR
L1 (XYZEER: CIEINBIEAR). = O
HErko=ERthsHE (Blue : IEHI450nm),
#% (Green : FFEH550nm), 77 (Red : FEH1600
nm) #dELERINDLDT, ZORRRES
S7RERTAFELELT H—2 RT X 5 &k
XYEER (CIEIBIAEN) b, kAKX
> TERINDLDTH S,

x=X/(X+Y+2Z)
y=Y/(X+Y+2Z)

® L* a* b*aZel (CIELAB 22/ X 55
17
EEEEEST, 197668, FRoXYRER

DTSRI Lz, L* a* b* AZefaIEE Ui,
“hix, XYBENOELREZFEMELT, FHE
MR T35k 1LiboTchd, = DHZER
i3, B—3rmd ko, TL*! 3o BE (100
MoEAIE, 0M5EaB), Fa*l kg B
AR, BHEI ), Tb*l 11EEF EHMRIE,
BHANE) ¥FRTHLDOTH S, BEHEVHRT
WhEOEW, AL TSL0 T, B—3 Kk
ATHEOMBHAOECICHEY TS, —J, ALE
T HEEDRCAD D, LN LD ERT
YL, BoERehXEELTLOTHD,

@ L* u* v* A2EEC X 5

EREARESL, 197651, L* u* v* faze
BaRELTWS, i, AoBRALEXTIR
5w ENE LIcBZMTh B, & OBREEMI,
BT vEE=x -/ L OREERCHAINT
Wb,

LT, bEoL* a* b* L L u* v* &
Zeiiy, JIS (JIS Z 8729) LhEh Ahbh
T3,

LisLiehi b, 2hbofkEo s b, On< v wLhe
B X Bk, BEOEAECEHBEOBYI ML
I o THE DN BEERD Y, ECEBNEIEV
i\, ¥z, @QOXYRBRENKT X 2HEIL, Wihotiz
B ERRTELFERED 50, BALEREOFE
CERINWBERNCERZ LI WD TH 5,

@oL* a* b* Bzeiliy, HEMERLLTVER



32 ISFBEEHR

No. 16 1994

B X - THREIhTWB s end, BT
LR B TS, L* a* b* AZEfE2FERHLTED
(fz & 2%, Nakashima et al., 1992), AT\
Th, ZOL* a* b* @ZMEHERT 5,

3 BOARICXT SHAEHDIREDOTE

AR BN TEOPIECHE L E, 14
252 FHRAREHLE D BYE2EHF CR—200 (LI FCR
—200&£HT %) THD (R—4BI0OK—5), =D
FREHZ, L* a* b* P d, XY ZEARR~
VEARERLET L HPES THE TH B, CR—200
DRNFEZ, HEIEC—ELKE (rares v
T V7)) LW, IR RS Th B B
LRAKZBAT L, EEFAOREEEED 3 FEKHE
TH7ANE—EHB b vy —T2H L, BIE
CHEBEEZRRTHL0TH S, ZHRORT Smm T
BH%, WEIMBCEN BRI 51T, T~y F&
AR 2L I TUTbiF i bicu,

—e, HAR, BRoaErE U REEE
FELTHED, ¥, A=V v ra7 w2 EH LTHETS
BEWE, HEE LTHETs 2 sinie D,

T, FWRFOREX, A=Y v 7 a7 flEOH
R LOEREOEIEN, BOWUEERCE 2 5B
WCHEER L,

31 FYHFORICKDIHE

CR—2001%, EE8mmDHAND EE2FEE(L L E
BERT D,

TR L, BHAEORERT »— O X5 R MLE
BEHE Vv ~A) fedond, HRERED X5 k—o
DFERTlem fLOXEZXDLDTH Y, BHTEET
BB, EREHN 8mm HUToHYoEL2IET 84
ik, B 8mm oZKORETIE, BEROFMORSE
ZRETRHC LiTinb, i, HRAEREOGEY Al

Sty g—n
K77 AN—
=V ST r—J
T7ALIN—
PVAFE )Y ?%y/t;_
Sy
350
BUE R
TETBBR
2 2]
RIENE
8mm

M—4 @EgeEd (CR-200) JE~ v FEER
Fig.4 Measuring head of Minolta CR-200
chronometer

M—5 Pzt (CR-200)
Fig.5 Cronometer (Minolta CR-200)



HAROBFIE & BLX S8 X O HEER T~ 5 H 33

L BARTIE, HHKER—OOBRBOBDOLRIHE
FERCRMT 5z LTinb, LichioC, BAKREDR
R & - C, MEMENRIE ENELDRD,
FoC, EEEoRmE (PAERY - TR E
) Lok (PARBIER o 2 2ok
okl (FEFEH 100cm? OFFLZHIE Lich D) OEREI
DT, EVEZAC L08R O RIE & EiE Lic,
FRORHOWRELC X A E LT, MRS
13, B 0.1~0.4mm BEOCAEL L OEN R ESH,
g 1~3mm BECAER;HERCEZD b, 24
MCEFROLTELTW5, Phiftlsl, RER G
), AIAE GRA), B (BR), AKX GEH) »

bR Sh, ThZth, BE 1~6mm BEOKEX
T, TRBREGRREFTELERTH D,
HEfREN—61tmRT, L* EiconTi, WHEI
34~39, TEREIXS6~67DHERH v, EH o=z oHEi
MR, TEEEOHNRRPRRE L, a* HeonTiy, B
3 0~-0.9, TEREIT-0.6~-1L.40EH I H %, T
72, b* {EHIZDWTIE, BEE-0.1~-1.8, TER A1%0.7
~3.10#HCH B, LichisT, BELIERED a*
B X0 b*EOIE S 2E DR CREE 2B 2
EMTE S,

P EORBSER D, BERE 8mm OFX0FEoBE
T X A HE T, MROXKEWIEMEELHEAR

801 ;
JoftkE s (L*)
0] OB SEHHE: 62, 05
5 ? & o
60 (0] : Y A Q
( oO.
L* 50
40 @ ®
. b & ® e [ 8!
01w (L)
13¥F¥H5{#:37.13
20 T
5 v 19)
4_'0(Eﬁ:‘15 1EEmE (a*)
3..@ o FEHE:-1.02
2
1
a* 0 o
-1 8 ’ ] H e 2 ? \d
o) o Q ) Q o]
-2
-3
4 W & (a*)
;] MEFHE -0, 42
10
1 & (b*) {tha (b*)
8- FE:-0.94 Y 1,73
6- o¥(d:F=1
jo% &
4
(@) O
bt 2 O py 10) p O u
0 i l ® o [
-9 hd 9 [ ] hd
-4
1 2 3 4 5 6 1 8 9 10
woEE S

H—6

10EIDHEI 317 B REME DL

Fig.6 Changes in measured values over 10 measurements



34

BB No. 16 1994

BWTUL, L* EOE S0 K& B EANED B
i, a* HRIOb* ey LTt B X s
IR T EVEE L,

o, BARADOZHFEROBE N X BER /MW
e, 1EIOJEET, FORBOMEE L,

32 R=UL/a7oHmEMEATEICELSZY

BEBENL, WE~y FPEFEEANEHCESE X2
TEHT 5 EnRAITH B, L, &L DEs, &
=V v 727 AW THIER T i, HHE, Tib
B, HECRVCTHETSBAC OV TOBE LT
B ENDEL ST,

Z T, A=V v 727 ofETcOREREE LT,
RD L5 RKRxTole, R—TCRT I, 7K, +
vy, B, BERLIHRIRTWBEEEGT, BiE
AR LICEEE, A=V v 727 (OF ¢66mm 0 =
7 DA, #50mm oMM B) &R UHRC
o555 O REE S B Uiz,

WERREK—81RT, FOMEE, 43 L s
EEEAERALTHY, £—) v /a7 olREET
HIuL, WEBRCHEELEL W Eibbhvotz,

CR-200l%E~Y ¥

383 ARKHDOEZINGARICEIZH

B, BESLA—-Y v/ a7 CHBBERT &,
BARAOHEDOENNC X - T, RI-HORNSNERA S
TEEBEBRLTWS, 22T, AONECR T, 25
LHOLBOES, GoREHEL X OBECHEA 5.
Z B DOWTRRE Ui,

COBENE, PERBIEREO KBRS OR U —
Vv ZaTER, BEUCREBEBEUCRET,
NEZRFA— R\ TEREO 2 5 LS Ui, B
i, FREROSMT S | mREED =7 T, FESH
M 2cm BES ERifFotn,

CTOMAER—9 AT, a*{lk X0 b*ET, B
50cm~100cm [Cik, WEREC KT 5 EOH, %
TAREWEALNRD bhsh, FE 10cm~50cm [Ec
%, IL—HLTWB, COEROBEI LI, a* (i
BEOD* L, B REOBERIEE A XS o\
LHIErTE B,

L*{EE, %8s 5\ B EoRB X 5T, KX
HNAERLTV S, Tiebb, ERREO L* X 608
ETh20 LT, BERETIMOBETS ), i

&/

FHEROSE
50mm
[\\ ------- | ’\
HEOEE
Rl & ALY % o
B L= 46.94| L*= 59.81| L.*= 83.12 | L*== 82.81
a*= 53.07| a*= 47.63| a*=—12.88 a*=— 4,71
%4 | b*= 32.83| b*= 51.54| b*= 68.91! b*= 41.72

& BOWEBTFETHELES O
H—7 MEPEORBRIEE L3k & 2 OFR

Fig.7 Sample used in study of effects of surface curvature and the method of study



HADBFNE &L BULK s X OEEFH M ~D G 35

90 - 60 e IRL

" . ‘o ﬁ
W, o "
80 LT 40 ?‘I//y 80 ar
70 a* b* >
" %20 &Esc ',Oj‘[/yy. .......
0T @ v @ g/
Lot T
5011 0 "g' 40 ~ i
e o '
A0 7? o0 ) %0 Bk
40 5 60 70 80 90 -20 0 20 40 60 30 40 50 60 70
L* (V) a* (FH) b * ()
K—8 i & O B OREEOBGR
Fig.8 Measured value and color relationships for flat and curved surfaces
0 o
(<. < ﬁxi C\\i§ O ¥ BIRTE
o 4 5 . R
> hwt T 3
Ny |
\\ chrj e
/ 4 ' -
20 ] i <
Z L
[o
g ‘ % s
< % <3
! )q ; T
y o
#E 40 K> & : e
2 N >
' C
E q ;
c o
e %‘\ Y %7 > 1|
pY ». o]
d <
3 \:o >
/ i
p } ZE;» il:tz:
[ ¢ -
80 } 4{ s ,F’/§?
d 5 e
d ¢ i (
A «Y 4 }\\\“
10 'P/ cx/ 11 \t'o
0
30 40 50 60 70 80 -4 -2 0 2 -2 0 2 4 6

L* a” b*
X—9 k- BEREOGERIEENDHE

Fig.9 Effects on color of degrees of moisture or dryness



36 JHAMESESR No. 16 1994

REBOF VI DVAIF AL B ERTR LT\ 5, &
o, BT 2 L* OB, 2LAERLT
BHBHEVHTHEL, L* HOEIFEECHEFRKRL,
20L 7o T\ 5,

Wz X, L* fEX, KEREELTED, Bk
REBOFE WL, REOWMIB R EDFBC L »T,
XoREDE L b oiext L, BERBOSEAIE, &

0 (a) IEBRITERE R X 4y
” P B
. Bn
BEmm= C
20 = u
e
AT | B
s 30 B
“(% ‘j’ | Cu—]
<] &
ﬁ 40 \‘\4 Cu
iy B
50 e Cu
E’
(m) e - Cu
60 < Cu
<;\ Cu
Vaakll Cu
70 B
% Cu
: B
80 = Cu
</
<t
90 —
/‘
B
100
/
110 <\7 Cu
B
%
1200 5 10 15 20
b* (#)

mPEIC ETHRSAEBL, RAEEE LTRIBEEShS Lo
BYIRNICDTHH S LEZ bhb,

4 RERHREER
41 BRADBLEBERXSEDORRE
BUE, —BciThh Tuw o B R%E & K 4%, HE,

(b) FHE TRMERRDE EHRKS
= D
4)
‘:—
10 = Cu
- CL
VE — Ci
<] —D—]
E 20 — C M
<<> Cu
(m) |
_=C
a =
,%; Cu
=
40
=
== |
-F—>
B C H
50 ;
E Cu
g B
60 =
-10 0 10 20 30
b* (F/%)

K—10 7ERERLODEDOD* L FERS X OERE » OBIR
UREBAERES L OTHEH | B BRBDEDHE~Y v /a2 722 CIEL L DTH D)
Fig. 10 Relationships between b* values and granite and sandstone rock grade
(from measurements of Hiroshima granite and Tanba sandstone, Type II

Suites drilling samples)



EHREOBBNE L BULE D & O WHEMEREG~D G 37

&, ik, EhE O, EHhEoREREOMKS %
HAELETUThIL T3, WEOBELA AL Tth h
X, AXEREORER, RboBREYEENBRTHE
FThY, BAOEHCENAOBRS ¥4, B X
HLEgRe~L ru 75 vy ORI RMT 5 &5 Bk
T, B{bE R R T 2 EHRTH S E 2B, Lic
MHoT, BADEDOZEMERLER S &L LToORBRERK
o, RENLERELDEB b %, £
T, BAHCAEITERSMIR, ¥ o J e TR E
FEOWED i 2R, FE=RPFitoERE kLR
BEEH D DMBOMBE DR % 3 Dol nEAr
DT, £ EEBRERKS E OBGRERE L.
BHIRE S X AOBFHBELDH Y, HFOR—-Y) v 7
HBEPHIAEOHE R LS\ T, FoMREED
EREMREAN eI N T WD, ZDkd, ik,
ZOREBWLEBERLROND L5 A—-Y v 72T
2h, RROLDORRZHE L, BRELRT- %,
K—101%, IABITERE B X 0T DR EH O
HETDOWT, K= v 7 HLOEEHI~DBOLELL S
BEFE S FE L0 Th D, ROl o b* &
1T, BREOBGBEOESERLTVLS,

—Be, BARZXELT A onTEEBRLT S &
b, ZOHEDOKE XL, BIERLLOEALETLILIDL
E2TIv, 202200 KEMCRERE, SR06

DAL & o TRE N5 BILORE & R RERK S &
30

|Eeams 5 = C.
A C;;
25
20
b *
15 o o
) S
o e
10 1‘
cl\
5 A
A [AY
Ny
0 2.y
-4 -2 0 2 4 6 8 10
at (Fe—)
M—11 BRSO BE LR R 2 —b
G @R

Fig. 11 a* and b* values corresponding to
changes in the color of Hiroshima
granite
(shown according to rock grade)

D, BERED I LI TH D,

DX, LRoRBITERE S L O DR B
OWEITOWT, a*—b* M ET, HAD BLARS
BEAE ORFRT &, M—11B8 IOR—120 & 5 2

30 ¥ T t 1 i ] 1
P TR E R O A ; g
L
A CullE
25 X
X %X{ < X
20 - *X X o)
» "‘,3‘( 5ot 7
b ' (O 6 5 et -
Q ey
15 ,
g
(B
10 DT HD
%@p
5
>
0
-4, 2 4 6 8 10
a* (k)
XK—12 FREH [ BB Ao b RT a*—b ¥
(ERERIRT)

‘Fig. 12 a* and b* values corresponding to
changes in the color of sandstones
of Tanba Type II Suites
(shown according to rock grade)

N7 =
KIHE g A o o
A Cy
25
20
b*
15¢
(6]
10
§4—0
5 0.
N AL
0 !
-4 -2 0 2 4 6 8 10
a* (FRe—m®)
®—13 kUEEEO kA RT a*—b* X
CaBERANCTRT)

Fig. 13 a* and b* values corresponding to
changes in the color of volcani-
clastic rocks
(shown according to rock grade)



38 Fis P HU B 47 4

No. 16 1994

Bo Et:, M—131%, BEEBEAURBEEOGL SRS
WXy & DBfRERT a*—b* KTh 5,
IRBLORPLHELML XS, £FHIRE S, HRE
R IG UTERO B, IIERKICELL TS &
B, Fh, ZOBOBEMERLD* i F—F) Ml
ANF ST EBOANEANIRBE LD 21, 30D
BOBACR T, £BLUTED SRBERTH B,
Nakashima et al. (1992)i%, REEET A WTH
EINEA « OB L NI BT AL RIGE DB

FRERNTD, chicX b &, BT, & LTk
TR ER T B, BREBEALELT IO
U, BOKBTETIE, FEUTHEEE L ERTEED
2, BRENEEL, ¥, BRECHALZELS X
5B T, a* {7 e B trEbhs o
&, Tichb, BIBAI TR EBENEELTS o
EBBRBERTWS, ZhBOBGRER—4CTRT, =
D EF—115 BR—131C/R L 3 00N 81 % &
AOBIEDOHERZLK TS L, 3 o0 ki 5 &

r

07 §Hgk 9k —
36 - a -FeOOH
324
b 28 Kt AL
24
Co it
16 - ’ Fe(OH)3~FeOOH
12 -
8? 1.0 wt%
4 FRERGK
Fel*t FeoOg3
0 v T v T T T T T T T T T T T T T
5 -3 -1 1 3 5 7 9 11 13 15

a* (k)

H—14 HETFOEAR LICEYOAOHBEAY T a*—b*X
KIBAEEE & $HEgRA fE SRS b D RENT, KER(EEOFERE DRI X % BOZE LR
BT, SRR L ORI S UL, 74 8 = AR TR ERDOH
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Fig. 14

a* and b* values indicating changes in color of some rocks and minerals.

The arrows (signifying crystallization) that join iron hydroxides and
geothite indicate the course of color change due to increase in crystal-
lization of iron hydroxides. The course of change described by the lines
labeled “geothite” and “hematite” charts the colors corresponding to
aluminum content (the numbers are the proportion by weight). Fresh
granite is assumed as the starting point, the arrows indicating expected
color changes with weathering and hydrothermal alteration (given that
iron hydroxides are mainly produced by wethering and hematite is
mainly produced by the hydrothermal alteration).
[Based on figure in Nakashima et al. (1982)]
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Table 1 Chara teristics of colors of sandstone of varying degrees
of weathering, as determined by microscopic examination
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FH—1

R LRDEOFMSTH GURHES No.1)
RS E LTRESAY RAESHRRAEYGEM, ToboESHE LTRE

BAESND, BRHE, X=kB6, Y=2=

- WP oS EEERT, HR
AOMR). 2mmEBEORNIES NS,
FIT=abTHRE. Qz: B3, K-feld: 1V KA, Plagio: fEA.

Biot : B®|E}, Calc: /R, L-frag: &F

Photo 1 Microscopic photograph of fresh sandstone (sample No.1)

Has the following porphyritic crystal content: quartz > potassium

feldspar > plagioclase. Biotites are also contained as heavy minerals.

Biotites show pleochroism: X =light brown, Y =7 =yellowish brown.

There is also a vein of calcite of 0.2 mm width.

Photographed by open nicol. Qz: quartz, K-feld: potassium feldspar,
P lagio: plagioclase, Biot: biotite,
Calc: calcite, L-frag: lithic fragment.
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FEH—-2 FRLHEOBENSTH GURES No.2)

THE LI Bt ks O T B Aok o el e 9L SRl AT =le —mde 7 EE S IT1 13 ok bt fr,
NI HAY OMERARB N 1L R L TH b, REIHRAEE “’fﬁl t;UJ

Zfaft®RT, 180.2~0. 3mmEE OFEERAFEET 24, B RS hin,
FIT=a)THRE. Qz: H#, K-feld: AV EH, Biot: BEH,
Garn : ¥ 0, L-frag: &H
Photo 2 Microscopic photograph of fresh sandstone (sample No.2)

The porphyritic minerals and the heavy minerals are the same as those
of sample No.l. Biotite pleochroism, from light yellow to brown.
There is a vein of quartz 0.2-0.3 mm wide. No leaching of veins is
observed.
Photographed by open nicol. Qz: quartz, K-feld: potassium feldspar,

Biot: biotite, Garn: garnet,

L-frag: lithic fragment



iy

EAOEPHE & BRIER 3 X OWHEETG~ D 5

43

EH-3 Ao EoBESiERE GRES No.3)
BRI FORBICHS TRBEIELTWAZ XS L, BRI BWZ L
MHERETHD EHEENEEETH, TOZOHEEENDoEEH (X=
i, Y=7=fO~#EkE) ~LBRLTWS, ARAaRo—FEE/RL,
BEANC L > THRREh T WD, BEEMAESNE - HROERE=6.4%,
SET=a)L T, Qz: A%, Plagio: A, Biot: BEE,
Chl : &ifefa, Limon : &L
Photo 3 Microscopic photograph of moderately weathered sandstone (sample No.3)
In the surrounding area there are many places where biotites are
altered to chlorite. Even in places where, the mineral is determined
to be still mica from the high birefringence, biotites show greenish
pleochroism (X = light yellow, Y= 7= green to yellow). Part of
the calcite vein shows leaching and is filled with limonite. The
limonite-stained cracks have a volumetric ratio of 6.4%.
Photographed by open nicol. Qz: quartz, Plagio: plagioclase,
Biot: biotite, Chl: chlorite,
Limon: limonite
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BEH—4

HEAL oS OBMEE N GREES No.d)
HERETITOHBIICR> TRIBRIEL. S5, ToRIOEE L BSGETH
PEATHE, BHBFELSILUANLHEGT IO EANEEL, BEREN
15 LT 5, H B A 2 RBED REIEEYH 4 T o 51888 FehiEl
hE - ZEHEoFR~E=13.5%.

SEfT=a)THRE. Qz: /3, K-feld: AV ER, Chl: &ikH,

L imon : $8&kHL

Photo 4 Microscopic photograph of moderately weathered sandstone (sample No.4)

In the surrounding area there are many places where biotite has turned
to chlorite. Also, the matrix of the area is tainted with limonite.
There are continuous open cracks from grain boundaries to the matrix
that are covered with limonite, The limonite-filled cracks in the
matrix, which show small amounts of mica and carbonate minerals, have
a volumetric ratio of 13.5%.

Photographed by open nicol. Qz: quartz, K-feld: pctassium feldspar,

Chl: chlorite, Limon: limonite
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BEH-5

HELOWEOBMH T GUEES No.b)
BERBEERRLL TEY ., FAOoEERICBHKIEAMHL TV D, HRANK

' ™~ 2 4E Al bt = ey Y R 5 2 o 1Y
HELSOMT, BEE, 7, BHLEEHISLLRSRET L. BRER»S

P s A B (BE0. 0lmm) AR L, 18 EREE (A0 /4 R R L
Bty TimEhTnwa, BEIEMEFINE - EHoARE=10.5%.
EF= TR, Plagio: #RA (REZAEHL) . Limon : L,

Clay : #5848 (REEED® &T)

Photo 5 Maicroscopic photograph of highly weathered sandstone (sample No.5)

Biotite has turned to chlorite and the surrounding matrix is covered
with limonite. No calcite is observed, but limonite, quartz and a
vein of fine quartz are present. There are continuous cracks from
grain boundaries (width is less than 0.0l mm) that are filled with
limonite and fine carbonate and clay minerals. The limonite-stained
cracks have a volumetric ratio of 10.5%.
Photographed by open nicol. Plagio: plagioclase (turning to biotite),
L imon: limonite, Clay: clay minerals
(mixed with carbonate minerals)
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FEH-6 #HELOWEORBHER GUEES No.b)
RERBIRIEAVPHIGRE BT H2EREWICELL T 5, HKERAE L
SHOSNEPHERRIFN SN EGTAMOSN BN EEL, BE%ED
e RS, Bt EHTHEREhT WS, BHEKRGHE - HOE
fitt=16.4%,

EF-aTHRE. Qz: FE, K-feld: #UEF., Linon : Bek,
Chl : #ief, Clay: Bit4% (RREEEH* &)

Photo 6 Microscopic photograph of highly weathered sandstone (sample No.8)
Biotite has turned to chlorite and micaceous minerals with a bronze
luster. Open cracks running laterally through the areas of porphyri-
tic crystal and crystalline grain boundaries are filled with limonite
and small amounts of carbonate and clay minerals. The limonite-filled
cracks have avolumetric ratio of 16.4%.

Photographed by open nicol. Qz: quartz, K-feld: potassium,
Limon: limonite, Chl: chlorite,
Clay: clay minerals (mixed with
carbonate minerals)
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limonite-stained microcracks and color in

Fig.15 Relationships between quantity of

weathered sandstones (Numbers correspond sample numbers from Table 1)
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Fig. 16 Relationships between changes in color in sandstones of, Tanba Type
II Suites and slight quantities of rock and minerals
In Fig. 14, the color changes of Fig. 11 are given. The trend of color
change in sandstone correspond to the mixing of aluminum and geothite,
indicating that the color chang in sandstone can be explained by a simple
mixing of portion of the colors of fresh sandstone and geothite
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Fig. 17 Relationships between color of sandstone
from Tanba Zone II layer, water absorp-
tion ratio and absolute dry specific
gravity
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Fig. 18 Relationships between color of sandstone
from Tanba Zone II layer, rock grade,
water absorption ratio and absolute dry
specific gravity
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