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Preliminary study of change in physical properties of coalified
and graphitized phytoclasts with grade of metamorphism
—correspondence between the reflectance and the crystallinity—

* and Atsuo AIHARA

Kazutoyo Cuiyiwa®, Namie Kamepa * *, Hiroshi Isuicuro™* *
Abstract

The reflectance of coalified phytoclast and the crystallinity of carbonaceous
constituents from the Sanbagawa pelitic schists of the Asemi River area in central Shi-
koku and from thermally metamorphosed clastic rocks of the Miocene Susa Group in
Yamaguchi Prefecture have been investigated, and compared with the metamorphic
zones previously reported. The values of reflectance and crystallinity by the X-ray dif-
flaction mutually increase with advancing of metamorphic temperature, and are very
consistent with the mineral zones of each district. And thus, the reflectance is very
useful as a rank parameter for the metamorphic grade of the host rock within both the
contact and the regional metamorphic belts. However, the increasing modes of the re-
flectance and the crystallinity do not always correspond each other with progressing of
metamorphism. This phenomenon is probably due to the fact that the crystallinity,
namely, the degree of graphitization is caused not only by rock temperature but also
by pressure, the duration of metamorphism, parent material and its rank, and by heat-
ing rate, in contrast with the reflectance being surely determined by the rock tempera-
ture and the effective heating time for thermal maturation of orgainc matter.

In the Asemi River area, the relfectance in the chlorite zone ranges from 4 to
6% Romax, which supports that the greenschist facies begins beyond 4% Romax. The
boundarys between the chlorite zone and the garnet zone, and between the albite-
biotite zone and the oligoclase-biotite zone correspond to around 6 —7% and around
8% Romax respectively. The crystallinity of carbonaceous materials within the higher
grade part of garnet zone and the biotite zone nearly reaches that of the fully ordered
graphite.

In the Susa area, the biotite isograd and the cordierite isograd correspond to the
isoreflectance line of 6% and 8% Romax respectively. The regional organic meta-
morphism of higher rank and the concentric isoreflectance surface in accordance with
the distance from the Kohyama gabbroic body suggest that the thermal metamorphism
by the gabbroic intrusion affected throughout the distribution area of the Susa Group.

* IUOKZEHRF B EE Department of Earth Science, Faculty of Education, Yamaguchi University
** @iy 7 by = 7 LM Oki Software Kyushu Co., Ltd.
*EE | EReR 22K Kami-Ube Junior High School
SERE 5 E11A12H %8



48 T4H - H - HE - ME

I. BUrsic

W, RBIEEERS & RSB Ic B
HEBIERAOMIETIE, k1 SITbNTEE
B oA Mz, SO @Y O
RO - OB B & UREN) R RFER
PARERANRD 2 & T, EREMFRPERBERED
LDFMICERENDL LI IR TEZHBIZIE,
WEF, 1990). —F, HFEHEEFEL T ALRS
(BLICRERBERRERN Y 72 VA)HORE

PIOACEEALRL s AR IE AT, BRE L & b ITER

BICBEL, REWIREICEEN LGRS

WEICED ZEDPHALPIZERTVE, 20k

IITIRBEY DR E (RBALE) ixAExT 0 2 tE iR
EEtiZ2 D ) %729 (Quiny & Gurass, 1958;
FrencH, 1964; GriFrIN, 1967; Izawa, 1968;
Lanpis, 1971; Grew, 1974 ; DiesseL & OFFLER,
1975), W ICBITHIREREZIESL B TH
FEINTWwDB B 2L, DiesseL et al, 1978;
Itava, 1981; Taciri, 1985; Okuyama- KusuNoseE
& Itava, 1987, VaFffi, 1989). EHEHDRE
MHERES L 2SO ERIKEY TH 5 RE~EL
TLREFABLEHTH Y, FORTHENA
SLET, 6 XMRBEHFERIC L - TRITS 2.
Z b £ b B HRICEE S WA Y,
BB ~ BRI B (~ IR ) T DT Ik 5 T
BRI OEFREECERR (S5 ICAERYE)
NEREPEALTHIEMONTEY, ZTHL
7o FEAR BT R FRIREE A% D) FERT Y R LSRR
DEALDBE % AR LA TS, REIF
ARACVER OETRE (B RICE £ 721 368K
B) TELLHRESNS 2D, ARLLEOHEIZ
AREAFDEELRBED—DOTH 72 (HE,
1979a; %5#%, 1985). ARALIER LIRE & Axhik
BEFHEICL o URBESNEEZZONTEY, H
BB ARICEOFITICE 5 C, MIZRE
HE LN &S B L U OBENE R
ERLZENTREL L. T LRADLDS, B
RAERFE - BRHUIFCEHFELHNT, BEFR
IZHRE SN RYIRERERERE CH AR
HE T IZH8T 56 KI{ILHEY A (phytoclast)
(Bostick, 1971) BL Uy u P v OERERE
(BRIEE) DT S, HERERIC B D AmB LT
DOFH - WA TONRTE . T, HHIERE
R LY, & bICHEE B

I % s 5 RE L LT O ABERIER OB
BITETINAITEZUAT TS (StacH e
al., 1982; Tissor & WELTE, 1984; TEICHMULLER,
1987).

REYHHET HAFHEEDO—DTH 5 R
(B MU FA PR IE, FREROETICES
T, ARICDERDRELGOENIZE > TLESR
THDT, ARERELHEL, AR{LHEOH
- ALEE LT A RFOREL INTEL
(HHIE, 1979b). HL, RKETELEHRERE DK
BIZHWINETORZIE, B5KRE - B
HOFRERBZITRIZLT, HE~EEEHE
DERERVEBORITICERS BT, —
7, BRI ERESE LTOERYEFETAHS
Ehb, REEOHELZ NI TIREALRKAD
NTW 2 W R (LI - BN OREW
WCHEHAT5Z 8L oT, BRSYOIEICED
WTIREB EN TV AERSHIRE O, L
W F BB L > THEREINLTHA ) L,
SR I A RAE R E DTS S 1Z N B A 3
AT ERVWERE CTOFE L WERIREREE O
LEREIC B LHIBTE L. I REYWDONEN
CAREREOMICEREBE LT A LiL, HfE
ROEEIPERY CH L AR BT 5851
WD EAL) 2 E R T 5 ETEENDEREREN
T Thb LrLiedFsH, BRERICBITS
29 LAHRED S O RIEEO Th i, -2
FIVTBLPZ 2 —F =7 OIREERS 5%
& L 72 DiesseL & OFFLER (1975) & DIESSEL et al.
(1978) MHFFE B & UMb L1l Mk B R a2 B %
#k - 7= Okuyama-Kusunose & Itava (1987) DFF
BRHLIETTHA.

AT, BRBEBTOREDOE—FA R
LR L AEUEROBFR—E2BHL 2T 570
12, TTIERS L SN TS D DM,
THROLILBERFOME L CRERO=HIEE
A EL Y 5 ME PRI OF R g, e
ERAE OB & LCILORIEOBERIT E TR &
LT, GAFPOREWORIGEORE & X #H
WEBREIT - 72 AIFEOZER B, F—3 8
W OHAE (RELE) L gtE2Ig Lg
OB ERN, E5ICERSTE & OB EER
YHLLICTEILICH L. HEAERELE) &
KR E OBFRERRE DI, EREFTORE
Y& 3RNTHERFEBOHEIE b R TiT, Thidb
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HaRICIZ A, REBEELETHTHY, BK
BkEREELETIIERE > TRV, /IGT
BIhETIBLONFERLPOITBRRB LI
L7z,

ERZEEAT )BTz oC, IO KRFHEL TR
H_ERBERICIE, REW O FHEORTEL &
EHI, MELD LY HLOFERLHBE 2 HY
7z, FUMNREFEEEIE LB BRI, RO
BEE EDICEELABERLTEV. BAXER
FHOF)NEBETIC T RIEHOREICEL
MFH 2 TENZ. DEOFLICEL R#HOELE
T 5.

0. APHRERDOHES SUERIERAORE

A. TR
FRINFMEF RIS - T, RIBERFTH
H=HINF R LB CTRL LT TED
ZDNNIE - TIREREDOKIRA T 0 O BB
BEOF)Ir L —2-BEFH I TOEREHED
L CEH L TWwWa., AT IEREPERE
BT 2ERMRI R TERNKRETEED D
b, REFE - BEERE BEREGPLERHE
waE L BN ORERBOGA L, —RE R ERIE
IR C, EEHIIE~20~80° Td 5 (Orsukr
& Banno, 1990) .

WE D= TR R E DSy EIED
W, BERERD O BERET~» T TRIRE

WS raH -ERAE-BERBF -+ T2
L—Z-BERFIISHFENTVS (5, 1961; K
B, 1975, 1990; BanNoO et al, 1978; Enawmi,

1983; Hicasumno, 1990). I /-#iRAw L/ s~
V—BEEERVWERENEVERF LS —
AxEUCEREMEVEFICAHF I TS
(BANNO et al, 1978). #FRJIMIB TR, R}
L, TALIC® 7 B PR MR E (AR BB DR
AFBSAL, AT ITHE - TEREILRE
KB R, SARHE-ERA-BERF A

NI V—A-BEFFEL2E. BRPTE RLE

HICH 7 HAERITIH CRERELST A, &
EL-BEBH > AAH L 25 (Kurata &
Banno, 1974; BE, 1975, Banno et al, 1978;
1t 1985) (Fig. 2). T &9 ZERiEED
R E LT, Banno et al (1978) BERE DK D
BWA YT L-Z-BERBFICHE Y b OoKHE
A EZHEE L0123 L, HarA et
al. (1990) & BEF (1990) X gL DA & HEE
SNABEMLREBERPERE OB Dh
DBEICHEETAZL2HBATHOICT v TH
FEEFELTHAE.

Banno & Sakar (1989) X, + VI L— &~
REBFOTELERA-EERFOTERMLIC
EPIARAERIFEDOLNE DD, &R LTE
BUREIRIIDERMICELT A L, To8RA
WrOERA-BEEZHF~NOLRED LR IZITIE

Susa area

Fig. 1. Location map showing the investigated area.
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Fig. 2. Map showing the sampling sites along
the Asemi River. Mineral zone bound-
ary is after BanNo et al. (1978) and
Otsuki & Banno (1990).

15T/ tm & W ) RIS FEH TICBIT B ET -
BEOHADOLAZIBLA-DTHDL I L 2l
WL, ¥EA-BERFH TITITS00T, 10kb, #
YTy L— A-BERHTE00C, 15kb DREHE
B&GEEELTWA.

F72, RERERORBEYOASILEDREIIZ
EEFHERAMPTHL LI HESINTVS
(ITaya, 1981, 1983 ; TagcIrr, 1981, 1985).

A ELHIEIC BV TRE LB, wihd
RERET, Fig. 2 [IRT L) ITRIBETHS 9
B (AS-1~AS-9), SLKAHAHEFDPL5HHB
(AS-10~AS-14), EEL-BEBH» 6 38
(AS-15,18,19) BI Ut )T/ L —-R-BEH
Wb 13 (AS-17) OEFTISHAMTH 5.

OL1cocLASE-BroTITE Z.

BB OSE THIERIC & 5 8WIE % Table 1IRY.
BB TR A%, Enan (1983) 258E5 L
7o BB DRI & \HIZFRROMR £ Rz

B. A&

11 1R Ab 5 oo BT AR ZE A BT G BRER > & H 5 J 1 T
AT CoOEIL (ER532.8m) BRI,
FESEAPFHOEERERE WEBRE (SR
(1992) olIBXILE), BUBELWERB I TOZ
NOICBEATABEESLRIIEVFH LTS
(Yamazaki, 1967; WA - Fgil, 1975; #a4) - 45
AR, 1979; FE A, 1983). EAEBHSCILERE
BEIIBERVEIL L - TEMER/ER 21Ty
% (Suzuki & NISHIMURA, 1983).

BRI AELOMREHEERB ORIKA
BEB LU= ESACE (R, 1985) # R4 TE
W, BE - BE - BEDDL R 5EBEAL0-500 m
DR T, SHAAEDOHNED S HIES IR O
tRBE IS h T b (MAM, 1983). HHEIC
)T, S i, FEREDERE (@XM
L (1975) OFEMERE LA EBE—E LT
T 5) c THEILEERE - 5l EEB LV

FEEILNEERICKSTES (Fig.3 & 8).

TERT - 85K (1979) ZEERBESMIIOF T,
REACEZRIFTHEALKEOLIEERTA VY
5 v FRLBMAWERT TEEMERT (BAE
700m) & L, RESEBEOEREDOLEYHEE
WEoSWT, BERT EFA4W - SFERWO
SWEMAN LA, Z2OBE, BAEEERIMER
o ERCEE ) ARGHEERET, KeiR
ETIIEARNV Yy 72 VAT TELTWS &8
L7 SOICEMERT L /MO T,
BRI BRI R ORBENIT L A LR
DOENEWZ ERIEHEL, ZOWFTERBATL
1% L7-. Suzuki & Nisuimura (1983) XBEH
WEKRE OEMBICBITAREERBEL LT
800~860C % #E LT\ 5.

A, BRERERICBITAREWOABLE
AEARIEROMBRERSTAZ &M, H
I BT HEEMERER QLAY 2O 2T
B20I2, %L OBE - Mg B TREHRED
w08, EEBETICZEZREYIL R,
EBICHET B EPTELOIIRBIIT E LW
(Fig. 4). Z®T, SU-1H»6 SU-5 2L L
7-HET, SU-6725 SU-21idEFICE T
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Table 1. Mineral paragenesis of the analysed pelitic schists from the Asemi River area.

Sample Metamorphic Minerals Grain
No. ep |pujac|ba|gl|{bi|mu|st|galcalab sp | le others | Size
AS-1 A
AS-2 @
AS-3
AS-4
AS-5
AS-T7
AS-11
AS-12
AS-13
AS-14
AS-15
AS-17
AS-18
AS-19 A
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i nwn
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ap,tou

ap

>>eer>eeeeeee:

ap

0000000600060 OGFOGS
L0 Y I 0 A0 A0 20 A0 3L 20 20 AT 2 Ji=

> eb D e >
0O 0eee e e ee e:

00000060 OGOGOGS
o000 00>
allalialiaiialialie

0 o>

@ :common A\ sscarce S:small ML :medium L:large

ch:chlorite ep:epidote pu:pumpellyite ac:actinolite basbarroisite gl:glaucophane
bi:biotite mu:muscovite st:stilpnomelane ga:garnet ca:calcite ab:albite
nusquartz spssphene le:leucoxene op:opague mineral apsapatite toustourmaline

LRIR¥R AR R FATHSH. SU-1» WKZOLEEABZHNORLEICB LEZORE

5SU-3EEFAW SU-1EFEATLD B Lo TRR2) KRB LR, EEAES

BERAF), SU-4BXUSU-5ZBEZRFELS - K- REWTERLBERRLE L 29

T, ZOMOREHL" BREHRF" oSl (iR LTHMESI N REYHEEHCT Y 7 — VR /&M

A1) PORELIZIDTHA. 2, INERAFAL FHFIRH—DEL|TE A &
‘ BT LCEPTERRICMEE LA,

. WEHE #HI5%E 12 Rigaku Geigerflex X B EIHTEERE % Hwv

A. XIREIHTEER T 260 =15~35DHBE TIT- 72, X BAHIE,
REWIE—BICHAR S R RE R E P I EiE Cu-K., 30kV, 15mA, Bsg#k 2, v L >
LA EINTHhLRWED, ThiTELOMES 21000cps, A v b% 1°-0.15mm-1°, F+— b
W& > TR 5 - REDFHEITHKALALNT HE 1.0cm/min, EEEE 1"/ min T, 75
& 72 (FrencH, 1964; Izawa, 1968; Grew, 1974; T34 MNDE) 70X - FFEXDOLULTHES
BEE A, 1974; Itava, 1981; Tacrri, 1981). 4[H Tol. TOBAED002) DY — 7 HPHRKIZE

RUTOFEERo 72 3K (RAERE) %8k BEHIICBE-BR - AL ITHESL
$RTI00% » ¥ 2 U I8 L, 30~40 g FEERF fiofz. HAREREL LTRIA FHIACERBY

BTAH. ZORKZ75ml OFLECRBL, KB Vav B8HLEZLDOZHY, 26 =27~30°D
BETO6NIERE-37% 7B (2E) - 6NIE #HPCHREYFROWERIC -G THES
Be-41% 7o 8- 6 NGB (20) - 41% 7 v v, #B Va0 (11l)n26ME (E-2 o0

B - 6 NER(2 H) DONEIC305 MO % BED2/3IBITHHE) #28.442°L LTHE
1TV, FBIBRT R 0SB AV CEERS D002) D2 EOMIER T o72. ARDORDT
2 T o - RIREMERES TS (7 v LA DT IR doo2fE 1, Itava (1981) D FHEIZHEW,
BAETAHAE S OICKRIBRLEZ ) ET). V-7 DEED /2 2BTHHED 20 E» S5
25 L7-ERALER & KBRS 1T, BB ICE S BIZX )Rz AEIZE -2 OLMHIE (¥ -2
BRI LTSI EFE 0D, 26 CHLEE D 1/2 DFEOIR) b KD 7.
DFRBHIFEBAKE LY 7 —VEINZ, BER

THEPICEEE ST LEA L IETWIIG, 25
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Yamashima

Cape Kohyama

Fig. 3. Geologic map of the Susa area in the northern part of Yamaguchi Prefecture. 1 :
Kohyama gabbro complex and Yamashima volcanic rocks, 2 : Diabase dyke and sill, 3
. Upper Kohyama Shale Member, 4 | Kohyama Sandstone Member, 5 . Lower
Kohyama Shale Member, 6 . Hirashima Conglomerate-sandstone Member, 7 . Fukuga
Formation of Abu Group and Mihara rhyolite, 8 : Fault, 9 . Strike and dip, 10 : Axis of

syncline.

B. R&tEDAIE

BE, WRERICORT 2R RIGE A 2 RS
B BV TRHEOWUERTIBER, BAR
E%60(~100) A v ¥ 2 PLEDKE & ITHHRR
L%, BERABOFEZRWTREY LiRES
BB, EREFICEINLREYIEHET,
L BOTHMTH A0, 2 LB &
WD TR LD & ) BB ORI 12
LAFBRCIAETRLRED 21EH I L I3ED
THETHS. 22 THRIEREEREOTTY
B EOIMS A EE (X722 ) ICEEIC
—A2.5mPHADF- v FTIZHWFL, F9 TEFD
FTIBIBIBRORAATT ) 7y P EEY (BB
D& 2M), TREMAMERBLIOT VI F

BT FVCHTE - BB LCllEicfi L. A
BB > ORE L - REEROREE, HELT
~1.75DELEERER T V- EWSBEIC L o C
REW R RES B, BIRICEDAATTY
v bEERLZ.
ReFEOWE X, REFHNEEBELMHZ 2
Leitz %! Ortholux ¥ §HRILEEMEE % F\V> CiliiR %
T o7z, BIEICHZoTiE, BETICBWTER
BirAaR{bEE 28 E L, 27— Y% —[EE
SELROBRARHEELRAIY, ZOFH LR
¥ O K45 (Romax) & L7z, 4H 126085 GE% X
2565) O3t L v X ERFER LA, BERESOR
LR 3D TR R 720, 27— V%O
5 EUREPOLANLRTFIE L, EEIES
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Fig. 4. Map showing the sampling sites in the Susa area. Mineral zone boundary
is after NisHIMURA & Suzuki (1979).

FAMD Z ENRTELHFIRIICAETH S 72,
N. # ®

REWO X MREFEBRER & KRB ELR
IR, RIS TR 5.

A. TR

TFRINCIE - GEBIZIRE L2 REHE18R
BOREYD dofl, FMIEL L RN EE
F LT Table 2 & Fig. 512, F/-AEMLZX
#MEIHE % Fig. 6 (2R,

1. X BEiTRRE

/3% — 2 id, 20 =24.42—26.54°IC¢ — %
PHET LY, TOBREIREREOREBRT»S
BEEEREOLT ) T2 V- ZA-BERFORBIC
T CERBICHEMT 5 (Fig. 6). /39— D
FiERkEL 3DICXITE S, AS-1, AS-5,
AS- 6 D & I IAEA NI AR DS - 72 IR TR
T7u—F4L2E—2 %3250 (Type 1),
AS-10~AS-19D L H 128w 7 75 v FHATFI
I CIZITHFHF RSN E -2 % 5D D (Type

3), AS-8 % AS-9 DX ) iZ Type 1 & Type 3
DOFETHREREER L7 0 -2 %
D% D (Type 2) Th %. Lanpis (1971) i, %&
BEFRDREHD Q) ERHNE -2 D dEL
HEEE MRS & o C, BERED O RS RE
D b D\, graphite-dz ~ graphite-d; & graphite
(243 7z Lanos (1971) & &REIC BT 5 2
0 T3 -2D1I3DELEDHEN20 2L 5
TdofEBx B LTV A7, REFFEOFELR
o TWAD, EHf/8Y - DR 5 Type 1
i3 graphite-d; |12, Type 2 i graphite-d; {2,
Type 3 i graphite-d; 33 & UF graphite (23 ITFHY
THENZD.

TR LD AS- 155 AS-171C 21 TRE
WERENES 25 LEZONDDT, BREH
FHFTBHITONTHEHIFTISY — 5 Type 1 DIEXT
M 70— FrE—2 7o Type 2 FTLDH
Yy —TR¥—=7%bD Type 3~EALL, ¥—
702 0ESREBICHAUNEET 5 Z & HHRE
ENB. INEMIELT, doe®fli$3.636 A
53.356 AL L, &L HEEHEDHEBER
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Table 2. Summary of X-ray and reflectance
data in the Asemi River area.

Sample Scan Speed 1/1 (°/min) Reflectance Measurement

No. 26 doo2 1/2width | measured Romax (%)
(°) (X) (cm) points meah | max | min

AS-1 24.46 3.6361 | 6.9~7.0 8 4.18 | 4.90 | 3.80

AS-2 24.48 3.6361 | 7.2~7.3 10 4.41 | 4.70 | 4.20

AS-3 24.48 3.6332 | 7.4~7.5 10 4.38 | 4.85 | 4.00

AS-4 24.50 3.6302 7.3 8 5.58 | 6.90 | 4.75

AS-5 24.68 3.6042 | 5.8~5.9 10 5.94 | 6.90 | 4.70

AS-6 25.12 3.5420 | 4.4~4.5 0

AS-T 24.42 3.6419 | 9.2~9.3 3 4.83 | 5.10 | 4.80

AS-8 25.98 3.4267 2.1 0

AS-9 26.12 3.4112 | 1.8~1.9 0

AS-10 | 26.40 3.3731 | 0.7~0.8 0

AS-11 | 26.44 3.3681 | 0.6~0.7 0

AS-12 | 26.52 3.3581 | 0.4~0.5 0

AS-13 | 26.52 3.3581 | 0.3~0.4 1 7.40

AS-14 | 26.52 3.3581 | 0.4~0.5 0

AS-15 | 26.54 3.3556 0.3 0

AS-17 | 26.54 3.3556 | 0.2~0.3 9 8.19 | 8.70 | 7.70

AS-18 | 26.54 3.3556 | 0.2~0.3 5 7.80 | 8.60 | 7.40

AS-19 | 26.53 3.3581 | 0.4~0.5 0

AT L - Z-BERFIILITTE ful-
ly-ordered graphite @ 3.354 £ 0.001A (Ceylo-
nese graphite D #l) (Grew, 1974) IR Y % <
FETL. doeDEAHRIIRBR® L Y ELAHETF
T CREICBAT 5. ULEOBRIIERED
RN TREY DK SEAEBAIIIEMNT 5
ZEEYES T A, INL DRI ITava

TF4%0 - BH - 52 - HE

(1981) DERLFAMMTH Y, ARDOF—F %
BELL-IDER ST,

2. REE=

ETRASHE T RE 2 K E RN R &
$0.01—0.015mmA EOK & & R HEE 3575,
ZDEIBREZOREYITIOEBIZHE
AT, IS ARHEISBERT TIR—HD
KB LR EIBERICE, 7. TLHEOME (B
AT v TOMETIIEIFRD 2TV) dho T
BRI RS RSPETE RN 9T B
V. LS EIRHESEHEHCoE 2 0T
o MIZBRS N7z, HIETELRECLEDE
BIZI0RA Y PUTTHo 2. KEEROHEIR
AS-1D4.18% H 6 AS-17M8.19% DEF 2 5
D, ARILETHWS) LEER 2.8~6%%) »
LEEMR (~FA8) (6%UE) o7
H7:h. EERHICERED LR E LIRS
LT3 (Fig. 5).

* R (Romax) & & AHRILE DR SIZE
ICE o TRE->TWA, Bl ZIEKE ASTM Tid
WA R OERE 6 % LTWHDITL,
FAYDINTIZ4 % ThHb. SHBETORVIED,

ARILEORRNIE ASTM OZLHEIZHRE) dD LT
5.

Ab.-Biotite | Olg.-Biot. | Ab.- Garnet Zone Punp.- | Chlorite Zone
Zone Zone Biot. Free | Pumpellyite-Bearing Subzone
Zone Subzong N
9
3.7¢
18
02 o b P ° [ L]
~ 3.6 [ 47
‘% eod 002 ° 5
» - {6 =
q:) 3.5} % Romax & :Range g
-~ o
< =3
&
< + 15
L]
3.4 d % #4
4
L4 . ° G (] ° °
3.3 L . " L R
o . 1 3 4 5 6 7 8 9 3
Distance (km) Sample N
: L 1 1 1 1 [ 1 1 1 L ample Mor
2 e = 2z ™ : 299 y ® w 17 N
4 2 & dd M & 422 ¢ 2 ¢ ¢ 4 g

Fig. 5. The values of doyz of the carbonaceous material (bulk concentrates) and mean maximum re-

flectance (Romax) of coalified phytoclasts plotted along a line parallel to the Asemi River

traverse.
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Fig. 6. Representative X-ray diffracto-

grams from 15° to 35° 26 of the
carbonaceous material (bulk con-
centrates) chemically separated
from the Sanbagawa pelitic schists
along the Asemi River.
gr—graphite; zi—zircon; tou—tour-
maline.

3. BEESH L ERES LR OHE
REZRICELTRET LA TFRT— 734556
NbIF TV, SEOTF—-F N6 INET
ICHRE SN TWAERS T EOMIcE LT &L
TOBEY Th B, doopflIEAEKIRE T T3.642~
3.411A, X< AHE#T3.373~3.358A, HEFA-
BEERYT3.358~3.356A OEMHICH Y, £
Ty L —ZA-BEBHFHTI.356A THL. —7H,
RETEOHILFRA®R T4 % L6 %Rk T TO
HHEICHAHILIIHETHY), 4B SOHITHEE
MEDILEDSDH LY, BRATL ELKAAEFED
EREIBBLZ6~7%0H, ERA-BERW
LAY Ty L— ZA-BERFOERIT 8 BRI
HLHDEEZLNE, ZOL)IERECLR
L eIk R AR ERR T AT L
bhs (Fig.5). EL, AS-7132 9 L72%&1k
PoHRKE AN, FIBEOFE LD dofEATKE
REERMEL o TS, ZORREIZDWTIEHE
SHOWERE % &0 THLO TR T 5 LEIH
5.

B. Rixtis

EEIME LRI ARRIEE TH B2, £0
PCREERDOMEFITo 72 DIF203K, X #
EHFEBICH L2 b 031458, WA OEEDT
X723 DII3HETH L. REWOD dofl - F1ii
1885 L O FETROE% Table 312, X HEHH %
Fig. 7 271"

1. X HEHHER

B (AR - 8K, 1979) »H|EL
BALLAEE BRE - BREALVY 72V R)
W REWIBDTH R L, MELOFETERR
12D & 2 @O0 REWONEE - IREEIT - 72D
ErABREBESN L, o7 (Fig. 7D SU-4 &
SU-5). #EEZERTO/N»ORELZKED
(SU- 6 ~SU-20) OEHF/I¥—iF, 260 =
22.62~25.30° I ¥ -2 2 F L, ¥— 7 OHEEIX
FPNANABILICEATH A, BILEERWERICH
R VWEE (SU-6, SU-8, SU-11, SU-
12) TRIFRIGEVHEBICEE LY -2 2R
DIz L, BHE»,SELZRE (SU-13 ~
SU-20) TRHFEEICERLIZY-27%2320bD
Mo, (ERAEAICETIILE - IR 7o -
FZE—2%2RTODETHATHD. —H, &
50 X3 d A AEEIIZ AT (002) TS 2 6
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F 40 Al - AR - AR
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Cu-Ka 208(°)

35

Fig. 7.

fEIZEED S EEDHIHE- T L DIRAERNIIE
BLTBY, INEHELT dofll b BEHEITE
s ¥ (SU- 6, SU-8, SU-11, SU-12) »
3.505 ~ 3.571A 7 6, BE P SBHEL-HB
(SU-13~SU-20) 93.603~3.926A ~ & #inL
TW5h, Z0XHIZ, EF/$Y — v OEEFIE
LT, BRERELELVERISGESCITERR
LTWhESZ A, REWORFTOHEME dooz
EOWAZ, ARLEROETICHRL, £&L
TERBEDLHIGERTA LD TWAEDT
(B % 1¥, Lanpis, 1971; Grew, 1974; ITava,
1981; TaGIrI, 1985), A HEIGEMERTFOHIZE
FBEREOBILERARD Z ENTE LD o720,
o L FH OB THHENVEKIZID o TERE
BERLTWDDEFREINS.

2. BEEE

A EFEEERHE L2080 5, ETICB
WTRALDEE 2D b/ SU-13 - SU-14 -
SU-21D7— % #BW(EmT 5 &, KITENHE
i, 1.58~9.30% D&EHIZH Y, HRILETIZ
(FHERS~) BEESBEFR Q1.6%H%~
2.2%) D OEEER (~EA8) OEBICHI
D, YHIROARMERHTELLHEATHSLIZ L
Ahrh, HIEROPICKEEROEY 72y L
T, HETOREEROEL SRR (@) %
MLTHRETLTARBE, Fig. 806HLNR LD
ISRV ERICA» > TEBICER LT
By, EREEE @) 3ELVEREFLICH
ERERDEL LD CHMT H. AR, #
X (Fig. 3) \SRT L) IIHIIERWEEHED
BRAFEICHELVEROEA - FERICEDVET
NIZLk o TTEEBbNBAFMITIEET 525,
SRR R BRI B A o T10~20° D A B CiESH
THLHMEREL D -TBY, RAERICHE» > TK
B ERET R EVWS DL, EREHIELT
BEENC BB TR L A RICERSEST
LTCWaBZERERTD, ZOI L ITHEREI
I o TH LN HERRE O IS SRR LR
L7 Fig. 905 b THENS.

Hilt ®BlE LTHORTWA LI 1T, #gdh

X-ray diffractograms of coalified
phytoclasts, and of the carbonceous
material (bulk concentrates) chemi-
cally separated from slates of the
Miocene Susa Group.
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Fig. 8. Map showing isoreflectance surface in the Susa area. Numerals indicate

mean maximum reflectance (Romax in %).
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Fig. 9. Geologic columnar sections of the Susa Group, along with the variation of mean maximum re-

flectance (ﬁomax in %) of coalified phytoclasts.
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DREYZ, WREADOEEEROBROFCH
T3 BHBAER & Z s | &k < BRERIER I
LoT, JOBERCHEBRLA-TABEITE I
ARALERZET LTS, B, #RELE
B¥ AR OBIEICH - Tid, BENICTM
AL L DT LR CBEL2VIEEDH

D, B LATHEBOH LR X ) BRILERDS
BILEBEENEOONDLZE5HD (AmAra,
1978; MEAM, 1987a). HFEIC B W CLEBWICEE
£ L7 B CRRIVEDBMNEILERARD 5
121, T HICBMIC T B RERILED R 2T
OHEHBICHE ) WEEENH S, HL, 25 L
LHREICBVTY, Yy R CREE L
ARALER OARFDOBIR T STV BIEES
%\,

TR DA B R CRBHRE %
ToTWBDT, LiB#IZHL - THRILIER
PETT HHERL, TAHBENS LABEI LT
HRRESEP o2 EZH L0, LLAKN
WERD S DBEDEBIZ L o TRRD/NNY — v ht
PR ENT-EEZDFPRYETHDL, BEhWEE
POMEND IZHE - TEBENICKSTEIMET 52
&R, BEHS00m DEEREHOEETAER I
(HHEFS~) BHERSEFREECHD L,
HRBE B ) T ORRY IBARR ShE &
ZAHTIRBREHEW T Th - T, BEOMELIR
Mo ATHERENFIIEHFHETELRNI &
SE2EZ2DL, ZLLEATPARERIELN
EROBERIZLDEZEZ B ENTEL. B
PO DOEOEEBL” BAERT Oik S $HEE
BRHERICEATHS LTSNS,

3. BEUH LAEREDS X CREEROHIT

AL, “BMERE MBI ARERENE
LIEFANS N H o7z, KR EEESHOXTIE
13 Fig. 82 LWL H % & 512, BERERR ORIR
WICH7-bBERFOTROM EERTA VS
7y P&, ARIETY) L EEEREROT
BRTH5 6 %DERSEFICITIT-HL, EFR
WEEZRFHOERIZ 8 % DR EKIZITITN
BLTWAEELA. EREBBOSHE»SHS
P X )T, REEIERGEHOFXETIHIZEA
EBBEEATRD & Nl WIEIE R X Y S o Hy
WICBWTH, BEFRALILEBTIFEELT
BOTHEHTHDZ EHHTES.

—7%, SU-11& SU-12iZ FhENn o KET=EH

Table 3. Summary of X-ray and reflectance
data in the Susa area.
The reflectance value in parenthesis
indicates referential one because of

weathering.

Sample Scan Speed 1/1 (°/min) Reflectance Measurement

No. 20 doo2 1/2vidth | measured Romax (%)

(*) (4) (°26) |points | mean ; max | min

SU-1 § 9.30 | 9.50 | 8.90
SU-2 1 8.20

SU-3 3 9.27 | 9.40 | 9.00
SU-4 25.13 3.5406 1]

SU-5 25.12 3.5420 11 6.86 | 7.60 | 6.20
SU-6 24.91 3.5714 6.0 50 5.39 | 6.73 | 4.40
SU-7 50 3.90 | 4.72 | 3.50
SU-8 25.23 3.5268 5.2 50 5.06 | 5.90 | 3.86
SU-9 50 5.06 | 6.09 | 4.30
SU-10 66 3.05 | 3.45 | 2.70
SU-11 | 25.38 3.5050 4.7 50 1.85 | 2.17 | 1.59
SU-12 | 25.35 3.5104 5.0 50 1.99 | 2.23 | 1.64
SU-13 | 24.00 3.7047 7.9 2 (1.49) | 1.50 | 1.48
SU-14 | 24.57 3.6201 7.1 5 (1.23) | 1.30 | 1.19
SU-15 | 24.69 3.6027 7.9 50 1.72 | 2.41 1.32
SU-16 | 24.42 3.6419 5.2 50 1.99 | 2.12 | 1.86
SU-17 | 24.33 3.6552 6.6 50 1.58 | 1.72 | 1.42
SU-18 | 24.04 3.6986 7.9 50 1.83 | 2.13 | 1.40
SU-19 | 23.80 3.7354 7.2 14 1.89 | 1.9 1.80
SU-20 | 22.62 3.9275 9.4 7 1.66 | 1.87 | 1.50
SU-21 2 (1.52) | 1.52 | 1.51

1.85% £ 1.99% TIRERSIEE RERIH 5 25,
IR H B SU-6 BLUTSU-8 (2
NRATERI35.39% £5.05%) LiEREL BT 2
& (Table 3 & Fig. 7) MBEELL LA B WIEE
Eofz, TOZ R, REYORKRE L KR
BENFETHENTEZL DI, ERICIIEILBE
NWERIGED IThE 5 THRIC LR T A MBI
HBHLNOD, WEIKEOEBEROEBICEW
ThH, BBICL > CIIABEIE L ETT 25
EVHBHILERLTNES,

V. £ %

A, EREBICH T 3THRERES LTOREY
DRGSR

WEPICEINIBMLES TERILEWTH
LARE (ARBIOARIEDE) &, 1t
FHEHEERICTAEHDO~ LIV ETICBW
THEBISNDL BT POBRENL T A,
B4 D= I ViTARIMEBOEFTIZB VT ZER
TNELR LB ZFT B0, BRILESZFD
ZALEERT HHAIE, VLI VOB CHE
2IILEN DL MR, 1979). 20k 42
Hirb, ThNETRREAEDSEHTIE, ETT
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HEENBETETIVNDO—DTHEY Y F A b
(BR) ORETED, BERERYOERE G
B) ofEL LTHVWLRTEL, ZHIFE MY
T4 MASARICHE R ICEENICELE LAOHE
BV THAERTIVWR EOIFEREREE2 b - T
WBHZ LD LB, REAWIBIERNIFA LD
RSB L ICHIRO LRIk ) ARILER %
TS TR 2R L-BEREEERE - RIHKRMA
# - IRRILEW ORERL & FHRRAL - EE O
BRELTBIAREBSOEICEEL T, 13T
HEHEOICEATHEILICED B - B

1967; STACH et al, 1982; Tissor & WELTE, 1984).

 EREPIEINLREDICIERYTHLA
FALY R L ERERETHAAEB LV ZEOH
BHYEIRAEL TB Y (DiEsseL & OFFLER,
1975; DigsseL et al., 1978; Oxuyama-KUsSUNOSE
& Itava, 1987, B, 1987), ZDOwHTH FALHE
YWHIZAKRFOE M) 4 M EHBHICEASE
RiZ%v. o T, ARIKEWH ORBE & KEE
BB & B AR T O A KR D #1T
EELLRHTAZLNFTRETH S.

A AR ORI E * B RCE T O A KALEY R I
BEHL, BICHRE SN TWAERSH & kst
L7-#ERIE, ik L7- k9, RBERWEOFR
NS L CEMERER % 2 - AEigo
F=rld, REAROBILREEOLAL LD
ICERLTHEY, BRGW LABD TR %54
ERTIEFHOPE R o/ T, EEHIEO
LHITHEETIEENRLD EE S 2 6B #
SR & D AMA O # AT COFEM L IREREED
ERBIZOARNTH S Z LAbhr o7,

ME=ZWRIE TR, S2EYR-7% )Y —FAH,
ERERME L OREBEREH, REGAPREHL
V) REMRFIFED ONTBY  (ER - A
1977), GEHLPICR 72X ) CREBA®HE 2 S
SLHAFIEPTTORBISD 2L Lb 4 %L1
DRFFE*D-TWVWEI L, EKELRMER
("R frEE") ARETE4 % (F4 Y DIN T
ZESERO TR, KE ASTM TI R RER)
PRATHIBETAINE TOHE (DiEsseL
& OFFLER, 1975; StAcH et al., 1982; Tissor &
WELTE, 1984) #X#E L T 5.

B. WAE (do2) ERHEDIMIG
FRINB X RERBOREN T, BRELK

Table 4. Summary of X-ray and reflect-
ance data of coals from the
Kumano, Tanabe, and Tsubuta

areas.
Sample | Locality Scan Speed 1/1 (°/min) Reflectance Measurement
No. 20 dooz 1/2vidth | measured Romax (%)
) k) (cm)  |points | mean | S.D.

80081301 | Tanabe 23.58 3.7697 | 7.1~7.2 14 1.00 | 0.062

80081001 | Tanabe 24.38 3.6478 | 6.3~6.4 75 1.28 | 0.048

78101202 | Kumano 24.40 3.6449 | 6.3~6.4 100 1.62 | 0.191

80080802 | Tanabe 24.52 3.6273 | 5.3~5.4 60 2.06 | 0.087

80073005 | Tanabe 24.42 3.6419 | 5.0~5.1 100 2.38 | 0.062

80082504 | Tanabe 24.64 3.6099 | 4.7~4.8 100 2.60 | 0.070

82073012 | Kumano 24.84 3.5813 | 4.6~4.7 100 2.80 | 0.090

78101702 | Kumano 24.62 3.6128 | 5.0~5.1 100 2.98 | 0.126

83082204 | Kumano 25.02 3.5560 | 4.8~4.9 100 3.20 | 0.362

82082802 | Kumano 24.98 3.5616 | 4.8~4.9 100 3.48 | 0.136

80081704 | Kumano 24.64 3.6099 | 5.0~5.1 100 3.72 | 0.134

78052011 | Kumano 24.86 3.5785 | 5.0~5.1 100 3.92 | 0.222

7805151t | Kumano 24.98 3.5616 | 4.8~4.9 100 4.14 | 0.226

7805251t | Kumano 24.68 3.6027 | 5.0~5.1 100 4.20 | 0.152

79042308 { Kumano 24.76 3.5927 | 5.0~5.1 100 4.37 | 0.163

7805191t | Kumano 24.76 3.5927 | 5.2~5.3 100 4.40 | 0.150

7805141t | Kumano 24.90 3.5728 | 5.0~5.1 100 4.51 | 0.231

7805181t | Kumano 24.90 3.5728 | 4.9~5.0 100 4.64 | 0.180

7805164 | Kumano 24.94 3.5672 | 5.0~5.1 100 4.79 | 0.270

89101302 | Tsubuta | 24.48 3.6332 | 5.9~6.0 50 5.24 | 0.456

89102802 | Tsubuta | 24.86 3.5785 | 5.8~5.9 50 5.41 | 0.433

HEOWH OMENTEFBEHANT, BhiT
DTH I dooe Dl & AT FE OB R % Fig. 10 1R
T, ARSI LB O -0 hEBRSBEE R O &
BREEICHDHABOARAB* OF— 5
(Table4) 7T v FLTWA., ThIE THEST
2L TR & b, dooofl & BETER IS ICEE
B LR LTS, ERIBEO LRICELT
BEROICELT B Edbholds, THZkid
Fig. 10 I2BWTHTHEING. HL, HBEK
DHEITIZBIT 5 LHROWEMIIHT T 2B REDL
AROEGREFEREBLT—ETIE 2. Thb
b, HEMICIKRESTICH HIBEF KB (Rt
T2 %LUT) CRESFEISTT S doefild K & <
o2&, MERLTLIMELTWEEEER
v (ZOBEBICOVWTIRERT ). Zhiox
L, REIERAT2 ~ 6 % O34 5 ~ Al BB ©
12, dooxfEDEALITH T 2 KFRDOE/LDEI A
KEWV, SOHUIHEREFTORFEE ~7 %0D%E
IR BB CIVARERAEL ICONT, BEE
ERFERIGEVGHEEE S 5 THICE L LHEMT 5
Emich b, 2 U CREENT %282 55720

* AR OREROER HEE (SELENE
), REFEOTHKHLBES & CRTEH
PORELLARBIUARL VX Th 5.
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Fig. 10. Relationship between dgy; and mean maximum reflectance of organic constituents in high
pressure pelitic schist along the Asemi River, in contact metamorphosed clastic rocks of the
Susa area, and of coals from the Kumano, Tanabe, and Tsubuta areas. In the upper margin,

the rank of coal (ASTM) based on the mean maximum reflectance is shown.

25, REWIBEENZABOKSEEIED]
728, dofEIRIZIF—EMEELDEHIICRAD. C
3 L7k S & AT OB M e xH BB DR &
LT, B (1987) 2L Wb K90,
BhAERY OERBRICBVWCIAREILE AR
BENFIHBEOETE2 /285 ENEDOERIC
HHrLDLEZLNA.

L ZAHT, HREELRHFROMILICBNT, [
—RERIZIT T B dooofEDIE 5D EAH % ) OF
BEEROLNLD, ZHICEHUTTHERS L) Bn
KODPDERVEFELTVA.

B L72& ) IS RERTOELD &R, £
b EBEERBEBEUT DET 7 DREWHIES
EhRFEL Y B0 (Lanpis, 1971), X #EE
Py — U HETRHBETH Y, HFFWICE-2D
20 X0 dope# EREICRDBZ EDFEL W LA
BYRBERETHAE hIT XHEEITICL
THREZMNSIERE & ARICEOBREZRE L
7oWFge (4] 213, Quiny & Grass, 1958; MENTSER

et al., 1962; GrirFIN, 1967; Lanpis, 1971; =K,
1977) %, X MEHTEE % BERRICEA L TR L
e % #Et L-iFse (Bl 21, B, 1960; &
B - |, 1962, 1963; FE 1, 19654, 1965 b;
He, 1967) 12X o C, AR{ICWEDOEF/ VY —
CRBRESARILERHET AEELLT, T
TEEEREROERENREL LTEHTHS
TERHMEINTWA, SEOHIETD EH/S
¥ — OB OBB I RREXGIEITRETH
LWL DA, deefiC & BARALEDKFIFE
HThH5.

oo XnE2NERE LT, HAE LR
BE—REDHTF 2R E LTREEINZHDOT
Fhwnwa eaEZ oA Thbb, KRR
FALMEFROY M) F A P EORNTFESFRELT
HESNBDIIH L, EBH E X HETTER
ROV REENEE LTI R ST, &
SN Y BB EER T AL BRIV
RRESE DR L REYEORNBERSRB S h
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Tw3 (=4, 1983; MEAH, 1987b; Oxuyama-
KusuNose & Itava, 1987; B, 1987). REW
DOFICIEMEARIC L Y EEEEEZHRELEVLO
(BEHBILMERE) LE2) TRV (HEHL
HRE) MHY, EINVIN—TOHRTE MY
FA4 PBIOY FFF A MIINEBRIC & ) SR
THLOMEIEL, 4 F—FF 4 MIBIIE
BLRVOTHREICET KM, 1970). 29
L7ALEMHE L2 RICTAETL I VDNV T RE
MIZEINBZLEEZDLL, BRECRITTAN
Vo REHOMBOMBIIHR L TERATE 2.

—%, AR{ER L ASER 2RI 5 E
WERDEND, BRELEHEOILDEDF
BliihreEZONL. ZhITOMETIHE, A
FACVER 3B b ICRE L AHEEEIIE U TE
TL, ENIARICYEOKEESE GRbFR
HHE) CEERS5 2500 FEREEEITEDS
€5 EEZLNTES (Stach, et al, 1982;
TEICHMULLER, 1987). Zhizx L, ASILER
IR (Lanpis, 1971; Taciri, 1981; H,
1986) + B¥ B (Oxuvama-Kusunose & Itava,
1987; BLIL, 1987) - £} (DiEsseL et al, 1978;
e E M, 1974) R B A K GHLER R 55) O &
(DiesseL et al, 1978; Oxkuvama-KusuNose &
ITAYA, 1987) ICd BB EN D (2K, 1983). &
SICARDERICET AR>S, Bént (B
1t) 1ERREMBEORRILE R MBEEIZ L 5T
DI ND R, 1970). ZDXHITAEK
e & AR BT AERIILTLOE
UTi%v. $E- TREM ORI T 548
I 15 B T DL DS G4 B & U R A s BatR (iE5
D&) I, G LAEEREHDEVED S DHFR
BENTWBIEEIEY. SEHOTF— 5556
RIS A & BEREE AT IS B A ERA OE W
A, FEEE L HSEOMIGIC EORICHDbN B
LW HEFELIERTERVY, 4%, WED
BROSE MO T (vETNV) 2HRIILT
BERANONRSL L) XL, REDOYHE
BB L D ERSEORBE IO ICEHELIBET
255D Bbhs.

VI. &8

BHRFRNBBRO=FNFHOREFEL LV
BB AR % 20 1L DRALER O iR R
BOROREMEE- T, XHREIFTER L a4

ROHIEEITV, ERSTEORIBERAIZEZ
5, UTORSHLP LR 57z,

1) RESHORKREY R OSSR ITERE
BOBREDIREL LT, -84tk Tciish
PEELZONZVWFEHLEBEREEOILEICLK
OTHEBTH 5.

2) REMORERE L KSR, EREEOL
FALELItERL, BICHREIN TV BERSH
LBO TR oA ERT. BL, KEEOH
I3 AR EO LR OEIEE, EREE TR
LC—ETidiwn

3) WA T, FRAT CRETEITL ~
6 BHIEDOHHFICH ), BRBATE L AAFHD
BREIBBLF6~T %DM, EEA-BERW
LX) T L - Z-BERFOERIL 8 %RiEIC
HHELDEEILNL, BREERESLAAHOE
BREHPOA ) T2 V- ZA-BEBHIIHITT
fully-ordered graphite IZ#&& TV,

4) EEHETE, BEBTA VST FBX
VCEFATAVI Iy FiE, ThFN6%BLV
8 % DEFETEHMITITITIIET 5. RO
DR, BILENWERIC L 5 B8R ISR
O -8R, 1979) M CEEREARIC
BATHLZ EHHBL7-.
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25 1 RIAREREA Plate 1
Occurrence of organic constituents in the Sanbagawa pelitic schist from the Asemi
River area.
1. Photomicrograph of pelitic schist taken on thin section by a transmitted light

2.

polarizing microscope. Carbonaceous materials occur like thin streaks (black) pa-
rallel to schistosity. Sample No. AS-1. Open nicols. Scale bar is 0.5 mm long.
Phyotomicrographs 2 and 3 taken on polished surface by an incident-light polariz-
ing microscope equipped with an oil immersion objective.
Isolated coalified phytoclast surrounded by transparent minerals (quartz). Large
fragment like this, capable of reflectance measurement, is very scarse in pelitic
schist from the Asemi River area. Sample No. AS-2. Open nicols. Scale bar is
0.05mm long.
Discontinuous elongate streaks or fragments of very small coalified phytoclast
are unevenly distributed in thin band composed mainly of chlorite and clay
minerals parallel to schistosity. Unfortunately, such small fragments are not cap-
able of measurement of reflectance. Sample No. AS-3. Open nicols. Scale bar is
0.05mm long.
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