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1E5mm LLF T, —MICITEES I L CHATICRZI L TV D

FENCBEET L L, MAITIZEHERATHY, A, AEA - BHAEA - AP06 (2) - BER
(?2) leEnrBid.

FEROAAE, LELCRsN T, ZoEaZITITIRE L TnD LR BN,

HI1R BEHOAS QUEEELETES, KRS E ST
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v. 7 5 & &8 B

BB, BT 8L 2o RS o TOMT S, Z0iE)s, XUl s 5
PIcdh D A BSOSO T T 5.

BETENSIATICOMT 201, EhEER FEOREETHY, PHEICOMTL2bDIE, T
HEEAWTTo N TR T ORI ENAATHL 0%, K EEOMRENH L AR TH L. Bl
JERtix, H (1978) 2k b, H2ROE I KIS TWD. ZoHTIX, HEFME - FHEE -
WG g DA R RIT TV D, Z ORI, IWF—RERETH Y, NEE (1900) XY, MO THIE
FALA DS SIS, BERMEADENT D LI o THEBSITbN..

HoR BHHEBOREFRS LS (Hh, 1978120%8) R
(B @R R OTE D 2R T

EREESE L MEEERSL . EEEERN
HHBE |
BB VB FBEA®)
SRR 5 1L T
Far b+ T
BB T e DF#?ETE{
T
i T
MR 0 | mEERE L o
' TH T
‘ Y ’ l B l REF H
, HRAHTR, il i

N. 7.1 BEE
FHEBEIL, ShERHOREEAETHY, WMIAE LEhEHCTNE L B hitEE 2\ Es
LB TVD. BEEOBIE, E—KEELES, #(r B CHBImIZETL20003H 0, 1/ RTIEIRE
60cm DL LD EMEAE S, 5-10cm RO L OB KL E V. BOMEIL, ZHEET, kKOok>2b0
Wb %, - PAERMBHERE THDF v — b - BRERFEO RV 7 = VA - KRR Ok g
BEZBT D7 A0 A b - 2 - BfE - OAS - RGBSR ETH Y, W/ il CIxtbia Bz
RS, Sk I TIAERE R Z . I IR TIR 12 @IS E R VBIBECE OBER R SN D . BB
B, BiRAH D WVIEFIRE, ERESMICRAOIICE > T, KI<BREENTVD. KIMEAX OREN
MR E AR o CHEN, WIKIEIER ICE D, BITHAE S H L3, Z20THBEOLINbDH
BRUEENTVS. BEOEIIINS0m LHEESNDEN, T2 THEEMOMBENFEH L.
EHEEEN TALOMBEEZ RESTEY ZL1E, H<AHNERA00) ICLVHLNIINTND. £
DARBES 2R BIEDS, BhmHr B CTROND Z LR - RE (1902) ICLv@mEIsh 5. &
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H12K LB ELEOTRES (FUoSAITE SERY, HOEsE GBI O MREE. & i 1) (R Ry

CCEE NS R MERREEE R ARESICE S . FRMOTEIIH O EOILMIC Ao D b0
ThDH. ZOHFIZBWT, BEBICAEAS TEDN S LRSS OREHIOWT, B FERME 2
SHIBATA and MILLER (1962) IZ L - TiTbil, 120 Ma EWIHERB LN TWAS. ZOfEIE, Eliiw)
W DR ERED R AS, ~N U 7 2t (Berriassian) 7254 —F U £ 7 # (Hauterivian) & Si,
AJERE L O L E 221 12E O B ERIE ORI TIE, 114-119 Ma & STV 2 (SHIBATA et al.,
1978). i b HURHERBIfRIE, 77 MEHZRBIA 120 Ma LW S E SNTWH D NG, Bk, =i
BN DA R OEMILIEZ IS DA EGERE L<E&T 5. 727ZL, ZORERIZE-T
RENDHFEEE, b bR EE LGEB ORI O A TTB A £ 5 ZHAMAEFICENbOT
HHZEMEREND.
¥, BE WA TR, BRI, BRI NRREAN Y & HEE S D TR VL s R K OV
HILBOT A A hoERE, FEALERDDWVEIRRZ L THREATY > THMTDH. b, 5
W OMEIZONTIE, NE (1960), TEFHIFD (1968), A2A (1974b), M (1978), T.jk - %M
(1980), %M - T (1980), /NEIEA (1981) R EPICL > THEEN TV AS.

V. 7. 2 BHERE
AEEEE, Wb (1978) 1Z L, MhIcias L CRIET 5729, BREOMEITZHA LA TRY. L
L, BEhEEEOR EALOME TH 5 RN RKE W, 12, ROHKR—HRids L a0 EEN» b
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R, BEHSORIK S ity BIRIEARLEL 70m Eahd. s, s mEMEKLEICY 2D
LRONDMBCEITEIND.

B HHEROSAHTH D Z OKIRHURO = HEREN D1, A ERERL T, LirL, W&o
7 <ALE o MERIEH#IER O A B T, SEokraZEL, 77 MEEH» S T LT R
L &R TW5S (MATSUMOTO, ed. 1954).

V. F B = %
V. 1 b 1S O e
BRI DIE L A E1E, HIROET, = ORIEHUISAESZ P, B <ML, & - HASRE,

Peh gt (Rlg) sz v Tns.
&b HALo b O3B O R, wlmie L Ima T 59 b ImEEKILE TH S (13

1B b MR LS (ERCE)  (Erlvifiv b ) P e iR



AR b SRRl (FRCE) 122 b D i ER A I

(&bt ik) RIS R Y

B) . ZoxEdiE, <o ERECE EFRES L, KAROE LN
BHATHD, FMILE - FHEHEZENTEY, KFERVLL0TEEHE
W REREE R RIE LTV D (B14R) o, dbREsAmE b
BELTWDR, Bo <2, BEAROSHERT LI ICEbhs.
L7edoT, ZOEKE, MMIOZ7a) 2RBABKRTHA .

b mEk e, R - BERER L2 bol, Bl T ER ke
[EDEEY D 2.

Wby EERES T CHET L L, BRIPREOREATHS. A
HEMETHY, MRORERBESR, SEMERELZ R T Ak, D
BOBRER - L OHEOD ) RAanoMlRanD. BRAITMmE
B A TV S,

Yo A RO FEBRIEHE 3 RO KL D TH D, Ty AR,
SiO: NE <, AIEHD/ NS WD, TACE EFRL TH RERTIZARNA,
KO 2372 <, AV RADMD TH R0, BRR RS & 00
Baiiz15.

HIR o mRIEkCE
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(Bl (CRERsT504T)
Sample No,| OT 2007
Si0, 73.82
TiO, 0.14
Al,O4 15,13
Fey04 0.83
FeO 0.40
MnO 0.02
MgO 0.41
CaO 2.35
Na,O 4,97
K,0 1.18
P,0s 0.04
H,O+ 0.56
1,0~ 0.24
Total 100.09
B B
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FISR PP ERIE K LS (7 1 YA B AENR (BT 50R, IR )

HI6I S FRIE K LSS (T A YA b)) OFFH Cardidimiaes) BRI R AR
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F17 PARREEREK IS (T A YA N OXGEAREEE (EEiifis) mRsHs ey

BIESR T 2 B RBU OFTHAS BRI K L TR E S IUB b O, K S L IS0 T 5 8,
B 2L LEERERS S T, AERAKEC, —AOKERY URABE RSB, #FCEET
B, RENLRIBEEE, Bl REKICETOS ARSI, b, AEIERET, Fck
FERBHER L AEOEBEAER P ORI TS, L riake bRl Bae LTRERD
BREL, HRICHLARICLFICANERNFET DR ETHD. ABIITAHA v THAD (515
).

TEITT I DV OG0T, IR (1982) AR ATV B & 5125 B fHEIR A I A & A TSR 13 5
W B GEI6H0) . BHIE, A4 MEDbORB, TS - Fr— b - REER S ORI b
SRR, COMBEODS L, BEBANIRE GH17E) T oK R 30am 5.

RGBT A YA FEEOTEY, KEBEHO TR L BbRS.

S DKILE ORI, B TE EREA HN TS T & AHEAD b EAE B R0 b 0T 5.
SEEIER (1977) 12X D, #Lyr BRI OHIHERE, 52Ma Lo TW5. HIC, 20HET
VR SRR BE 5 IR MR A T 2 B O . (B2, 1970) OO BUHEE(RIE 61 Ma
LRIES TS, AT IS B ST, S SROMRIC, KILTEBR S o7 2 kA
MRS (B 1979). 7k, PIERERMEAIEOAEE, 20 750 1 EEIE TR (5,
1984) 1HBB £ 512, db bl SR R A 5 TV
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VI 2 0 SR

IR E LCiE, dEea) o Rk MR 2 7% S 4 2 i 05 By o &% OV R HE R 300 ONS 57 11
TR D T 5 By e e ORI HIMERE ) &, PO RIS 09T 5% D 7 0 K O 9T /52 B I MR A,
O RO R JE T 2 RSV HERE ) 2 B LI B 03 6 5

VI 1 B - iR HERE )

R ) | et — 45 o0 oy WD B R M HE R A 0, (L R AT RRTAR P O A BB, DT o friRARE, el
TR A ORRMIZ, EELOBEE L TRDOND. 1960 FERY)D OMEFRE YRR, Z OEE DY)
FIFIL 1 FEFT L2 o 7e DT, 2O L EORIMICNES . MBOETHE~NL LI, HAH»HIH
A~ BRI RV <2, BUEREEAME T L TWA LS Th L. BEBEN AL NIZD,
FHORE Tholz. 22T, BEOEXIE, 5m T, £0O RIIREENE- D, flFO FRE
FICOBERIEL TV D00, BEORE ST, 3040m Ik SEHESND N, #REOFRLBRE-T
WhHT=H, RHORNEZW. BUIRE S0 cam WADKREED LD HH 523, 10-200cm D HLDOREL<, [
HENOHAENOR D, £z, MEELITR - T, BARE LEHRRELZ R L TV, BofREEIT,
Fyv— b HREROZENRS DBV T 2 VANPGRS, £z, RSO+ A L— RN AT T
T o REBEFMILET A A NEENLRD. ZOBEBICOWT, BREHREMTOLO TR, e
DHEELIZb Db LRV E WS B, ILEBRHERM L T2E2 13 H5. LirLl, ZoE<IiziE
TOBZDOLDODNMHABRDHNT, ELMNBESNIZER VRN E WS BRNG, ZOEEIE Y
WK AR Ch 5 FTREME N TR, ZOBYBIZHN T2 00, BRMERESOE RCR b, 2
T, RSO LICAREGICHEERO LS. BIIERENRET, E—KENLRY, WEERkD. o
BB DR ECTEIE, 1FIE 5 m OWREETH L. o, BMHIoEEIX, a0 Elicoy, EXX
20m=* LHEESND. BERRIZ5-10em Db DNREL, 20em A EDOS Db LS. HAEEZRV LY
WTho. BE, Fry— b FHILETA YA EBREL, BAY T2 V2R Z0. 2T, B
A K OSREHRCE DRET A 720,

Z0IED, WMBREHEREMICET 260 L LT, BEAEHFOEEN 160m 0 L Z A, IO
VA H Y, Fy— b - WilE - EOHBENBIEL TV, I< UL, EECEOMEER R
. AR HERE ) S Z O FHE AR L TV D LB BILD.

VI 2 HHN SRR - EHEHEREY
Z OEAHIIT B AR 7S, ILEBTERR, FRIMIKICRET S, 72, ZORRBEORNORRHE

Wb, BREHREMAROND. BELDEATRAUCAERE L, —HRREEHERY TH 5 5. Fwllo
BPUT S, FRIRHIMEMER N 04§ 2. IS, HOYIBRER T, BERMEICOEEER S Y, B -
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WhENSR 5. 2ok, FRAEN - RIS bR DR B & 2 O LA HEHERT 7>
LIRHWIEN R HEND.

VI. 3 # fE &

WL, POHICERE AN OZRCRROBRICREL, #1255, Zhbon)lns,
b bz 272 0 RS BT L C, MR EEZ2 o< 67, BElBICEES ), —RIICHERZ .

VIL e B M &

Z OHBIZ AT 2 AT AR B T ARATH (HEE) OMmMNHERY L, FiiemiEs AR L
T, ZOAHMNTIR < AT 2 Ab L AR - PRI R T 2. RIS OB ERIC 6T D
R AR OHIR DY, R— 285 W= A UEEIC LV FES T 6, ERNEY A 2 RIS <
HWHES 2% TV D (B, 1950) Dioxk L, dLEAE - hAEEME K T, EmERTEAREL, B
BEDORZWEICHIZUEER L 5N D GEI8K) . HEAH O LiEny ¢/, MEREo LT, bk
R & AL K OB E R E <, B KB EER ORI H -T2V TH A .

COHIKORETEREZ, RS E T oMM E K LW L X 5. R ssiEni, b bl e
ERRVICEDN, T OWIREHIIZE AT Lo EmEE AL -rE R m, b R Lk v
FAET 2. ZOXEHEE T b FIS iR <, ALINBWECIL , RIE 0135, ZHRUICFETL, HDH WV
RIRAET BWE AL TE-F R T FICES TVWD. ZOHMICIZIFERT 2K THOREA RSN,
ZOBOMT NI £z, T oM T3 <, db R iEap R E K eIV T, REEIIC R
b5, 2, dbblIbRIGEWARTE FICB W THAEE T ERRD D G5 - &
H, 1974).

BB, RNE»SRIE, KORIE»ELE~OIREDHHIC L Rohbd X Hic, 7—
T UHEERHMAE o TS (19K . £z, IELHE)IE OEROKEICHENS L > X0k
EANTEERE S, A0 BB AL ORI CIE, KBCE R THCEE L, Mamichfrshcnd e Z
Hhd D, AN ERMBEIIZIFEALT 2 R-FEE S RO T AME R &R0 bhd. 2D
Sh, FRCE LWL O, IEHWE L XEWE CTHD. HiHE LI OBEMFICRW CERE O T bk
B LMLoY R S VB EORE RGMi AT Ty — MEEAUBIL WD, ZOF v — MNEOLERE L
HESNDENTF ¥ — MBIIXEBBEIL G ICELT 5. G KON EWE ORI E R 5580 OHE O
MR DL, Fr¥— FMEREZEUMBEOREE LD, EMENORDZEEFWALNTH L2, A
B LT &R SBEOEMICI N THE OB N L 2 58I ERHEER BN D, 2 oikiEE oK
1%, XME—KTHEORICEIHBICYHND.

FIIE Lol S, RI)IERNO EFREICE, WREICHEN L XRERH DM, 2oL X
REBIS, TR - AR KT/ MEIIHEE S R OND. 2O L RREO RIS D~ v H D
SrAalE, ZO/MEM OIS BT 5.

b KRB DAL > T, ZOBBOEMICIX, = ORIEHIE D208 K OB O K205 P65
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BTHLIOIZWL, HERNSAOND. Zodt GREBOEMIIHAET — 4 B A+ Th oA, 1k

J R oL 7 by —EidmpiE s N EHEE SN S,
H—OOEREERHEEIND.
g DT & A DT,
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1K L) B W I RE S AR (8 L RAHCE I8 & O BB A Z T TV 5. BiTE)IA)

MBIV, BN ZOORICEVWTROOND EZANRH Y, EMEEN Z OLHE AR 7
MNTRET DAL H 5.

Z ORIEHISALRIBIZ 59 2 FEh BRI, I REHRE M oEmNE b D, MIC 35-50 AL, Aok
M AL A OB R & P m 2 o, H%EE, F—LEEOM~0T 7 v UL R TR, o
DOHUR O HPEHE TR OGS, HEMFICROND F—AEEORES 2 Rt bd 5. O
WaE-> T, HAREAICODEEERT, 15-30° DA TUTOMBEEE-> T 5. Z OMEEIRE
B> TUREN D MFREENL, KEEIESH TH D (KoBAYAsHI, 1941). B HEREL D H WM -
AR A RHEREY T DS - bl e KON A TACHIIISE 7 7 b ko B S REAS, KE R IE OV I e
Baz), MULSERL, BEhROKELMREDBEAEZZIT K, nEe\ 0 LRI O S & R %
RPMCHIBE T &, TOHE - SAZEARES TE- TV, HILHRIZBT 28 L 2R3 R
BAEELTHERSNS. ANl X 51T, %7 7 MEO WA E S Z 0 72 &M A & O b L 4
(IR > T2 JE A OIEBI O - 7o, WEFRIRRIREN L 2 LI, MRZiakalez. =
LT, AL bIH MABECIES 5208, RE Lckithie 720, 77 MU EICHRER S Y, infEe» LE
WAL DS R BEAHERE L 72 & ) OIS FEE Y, 2 O MR il & & T = Fiifp TRt Al 5.

¥, MEXEHIECTHRD G DA WS 2 04 5 MEWEIT, 2 oXigHbde: < idE s
WCHEASHTAHTHS. LaL, ZOKEMRERE AR, SHEARMIN S, MBI RIE IR 23T T
O JF I LI 0 PE RS W A WHBEREE 338D b d, ZIULHENBORMESEZ R THOTHD .

EHBEEL, MOAREZT TWRNnA, FRCEHE TN ZERH D (BE0X).
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20X E LR (A, B LREhERE CHMD) & OWTEEERL (F STl s o) RIS R

VI & A o H
VI 1 5 # & &

ZOMWEHIE OFLEGIE LTIE, v Ui Rr~A MRERDHY, o TR SN, BUE
BT RTBITSh TRy, v B UE, 3 TFy— MEhIckEN S, UTFICERA~ VT U8
FRIZOWT, S (1965), mEbiEA (1969 ;1973) »H5IM L Ci#id 5.

ZDWED, o UMIBICEBITSh, Y 757 U EEEH LABEIRILIA SV, £, Elmimdies
ETHE R~ MERSH SR, WERBITESNTOWARY. ZoR#E, TR (1961 ;1962) 12X 5.

TIZBUE, WEHRIC, EEROBESThbR TS,

VI 1.1 T2HV8k

Z R

(AT SRR, f8LovEss, s ERKINO BRI ST 5~ o T PR RGBT LT,
Fx— b HHRE - WEPORDIBABOT ¥ — MIEI O T, ZOMEDT v — I &
VELTWA. AEANCHEEDDPNTHATH~ Ty, ZOMEfEEIcL<A% LTS, =
DEFEED~ 2 7 PRIHTEE L CHRET DO DOTPE/NERN DL DT XY e R, B ALK % 5~
T D b, BREILGEL CRAMEHIEN) 2350~ U hs, RIKIZB W CRIEHEICIRIE L7
ZEERTHEDTHAD.
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BBIRIE, 2 10em 5 5 m, EMELEITRAS0m Ll E, HELHAIIE 10-15% FRED & DR L0 - 7.
AL, TR~ T, TV T, MR~ T RS IRD. b~ T BRI,
B R~ > B - BB A - N R - #h R OBEEREE T E OB B s, PV
VEEX, B—RFA b T TEDAUDAR T EL A R 4 AFER I~ VAT VBT E
L. REE~V AL, B T UPEEEL, 20 23 BOFTWE~ T U iiE ko T
%. WAFN 32 AEHSEPAAA L, T HIE 400 t, ¥ 200 t 240 3 ARk HISE L, BN 34 KL L7, K
SLAEFER, 4,603t (5447, Mn30%).

RgL

AR T B, RAFROILRE TR s 7.

HHE - Ty — I b R2EABOF ¥ — MNEPICHREN L BIRK TH 5. FElEIZ, 05-1.0m &
BT, EMERIES0m NN TH L. JhAE, BHEMAEO B~ 0ot L RO T W~ T Uk
EInbrn. miEE, BEEAEELL, BEEIe—RFA b T TahAbAA TP
VU4 AR EDEAS DD, HELRALIE, 25-30% Mn O b DN L, AFERITIEFI 25 4 K b 30
FACE D FEHL R 3,076, fhiizit 35-45% Mn CTH 5.

Lt A

BT E AR TR T O T, BREFROWLIANS OALRBRMTIZ, v TR F v — MoERL T
L. BEEKIE, ZE30bY, Tod bEBERKO L O, EMK 100 m, EAHAICK 180 m, SEiFET
S 2m THDH. gk, EHEECKESATWS. Siald, Bk~ Uk, REE~ T
(& “Faalb—HNME ), 77UV, VBTV ENSRD. ~ U U HmE LT, B
BrizELL, PVEOASAAS =R 7 VT b A L= RO PR S TWD. B H
Fra F LT DAL, T AR REE~ W GE TR v PRD “Faalb— N JRENE
RHLDOT, TNHITIE, EADBOYIAT A NTATUGL T TR EOWRIAEEN TR,
SOALIT RIS E <, 40-45% Mn D b OBE . FWEE~ U A VKT, a—RFA b T TanAb
AaxETEL, LIRLIE~ U A& A0 - v HUHEIR L X, —MRICITMAL 25-35% Mn Th 5.
TIUUHEELTHEAE, BEREECTRATZEL, JVBRAZWY, 7 20-30% Mn O H O3
2. THLOHWIE, —RICHEIREEE L. RATF v — MRS EA A 2 BB, F
¥— MBI AR EEND B3 D 5.

BEFIIBAERRAT L, URE3 100t O ZfRfb~ v H U e gk L7 L B2 b, F34END 41FEETO
FEGLAPERIT, 23,850t, Abfii% 20-30% Mn TH o 7z.

BEskL

FEMIEHICH Y, WEREHERE S ERER CRH4kn 0L ZA 5. ZOHKIE, BAEOF
Y — MBI B HOT, IMEEE & WIS S TN A b o T DL LA ERIRIE, 4 0
LY, ZFFE-JEECH Y, EHEEICL o THEONiE L > TND. ZD5 L, RTTHRK &P
N gEARIE, HPER) 100 m, FEAE3040m DLV b H, E XL 1-3 m OFICHAME L T\ 5. g
WIE~ TR REAICR S, B— FF A PR ZICKE, PROS VAV EL AR - Gvv
HTRA - T7uhhbhfi « Ry 4 ZPRetES. BEMECE, 77 A Lv— e EET5
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TR b~ U EDFET D, WAL 25% Mn B O L O D, 45% Mn lZET A LONRH 5. B
25 4E) D 34 EF TRATL, KR 19,877t Z gL L, MA7i% 30-35% Mn TH - 7.

W 1. 2 ®YIFURUM

LEESR L B THER A ST H Y, BB 14 ENLE I, RAERIX, MoSHEHLILHEF 18
-20 249 80 t, WAFN27-28 4 58t, GEF 138t TH D, EILEKELS (1942) [CLHHENHD. FIRDOR:
BIIRIBEROMELT & A nEnoR 5. FEGIROIRIEE, &K 0.7m, ¥ 03m, EMER 150
m, EAHER 60m, FHJEAL MoS:1.8% Th 5.

SR, HOEART, 1ZIEN-S HFHENTIEDD 4 FDOWAT LR B2 5. SiA8MmIS, HKEREE TR
077 ) (B 7K R R ARG 17 EOIRAW) - BERHL - BESL R S e D, IRAEMIT, 1T A
EAE - DEOHY LRS- TRATEHD.

P A S A TR OEAL - A (1982) (2 KA, PIMUEIZIET A NEFABESE R H Y,
ZHUCHGIROGALER 25 . ~ MY v 7 AT IGLRICRO OND Z EIFEE SRS, F
72, FAEEHIZIE 20X 30 cm ORLHEERRD B D, ZIIHEEREE, THEREL, HENHL, MAEKILE ST
BIRFULIEA TH D,

W 1. 3 FAawAak

BRI, Mg, AR OURTE G Ao Ai L, B8 O Lo B TIcm s/ Na R
EebITRENTWD. BRTEREICEL, MOAERERLZIT Q0D Tokd, FEREERY,
L DAV EET, —EISITHEEE - SWRIL 72 EOFLER b Ao s.

IR (1961 51962) ICX2FELWVEERH Y, ThEZERITE, UTDOEBY THD., FrvA
ME, BE10-% 10 m, ERPERIFE 100 m TH 223, BT HARTFIE £ T km O g 4B Ik
LR S/NERE LTET 2 X9 Th D, FICHA RIVUE Fe <A MI 2@ Eicbie v F#ET
HERBND.

PhAE, IR CIRK AR LIKE, #EEE TR, 0T WERICE D, A IKE T,
ROHIVGERE B, L - N (1956), L (1958) (Z XA, < 7k o T IS & R
ETDR R AN EERET D, ZhUL, Rr<A b EERE & OEMEREIICOR R SN 55
AT EZRL WA, JE (1958) IZX VW FESNEWIRO LB THS.

/NEER (Kotoite, 3MgO + B:0s)

NV RY 4 w77 (Ludwigite, 4 (Mg, Fe) O + FexOs + B2Os)

U—% ¢ v 74 (Warwickite, 3 (Mg, Fe)O - TiO: * B:Os)

#hli i (Fluoborite, 3MgO - B:Os - 3Mg(F, OH)2)

FA XU A (Szaibelyite, 2MgO - B.Os - H.O)

%% (Suanite, 2MgO + B,Os)

HEEMABAUA B a— o - EEA - BANA - KA - RFER - KBA - TWIKA - iR

i JREEIRERE K A - BEERHE M O SdE
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LROGMO > bEREY, ERTORTINLT, BATHO CRALENTZHOT, D (1958) 12X
DIMRMER DD .

Fe<A FZ2DHDIE, MgO17% LA ED AL E & o, WRTFHEDEA, MrE Y, RIRAE, W
ORIZPBNT, JEE 10-60m, E[AGFAER 80-1003 10m O b ORHH M, MO LOLED, H
FEBAT Sh TR,

VI. 1. 4 % f#
EETEREAITRARICENT, Fry— b E2EEL, JUSHIERAGAIE LTEBITL TS, B 374
MR, PR RII4ER 1,500t TH o7

VI 2 £

B TR AT T D K LEARZ P b & LT, BT CRIEL TV D, Z otk LA IR
X, ZOMERET, ik FeEBRERLE S Lz o0—>T, ZoftEnrb, EHIALES,
MBATIC/AINEIRE LTHAT D, 9o T, BEAH & L CTMUBLIICBITENT-.

X Wk

Chor D. R. (1972) Colania douvilei (OzawA), A fusulinid foraminifera from the northern
Kitakami Mountains, N. E. Japan. Trans. Proc. Paleont. Soc. Japan. N. S., no. 86, p.
369-374.

AEIFETER « /NEARAE - Kk 4% (1968)  HEERE W, ESRAEmiETsd, no. 1, p.20-28.
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(Abstract)

I . GENERAL GEOLOGY

The Miyako district is situated in the Pacific coastal area and embraces a part of the
National Park Rikucha Kaigan (Coast).

The district is occupied largely by the late Paleozoic to early Mesozoic eugeosynclinal
sediments, the earliest Cretaceous rocks of the upper part of the Rikuchti Group and the
Cretaceous granites. The geological summary of this district is shown in Tablel.

The eugeosynclinal sedimlents in this district belong geotectonically to the northern
Kitakami Mountains geologic terrane (Fig. 2 in the text). The sedimentary facies of the
northern Kitakami sammyaku (Mountains) are composed of dominant chert and slate.
On the contrary, the facies of the southern Kitakami sammyaku (Mountains) are made
up largely of fossiliferous shallow sea deposits ranging from Silurian to Permian in
age, and to earliest Cretaceous. Thus, the lithofacies and sedimentation are very different
between the northern Kitakami sammyaku (Mountains) and the southern Kitakami
Sammyaku (Mountains) (MiNATO, 1950; 1953). The boundary of the both terranes is
confined by the Hayachine Tectonic Belt (YosHiDA and KATADA, 1964), which is
characterized by a remarkable ultrabasic intrusive belt (HIROKAwWA and Y OsHIDA, 1954).
This district is situated in the northern Kitakami Mountains geologic terrane and is in
close contact with the Hayachine Tectonic Belt which is distributed in the Otsuchi
district on the south of this district.



Table1 Summary of geology in the Miyako district and adjacent area.
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In the mapped district, the Permian to early Mesozoic geosynclinal strata are widely
distributed, and divided into the Kamaishi Formation and the Hanawa Formation. The
both formations are constructed by a thick pile of eugeosynclinal sediments, which is
composed mainly of slate and chert, and intercalated with sandstone, volcanic rocks and
limestone.

The earliest Cretaceous Rikuchi Group is distributed in the eastern part of the district,
and consists mainly of dacite pyroclastic rocks. Its geologic age is assumed to be in
Neocomian.

The granitic intrusion occurred broadly in the Kitakami sammyaku (Mountains) after
the deposition of the Neocomian volcanic rocks and strata. In this district, the Oura,
Miyako and Nenekomori Granites intruded into the above-mentioned rocks and gave
thermal metamorphism to them.

The Cretaceous (late Aptian to Albian) Miyako Group overlay the intensely folded and
faulted Rikucha Group and granitic rocks with angular unconformity. The conspicuous
diastrophism shown by this unconformity is called the Oshima Orogeny (KOBAYASHI,
1941).

The acid volcanic rocks are sporadically found as dike or laccolith-like form, which
intruded into the Miyako Group and the early Cretaceous granites, together with into the
Kamaishi, Hanawa Formations and the Rikucha Group.

The early Quaternary gravel beds are distributed at limited places in the eastern part of
the district.

II. STRATIGRAPHY

1. Permian to early Mesozoic strata

The Permian to early Mesozoic geosynclinal rocks are divided into the Kamaishi
Formation and the Hanawa Formation. The Kamaishi Formation is in fault contact with
the Hanawa Formation.
The Kamaishi Formation This formation is made up mainly of slate and chert, and
interbedded with sandstone, thin layers of volcanic rocks and limestone lenses. The
fossils, though very scarce, comprise early Permian fusulinids such as Pseudofusulina sp.
from limestone lenses and earlier Permian conodonts such as Sweetognathodus iranicus
and Gondolella from bedded chert. Recently, the Triassic conodonts are reported to yield
from this formation in the Kamaishi district, to the south of the Miyako district. Accord-
ingly, the Kamaishi Formation seems to range in age from early Permian to Triassic. This
formation was metamorphosed by granitic intrusion. This formation is estimated to reach
about 3,000 meters in thickness.
Hanawa Formation This formation consists dominantly of slate and chert, and inter-
calates sandstone, volcanic rocks and lenticular bodies of limestone and dolomite. It is
characteristic that cherty fragments are included in slate of the Hanawa Formation,
probably resulted from submarine sliding. The fossils are very scarcely found in lime-
stone, such as Neoschwagerina sp., Colania douvilei (Ozawa) and Schubertella sp.
According to these fusulinids, the geological age of this formation is considered to be of
middle Permian. As in the case of the Kamaishi Formation, the Triassic conodonts may
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be found from the Hanawa Formation in future. In this paper, it is proposed that the
geological age of the Hanawa Formation may be extended to Triassic or earlier Mesozoic.
This formation is strongly subjected to thermal metamorphism by the Miyako and
Nenekomori Granites. The formationis estimated to be about 5,000m in thickness.

2. Early Cretaceous (Neocomian) Rikuchi Group

The Rikuchta Group is divided into the Omoto Formation and the Harachiyama
Formation in ascending order. The Rikucha Group is about 2,000m in maximum
thickness.
Omoto Formation This formation is narrowly distributed in the northeastern corner of
the district, and is composed of alternating beds of mudstone and siltstone. It contains no
fossils in this district, but includes early Cretaceous plant fossils at Omoto, Iwaizumi
Machi (Town), to the north of Miyako.
Harachiyama Formation This formation consists of a large volume of acid pyroclastic
rocks, with thin layers of clastic rocks. It suffered from thermal metamorphism by the
Oura and Miyako Granites.

3. Early Cretaceous (late Aptian to Albian) Miyako Group

The Miyako Group is exposed at narrow area in the northeastern corner of this district
and divided into the Raga Formation (the basal part of the Miyako Group) and the
Hideshima Formation (the presumable uppermost part of the group). They are repre-
sented by littoral to inner neritic strata, which lie on the folded and faulted Rikuchu
Group and the Miyako Granite with an markedly angular unconformity.
Raga Formation This formation, 40m in thickness, is made of boulder conglomerate
with thin layers of sandstone. No fossils are found in this district. Pebbles of this forma-
tion are derived from chert, metamorphosed slate, dacitic rocks of the Rikucha Group,
porphyrite and others.
Hideshima Formation This formation is made up of alternating beds of sandstone and
mudstone, and intruded by the Jodogahama acid volcanic rocks.

4. Quaternary deposits

The older terrace gravel and/or fanglomerate are found in a very limited area near
Toyomane, Yamada Machi and to the west of Tsugaruishi, Miyako Shi (City). Though
this gravel beds were thought to be formed of debris deposits, they are of fluvial origin.

In another locality, very small distribution of the older terrace deposits is seen near
Hikime, Miyako Shi (City).

The younger terrace gravel beds and talus deposits are distributed at Hikime and
Haratai along the Hei Gawa (River), and Akamae, Miyako Shi (City).

Alluvial deposits, composed of gravel, sand and mud, are developed along rivers,
valleys and coast.
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. IGNEOUSROCKS

1. Basic Rocks

Hornblende gabbro and quartz diorite are accompanied with the Oura Granite and
Nenekomori Granite. They intruded into the Permian to early Mesozoic geosynclinal
sediments and the Harachiyalma Formation.

2. Granites

Giranites are subdivided into three bodies, that is, the Oura Granite, Miyako Granite
and Nenekomori Granite.

These granites intruded into the Cretaceous (largely Neocomian) Rikucha Group and
the older geosynclinal rocks. The Miyako Granite is overlain by the Miyako Group (late
Aptian to Albian) with a conspicuous angular unconformity. Accordingly, the age of the
granitic intrusion is limited between post-Neocomian and pre-late Aptian. The
radiometric age of the Miyako Granite overlying the basal conglomerate of the Miyako
Group is 120 Ma (SHIBATA and MILLER, 1962 ; SHIBATA et al. (1978). This value accords
well with the field evidence.

Oura Granite This granite is medium-grained hornblende-biotite adamelite including a
considerable amount of diabasic rocks as xenolith, This granite shows slightly hypabyssal
texture and includes a few basic xenoliths.

Niyako Granite The granite is medium-grained hornblende-biotite granodiorite and
tonalite with finer-grained marginal facies.

Nenekomori Granite A small part of this granitic body is distributed in the western
margin of the mapped district. The rock is biotite-hornblende granodiorite and tonalite.

3. Dike Rocks

Dike rocks are classifled into two groups, namely plagioclase porphyrite and
porphyrite, except those of the Jodogahama and Kadogami’iwa acid volcanic rocks
(Paleogenein age).

Plagioclase porphyrite is characterized by the presence of remarkable porphyritic
plagioclase in fine-grained matrix composed of plagioclase, hornblende, clinopyroxene
and others. Phenocryst of plagioclase reaches 1.5cm in maximum diameter.

Porphyrite is fine-grained and composed mainly of plagioclase and hornblende.

4. Jodogahama and Kadogami’ iwa acid volcanic rocks

The Jodogahama acid volcanic rock has been called the Jodogahama Rhyolite,
distributed at Jodogahama, the beautiful scenic coast in Miyako Shi (City). This volcanic
rock is grayish-white or white, holocrystalline and has a flow structure. The rocks consist
of plagioclase and quartz, with small amounts of biotite and potassium-feldspar.

The similar volcanic rock as the Jodogahama acid volcanic rock is distributed at the
south of Sentoku, west of Miyako Shi (City). It forms a circular body on the surface of
the earth. This volcanic rock, together with the Jodogahama acid volcanic rock, intruded
into granites or the Rikucht Group and the Miyako Group, and possibly forms the
laccolith.
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Besides, the acid dacitic volcanic rock is found at Kadogami’ iwa, west of Neichi,
Miyako Shi (City), and intruded into the hornfels originated from the Hanawa Formation
and the Myako Granite, where a part of it forms an vent breccia containing many
fragments of granites and hornfels. The same acid volcanic dikes are seen at many places
in the northern part of the mapped district. These rocks are also holocrystalline, and are
composed of plagioclase and quartz, with small amounts of hornblende and biotite.

These acid volcanic rocks are ascertained to intrude into the late-Aptian to Albian
Miyako Group. Consequently, the age of intrusion of these volcanic rocks is post-Albian.
Moreover, radiomletric age of the Jodogahama acid volcanic rock shows 52 Ma (SHIBATA
et al 1977). Considering on the above results, it is certain that a conspicuous acid
volcanism occurred in the northern Kitakami sammyaku (Mountains) in Paleogene time
(SHIMAZU, 1979).

IV. ECONOMIC GEOLOGY

Manganese ore Manganese ore deposits were found in chert of the Kamaishi Formation
at several places, many of which are rather on a small scale. Formerly these ores were
mined, but now are not worked. Manganese ores are included in the Hanawa Formation,
too, though they are fewer than in the Kamaishi Formation.

Manganese ores are formed as too much small pockets or lenses to be worked on a
large scale.
Molybdenum ore Molybdenite ore deposits of small scale occur in the Oura Granite,
though are not worked now.
Dolomite Several lenticular bodies of dolomite are intercalated at the lowermost part
of the Hanawa Formation in this mapped district. Once some of them were worked, but
are not mined at present.
Silica stone Chert in the Hanawa Formation is mined as materials for the purpose of
iron smelting.
Quarry The Kadogami’iwa acid volcanic rock is quarried at several places. This rock is
largely used as road ballast and land reclamation.
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