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FAELTWBR, WO TORTHD. TOMI Nz « 785 A o/NRIARELE L, TEHIEY b
<A

VI. 6. 3 HZELOEEBES

ARHUROFFPEES, BT T, FRCEERW LT A Y NEKILEEZ B < AERBEE 2 L L R
BEA L KB 2TV o0 DERBES O/NEEROESERTH > THESREE L TV D2, A5l
RS - URBLEE o TRV, ZOM, BIRO/NMUATIEREICEITND & N2 D, INEIR & /INEE
DN, BRAFEPRRTERWVEOIRTOONUIERAENTNDL I LR H 5.
RAEROIERBEE bEAEDEREA T, WIRMICIZZ OBEREESAKICRD bhd. HERIC
RTROTEEBEECE LT 2. B A% - RER - D EABLOCERERNLRY, AR, A% -
BED - HVER - BEFOIEIN, PEOT YA N, Yray, REREMEELTHD. Eh
W2, AREN Y ERICEDIBIEHEENRHAONDZERH L. KA IRIEERNHLDH LS, &E
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A, AZER - hAAL, 1Y EAIIAZERME, BEREIREAL, BhAAL TN EZ AN
HD. Flo, ANCRMBLOAEDESER DD ZHIZHLNDIED, FHRA « Fkv A OFMIRI £
LTWAZERH5.

VI. 7 FHACRPIRRS

AR R I o0 AL HRE > S AL - B TE T S O YA IEFIL,500mL D PR /3 AR &2 9 B KT, bk
D7 CIxAbBE THEM ) IEHURN LAY > T B HRIOTE P E Th 5. AE1T, TORACIMHT 5
WECERWLT A 4 MNEAEEA R E, e CikmEiE e EIc A TV d A, FERE LT,
BILFHEO R T — R L CEBE A2 BN TV D K ) REREZ R LT\ A, £7-, JLHiE
OBEFAHETIE, BREEZIISATHESNLTWAR, HAOARE LEKSEOMICITZER (EF)
Wi S EEONC & TN B D).

AE DB IRNE O LRI - MRS ICEE L T 22, b & oBRITAI T
b5

AT, RER AR VY ER - ARG - BEREZERSEME L, T2 A - BRUAF - DL
U FHRGE - BRI E RS . —IRITITARO0. 5~ 1mm T E DRI D E RS0 72 B A
EEFRVMBLE R b ORH Y, BERMEEE R T2 E03H 5. ANA & BERITE S IICRIEA
RFENAAIL, EZIZANATBENZALNTND. £z, ARAO—HH 2 WITEERERD, G
BOFFEREFOESERL 2> TLESTWND I ENH D, ZHUL, BICHA LI EE{EREE O
WEDbDTHAS. BAFICIE, TEMICRIO AEERNTE TN,

KEICH, EZALEIALT T T MONT <4 A4 POMARDBIELTEBY, £, BAOEIRKICE
PhTV5.

VI 8. ZHE—=EL{EmNkkE

AREL, —RLTRI~ZA B EVZDEMRIT, BRREE ORI = & 2485 & T 516 PIRE T,
i DB DL PISE & IXBES TR TE 5.

AZBTRHR D K D ITIRBCEE 2N LT A YA NEKILEEORER T my 7 &, RT v v 7 Lo
THESNDWIEONEIZEANL TN D, ZORROEIRDA O ST FITIZIEILH - EETH Y, okl
OB EEONAAOI M ER CEAASH 5. L, ORI THRLNDRYICBWTIE, AAHKITMM
OIERERE & OEBEOBRIZA LT, B L7 NEER Lo TS, LIcido Tl & O BSE IR
THDHN, I TIHEEMICHIEOEETE AL 0 DRTO#FAE & LT, Thus, BiBoEsTE
A - BRI - BB 72 &8, FAMICHRO AT 2 —HEOFEAERETH- T, Thbd
DBITITHEA L TL DAEFL OGRS F s TS 2 b R o)y, BHiliBick>Tnb
[ - F /AN

AEE, ZRMAETE, HF RICBBHLILT, ZORIAP ERo T3, HiBEH2kmOIE %
b o TR BRI O RFFUSE~ L HRIRGAM L, BERDIZ L A EDBRNE ORI 725 & R -

3) ZH (HEE) WEIZZOMET, 1Z2EALEERRIR>TVDI LD EBLbND.
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TW5, FAELODWEREATH D, ERSHMIE, A% ) B - /A - BRER - A0
T, THHOMBRERmAEGEA L, JRL, WRIORE A A EE 2T, BEAITEE, £20. 5emBl T Tl
HOHN, LEIMEZZD2bDORH L. AROESITIE, DPEOTRIA - DVay - FRUH
P - WERRELe L DI, BNAREMED . BEROEHO b OIE, ARAZXKLS HOR LIELIER

HILD. OIS, REA LN Y RAICITAGERED, AA L BERTREAERADbND. F
7o, LR UIRBRERNIMR ORBEREROERK L - TA. ZhbBE b < EETEREEOEIEIC
Kb DTHA I BAMNTR.

VI. 9. wEEfERIEE

OB, ARG FRATE R < AT kL, S0 RERHERS Th 575, K TOS
55912, REICEROZERH > T, BT LLEERIChz> THETIIRV. D LABEASERE W
5R_EBLOPBENAR. L LEOKES DAL BERIERE Ch-C, Miko “Sk7a v s’
HOFHCE RN LT A 4 NEKUEEE, RO, FHIEMMNGEEEE, ThhIo HEs
EREHIZTN5D.

BEERE L\ 5 SEOLTE, ZOMMNRETOBINT 5, BIUR L BIRIAED 7 B0 % &
S THIT DL, HETHENDIRY T, Mol AR 5 S A0IIE & ORI T, =0
BROAL - BT AR OB TIAT] B2 b 72 5 TS, EROMTOERY 1, HYKAX A2 b0R
THEND. B25<, H - FEAAOERE b 57230 U ZEHRL TS bDOThSH. I8
FUEAC, & 2258 2 BRI TS B A & B TV A IERE O MEIRIE, = D8k %
HHPTHOT, TOERHARN LEFEREOHS Th 2 5.

ARORERIE & LT, ABIRHE R P RN 2Rl R A 2 BERAERE RS D, £V

DIHCEEEE G ORI A B RICBE N A 52 T\ D, ZOBEKITERE, a0 thmaiEs B
WRIZREZ S Th L3, EAOEY L FEARIOBEL, 5, ZOEBHEREHO—HE L TH»bT

W5,

AEFHORKHZR b DI, FRDO X S, Fh, FTROBERN RS T, FifRboix, VI EAD
OEBS ML TE 7 0E 2T 5. BRSEMIE, 1% DY ES - fIEG - BERTH-T, T8
A b BIUAG - Uy s REREEES . RREO—ENL, AAERMEL, BERIISREAL
LTWBZEndhs.

KEFO—FIITEREZ T T b DObH Y, Ez, MEANAEZMEI bObHD. FEAENEEDD
DHLEZALEIAIZHLND. &IT, MEARILLMI T, A5, ANGEELZENEL, £
WHLD L AZEREZEDILRHD. ZOAEREZEL OO, AROEBIEMAE L 13RS HE
L LTRAITRE DN BENRND, ZOEKEOFERPPRTRVOT, ZZCiE—FshTtn
5. L, BAERBOERE, €V 7T UEKOERICER LIS 714 B ALERO X 9 28 bIEH O
I Db oMb,

FHIFE (1971) (X AuE, INEARBLILAET, 1, 200mX 700mZ OO Iz, FE 4 DOEFAOTE R
FERKJIENTWD, AKICK 2 WMERERS - RERIERS - NERREPE - PIEAEME - M
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AP a G A RERIERIRE R ERNENTH LD, JITRINGIE, —iEF L TEETERAED 2
WEFEETHD. LLKRIZ, ERo k> aFICE2#EAICONTA LA THEL.

AROBFE LUIEREO R T, BRERERE L SN TS b on, EEEREHED ¥ 14 7 Oftks
OV E RS LSRR LTS b D TH D, fRblikaidzopici@gasikae L, £, LR
i, RERERE L “WERIEMET & ORNCENL, WA EZ b o TRY, “WERERE
IZRPNC AEZREEAE I T2 AL H T, ZOMMEITIE “VI74 8L BEHNRL LG
NHEVI. ITNHOERSEEIL, EEEREEOEFREO—HLERT b ONbANRVR, i
I OFENEFIL, ADROERBE S RO K 5 REMNREROBRFETH-> T, £O—HR “774
Yo BROEEE I b0l bExbh5. B, AROMRANAEEILRNIEE T, Kico
DRI O OERETIC L Hc D, TO—ERI ZIHEALTWD HONBENZRN. Lo
LE A TR TNAOT, ZHHHMEMO S 2 T, EEHEREEO RN —FFI T
5.

ZOREEICIE, HHIbIC, #HEL ORI I A MNBLOT T T4 MRBFEEL TS, BEE
OBEAbLEDL 0.

VI. 10 HEmAERPIEE

ARG, ARHUZOILTETIZ T, FEEERAEEE & %k o BRIERE TS £h, 08 - BT M
HIL. SkmOTE CTHUR AT DHBLOERPIREE TH D, AR & OBITLLEHKE CH 528, NEALT
T, RROARAMRE oo T D, BEUERE S IXREICB O TEEITW A8, IR, AR
DOHIECHATE 5.

ZoEEIFAL G~ AbBE TREM ) REHUIEPNICIRA D (RHLED, 1973). F£7o, BT FRI~ORE
RIVNEAIHE T, ZOEMED LTS, FAEoBEclbE b Tnd. LiLl, ZolEo
TEICIE, ANEARSEILE T ORI ~T N THMT 5. 22T, BIREREIXEBEE N T
BOT, BEIERAE L I0RY O~EZ b o5C, mlicofi L FEEHEREEO MO 2203 N)

PR TR BEHEENIZ IR DS > T b

ARG DERIIINIRRAT - 58 - BV RA - FREANA - BRERT, /IMEOT YA b - Drar
< F UKL - BRI E RS . BER - ANGIESMICRRBALTRY, & X, MkioBi
DHREFOESGKRE > TNDZ L HD.

Flz, AEEITITEZ < OEREEOHNENGENTND. ZOHEAIDE, BROBONE A
ROLDET, KNS ESEHHD, AEE L UTAENFEE RO LANAIZANWEE THS. /R
- SREANA R ENENOE IR AR 2 TS EW T, BRER - aEAZALITND
L. RLEITHFRIZ VLRI CH 5. & &Y, MROBRENOESNFOIMEBENZTRY, £
7=, ABIAEIE, R, B<OVRERRObORH Y, FEDO—2L LT, RROREES SR
FOLFEPIRENRBEZ OND. KEEPIZH, LZALEIAICHEDERPEALTND
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VL 11 BHAERS

RAERTBEA NI O IE» LGN oA+ 5, BRI AERORENEFHD 20 TR RICIEE L
REREEAERO - THD. MO THEL, BEREERY T, IMEE L 7 0% 2952 LR FE
D, MIRVDIENRY A b oY YA THA D LHEHISH TS, BEGERE ORI SBURHEX (1966)
TERLOBESRB L72b DT, IZULHTHWSN. ERETIE YMBIERE" 7o & EMFEh Tz (Bl
(E2y, 1961 ; [LH, 1961 ; AFILIEAY, 1963). ARHUKTIX, ALPEREBICOLSMGT 543, LBk THIH )
EHBIEE PN CIIskm< SV olg e, BALE - ERIPE G IS ER A L, R CI s A R P A E
NTN5.

KM DA KR, BT, ERO IR0, 5~ 1emir D FTE - B U BA - BHREA - BERT,
KL, DED VN T TREA S fBIVAA - RBRTEH IR EEES . ) EAIE S A b v
A7u7 ) HEEE OO ERHD. BERT L XICHEEALL TN D

AERICE, XT<HA b TTTA4 FORRD, 720 I<KHEELTEY, BHEOEADLHHL I HIC
HHiD.

JSBAERIEZ OV TORNTERIC & AHESHFEROREE, K-AriE (BERHNCLS) L Ro-Srik (RE
BERBIZLD) ICEoTITOAILTERY, WIONORERL, 1EF6imy. & —BLEFERBRIN TN

% (HATTORI and SHIBATA, 1974).

VI 12 @R ARG AE O LA

INE TR CTE B PANROBEAEIRLIOM EH B, TXTCHAEICEIEEEZ - T0DD
eI, ENEFH D WVITTERIER b BfEIC S 7zbid Tidwy. [ CREHOR TSR, oA
EAMBLIZT DOLRWZ K> TRl DAFRE DT bNTZb Db H DM b L. 22T, Lian<
NHOFEANEFONRKRNRFEZ B LIZL T, TNENOEED LN ELEERD DRF L TH 5.
7L, BRIBHEREAE (1966) f R (1971) AR EICL > TREZSN TV B IFIEEO/LFHRK
REE, ZZIEFEERTW RN,

FIRITTNOORBIOWKIC L DLFINOMRAEE L OO TH L. SHIOMKRE S HITHEE
BLUTMFAK (BB 7IX) R, SIO, M8l L > TR OB E Frdon—H— (F8N) 7Ly
oy b LIERRICED &, Iy - TN Y EROBIGREEICTINTH Y, £z, HEROSEMIEo
THEBALIT AT A D= X LA R T EBNbhrolz. T TRITIL Huko % H £/ o
FENEEOEMRE O (e, 1966) LHELTATS, RLL D AREMEZRLTRY, FEMG
D OATE T IZ 20 CORIBHRIENEFIC ST, B LEEROH S Z &8, LFMED 5 2 b b
W2 5L ThD. 727222 Th, SIO,ERELLT, 55%~65%MOEAERNTND EWNWD Z &IT,
B TN DOFHRIZT OB T <, @ L72pklR Lo KRIED S LivZzu.

4) AHEERITIFE AL ZAITEEND B, & UEROFETIRTIRL L 72> THD Z L2, IR TH LS TS (R
IRV RRAE, 1966) . AHURN TIE, AEHITLL IR RS K912, D CHEEORERIERE DA B D,
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#3k 28| NEHSAOEHBERIASRDILERS HTH = BIEEE

1 2 3 4 5 6 7 8 9 10 11

Sample T T T T T T T T B2 YT-1 YT-400
No. 13760 14060 21360 19960 27560 0060 20760 28060

SiOe 52.56 66.64 68.00 68.04 72.73 73.88 76.22 73.10 71.63 68.64 74.54
TiOz 1.01 0.63 0.33 0.36 0.21 0.22 0.16 0.23 0.25 0.41 0.23
AlOq 20.63 15.84 16.01 15.86 13.56 13.27 13.04 14.50 14.54 15.74 14.51
Fe:03 4.18 2,04 1.75 1.79 1.04 1.47 0.75 0.98 1.15 1.73 0.9
FeO 4.33 2,26 1.91 2.04 0.92 0.54 0.44 0.76 1.56 1.47  0.47
MnO 0.12 0.08 0.10 0.08 0.04 ©0.08 0.02 0.05 0.07 0.07 0.04
MgO 2.56 1.23 0.70 0.62 0.57 0.57 0.10 0.52 1.08 1.05 0.35
Ca0 9.12 3.23 253 2.51 1.73 1.22 0.51 1.89 2.46 3.06 1.30
Na:0 2.74 3.39 4.56 4.48 3.30 4.40 3.68 3.95 3.51 3.66 3.38
K70 1.07 3.12 2.43 2.73 3.95 3.01 4.32 2.82 2.17 2.76 3.07
P30s 0.53 0.24 0.27 0.24 0.21 0.16 0.05 0.23 0.15 0.24 0.16
H,O+ 0.81 0.96 0.73 Q.65 0.99 0.63 0.39 0.31 0.78 0.57 0.53
H,O— 0.21 0.21 0.26 0.30 0.27 0.21 0.11 0.20 0.20 0.25 0.16
Total 99.87 99.97 99.58 99.70 99.52 99.66 99.79 99.54 99.55 99.65 99.72
Q 9.48 26.10 25.70 25.08 34.20 33.76 37.18 35.02 35.71 29.01 40.28
C 0.00 1.59 1.92 1.55 1.21 0.94 1.50 2.06 2.30 1.74 3.65
Or 6.32 18.44 14.36  16.13 23.34 17.79 25.53 16.66 12.82 16.31 18.14
Ab 23.19 28.69 38.59 37.91 27.92 37.23 31.14 33.42 29.70 30.97 28.60
An 40.83 14.46 10.79 10.88 7.21 5.01 2.20 7.87 11.22 13.61 5.40
Wo-Di 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
En-Di 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fs-Di 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

{En—Hy 6.13 3.06 1.74 1.54 1.42 1.42 0.25 1.30 2.69 2.62 0.87
Fs-Hy 293 1.76 1.70 1.82 0.56 0.00 0.00 0.20 1.63 0.72  0.00
Mt 6. 00 2.96 2.54 2.60 1.51 1.36 1.02 1.42 1.67 2.51 0.98
Hm 0.00 0.00 ©0.00 0.00 0.00 0.53 0.05 0.00 0.00 0.00 0.30
Il 1.92 1.20 0.63 0.68 0.40 0.42 0.30 0.44 0.47 0.78 0.44
Ap 1.23 0.56 0.63 0.56 0.49 0.37 0.12 0.53 0.35 0.56 0.37
TgtalH o 99.87 99.97 99.58 99.70 99.52 99.66 99.79 99.54 99.55 99.65 99.72

+ Ha

Sal 79.82 89.27 91.36 91.55 93.89 94.72 97.56 95.05 91.76 91.65 96.07
Fem 19.03 9.35 7.24 7.20 4.37 4.10 1.74 3.99 6.81 7.18 2.9%
DI 38.99 73.23 78.64 79.12 85.47 88.77 93.85 85.11 78.23 76.29 87.02
1. (T-13760) : BT A GERINEA R VE, GE-1), BIE, KEBoBRE, HEEL.
2. (T-14060) : PR{ERBISRE CESILTERARSS, GE-2), LI BEFER Bl A58 LR,
3. (T-21360) : HHREGRES CRREESIAEMGHORIENSIFED 138, GW-1-1), BRI HEHT/ M.
4. (T-19960) : PO&3NE CEERESSAPOLRHEEIRINE D 15, GW-1-1), BARR{% A0 EET ).
5. (T-27560) : HIRBERfERIIRE (2 B—=ELTERSES, GW-3), J5E R EETERET .
6. (T-0060) : PRI ERERE (AMEMEE GW-401%), BEE, ERBORE, &EE.
7. (T-20760) : MIKIBEREREE (EHERESE GW-40 1#8), BIRE(C%E mIT R,
8. (T-28060) : R RERERE (EFEREE GW-40 1), BEECEFHEIT FRE.
9. (B-2): hHEERTHY (EEEHEEE GW-40 18, BERRCAIKNEE/NEAFILAE.
10. (YT-1) : MKERBGE (RMIERPGEE, GW-5), EARRCHIHEAR I (BmRERIEAD.
11. (YT-400) : ¥RIBEREEES (BIERE, GW-6), SRECSICLEELE GRHRIBHIRA).

B OFEM AIBERKCRE R TV 5.
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FeO+ Fe,03 (x0.9).

Na,0 + K,0 MgO
BT FE] KRN ORRERHALED MFAR
816)
BHES () (2)(3)(?()10) (9)(5)]?(! (7
1 13 i . [T 1
i AR T
1 1 110 [N I
i 1 ot [ A 1
] | [ Pt 1
1 1ot bt ot
v D AR 4
20k \@\ I
9]
i51- @\@hg © dis
T © &
Oxides TS © Al03
wi% 10 - 10 X Fe,05
° FeO
\ . MgO
sl T~ & K20
. o Naz20
+ Ca0
45

Si0z wt% —>

SR B KRR OHRMPERBEALEOEERD -~ — » - B
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VI 1 B &

AETH IR AERO KA Y Clel, ZRERE, FERGERRELENTERY, 2o
BREH Tl b 20, I BIEEmM2 5 10mIC RS ORH 50, HEIZiZl~2miio b0 TH 5. HIR
B, READBHHA L BIESOBRFHETHD.

EEIFEALRBEOZINETH D, BAIREROIE), #iBRkeapin, B EERs s L
ZNOBRINOBEEZ 2T, ZOENMIARPLBER R EVNBEERLTND I bdD. AME, 13
EAEERBETHLD, HTADEINE, o THLEELTEY, MhOATZOMOFO 5 AT
LD, BEEMITFREALL TND Z ENEL, hAa - ffakEbiond. £, Ak
fRA DR L FEELTWD.

ZEERETIC A ONAEBEIRG T, A7 4 Ty 7BERTLORSY, HEAOEELELN
HLL LW, ARA - BAEAITRIEAST 7 F /lHalirboTni & 2ALH Y, ToflifEnAf
CHAER - ANy RO EOERSIMIRE ZAHE AR BND. ZO XD BREEAIRIE, D
BE LIRS BT, LA, FE AT OBEEEKIIFICEFRO®H D L0 Litiw.

VI 2 3 & F

AEMRICIE, & L TRACE RV LT A YA MNERIRKEHZEL b ORE<, & UITARMIEHIEOR
PEERH R AAHTICEPRIC R LS.

SEAROIEIE5~10mRAT% T, SMELITERE TR, BRRMEESPTRICAHND.

AEOBIAY - RER - W) RA - BERFTHS. AERIIFERROIEDOIE), HT A « REWHL
WChHDHH, A7 AIEEL, WAT AL T, MEOBAERDOHEY Lo TD. BERII LI LITR
AT 5. B EAIT ST MEEEE L

FARERO—E, Bl ZIERBEO R REOEIRD 1212iE, BT U EARRL, AENRELR->T
WHHLDORHDH. TIUIL LAFRBEE LW RETHAS D

VI.L 3 X%

=t

Ly,
gs)

AIRETRE 5 RO L HERE OEHICEROH 2 D B bbb, LilH RS B
ETEHRL, BIMTERNEE ZACABND. ESARBHESRERASE T, FEEE R o B
ERERAEZ BN TN D.

AAEITIRNLA T4 MfZ DS, BRTEE LIEDADAA - BEER - REATHY, AR
B - HANHES « BE LA S AADIED, REREMBPHURT 5. 7 AOEMIELEAERON
HoTHEEL TN,
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[1]

VIL B = R

VI 1 i e JE ORE

% BLIMEHLIR PN O Tt IY, S EEET - SR T R L O R o> EEEE Y (LBRAHT 0 = H TS
SNTHMHLTCND. ZDHh, ZEMIOLOIE, bk (1926) REICL>THLS MBI TEY,
o T =FK (Yokovama, 1927) EEZx b= bbotz. D%, A4 (1959) 1, ZoH
BrogrthHobor LT, ZRBHLAST-. £, BELFMHEO L DX, 44 (1959) 12X
ST, ZHEFEALS O OER - PR (1962) IZX > THIHTHEShZ b0 T, & biclfdtEst (4
F1Z7y, 1953) ITBTDHDEINTND.

IHHO 3T A HUEIEL, WIh b TESESE - WA A, EERV L MEEELLTERY,
AFBREORT, £i2, LAHORNFICENT, IRIESHEL T\, 2 2 Tl 3 ko ks —

U7 #xnastm ERRERAUSE 8 =ETEHRARE

7] iR T NS A FiuE

(B EEME (E-F ) (3, WHEE 5T 5)
FIK & BE-=IHHERMEIEX

BEI0R 2 B O ALRE R 0O R —— TP AT
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LT, fideiEme s LClo . b, o
M OWERKIE TH 5.

¥, 2 Hl— =AU oD MY I 1K 2 5 9
KELTRLE.

VI 1. 1 2 B #hig

% W7 D &M OWEHR600mLL F O #E 4y, K
BEOHIT AR KA EZ RS TR > Todi
T5. ZOMHRE, ME-DEEELTDOITE
e, vV NEEELTD LERLICGND. 8
JEIEARTOMERE Th 5. MEMIIE, Z<4E
WG AR T

RO THEE, LR OHFINRETEL
Roid KXo, KENREMELOZIL W HIE
Thd0, < &b 2EIOHFEY A 7 AHRRDH
nNa. FREDHA 7 uig, A LEEmcT A
v NTAMBEEPDIECE Y, M~#HMAEOBIE
T D ERR ORI S (JEE5~10m) ~& >
S (510 - 11 - 12K) . HURIRb AL, LidLiX
Hea 2138, ERREEEOMELIZSENS.
ZOWED BN, EE1~2mo RE BE D5
D& s, EALOYA 7 ik, B1oemKLL T D
TN EE LIZHEE» DIAE D, ZOHEEIT,
JEZ3~mToH D0, LI AICLoTIERIML
FTo, LA ESTUITFIEE DT NNCHI- T
W5, BB BT, ARKERBROZ VRO
fRiE (R&6~10m) A%EL, B Eofk
AIXZOHIZL. E B EAniciE, BAIL R
ENRNE T, ZoPICAGEKE (EX2m)
DX END.

AREO EIE, BbIicRBar 2L, @R
TV R vV ME L V72503, 205l
IE2R1F725k <, EEOILIE Th MR BN DI
FTERU.

RENLOEA E LTI, ZREGFOHBRMNIIT
DR T, WAEFNHROLDE 7.
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]
REARS

#1280 & BMROFIEHEEORE S —HEHS

Euspira sp.
Protorotella yuantaniensis MAKIYAMA
Tritia sp.
Anomia sp.
Diplodonta sp.
Katelysia (Nipponomarcia) nakamurai |KEBE
Macoma sp.
Notocorbura sp.
Pitar sp.
Protothaca sp.
Soletellina sp.
7o, BREFOWEI N MEhHIE, RObDOE R
H : Chlamys sp.
et HL : Terebratalia sp.
7 = : Schizaster sp.

Z oM, ZOHBKOEAITONTIE, Yokovama (1927) I UHE LT, K (1937), 44 (1959),
Wi - EAE (1960), 14 (1969), AZk - BR (1973) R EOMHEAMENH L. HLBRLAIZONT
1%, £ (1968) OFELVRFDNZRINTNDS. INHIRES> THRESNTHAILAED I L, Bbi2b
D& —FE L TRITRT.

HFLH : Cassidullina cf. sublimbata, Cibicides lobatulus, C. pseudoungerianus, Discopulvi—
nulina bradyi, D cf. nitida, Dyocibicides sp., Elphidiella momiyamaensis, Elphidium adve-
num, Eponides tanaii, E. umbonata, Gaudryina? sp., Globorotalia sp., Hanzawaia nipponica,
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TARI DISTRICT

By

Sachio Icl and Toru SAKAMOTO
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Abstract

The mapped area is located in the central Chugoku Mountains of Southwest Japan
(in long. 1337 00" E to 133" 15" E and lat. 35" 00’ N to 35 10’ N), and is spread over three
prefectures, Tottori, Simane and Hiroshima. Geologically, various kinds of strata and
rocks of Paleozoic to Quaternary, which develop characteristically in the Chugoku
Province, are distributed in this area; especially the late Mesozoic igneous rocks occupy
the greater part of the area.
The stratigraphical sequence of the area is summarized in Table 1.
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Table 1

Age Stratigraphy Igneous Rock Remarks
Alluvium, talus deposits,
P Recent volcaninc ejecta, river Daisen Volcano
g terrace deposits Sambe Volcano
Q
s Miinohara Gravel Bed
& | Pleistocene ‘ ’ 1 r ‘ [ '
111
Q |——————— Olivine basalt Basic volcanics
)
=] .
8 8 Pliocene Azumayama Gravel Bed
& [[[TIITTT]]
)
8
Z | Miocene Bihoku Group Transgression
‘ l ’ ’ ‘ 1 Granites
Paleogene Gabbro Tari estimated fault
‘ Rhyo-dacite volcanics Intermediate and | “Late Mesozoic
Andesite volcanics acid volcanics Igneous activities”
Cretaceous
2 |
: |
N .
> Jurasssic
Q
=
Triassic Basic rocks Faulting, upheaval
Ultrabasic rocks Regio}x}al mfeﬁa-
. . morphism of low—
© Permian ‘Non-metamorphosed temperature and
S Paleozoic high-pressure
g I type
« . .
& | Carboniferous | Sangun Metamorphics (Ultrabasic rocks) | Honshu (Chichibu)
Basic volcanics Geosyncline

Paleozoic metamorphic rocks (Sangun Metamorphic Rocks)

The regional metamorphic rocks of the high pressure—low temperature type be-
long to the Sangun Metamorphic Rocks originated from the rocks of the northern
part of the Honshu (Chichibu) geosynclinal sediments which developed in Southwest
Japan during Silurian to Permian times. They are distributed only on the eastern side
of the Tari estimated fault running from north to south in the eastern half of the
area. Most of them are pelitic schist characterized by albite-porphyroblast (albite-
spotted schist) and are intercalated by a small amount of thin basic schist. The mine-
ral assemblage of the pelitic schist is principally of albite, muscovite, graphite, and
garnet, accompanied with chlorite, stilpnomelane, tourmaline, apatite and iron ore; that
of the basic schist is, on the other hand, of albite, chlorite, epidote, greenish blue am-
phibole, quartz, muscovite, and garnet, accompanied with small amounts of sphene,
rutile, iron ore, apatite and calcite. According to Hashimoto (1973), the greenish blue



amphibole is barroisite. Some of pelitic schists along the western and northern
margins of the schist area are repeatedly metamorphosed into hornfels, which has
characteristically abundant biotite, formed by the intrusion of the Late Mesozoic
granitic rocks.

Non—-metamor phosed Paleozoics

The non-metamorphosed Paleozoics are exposed on the eastern side of the Tari
estimated fault. The Late Mesozoic andesitic volcanics lie between the Sangun Meta-
morphic Rocks in the north and the non—-metamorphosed Paleozoics in the south. The
metamorphic and non-metamorphosed Paleozoics seem to have a similar geologic structure,
judging from their strike (NE) and dip (S) of the stratification. Therefore, these
Paleozoics might, roughly speaking, stratigraphically be continuous, suggesting that the
metamorphic rocks have been originated from the lower parts of the Paleozonic for—
mations, and non-metamorphosed Paleozoics, from the upper parts.

The northern part of the non—-metamorphosed Paleozoics is principally composed
of phyllitic slate and silty sandstone, rarely intercalated by thin beds of the basic
volcanic rocks, and those rocks are slightly metamorphosed; the southern part, of alter—
nation of sandstone and slate, is often accompanied with red chert and rarely with thin
basic volcanic rocks. Any fossils, however, have not yet been found in the Paleozoics.

Ultrabasic Rocks and Related Rocks

The ultrabasic rocks are also distributed only in the eastern side of the Tari esti—-
mated fault. In the area there are two types of the ultrabasic masses, namely a large
one in the non—-metamorphosed Paleozoics area, and a small one in the Sangun Meta-
morphics and non-metamorphosed Paleozoic areas. The rocks of the small masses are
almost altered into serpentinite. There are two large masses; one is called “Inazumi-
yama Body” in the northern part of the non-metamorphosed Paleozoics area, and the
other, called “Tari-Nekoyama Body”; the latter elongates from the Tari district to
the south, and branches out in the neighbourhood of the Misaka district to both Neko—
yama and Tobinosuyama.

The rocks of the large masses are originally of dunite and harzburgite. Most of
them, however, are altered into serpentinite, and further thermally metamorphosed by
the Late Mesozoic intrusive rocks, such as quartz gabbro, granodiorite and other
granitic rocks. In the masses the chromite deposits have been found, and at present
two mines, Wakamatsu and Hirose Mines, are working.

On the northern side of the Inazumiyama Body the gabbroic rock occurs as a
small mass, although the relation with the serpentinite is not clear even in the field.
It is essentially composed of altered plagioclase and diallagic clinopyroxene, with a
very small amount of iron ore.

Many microgabbros or microdiorites occurring as very small dikes are intruded

_49_



into only ultrabasic masses. They are mainly composed of altered plagioclase, brown
hornblende with green amphibole margin, clinopyroxene (sometimes as relict in the
hornblende), and small amounts of sphene and iron ore.

Late Mesozoic Volcanics

The Late Mesozoic volcanic rocks in this area are roughly classified into two
kinds of volcanics, lithologically: andesitic and rhyolitic or dacitic volcanic rocks. The
andesitic volcanic rocks are distributed only along the River Hinokawa in the north-
eastern part of the area with an occurrence described in the preceding section, and are
likely to have erupted prior to the rhyolitic or dacitic volcanics.

The rhyolitic or dacitic volcanic rocks are widely spread through all the area.
There are, however, lithologically difference between the rocks on the western and
eastern sides of the Tari-Mikuniyama Granodiorite which intruded into the site where
a faulting is considered to have been formed long before the granodiorite intrusion.
On the eastern side of this granodioritic mass the rhyolite or dacite pyroclastics and
lavas, often have the stratiformed apparence, and include clastic sediments such as
mudstone, sandstone and conglomerate, thin beds of which are often intercalated into
the volcanic rocks. On the other hand, the rocks on the western side are almost massive,
excepting some parts of the ignimbrite having the flow structure; any beds of clastic
sediments are not found in the volcanic rocks, although the rocks are also composed
of rhyolitic or dacitic pyroclastics and lavas as well as the former.

Almost all Late Mesozoic volcanic rocks are more or less thermally metamorphosed
by later intrusion of the gabbroic and granitic rocks.

Late Mesozoic Intrusives
Various kinds of the Late Mesozoic intrusives, from gabbroic to granitic, are
injected into not only the Late Mesozoic volcanics, but the older rocks such as the
Paleozoic metamorphic and non-metamorphosed rocks, and ultrabasic rocks, all over the
area. These intrusive bodies are classified, according to the order of intrusion on the
both eastern and western sides of the Tari estimated fault, into the followings:
Eastern side
1. Dogoyama Gabbro (GE-1)
2. Dogoyama Granodiorite (GE-2)
3. Onuka Granite (GE-3)
4. Takao Granodiorite (GE-4)
5. Hinokawa Granite (GE-5)
Western side
6. Hypabyssal Complex
(1) Quartz diorite porphyrite (GW-1-1)
(2) Granite prophyry and granophyre (GW-1-2)
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(3) Hibayama Granite (GW-1-3)
7. Shimohagi Granodiorite (GW-2)
8. Tari-Mikuniyama Granodiorite (GW-3)
9. Ryukoma Granites (GW-4)
10. Yokota Granodiorite (GW-5)
11. Tottori Granite (GW-6)

Most of the intrusive bodies on the western side of the Tari estimated fault occur
characteristically as in a belt-like form, showing the zonal distribution, roughly from
NE to SW in direction. Each intrusive body is commonly homogeneous, but has its
own characteristic rock—facies. Of these intrusive bodies, however, the Ryukoma granites
occur as a granitic complex, containing the various granitic rock—-facies, although
principally composed of medium-grained biotite granite and lithologically similar to
the Tottori Granite which is coarse-grained biotite granite.

Many vein rocks such as pegmatite and aplite, and small dikes of porphyrite,
rhyolite and others are also found in these intrusives throughout the area.

NEOGENE

Bihoku Group

The middle Miocene marine formations distributed scatterly in the Chugoku
Mountains are named as the Bihoku Group. In the mapped area, this group is exposed
separately in the Tari, Miinohara and Dogoyama Station areas. These strata are of
small fragments of the deposits formed during the Miocene transgression which sub-
merged large parts of the Chugoku Mountains. This group is composed of sandstone
and conglomerate at the lower parts, and siltstone at the upper parts. Thickness of
the group is about 80meters in the Tari and Miinohara areas. Many molluscan fossils
yielded from the lower parts of the group indicate the middle Miocene in age. The
upper part yields deep sea molluscan fossil, Propeamussium tateiwai, in the Miinohara
area.

Azumayama Gravel Bed

This bed is of old fluvial gravels distributed on the eastern slope of Mt. Azuma-
yama at about 1,000meters in altitude. The gravel bed is covered by a part of basalt
lava. It seems that gravel bed and basalt lava are Pliocene or lower Pleistocene in age.

Olivine Basalt

The olivine basalt lavas erupted in late Tertiary are distributed in the northern
corner and in the southwestern part of the area, and occur topographically as mesa.
They cover directly the Mesozoic and Paleozoic formations or igneous rocks and Azu-
mayama Gravel Beds. The phenocrysts are of olivine, plagioclase and clinopyroxene,
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and composed of the same minerals as the phenocryst and in addition altered glass
accompanied with a small amount of iron-ore. Often the zeolite aggregates fill the
amygdaloidal cavities in the groundmass.

QUATERNARY

Miinohara Gravel Bed

This gravel bed is of old fluvial deposits of beheaded rivers developed in the
Miinohara and Kakkake Pass areas. The bed is composed mainly of gravels in lower
part (6m thick) and sandy clay in upper part (2m thick).

River Terrace Deposits
In the mapped area, river terraces are poorly developed. Terrace deposits are
composed of mainly gravels, and covered by volcanic ash layers.

Sambe Volcanic Ash Layer
At many places of the area, yellow pumice bed with a thickness of about 1 meter
is found. This pumice was derived from Sambe Volcano.

Alluvium
Alluvial deposits are seen along the streams in the area. They are composed
mainly of gravels.

MINERAL RESOURCES

Chromite Deposits

The chromite deposits in the area are now worked by only two mines, the
Wakamatsu and Hirose Mines. The ole deposits are in ultrabasic rocks, especially in
serpentinized peridotites of the northern part of the Tari—-Nekoyama Body. The ave-
rage content of Cr,O; in ore products from both mines is about 30 percent in weight.

Molybdenum Deposits

Molybdenite is often found in leucocratic granites of this area, although the Komaki
Mine is only one worked until 1976. The total production of about 1,300tons MoS,
is the fifth in the Japanese molybdenum industry. The ore deposits of this mine
occur in altered “two-mica granite”, which is marginal facies of the Ryukoma Gra-
nites. Six major ore bodies, namely, Ichiman, Chugiri, Honko, Tenma, Ryugin and
Shin-Yamata, consist of a combination of pipes and veins, and disseminated ores in
limited places. The alteration minerals are both white and green micas, garnet and
andalusite, and small amounts of cordierite and potassium feldspar. Molybdenite is
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only universal ore mineral, but wolframite and sheelite occur in the upper part of the
Ichiman ore body. Magnetite is rather common and Fe-Cu sulphides and broggerite
are negligible in amount.

Residual Iron Sand Deposits

The iron sand deposits were mined from deeply weathered granitic rocks in many
places of this area during a long period before the Taisho Era. The main source rocks
are the Dogoyama Gabbro, Dogoyama Granodiorite and Takao Granodiorite. The iron
sand consists of liberated grains of magnetite that has been strongly martitized and
very small amount of ilmenite. Intermingled materials were separated during the
weathering and through the gravitational separation processes. Thus the pure nature
was favored by steel mining industry, although the ore grade was low.

Kaolin Deposits

Some parts of the medium—-grained biotite granite, a member of the Ryukoma
Granites, are altered hydrothermally into kaolin or montmorillonite aggregates. In
the area the Yanomaki Mine works the deposits of these aggregates at the Komaki
district of Yokota-cho, Shimane Prefecture.
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