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Fiz, FIH(1972) 1K h OB OWEREA A RET D Z LI XY, JREIT R BB & BN 3L AT
D RWEE DR KRR TH 5 2 & 2SI LTV 5. BHFILEDL O S HER-Y & 7 OBAIR
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R Bk UL R AR SR R R ASE (5% B Hek) .

AERUVERE  BilF Lo L atE, BUETEE 2 N O FTIREC T TR i+ 5. ARitlso#in <

13, LB SR e iUk S 7 & BB R MR PE 01 0 TR < 31 LT\ 5. 2813 400-600m T 5 73,

U (L HUB PN (2 1335 200m 2888 HE L TV D

BRI R LA S O FEROMETH S, 2 XY P OREIEZEL L ThRvno

T, FLOME L OB ERIE R TH D, BT 2 K58 L OB IRMIEN I3 FAZoME  IVE, SE

KON 284128 5 CRIRIEA, 19793, 1988).

B OARBIEEE LTI RE K OIS D D72 ), R CIRBE IR B R OV & ede. R

BT E SRRV LI W B 2R 9723, RECIIBIKE S R NS A CTHERE L, BB iR

T, WO KR E KL B & RESICE . BRI U L R B ONEEIR S i ek — T Rk £,
—HREE A R L, RIS TR Lo A IS B F, TRRUE - R I DM WE T & &, BEIKERE &

VYR BITRRK R L, B CTHD.

bR ARHIBENTIZD TR E 2RO Th 5. L L, FEBHURN CIRiRE 7 &k % =

TR EEM, BEEARR O Balunus (7 2V R) #PET % (KIRIED>, 1979, 1988).

M. 2 28 4% | J&8(Se)

& KR (1936) O HEEIKE B % Sud Thil (1941) 234 L7z,

R Bk FH U R AR SR R T 0 AT () .

DTRVBE UL IS FH 0 S HERTEE 2 NP 52> 5 BT H 22T Th I atid 5. BE
1% 30-50m & vy, ARECHIAT T Gl 100-300m Tdh 5 (KiRIEDY, 1979b).
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101507 101415

PRESERVATION : Good, Moderate,Poor M M

Lithatractus tochigiensis Nakaseko 1 2
Porodiscus spp. 1

Spongodiscus spp. 7 3
Didymocyrtis sp. 1

other Spumellaria 5 60

Eucyrtidium inflatum Kling 2
Stichocorys sp. 1

Cyriocapsella tetrapera (Haeckel) 149 5

& B 165 72
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DAL DIRFE - #7522 C A R OATE L3 & RS RAR C b 5 5

SR ABIEEL LTS AR EREROMA b AR IHEIE LR DU AR 5720 | i
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WU & ik & T S HUBIEEL L CARRO FIICRET 55, T LFCHE Lav, T
W A BoRO - SV A A pTs. TRRTIRA LR COIM B IR A F 5, TS L |42, IR f — R
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Ve RO S MR E - R4 2 L, BEE CHERIC B T B, 0% 10 5 am BAF O BRL ORI
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EBOBEIREN B0, KL M, MBS, SRS R OIS KRS 25 LT 5. I
PR TR R ONETIR A 1 | LT LI 10- 3 om B0 B L 72D | Wb 2 BKILE L 72> Tl %
Z LS UK. = OHIBE LR O BIES < S CEIRERSE L 2 | BEAEL 725,
REIR GRS AT B AR L, B Ch 5. BULT 5 L BN CHERARIEL, B om KO 1 H
AT, BEIEAE FH0 b L AT, Wb < REE IR NMETHS. KEL |
BV EE AR L, L X CEREE R ChH D,

H14R ) ORKETRER D OERE (BUAT, JK LR HT OMETR )
WEE (A6 2k



FEMEEEIR S 1T ESH10emU T, JKAEAZEL, —fEAE TH 5. T LR TIIESE10m

DI U= KILBERECE e OBERCE B DA STV D. 2 ORERCE TR (e LIRSt T, )7~
DEHEEIZZ L.

L KR RS R Mk (KIRIE 2>, 19790) TIIMBE LI & Shc b OO—EIZHY L, AE
PICBESHICHHET 5. & UTHEREME £ 72 3RHR A 0RO GRERILA) BB A 22158 O KIE 2 D
2% . KWEIIREIKGE - IREAEZ R L, & U TRIABEE R OB ABEE 7> H 72 0, J5 - RV o M
M OEMBEORE Zkie.
bE  ZIBIEREUEEIZZ LW 2SEERYIC Sagarites chitanii Makiyama, #afi, A fLH, Mk b &
OER LA ZETDH. ALBAAIEARE FETZ LA, mEIEH (1991) 723 Spirosigmoilinella com-
pressa 72 & 2 #iE L (55 3 %), JfAEIZA> (1989) % Cribrostomides spp. <° Bathysiphon aremacea 72 £l
DRSS 2 R TR A A Lis. Baich A (55 2, 4 XOY5 %) 13\ (1990) 2% Lychnocanoma nipponica
magnacornuta Sakai (483 8-10 Ma) % F1-IR78 )5 5 B el L, WiAEIE A (1989) 3 FrE S D1 5)11
BB [RERR O A 28 Uz, EERMEAIIARRE D S OREHIETZ LS, WiHERIZ A (1989) OGN & 5
(5 63). LU LOBIbA D bAMIE D L)1 3P g ) 2 v Lt o g ch 5 5 .

Bor KINERUHIIBOBE R BEE2, 1991% IR

I # #mag e
E 2 tilerdts BT AW
# * TA0363 TAO515
Lithatractus tochigiensis Nakaseko VR VR
Spumellaria (Form A) R A
Cannartus petterssoni VR VR
Spongodiscus spp. R C
Cromyodruppa concentrica R VR
Sethocyrtis japonica VR
Theocyritis redondoensis VR
Theoconus nipponicus VR
Stichocorys delmontensis VR R
Cyrtocapsella tetrapera VR VR

VR :1-5ftk R :6-10f8tk C :11-15@H4 A : 16-20fE&
BE VAV 2@



F3x LEEUHIBOELRLE (EEFEe, 1991% B

¥ o B E'S J g
M /R RE sih NEW S LNN FHRE Bl G
=_okh MOR5 TAO0198 TA0323 | MOR11 TAOQ621 IBM34 I1BM9 TAO1012
FEEELR
Globigerina spp. 1
EAFTL R
(R ETE)
Ammobaculites spp. 1 2
Bathysiphon spp. 5
Cribrostomoides cf. subglobosum 7 2 5 4
C. renzi 44 23 5 9
C. spp. 10 41 3 4 4 6 8 3
Cyclammina cancellata 2 10
Cyclammina ezoensis
Cyclammina spp. 1 1
Dorothia spp. 5 45 77
Goesella schencki 16 1
Martinottiella communis 40 290 121 47 276 10
Sigmoilopsis schlumbergeri 2 39 3
Spirosigmoilinella compressa 5 52 36 32
Textularia spp. 14
KT RERE % 35 18 6 10
(KB )
Cassidulina norcrossi 8
C. sp. indet. 16
C. subcarinata 4
C. lobatulus 4 8
Dentalina subsoluta 12
Dentalina sp. indet. 4
Epistominella pulchella 534
Epistominella? sp. indet. 12
Fursenkoina sp. 234
Globobulimina spp. 108
Globobulimina pupoides 16
Lagena spp. 1
Melonis pacificum 2 30
Oridorsalis umbonatus 4
Plectofrondicularia sp. 1
Pullenia salisburyi 4
Pullenia bulloides 100
Sphaeroidina cf. compacta 12
Trifarina sp. indet. 4
Uvigerina yabei or akitaensis 6 80
U. cf. proboscidea 590
Valvulineria sadonica 2
KHEEHIKETE 10

P 120 445 90 | 182 1025 142 1156 26




FAER L)IBOREHRIEE O, 1990)

FEHL FHRT N JURE  FE-FURVEH )IHEH T 4 FuEE s

REHS 81609 82101 82508 82603 92004 100201

PRESERVATION : Good,Moderate, Poor M G P G G P

Lithatractus tochigiensis Nakaseko 2

Stylacontarium aff. bispiculum Popofsky 1

other Actinommids 22

Lithocarpium spp. 32 6 1 11 52 10

Porodiscus spp. 20 4 14 9 9 8

Rhopalodictyum sp. 4 7 2 2

Spongodiscus spp. 546 144 21 368 52 51

Periphaena spp. 1

Didymocyrtis sp. 5 3 1 1 2

Diartus petterssoni (Riedel & Sanfilippo) 1

Diartus hughesi (Campbell & Clark) 2

Collosphaera spp. 1

other Spumellaria 123 14 6 47 3 9

Pyloniidae spp. 3 1

Larcopyle sp. 28

Larcospira sp. 2

Pylospira sp. 3

Lophophaena sp. 2 1

Eucyrtidium cienkowskii Haeckel group 4 1

Eucyrtidium inflatum Kling 1

Cyriocapsella japonica (Nakaseko) 7

Stichocorys delmontensis (Campbell & Clark) 6 7 50 4 92

Stichocorys peregrina (Riedel) 1 3 1

Stichkocorys sp. 3 118 96

Cycladophora akitaensis (Nakaseko) 1 2 26 1

Cycladophora sp. 1 3 3

Calocycletta sp. 3

Theocorys redondoensis (Campbell & Clark) 6 6 4

Theocorys(?) japonica (Nakaseko) 1 1

Lychnocanoma nipponica magnacornuta Sakai 6 1

Lychnocanoma sp. 3 1

Artostrobiidae spp. 1 1

Carpocaniidae spp. 1 1

Acanthodesmiidae spp. 2 1 1
&FF 837 197 228 448 340 83

£ . fEEy



®meE w/BRUMIIBOERLAWEEIE,, 1989% —HKRE)

BHE # N =] g
N T N. kamischatica R. californica T.s.

7 3 BAE BoR KFIL B/ REBEES | A6H K T
Fe F2020 F2017 N2019 F2019 F2010 F2011 N2002 T2041
ABUNDANCE R C C C R R VR VR
PRESERVATION P P P M P P VP P
MARINE DIATOMS

Actinocyclus ellipticus 1

A. ingens 10 1
A. octonaris 1 3 2 4

Actinoptychus senarius 3 * 2 3 4 5 7 6
Amphora spp. 3 * 2 1

Anaulus sp. 1

Arachnoidiscus sp. * * * *

Aulacodiscus crux *

Auliscus sp. *

Cocconeis scutellum *

C. spp. 2 1 *
Coscinodiscus marginatus 2 1 4 * 5 42 13 4
C. oculus-iridis 11 10
C. radiatus 2

C. symbolophorus 2 5
C. cf. vetutissimus 1
C. spp. * 1 2 2 3 7 1 6
Denticulopsis katayamae 1

Delphineis surirella 6 1 1

D. spp. 2 1 1

Diploneis spp. 1 2 2 3 1 1 1
Grammatophora spp. 4 2 2 2 1

Hyalodiscus obsoletus 1 1

Lithodesmium sp. 1

Moatgloia splendida 1

Navicula spp. 1 2 1 1

Neodenticula kamtschatica 41 42

Nitzchia cf. pliocena 1

N. rolandii 1 2

Odontella aurita 1

0. spp. 1

Paralia sulcata 5 2 11 10 69 23 *
Plagiogramma staurophorum 1

Rhabdonema japonicum * *

Rhizosolenia barboi 3 2 2 * 10

R. spp. 1 1 4 2

Rutilaria epsilon 1
Rouxia californica 2 1

Stephanopyxis spp. 2 * 1 1 6 6
Stictodiscus californicus

Synedra jouseana 1

Thalassionema nitzschioides 11 11 33 61 4 3

T. schraderi 3

Thalassiosira antiqua 2

T. cf. marujamica 1

T. cf. jacksonii *

T. plicata 1

T. temperei 1

T. spp. 4 18 9 2 2 1 1 2
Thalassiothrix longissima * * *
Trachyneis aspera * * 1
Triceratium arreticua 1 1
NONMARINE DIATOMS

Aulacosira granulata 5 7 2 1 2

Epithemia spp. *

Total number of valves counted 100 100 100 100 100 100 46 43
Resting spores 26 34 22 26 47 11 2 1

* | fF1E T.s. : Thalassionema schraderi zone



Eo5ER HEHE, ZBRUKIIBORE RS HEIEED, 1989% —H%RE)

J& 4 WRET EHBY KB LR MBI
A Brail Bl WPEEH AFELES EHER
ek §2001  S2027 T2041 N2002  N2003
ABUNDANCE : Abundant, Common, Few, Rare F R C R R
PRESERVATION : Good, Moderate, Poor M P M M P
Druppatractus irregularis Popofsky 1 1 3 1
Hexacontium sp. 1
Other Actinommids 4 4
Lithocarpium spp. 314 3 4 60 1
Porodiscus spp. 22 14 44 11 7
Rhopalodiciyum spp. 1 6 [ 6
Spongodiscus spp. 248 32 361 141 187
Periphaena sp. 1
Didymocyrtis penultima (Riedel) 2 1
Didymocyrtis spp. 1 5 5 5
Didymocyrtis sp. D of Sakai 1
Diartus hughesi (Campbell & Clark) 6 1
Diartus sp. 1 5
Other Spumellaria 34 1 34 7
Pyloniid group 8 5
Larcopyle spp. 1 3
Larcospira spp. 1 4
Pylospira spp. 1
Eucyrtidium cienkowskii Haeckel group 2
Eucyrtidium inflatum Kling 3
Eucyrtidium spp. 3
Cyrtocapsella japonica {Nakaseko) 3 1
Stichocorys delmontensis (Campbell & Clank) 1 15 62 5
Stichocorys peregrina (Riedel) 7 2
Stichocorys spp. 34 104 2 1
Cycladophora akitaensis (Nakaseko) 53 17
Cycladophora sp. 1 1
Lamprocyrtis sp. 1
Theocorys redondoensis (Campbell & Clark) 1 10 6 1
Theocorys(?) japonica (Nakaseko) 5 5 2 1
Lychnocanoma nipponica magnacornuta Sakai 1
Desmospyris group 1 9
Carpocaniidae group 1
Litharachnium group 2
Theocorythium sp. 1

AFt 635 105 790 283 217

* HRE (A (1989) DEHEIRE
BE | tHEEE



M. 6 E#EE (Kmy, Kme, Kb)

A B (1930)
i (L R BERF IRAT R Od B IRV () 1) .
SARVEE S LIS o JEHT B ) EFEA H BTN K OBAR R AT T
%. ABOBEITRFIIANTE00m, HiAl T 600-700m Th 5.
BEBER HIWBKORIEEESICE S . KERMOL)IE & 38 ER OEHAEE L, —ED
HETH 5.
A EMEEIIE S L CHEEIEE, BRERER IV MERLRY, BRI K- T, EES RO
TER & R R R O E S 1 D72 5 LR LK D,

BRI OIS & BN E A HEIXE L U CHE CHIRZRBCREEL O3 U E RS 0 D 72
O, WE IV NEERT, RGeS M ORI 2 B 3 5. BB IES M OB vV MEIFIREAET
B TH Y, BERIKAITEL IV MEDOWHE 2 A LT -10 8 ecm B0 BRI 2@ #iiEm 2 6 > T
W2 (151K . BT D EHRREITARICEIOTV. SV MEIRE S ITEIKE TH D, BEMEEIX
FHIEEEE m PAF, @310 cm T C, A TH 5. EIREHPIITE ZAICL>THK10cm o=
V)= a UABEL TS,

BHERE B L U CHRGTRE R OME TS D2 Y, 3L MEOBEREIR S & OV L K ifs %
AL, #im- 2010 cm BLO Wb 2RI EIZ 7 > T D, KEIKEIRE IR 220 LSO B FE 2

F151 BSOS VN, ARl N \E)E S s A )
FBENEEL, DEOoDBHEICary s Y —varyBiEATHS., AFTAKROES2m



L, #E cabd % &3 em KOMTICERCT 0. BEREIT THO b0 LIEFR UEHTHH. L
MEIFKETE ZAIL L s TORRIKE ST ERE CH S.

LB HHEJE L Sagarites chitanii Makiyama Cfafifi e & Db & FET 5. Eio, WHAEIZ A (1989) 1L H
F R O BHERE N A &, Eucyrtidium inflatum 72 & R gt Mo ok b a 2w Lz (B 5
#).

m. 7 # )il J& (Fm)

WA BECEEICIRT, S (1925) D3RG ESEE & FEA TS HUE 2 45 (1930) 23ed TR IIE & i
£ L7z

(it B IR BT A

AERUEBE  Sifg L HSEALFGH 0 ST F AR, P EAR K OSMUAIEIC /34 5. J8IRIEA 600m T
H5D.

BAIB%R TR BEEIHE L, £ ORI OEHIINiB T 5.

B ARBITEL UTHIRGQIRE LKAV MENLR Y, DT 07 BEEERIKCH f OB B & 5k
ATWD. BEIRETREIIRFIKER W LERAE, WET, BEICZ LWASEIEEAREL, LT 5 &%
em BL T OHITICEIRCd W (5 16 1K) . S/b MRS EERICEIE L, IRTAE 2 L, TR & 0 000 .
FWEHZ TR L, e L DO RERAFICEHNLT V. BEKRDOV L MEITZEEICHRAEIL, 1
OB FERROMRICEDN D Z LMD 5. BMEICEIIKAG T, JEEH -4 10cm, BAET
B 5. KO LSRRI OREE S IO TR ICHKIE L, v MaBRESRIR->TL 5.

161X ARG O IK s (RIS L J7)
RTIRBEBAS I L, (1RSI O#E 4 P



Fio, RFITEAPEL LIRS RO YL MEOEEA EER)IIKLERICbERE>TEY, b0
TEE - 2V MEEIMRIBIRE L Z 260D, SBIT, BAR - AT ORBO L MaldETEkIIEO%
HIEVESS « K LR LTV .

B\ ABIIKRAEULAEICZ LV 23, Sagarites chitanii Makiyama Z 9% . A LB LA 13 E B1E
7> (1991) |2 & - T Cribrostomoides renzi, Martinottiella communis 72 & 235 5 a1, WiEHEE O § #
HEie (8 33) U bA IR IF > (1989), mEFiEA (1991) K UYNIE (1990) (I X ->TH 2,5 KT}
TROAEDHE SN, R LA L, WIHEITZA> (1989) 2 X % & Neodenticula kamtschatica #7, Rouxia
californica #7 &% Ut Thalassionema schraderi #f DA 3% Hav (5 6 %), @A B HFr it H & Ji e
BZ AT TORETH L Z L ERLTND.

BTHER WIBOMESRMSG O, 1990)

B o FEERA mmmAs AMLEF R AR
A H B 5 90808 92103 102702 100404
PRESERVATION : Good, Moderate, Poor P M M P
Lithocarpium spp. 2
Porodiscus spp. 9 28 2
Rhopalodictyum sp. 3 9
Spongodiscus spp. 36 36 7
Didymocyrtis sp. 1 2
other Spumellaria 2 11 1
Pyloniidae spp. 1
Larcopyle sp. 1
Stichocorys delmontensis (Campbell & Clark) 2 6
Stichocorys peregrina (Riedel)
Stichocorys sp. 5 3
Cycladophora akitaensis (Nakaseko) 8
Theocorys redondoensis (Campbell & Clark) 1
Theocorys (?) japonica (Nakaseko) 1

=) B 58 107 2 10
#E HEER

m. 8 EEMJIEKILE (Kt, Ka)

EEAILK IS Corand) (2RI s, bR i) R - BB E NI 55469 D o 5 o
- RTRERT I D KA Tl v, FEME KRB K OIS E D 5 722 5. G5, ARERME AR K OV L
BRI IT RN D—ER & rde ST (Taguehi, 1962 ; KiRIE2y, 1988). LosL, ABFFEIC LY, &
N THH P O RIS T CORUEHY TH D Z E R LIRS 1O T, Fizlombd
5.



(D EEEARERE (KO

Bt KA TR AR KIS O F - T % 5T, EEBI R S RIJIFHEIZ 2T THMm L TN 5.
Z DRPEETTE O TALOMEITTEH L TR0 0T, TALE OBMRIIRIATH 223, Z DJEIEI%400-500
MMZENLLETHA D, KRIEEIERRIK G - RKaE 2L, F& LTRECE - 74 1 NERKARLE, -
IR IR S R OB ATERIRCE 70 B 72 1, BEIR RS [y O S 28 LT\ 5. BRI AT B OVK LI BSERIR
HITEEL, RO <BAE T, JlUE - RILE DB &2 &4, SRRV LIHWER A R, BAakE
AT BOREER &R, BOEHZRT. £/, EERIIFROBEA RS A AR 28T,
EUREMCA T EERNIPRA O EBREITIRITICETE L, ZE - 74 A hoffiAEEe v LifiH
WA, BEICZ L. HERBRET OEE TN EIK CRUE eSS DAL 57, LX) ER
WOPEHEREY CTH 5 WTHEMEN H 5. BB S I3A KGO EMichig Sh, ik, %98, 8%
FECHRRREE A R L, — i CRIBH Y OB IKEIRE K OV MEEEAET 5. 78k, BAkEIRKH
FOAPIGE D K-Ar 41247+ 09MaTHD (F8HK).

FER LEHANKUERVCEEKIIEOK-ArER

o o - K AT ag “Ariag Isotopic Age
ES OREKES O OBR O 0 9% (sec/amx109  (Ma)
BEXLE
1 R57852 ZlE 1.29 30.9 0.026 5.240.3

31.9 0.026
2 R57843 ZIlEH 1.45 55.3 0.029 5.1+0.3
48.5 0.029
3 R57856 ZIE 0.77 11.9 0.010 3.4+0.6
0.76 10.6 0.010
4 R57842 =% 0.36 9.9 0.008(8) 6.4+1.2*
11.3 0.009(1)
5 R57854 ZIE 0.23 6.3 0.006(2) 7.1+£2.1*
6.9 0.006(5)
EEENIKLE
6 R57853 ZIE 0.87 33.3 0.020 5.9+0.3
32.5 0.020
EEMENKILEOBEKRE 2 & Bk
7 R57855 ZlE 1.21 13.1 0.026 5.4+0.8
12.4 0.025
LEANKLE OB RS
8 R57847 AlA 0.29 11.5 0.005(0) 4.740.9*
9.4 0.005(9)
A8=4.962X10-1/y, 1e=0.581x10"1/y * IOArBEESEL, BEARL
K /K=1.167 X 10-2atm% HE:FvFAv T4V =T R



EEEEAAPAT A A MEAEKS (CK8963  GSIR 57846) (B5IIXIAK 1)

FEHL - PEIR - BERT, EEM)IER. HEEE R, MSICE IR,

Rk RMRA, R, i, SE A Pa, SRk
BEAEFEZ20m LT, JKE - FEEAICE L, R2E, B -ARTHD. HIIT4mmLLT,
MR AR, SmEa 08, APIAIE X= ik, Y =ikik0, Z =gtz 2L, ZEL
V. ZDENT A A NOINER EET.

R 2L LTBHARG LR, EEOBEIEKTH .

() ZIEHE (Ka)

LA T B IR AV g & 4628 L, BT o b5 )RR, RIR) B3R ONREASE) 1| By
gD, AT EL UTEE Lz (DA D Auf) BB A 72 LA B QSRR A @i A 22 s OBE K
OKRFEDDTR Y, (DA b AA) FiEia LREEE K OIS, TGRS T8 &8 F, D EOREME
BEE K OWE IR IS 2803 2. RILERE IR GE - IKAEZ 2 L, BRBICZ LB £330 7 28
DYE LR RAHMBICEATE S LR H 5. FAITIRTESHE m- 10 m, Kiaicz L< LI LR
RETBLOHAREBEANIEE T 5. WAERDENITAME L, KB SN2 b Db b 5. ZIE ks
IFE L LTl L RIE O KA B R OB ABEE 672 0, 2 OARESFITBERIEICZ LWL, —
IS HBLTWD, REIEDOEED K-Ar 41X 5.9 = 03MaThHs (8#K).

g% A (CK 89322/ GSIR 57857)

FERN - FEIR ¢ ELEJINT, =WEILRE I 1.5km KPR, BRREE. 3o IR G, RHEABEMmA HIZD
<.

BE  BHEH, A b AE ()

RHEAIIER 0.4-2.5mm, BIXEAIZE L, SMRIBICEIEEZ R, BRVRICOSAE L, B E
LRFRAZETTVD, £20.3-1.2mm DA b AA (i) 1, T TRIBAZR LICERS LT
3.

i RUER, HANEG, SEEY, S5
REATERIMMULT T, AN TINS5 . HAR A IZZ0IMmLL T T, L&tk s & —
V= PRy B, R - BRI - e EThD. Y udXTT 4 v/ iikE
R

. 9 HEXkLHA (Mb, Mt)

BRI (i) YR LR LS - B R OV HGERIC 2NT Cofii g 2 R K ia & ik L LTz
BT - AT O KA TH D, MIBZRA I, —EIE L 88T 5. AKILED S
B S ILHISAL OIR A D b HE -3 LI NT THAT 2 b O, T s (1906) AREHRAYS & L TLUK,
BRI IS 0 STV, 5646 (1973) 12 L 0 MdUIIs, B Sl e E A eSS R O
YRR ESLS & BRI, BRI ORME & S, E7z, BAEESLEIE (b, 19842) £72I3EEEE
JRAGTEE (K, 1989) & b FHTALZ. BUFHLIHIEFTE O — v (RIS 509 28 R R O R O T A
AT D a I 122 (L% CRIUEAN, 19798) 128D b, ZIEHERRFO KIS LB 2 HhTn
7. HEKIEER, KILABE R OEE % TR T 588 & KBRS 2 BIR L T 55 BIC0 T bl



5. L, WEOEIHER b DO TIER.
(1) KIS HECE B OVRE % TR L3 25 (Mb)

AEE L E LRI OKE Sy B LTV D, AREEILF ) 1176)5 TREE200-300m, THE= v 1Lff
FETIEB00mMEL B & REHND. REEITFEE L THA b AAE@EA % L, Sl a2 LS & O
AT SRR 22 LB O K LA BEE R OVEE D B2 1), VR LB OBEIR A LS, KBRS K O
A EED . REAICSRRIEEELTH 2 2%, KIS o OIS DRI ET W BB A 7=, kIl
BEA T AR OZ LS, DR S, 3L A EREMAE S 20\, JRFTINCRIEZR LA O M %
GBI, OB AT 2 LD, EEIIERICZ LOEBROEM L AEABRROEMR DY, 7TE
DOVEEL LB AIRIE O FALOJEHEIC S . RIICZ UL, UL LIZHRR £ 72 13RI 7R B A R L
T, WARRBGLEN AR MR S RIS I T 5 Z L 0¥h 0 GE17IX), EhICALRIEA 228 -
TN5ZE b5, REREITMIBIEEDEWEE R EL Z 2R H Y, 05 LERERIT D
B2 OB P H I OERILA NS LT D (HEAEIED, 1989). RILERENHIX 34005 7.1Ma
O K-ArERBE SR TR Y (B 8K), Bty i ttoOim T s Z L awT. £z,
Onuma (1963 b) |2 L 2RSS & SHZRIETRZ 6 < A ORIEITH Y355, F D5
A H QORI LTz,

BT HEAIEORZIEEERLE O\IERT, P3| RER )
FEANRGE L, KRS Az A oKAEE (G E) CBELTV5



FIXR BEBXKLEOMEML (Onuma, 1963b)

Si0, TiO, ALO, Fe,0, FeO MnO MgO Ca0 Na,0 K, 0 P,0; H,O0* H,O~ Total
56.82 1.09 16.44 2.08 6.10 0.13 2.72 6.27 3.72 1.27 0.50 1.34 0.38 98.86*

ERELLEEARILE aFTE L KERH
Onuma (1963b) O REEEEE *FEETIL99.58

SRR S A A b AR EEA 22112 (NH 701, GSIR 57843)

PEH - PEAR ¢ SYERT, 5 LR AT T, KA EEE T oA,
B BHEA, DA DA, Sl RERRLT, BREK
FEAITER0.3-3mm, FHEAICEL, REMEsRD, REETHL. DABAAITR0.2-1
mm, VET, TRTEELTW5S. HEAA & 0.2-05mm C, REE TH 5. HREFEAIL0.2-0.6
mm, VETH 5.
ik RREA, BADER, SkE
FELTo2mm U TOROBMER R CHEFEA NG D, A ¥ — 0T =27 —kMilkE .
i b A A 2L (CK 89112 GSIR 57856) (A5 IIIXIAR 2)

PEHL - PEIK ¢ SYERT, THRACILME. BUE. BRIKG, BERAZ L, MR, B TH 5.

B BHREA, DAL AR, A
BHEAITER 0.3-25mm, X - BIKEAICE L, RS E D, REH, HETHDH. HADBA
I3 0.2-1mm, VBT, TR_RTREBAICEE LT\ 5. i@k 134 0.4-0.8mm, &, KEH
Th5.

A3 AR, HAENEA, Sk
FHEAIFIER02mm LT, HANEMIZZ 01mm LT, ¥ 7 ¥ — Y —=v 7 %Rd. ZOED, »
AMOAAIRBEHRONDRBADPROOND. Ea XX T v 7 ke R7.

(2) KILNBEEEIKC S 2 R & 288 (M)

KBRS 72 TR &2 BB BICF5)IAFORR BT 2. B2 EAITE ). KL
BERAS, B, BB, HIRL - PRIE R O L MaN B0, BESHNR/ Z & 2820 (5B 18 ).
U LIRBER A HS 2 dkte. KILABSS & T L 3 280 & IR RBIRICH . &KJERIZ100-150m
Th . KHEO BRI LAEOEH P LASEEN THE LIS TH S 5.

. 10 & A&

m.10.1 FEmE% (G

A RS JE 3 R L ISR SRR 2 & R M AL RS 0 B3R BT/ SON B O KT BEA L, Ak
2.5km DR Z 723, 2 OENSFET IR 0O B3I R A8 500m FEE O/INE BT oI RnTZ Sk,

NSO EFEOF R, (Fid P BERALRENRE, Eifh o RERT R NS, ARIEE LD
TACEN SR DEEEETHY, FRAOKRNERL LT A4 Fablo TEALTWT, WERICHRL S 7 =
NAEREEA LTWD (AR, 1964). (LR PIRAE b OGRS 1378 E 2V LBEIR T, JARD T2
#Wabns, wmE, K, EAE T, ARMEL RV, REEREZZT, O0UENR D> TN,



H181X  EHEKIE DO KINEEEIE & ERE 358 (BT R ERI S, KZBEOFEK km 0 RAR 1)
FAER LTV b - MR . B E ORI 5m

HOFIFERA R CICEBR SN TWD Z ERZW. ARBEEITTEE L CERORIEIZ oA L, Ak,
AR OREROB &, TGS IATERE O FfRMKAE Th - C, B EERE L O 2
DERERR L, IRAG, BERAETHD. R 7 VA, ik - BERETH- T, FL T
A MRORNBORIEERTH A D . Bl e U TRER, AZER, Hha, Bia, EH5a KD
FRIEA 2T (P14, 1964 © 147, 1989).

AR _Eii oD /N R R CHLR O 2 U T Ml A S PO 22 B 722 0, SRR 1 A0 o Pk B
BT 5. ZORKE, SRTORLEREOUAMEET. 7o, BEEMEZZT, AGIMHRIR
FRECHEBEI A TS, FEOXIELEE L, SMELERZ%T TH2IZ< 2> TN 5.

AL A O B ARHINZ ST, Taguchi (1962) 13K IRHBE N O %) 1@ =501/ A i ()
DG E) S E AL, TS ED O K LITEE & fERE BEARE O LREFNIC L > TFlkEhiz e
., AT BHMIEORINCEA LI EHEE LTz, LA L, ZOESEITIT L A ELIEEND 72
O, L OZIEKIARERI & B Sh (14, 1989), TERiMAE B EATERAE O B A Z R 5 FifEN
TRREUE N2 E T e,

m.10.2 kL34~ (Do)

FLJ A MEAEERITEC LR BT oA L, S0, KIE, 2)lE, SRR &K O EER
kg a Bl &, BIR, SR, 730 A0 EOEEEZZR LTS, EE LTrALAAEERAG FL T
A M6l s. RLTA MESHRLHSEESEEICBIE L TR Y, SR E=IEL NI RO KR8 i
REWERER AT D (HTA, 1964) . Zh b OERITE S 50-200m, & 0.3-2km, KIEDHRATR
EROZIZETICEAL TS, BHEERZ)IEPO FL 74 MIESHEm- B I1I0mRBEOERE 78T
(F19K) Z &AL, EERIKIEETD F LI A MEEkE 7T



RLZA NI CBERIRE - B x 2 U, BEOR b ORMRIKEE 2T 5. £ LThAbA
FWEIG FL T4 M0, BRI K - TRARABS 2 R IZo <. W, SURE DS ENS L
2, SR 2 LT Y, SMEIRE B EE LR NS, KRS RIEEREA THT,
TGN & L CRIRE, BRI, W7k P2 %< BATHS.

BEIRMA B A S @A KL Z 4 ~ (CK 89054  GSIR 57848)

PEML - PEMR : SvENT, B L UTER R PE 1km. fiia. BER A TREABERALRLEIC L.
B BEA, DAL A, s
REAITER05-25mm, K - HREAICE L, RE2md. REBEESHASCEILR & O
BT % EATOD. DA D AAIER 05-2mm, SMEEE» LR L CREA 7 EICEIRE LTV D23,
RIEE DS ITFE > TN D, WA 13 0.4-1.5mm, REE CHIICRI A 285 2 L H 5.
Ak BHRER, AL AR, EEEA, $E, H T R
FREOMEMBIL0.4mm BL T, A v ¥ —H—Z ViR &R T.

m.10.3 ZERWLE (AQ)

BEFUEEE LB EA U C B Lo i ORI A0 L, 3% St PR 221 K
CZOHBLEA (OAL) BE7RS.

PSRRI 1 B L s 0 B SR 0 T, BRI 81240 L, 8, Lo hCF =) %
7T R DR B AR R A 723, AT 0 IR < R~ SRR & 5L L, 8, BT 5 1%, —
BERTRCH D, BEBORENICHEEER, M) EEL TS Z & AHETHD. EARKD—
ERII 2 DRI T, BELTEOAEERIEIRLIA O X st R a7,

F19K LIBIZEALTWS KU T4 MEKR (ST &5/ 5 2km)
BEELIEE O BEIZI > THALTWS ., A TFTOAWVED R ST/ 1m



A E AR 2% (CK 88038 GSIR 57849)

FEM - FEIR VR EIFERTE 0.7km OMGEIR . BAME. HEHMR G, JLR, MR T, EEERA MRS
bis.

BEAL : RERA, Ade, WimEa, BESY, Sk
FEAIIER02-15mm, itk - HIKEAICE L, BitEEz 5. WARCEEL CEEAZ4T
TWa. AL 0.3-1mm, FHEAIZSEZ RS, EEEEA 1322 0.3-0.8mm, SLCRHE AR50
FLTRY, ZELTHARV. BEEMIIRRRA, IREBESM IR N5,

i RRA, Ak, BAHEA
EAERORIL 01mm LT, ARIIHEASEAEA ORI Z WL THDH 2 BB, v H—
P—B N - A B =0T =2 T — kR RT

Imr.10.4 ZiE (An)

ZIEDOENERIIEE UTIE, BHERE, f)IlE, EERIKLE ROEERIEICEAL Th
R, BHRROTZ 2 ) 22 LTS, ZOEAETRELEAT ke, T TIIERR, mMiso A
T —# 72 ST 5. ARIE DTG T ETKIE DR IERE & EMRCHmRA L & <
TW5.

TR 72V LR ABEIRC, KIBICZ L SIE R, DA D A E 7o IT8RERI A & 5 ot i
FRNENPDIRD. AHAEIIERHER R EOTE T TITERE 2T Z AL, RUOBEAERITE X
CER S LRI B IC 2 > T 5. HIRITES, SRR ©, ZEORE IR, zohmtdiEs-o
<D, B E GG L CIEMEREORDITIR > 72 M2 b OB Z 0 (55 20) . S IRONEIEE
H1-10m TH 2725, 20mLL EOENRBBED S D, EERIKILZE P OBENRO—ERITHE AR K-Ar 44X
(5.4 £ 0.828) BNHEKIEDRIIEREITELS, BEKIEDT 4 —F —EWRTH I TREMD H 5.

M S A GRS IEIE A2 LA (CK 88034 GSIR 57850)

FEH - FEIR - BVENT, RKILRE ). AR, BRI G, B R, BETh .

BES  BHE, DAL AT, W, S5
BEAITER 05-1mm, K - FHEEAICEL, REETHD. AL AAIIIE, £ 0.3-0.4mm
T, FRRAICEE L TWD, Wl 134 0.3-0.7mm, SMEEA —EAE LT\ 5.

a BHEA, HANES, 85, H T A
BHEAIZESZ0.2mm LT, X 0-1mm U T, 77 Ax—#Ea R SICEE, "7 rel
T4 v MRk E R

ka2 LA (YS667, GSIR 57845)

PEH « PEAR © SSIEHT, BRI OFE) IR, B,
BEAh - AR, Sl (REHY)

BHREAIEE 03-2mm THIK - PHER AR L, REAE CREE Lo, Hi@EA 12 03-1mm TF
BEEN, RRHRAEHOTND. EEIEDIIIEIR T, SO ORIEOFREN R H 5.

A5 RHEA, BAEA, SRE
£ 02mm LA ORISR BNATu VT 4 v 7 AT aF 7 4T 4 v 7 HikERT.



%208 _LEEHENEEBETEOSERO 540

m.10.5 fE-TA4H94 b+ R

TACE - 7 A A NENEE, ZUmENOHIE - BEKIEETEENWTEY, —HTIIEH LT
W5, ERE R & B TR LA RS oA SRR L, FiIUE, FER LK O EER)I
KA % B C R L s S5 00 B B 00T T T DA I CH D, 2 b DA ERIEEE LT R
E/) WRCEN DR, TA FA b EETe. ARHIBRALHGER I 570 T 28 KL B AR TACE ORIIE)
1979a) &MEEA, & LCTER05-3km O R—ARENEEREZ L, #IA&, KFEILREOLEKER
FLL T D, ZOIEI SR LA o0 1 B A0 R OEM o/ PR HTROE, T EAR R 8 O 2ERRIgE A
WSEHA T A VA, EROARLOEET A VA, EAGHROEROE @A T A A~ RO HE
AR OBAAPAT A A SRDH 5.

JVIERT, BEIL7E & BRI SR O AL, B OIEANTTEBCEERIR M BEa B QMR A EEIA 2 & 72
Y, —#T 30cm- Hm O BERE - K EBEZHRATH S, ER o EdEE R LIbAERO Em AR L
P 35-65° AL TV 2. E7z, K I LWOBEETS LS (FEEAD) TlARRERoRE L&



AFEZERT D, FHE CIHBEARKE ISR L CRY, £/, a7 a vy 7 2EA TS, SIS
R O b E A0 A RAACE L, ZIE SR OMWIEZBEN TS, EEEILOEETIT ISR
Bk OBER w08, B R - L EEHEOMER VTR BBIROAFEE L 78> TR Y, —HBIEEH
HThoLEZOND. BN NERMEOEMEA S BEA T A Vo MIFHIGE»DEILE, K
BT THMAL, MWINEEZENTWD. SR IO LFELZ LALTE O RARD b MGE A T CIEis:
BEIR A - BERATEE & 72> T Y, HAZ R L TWS., A RO TECIRHRRAEN T ES 5. Ml
TIIHRETFEE O E L72E S 40 m OFEFHATH B0, WO FE AR ICHRAMICEAL T DO
BHOBND. FgILTEALALTE 600 m OMGEIRY T IE 2 IFFFIRICE VTV D, FHIIEROETIE
S 50m P EOBIHNZ L DH 0, ARREBEARKEL TWD (F21IK). BiELHRE s oEROT
A A MIRE F—2ROBEREZ R L, IRAGER CROEEET, REABEO B IC> EiBEaT
AYA S BeD . BUFLHIKEST, AEILOEET A 1 MEERIT A (1989) 12 L > THIVEICRET
B+ TRERRIEKIIEEO— L SILTWER, WIBETESEAETHL Z LRI LNIRoT. KIH
AL R OSEAAPI AT A A M, BEIRE T BRI L Ebn Cafmd 5. KifsE
Jo& B O] J& & DO BRI R Th 578, KIEFEEENWTODAREEN & 5. RETIIIRE 2
T 5. BERICE(EAZE L.

KRFEHCE - TA VA FOZITENAETH DA, FEORET D Z L 1%L, BN < Fia
L CHBEFERIZI > TWD Z &b Y, —HidL) @R O IJBHERERFICIE I LT 2. E72, EEE
JIKILE - BEKILEZ B < HER 4.2, 4.8, 49 Mad K-Ar 4% (G IHETRSE () RaFEE) %
RTEELH Y, £ OB AREEIE W PR ) b AT AT b7 2 LT S

ARFHRCE -7 A A MIKAZRWUKAGREEL, BUhT 2 L8605, @E, kL, MEETHh
DN—EH T AET, LIE LR Z R, BERARV LD BORMRARALOMRE S 7, A EgY
WZZ L., FegmiTEL L TEREERTMITANRAOTEAZ SR, ZHEL TN Z LN,

BERIRACS (CK 88014 GSIR 57851)

BEHN - BENR : BUEET_LEFEPE )7 1.5km. BB S OIA. [t - WRGEZ 2L, Mk, WET, DR
BEfh & & s,

BESh - AR, BER, 881
FREATER042mm, IKERAIZE L, OSEHE L OMNRTSEIN B> Tl i 7e &2 AT
TW5., BEMIMETER02-03mm, X =K\, Y=1Bt - KBStz R L, — A"
LT3,

A5 MEETEROLImMm UL T ORERA, A, BER, i lo~vArsaT 4 Minbidb.

14000 & A SRR G T A 4 b (NH 1581 GSIR 57844)

PEH « PEIR © SSUEET FECAR, MILWE. BACS.
BEA - RHRA, Tl SRRRELG, SRR

FHRAIIEE02-5mm THE - IKERAICE L, REETHS. FHLWRIEL -, Tilia 3
0.2-1mm, AMEEADTNCEE LTS, SEEEAIIE 0.2-1mm, —HEE L T\5. ANAIT
£ 04mm LUF O T, ki etk iR

¥k R, BTG, B, SkE
WHZRFES E T T AN D. N TREY T ¢y 7 kAR T.



21 TA VA FNENEOMREEE (RERTRA R O 151145 54#)
TEHA O S0 50m



M. 11 X7 <FRE (T

& KA (1928)

Hh B IR T RS

DTERUVEE B LA OB A M UTIC 00 LTV A28, Bk L OB FIC bK< RFEL T,
JSUELLHBIRAR S — AL PE ) S I HUTAL BRI AT CTORIBNT—HEH LT\ 5. EBIE1E, 500-700m
LREEND.

BRI T T OM)IE & OBRIZBEN R RO DR TE R oz, REHIKO®
& (RPUED, 1988) TIHIMIIBEZEAICE S L ShTnb. LavL, mEEA (1991) (T kAU, At
EOMZE TIIREEEEZ b o REATH B, S DI, KT ALEES - KEEHGMBAT T2 (1986) 12X
AUER I O BFIEh « F A B THMIIEE D72 OMEEE b - RIS TE- TV 5.
B OREFEITEL LTV MENDLRY, ER DT RIS A3 5. vV MEIEHE
Rt - R A L, —HEEITERE TH D, JRAW LIV ERE R L, BT 5 L4104 cm K
DOREFIZEND . WEK OB SV MEL U UIREEA L ONER 25T 2 L NE . BRI 1X
KAf - Atz E L, K5, BAETh5.

bFE  KJEH S I3 A LA & O Sagarites chitanii Makiyama # 2 L, HZ)IIRVOARE D HIZELH
DEHPHRE SN TS (&R, 1943). TR & ZET 50, SN L OWETIE LA L
72u, R b4 1% Soongodiscus spp. ERET S (JUIE, 1990).

M. 12 3 b @ (Ms)

& fih (1953)

R LW SR AEAR T FH TS LA CRINHIE) .

BRI AHUR I AL OHE WEILE) AEH LW O A TH 5. KIRHIE TG Lg% A1
. AEITEM L, KRR O RESFRICIZIEHRE T 5.

NRVBE SIS ESG O KRB BT ST 5. AW BN BRI LG EIc B bh Tk
O, BHBEW. F7z, B ERSPECRILRICE L L TWa . REORBEIE, KIHUEPN ORI H]
fHECIZ400m TH 5.

B EL LTV MENBRD, JRE - BERE TR, HETHD. BT 2 L3 -10% em KA
ZHEIND . MR L D FEE L - W EL IR A % P te.

LB ARHUEND S OPFEHHEILZ Lad, 8B &R ORIRHUEN CIX B{bA, Uvigerina-Cassidulina #
HEORAT LA RO AR T 5 (1iiE2y, 1979 ; +4&, 1989) . %7z, ek (1986) 1
Globorotalia orientalis & # L, A3 #HfEitoE TH L 2 L 2R LTz,



M. 13 4 [m & (S

& KA (1928) . £ D%, L (1932) (T K - CHEMIE EA & Tz, BRIEIEA (1969) (2 & - THF
EFZINT.

U Bk BRBK R TR A

AARVEE Sl LA - AL o ST O RIn Wb A SN B 27 (R EEOIL
T, W s AL O 2% ) 1 A5 B L2 0T oA 9™ 2 28, S K LUME A & 7o R SRS B oL TR .
JEBA R B s N T O B 1 200-500 m, SN Tt 120-600m TH ¥, AHUK TIX 300m Ll ETH
%.

BBtk TOXRBEFELESICEY, ZOEMITEET 5.

B MBI EE LTG0, Sov b, BRMEERDCE K OB E R & Bede. WO TP (oD ARL — Hookz
Wnt7en, LR/ LTS, BEMEEEICE K OB B ITIK A - A6 T, BAE THD.

B ARHIEN» D OFEHITHRE SN TRV, L L, REROARTEHIEO ARG 613 “KE - T
SFEMEARE L FEEN D E R A A L PET 5 (RIRUEDY, 1988).

M. 14 # % FE K9

and [l (1953) . {4 M (HLZ1E 72>, 1979) TIXMAHSFIE 2 W =ril & L CBIEFE @m0 T,
KRMuIR (4%, 1989) & [FERIZHI# &2 X7 5.

B L SRR RS R F RT (0  gk) .

ATRUVBE S Lk G, TR0 B )5 R, FE) TS H OFBFIZ AT THofid
5. PURWVEISHI R LI B TR Y, BTG, BRI AN T3 300-500m ThH 5.
BrEE BlE-FRBIE TORILBEEAICE Y, TOEMITNET 5. ABIEH L, Bk E IR o8
M IFIEA YT 5.

B EELTH - MR B2, b MRS 28 Te. RO L MEREIKE - FHIKEA T, S
R, ORERE LTS, BRI A - AR TG, BAETH 5.

B AHUEAN N GIE =4 - )R (1940) 1280 Bib A oA #®E STV D, RIRHIRNOARE N5
I RE - DREFECAR ORI 5 EEERA 22 ET 5 (Ogasawara and Naito, 1983) . 7=,

Ve (1986) 1R DO ARG H - B &L 0 FifEMEA L H Neogloboquadrina asanoi i L, AREH -
THE A EEGETEOMETH L Z L AR LT,



V. FED - HEERTL

(ther &)

IV. 1 7 H & (Ns

4 —1 (1938)

R K R A RIRR P BT A (% ) .

PBARVEE  WKHHUEALE O AT, ERIRDOIURWICDTNICHMT DI &5, ATl
JEEEHER TE 220, RIBRORBHIEPNIIA 4340 L TR Y, JE /5358 Hiusk Tl 50-450m, & &t
3T 100-400m Th 5.

Bz At Tlx, TAOMEME & OBRIZAATH LS. QR ROREHIR T, EiEE T EE
> TS,

B ARHUIROTE B PRL - MR 57 0, BERE - IRABRZET 5. BRR L, RRLELTW
5.

td AE»olaidmE s Tngn.

V. 2 ®AEFERE (J)

g fiEh (1953)

B (LR AR ) AT RS (T8 i) .

AERVBE LRG0, BIREFICHAT 5. BRI B TIL 500 m, KM CIx
200 m A ETH %28, AHUETIZF 400m Th 5.

BAEFZ KNRHEBAN TIX T OB EFREEZEAITE S . AR CII R MR L2 BIRICH 5.
AR 1A L, BRI OTE BB IIZITHY T 5.

B EELTHMLRY, WEIL N ROEEA T, WML — HLRID CHRER G - KA EE 2 L, Ik
DXV BRRFEITFHVEHEZRL, 1ZEAEERE L T2,

EB  AHI HIXRE SIUTORWA, KIMIRN TR TH SEimiba s, £7-, itk
HRPDERWIZEATWS (14, 1989).



V. 3 #IIZRAE (Ub)

Onuma (1963a) DEJIIEATE, # (1984a) DESIITE M OBl RS ITARE 2. il L HUsAEss, &
KL OAED AL T, A WO 7 ALK OB IRV DTS #E T D ARG O KiUE S
iTdh 5. Onuma (1963a) IFAR LIS & BIEKILEHM E LTWD. 5340 D KEBSY DS Bl K ILITE HAIZ
BTl Y, &EOSAMITH G Clev. B3 GEtALR) TIZE/E 10 m LIPS CHRETEEL A5
FETHEE TH L. B)ISH CIXENE &2 B > TV D ATREER H 503, EHEORRIZBIZE TE /0.

ALHRATRIKEAEZ R L, BEGICZ LW A S AFRERA KRS T, ZENEATHD ZENZ0.
Onuma (1963b) 134 LA DL ENHTHEZ HE LTV 223, iKUK 0 6 Na0 125 TR
HD (FHI0R).

F10R BIIXEEDOZHR (Onuma, 1963b)

Si0, TiO, ALO; Fe,0, FeO MnO MgO Ca0 Na,0 K,0 P,0, H,0* H,0 Total

52.63 0.77 18.50 3.43 5.91 0.17 3.55 7.62 4.20 1.35 0.20 0.48 0.97 99.78
STE D KERE

Wi b A EEkEa ZilE (CHK 747/ GSIR 57037) (EIVIXIR 1)

FEM - FEIR : RERT, BLKESE P, &)1 EiOEE 760m His. s, BRIEE— KT 5%.

BEfh : RHRA, WG, A DA GEOMICH EEMICER SN TWD), BEL. EAEMmERT &
AEAN

F AHER, WANER, DA DARA, 8L, HT A, —EILREEESOR LEIC BRI LTV

IV. 4 Figpkia (Tv)

WRTHT SR P R 70> 0 ST LU MBI PR 0 1 C, UK LM (A S Ok MO HERE . B o,
J& LR BRI B D KB RINFR KBS LRSS (e ) . B, HENREER) I & R gkt
RPN R DD . A KA T 0 s (H531E 7, 1979) O FENIERE T Ze s KA kS 4%
W3, 5 (1953) g LI ENE RS IR IS KE & DT SN TET 5, BIKER & 1k &
DHETHD. LALRA D, 18 HUSALES S ORI Tl ke 2N il L, 1% £ L 92 Mg 338
DHIR. 0T, ARG TIIENER & EFIC KRS LIS 2 L1 5. Nk (1986) (4K
W% A DI - RERE KRR « Jeit & MEOY, TSI U VT 7 OIRRICHE ) D & LTWDs, A
I CARKEEILSIEKRIND AT — Y 1 YIIOBEEICE DN D Z &, £, FHFEO T 6557 L
B7p 2O BE EWERE (M, 1979) ORI D gk E# 2217 TWA Z L7228
B, BEXINZEATT 2 KIET & L CThLE S 2. RABEHIZIRE CRE 2B E10E W, FH
FEICESICEDNS. L L, AKMEITEEFEICEU Lo E A THen, A3 RS TiR
RKHETHEFE 2> TOBZ LD, WEITIERERICH S &1 5.



AV TITERABE B2 0, —FI3 R IEE A 2 ) 7 iRy e AR Th 5. A
SO &R OB WA TIIRIR MBS BT 5. & ZAIC
1985) (Tl 7=t R L, RIS HE DT m y 7 G 2 L b B D )
££3m, KERSTITEE 30 cm LU T O f i —

X VBB RN OESA (FH - TRAL,
FEWNAEER)I| RO IRA Tk
AR e m Sl & - PRI O IE NS 72 HIRIRE LT kLA

W - BERARES T, BREED K. R85 2R ORI O 7 0 v 7 2B e 2 LD 5. Wi

S~ eg O ens
(g Y 8 o,§ E Om Qo

e S o €
’ /! '//‘/l.‘bn"

22  RFFRKREE D BEER GE NN HEEF)I[300>)
R T Oy 7 RUANEORKELLRIUET Oy 7, ThsDOMEERVE
RBUDOEEIED TS, BHOE SH8m




IR O FENRERE) T TR EIRE O PRI B 2 Bite 2 E 236 5. KILAREEE - BRI & F R E T 5
0, ETATEY, BERENOEMMICETI AR E R T, RI1I0mOEESBICITENE B’ REET S,
BemoPRiboT my ZIZHENEBRALN, TRbDT vy 7 ORMAZE 30em LA FOZLE, A
BRI, RS OBECHIRIAY 23D T 5 (85 22[) IR O A2 7 TIRKILABEE B30T 5.
L TAIL R VBRI - KD HJES 70-80° OBRIART KIS b A 203, BB, 2R T
0y 7 OAREELHD.

AKIE DN (A B AR EA) SRR A B 22 LS B OSRERIE A 5 A B A A B AA R
RAETHD, BETITRmKILELHY & OXFIIR#ETH 5.

SRfgnE A E A 22 s (FR1133 7 GSIR 57038)

PEHE « PESR  WEVERTAZIR, FEPARER)IAG R OB IRV, 1R 150 m Rl A o-asL CESim).

BEAh - BHRA, B, SREREEA, BREL, BEIKA
ik RERAA, BRELG, ROTHEG, BRIKA, BREE, A Y AZ VR

SRBRIE O G A S A B A K (CH 322/ GSJR 57039)

PEHY - PEAR < J\BENT T IB)11, Y63 20 m O RBhiiE (7S EARALICH) BB S Eh B L
BEdh : RHEA, SWECA, SepEa (A ICIHEND), DA LASA, S0

A RHEA, HANEG, Sk, BEl T A

V. 5 FERIE (S

U L Mg s, R B B R & AR IR 728 « AT AT oAl L, BB A I 3 B R 72 Jc | L R
PR« 2V S - PRI O B % IR E L, BEKABLE R O RG TR 2 Bl o tig 2 FEH) g & M5 G
). BRI L. BIECORRBIEIL 30m L L, BEKLOREICEbNS. # (1984a) TiE, B
B RSO EEAILE) IKEDHR TN 5.

TV b - HORID R OV LB % IR & 3 285013, JE S 10-40cm O RO RENH72 0, B
B E 2 R (5 23 X)) . BRI PR T 30° LU HER LTV D, N RRIE L T B e B2
LTI ERDD. MOLAHLALIXZLIZAOND. T D ICHAET 2 La s 3R E 7213
R L TEY, RRBE LTV D Z ENS. HEITRIIR FEES 72 & O Bk Loy o
PICERIL TRV, AP OKEEITBEX LD L S b0 &1k 5.

B OHEREEINE, BRI OFEBORA L IZEFRFNTH D EEZOND. RETOUENSIX
55 & 374ED K-Ar 4R (FEIEA>, RAFK : fHED (1989) D 59 & 6 HEAETE) AL Tnad. Ziut
WRILDO AT — VT OTEBBIARHE (K 50 4R LIEIER CENREZ R LT 5.

WA DA B A ZE (CHK 1376 GSIR 57040) (B5IVIXIAK 2)

PEME « PEAK  REHT, TEBI LSRRG R, 5 970 m S, YAk,

e RER A, WA, A DA (IR RERIEIEY) &R LI B ST D), BRI

ik BHRA, BRMEG, BRI, SV VY, T ) B (—EN R &R L B ST D)



F23M  FEM)IEOMERESE (BT, T EFRN R AR
KILBEEEIRA 2 R Y L, B - 2L MEE T, i P SRS S BT 5.
J&JE 15m

V. 6 # R J&8 (Fk

BTSSR IR O RS  650-700m & /NI O E 730m AFITICERH L, BTk
WIS DN D I EEHERE ) A B IUE &S (BT ).

BN CIXZ)IBIRE 2 A ESICB Y B A ERE 9 5. 2B 0mIL L, B3 10-30cm O i
- HiAEEE AL U, M- R AT L LTRY, RERTHD (O 24K). BARITERHEKLOZ L
BRZ. JELE 1mLAOH - HUBLI B, Mhibf@a i 2 & A5 5. HEEIXZEAETHD. KT
IR 1-30em O - WA A & 5, MR KWK EIE & L, K< LEoTokitnnied. B
TIXHEEE IR X 3-5m Ol - FrkiibE z Hede.

NEITIIEEE L v MO B GR Y, lERMENPRTRBIRIT12mI L TH D, BB
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14 P00 & A SR AR A M G 21 E (YD 832 GSIR 57101)
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BEh R, B, SRR, APRA (ARE A YA ME), BRI, BRI
fidk o BERAA, BRLG, RO, BRI, BRIKGA, TR

FieAEE (Mcy)

H(19840) D THERHHE OREIITAYL T 5. SR HURIGHS, THER IO RISIEE R 2 L7 7 B
23 B FEARHE OB | - AN EFRIC T T T 2 ZNERER CTh 2. — I BEEET VT 7
WZHNIAALTWS . ETe, AILAROR T AR OB EIC L > TEE IO b TR Y, REEI
A LA BT A R Opii L HWT T, Bl LSRN LT ZTREDIEIC L 2D TH 5. AR
ELEEb OO S S THER TN T 2B 3T RIERETE U VT J TRtk O & I1XIR S 22007,
EEINC KR LA T2 O TARBRE TIE—iE LTl <. BlEIITHAEE, Rl LimEs, &RIaE &
OHIIFRE S E D . AILZROB TR AENED HILD. TIHARDO T 7 EETIIEM L, EOTRE R
ROHI, BEREIT0M LU ETHS. W/ /DR THEHIBMIC 3KD 7 n—a—TR¥Ro b5, HE
3 P& A SRR A 2 S T, RO D AFBEEE LIXLIEE .

4 P0G & A SRR A B A 22 1L (CH 238 GSIR 57112)

PEM - BELK - \BEET, B SR A) A2 & 1,000 m Hi, 7522 20 m OfE (R OT) . A

BiEdh - BHE A, WA, KA (FHUSEEEA I EN D, EEEL LATER TS 2 ERH D),
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P DA D AT &SRR Bl a2 LA (CHK 880, GSIR 57113)

FEM - FEIR : WHERT, BUSHEREIE LT TN, THEAHEE 1,840 m (HEDOR, 0T TEER T, .

Bl R, WG, SO, DABAA (RERVEGT. FAICEEN, S OICKRE AR
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(CHEEDILEE ] LT 72 u. He@iiR ok 20 mOVEE IR AN TG T e LTl v, TEIE I VT Z
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PEHL « FEIR - AT KT R, BRIDETR Y, B 420m L. 0.
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ARG E ARG D A EEAZ LA A2 ) 7 (CHK 1401 S, GSIR 57118)
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DAV OIELIEE & OLEEIE 100-150 M 2T 5. SR PO S A ERELA DA b A B A2 L



ET, B AR E T,

AR EH A A D AT MEAZ LS (CH 260/ GSIR 57121) (B5VIIXIAR 1)

EEH - BESR - WHAHT, B o~ O F L, BILTER RS 620 m HR (EAEIRIO L) . .

BE - BHRA, IR, SRR (RO IS EN D 220D D), DADAA (REFRLVEET. R
FIZHEND ZLDRH D, LREEAEIHEND ZLNH D), MPIA (AR E TR A3y
A M), Bk

AL BRA, BREA, BTEA, DhAb AR, SRR, BUKA, A Y AZ TR

mHxAE (Idy)

#h (19842) OEARILIFTE HASS (A 2. Bl Lt pa &g, va SR ETE D L7 7 WO Z MR
LRNEHEERES THD (5 47IR) . MIELITEER 90 m, B 250-300m Toh 2. [LTEEIZ T BhEEE
HOESEOE D (B, 1984a) . E7z, MIHILO M HIERRA & (307 INBEEHE OBERI AN TR Y, B
5 HIERERHEICHTHELATER SNIZDOTH A 5 JEBIENA S A A S S /A A @
PEAZZIIZE T, SROMIKEE BT 5. bk (1984b) (2 X D &, v b AAANA LA EMEEE 2 2 8ICE
Te.

A B A S SRR A £ P A S m i A 22 1L (CHK 889 GSIR 57122)

FEHN « FEIR . WEERT, VEEMER B LT TN, ARACARNE, FEE 1,610 m i, A

B AHRA, MBS, R, DA DAA (AR E ST, MBS, —ITANAICEENS = &
N b)), AAE (ERSN A1 Mb), $-815

A RHEA, AL, BTG, $95, MBI, VU I, BIKA, A Y AZ VR

FATH b b He AR M TE
FETFIEREN (R ik n), 2 LZAILENOEOR LT ZEE, )i A kil



BFHBEE (Idy)

#(19842) ORFFHRMELEE YT 5. HUFEILHURTES, FT-ARO MK 180 mIZiLf#E T 5 i
40-50m O/NMROZIEMTEEES Th 5. MTELIZERIBEEEIE LT 7 B2k 2 5 eE &
HWOERShe, BEIANGEEEA A b AAEERA LIS TH 5.

14 PG SRR A I A b A A EiE A 2 LA (CH 274 / GSIR 57123)
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7. BUERRS b & LMo EEINIUTEMNIEICOM T 27 VAV FRX— R CTh D, INT ThE
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IS5 5 L. Z0% b 18044F CULITTAE) F TIIMEMH SN X, & & & X IPRAEKARAE LTz,
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fI&RA-1 BEXUBHYO2EFHK

No. Si0, TiO, ALO, Fe,0, FeO MnO MgO CaO0 Na0O K,0 P,0, H,O0* H,O total XE" EH&? EEToOMESLY ST 5 HBR (REE)
1 60.62 0.84 16.28 2.79 4.32 0.11 2.95 5.78 3.49 2.16 0.25 0.30 0.13 100.02 K ayA FL R — AW s
2 50.75 1.12 19.23 3.62 5.71 0.15 5.32 9.93 2.62 1.01 0.15 0.53 0.54 100.68 O3 1y, oaA FTEE/IEE TEH/IIEE
3 53.07 0.77 19.66 2.47 4.91 0.14 5.3¢ 862 3.05 1.20 0.23 0.4l 0.3¢ 100.21 03 yoaA =S EEE B
4 54.03 0.76 17.98 3.00 5.37 0.12 4.53 8.99 2.90 1.55 =nd 0.54 0.13 99.90 O3 oyaA BTy OEE Fhea/ tElws
5 54.73 0.73 18.31 3.8 4.32 0.15 3.25 7.26 3.55 1.85 0.25 0.62 0.70 99.58 03 o, yaA o BE ?
6 55.20 0.79 17.38 4.08 4.37 0.16 5.52 7.56 3.11 1.63 nd 0.12 0.47 100.39 O3 yoaA BRI BREBE
7 56.03 0.72 18.04 3.53 4.3 0.12 3.69 7.00 3.20 1.55 =nd 0.39 0.55 99.18 O3 o, yaA BB A9 LEEE
8 57.61 0.82 18.23 3.22 4.58 0.14 3.13 7.23 3.61 1.8 =nd 0.31 0.15 100.88 O3 yaA NP BiL&aEs
9 58.02 0.69 17.49 2.85 4.79 0.13 3.39 6.23 3.30 2.056 =nd 0.47 0.28 99.69 O3 oyaA LRl LEILELS
10 59.87 0.65 16.63 2.97 4.33 0.12 3.00 6.16 3.63 2.10 0.25 0.3 0.10 100.15 O3 oyaA s Forl o
11 53.03 0.48 18.21 3.69 4.35 0.13 6.09 7.73 2.8 1.27 0.15 0.8 0.75 99.56 03 h, oyaA REEEs TREESE
12 54.97 1.04 18.59 2.55 4.37 0.09 4.79 6.99 3.22 1.75 =nd 0.56 0.64 99.56 O3 h,yocaA BTHRAELSS BTHESE
13 54.85 0.60 18.32 3.24 4.37 0.12 5.16 7.8 3.00 1.64 0.24 0.50 0.19 100.09 O3 h, yoaA HOREE B oA /R
14 54.93 0.73 19.27 2.05 4.68 0.10 5.02 7.63 3.23 1.51 0.26 0.43 0.51 100.35 03 h, oyaA & s B s
15 54.96 0.97 17.14 3.08 4.24 0.16 5.28 7.01 3.00 1.52 =nd 1.87 0.35 99.58 03 h, yoaA Flerd B S
16 55.78 1.30 18.00 2.36 4.38 0.15 4.60 6.17 3.10 1.74 0.21 1.68 0.87 100.34 03 h, yaoA N ?
17 57.17 0.85 17.43 2.26 3.57 0.13 4.42 6.95 3.10 1.70 0.18 1.18 0.14 99.08 03 hy, oaA RAREE EREE
18 57.66 0.64 17.07 2.88 4.10 0.13 3.99 6.25 3.27 1.86 nd 1.66 0.43 99.94 O3 h,yaA BERMERSS BEREE
19 61.20 0.63 16.00 3.54 3.53 0.13 2.82 5.78 3.75 2.10 0.28 0.31 0.10 100.17 O3 hyaA MRMERES mREE
20 48.04 0.52 21.05 3.80 5.08 0.09 7.09 8.99 2.50 1.00 nd 1.05 0.43 99.64 04 (02pB) S T B
21 52.05 0.72 18.35 4.59 5.60 0.09 5.11 9.67 2.72 1.07 0.15 nd  0.19 100.31 O4 (02pB) S (KB BEE)
22 55.52 0.91 18.06 3.09 5.03 0.09 5.19 5.28 2.8 1.55 0.28 0.8 1.15 99.84 Y o, 2pA AT iR & el
23 57.04 0.86 16.55 3.70 4.24 0.14 5.19 6.94 2.80 1.70 0.20 0.28 0.24 99.88 Y o, h2pA iy zew o] J W30
24 57.82 0.76 16.55 3.85 3.30 0.06 4.49 555 3.30 1.70 0.22 0.81 0.29 98.70 Y h, oZpA PR A D RS BBIEA
25 58.76 0.81 16.92 3.28 4.02 0.05 3.71 5.74 3.30 1.90 0.23 0.30 0.51 99.53 Y h, o2pA BERMHEBEESS BEREE
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No. Si0, TiO, ALO, Fe,O; FeO MnO MgO Ca0 Na,0O K, 0 P,0; H,0* H,0- total X#" HHEZ? FETOHEELY ST B B (FhE)
26 55.83 0.73 15.86 2.86 4.60 0.12 4.81 7.1 3.75 1.60 0.24 0.90 0.21 98.62 Y o, 2pA BAREE b vaeccr=|

27 55.72 0.60 17.00 3.55 4.17 0.12 4.91 5.50 3.55 1.85 0.24 1.39 0.88 99.48 Y 2pA WRiHEE W&

28 57.38 0.91 17.56 3.09 3.74 0.06 2.99 7.63 3.35 1.60 0.24 0.04 0.44 99.02 Y o, 2pA b E HIREE B/ ko BEE?
29 59.76 0.94 17.43 3.91 3.95 0.04 2.69 5.55 3.50 1.70 0.21 0.27 0.41 100.36 Y 2pA BkREE LSRR/ THREES ?
30 56.76 0.96 16.92 3.42 4.77 0.10 3.59 6.60 3.35 1.50 0.15 0.25 0.26 98.63 Y o, 2pA REGIES tElEE

31 56.80 0.97 16.67 3.61 4.47 0.06 4.39 6.25 3.30 1.40 0.12 0.07 0.20 98.31 Y o,2pA TR RO R BE Fit o TS

32 60.90 0.55 15.86 3.70 3.45 0.10 2.9t 5.19 3.50 2.20 0.21 0.49 0.04 99.10 Y 2pA FilpRA DRSS #LEE

33 56.61 0.93 17.07 3.38 4.16 0.15 4.25 6.46 3.21 1.95 0.21 1.07 0.67 100.12 OZ h, oyaA (SRIBAT/INGE, %D TLIEE A

34 49.80 1.17 19.73 3.10 6.15 0.18 5.43 9.67 3.10 1.25 0.23 0.45 0.18 100.44 H 1y, 0aB TEHIEE TEHIIEE

35 54.80 1.01 18.48 4.14 4.40 0.19 3.30 7.03 3.87 1.47 0.33 0.63 0.43 100.08 H 2pA PR T ERES BEIRNI T HEE

36 54.49 1.03 16.49 5.43 4.72 0.25 3.25 7.25 3.78 1.45 0.27 0.88 0.76 100.05 H 2pA ZOREE ?

37 54.92 1.13 18.67 3.80 4.31 0.18 3.05 6.95 4.10 1.68 0.27 0.67 0.53 100.26 H 2pA A kLA

38 55.71 1.01 18.29 3.82 4.25 0.17 2.92 6.45 4.18 1.67 0.32 0.81 0.29 99.89 H 2pA il ree g fEAKILE

39 55.99 1.01 18.50 3.62 4.28 0.17 2.79 6.27 3.89 1.76 0.29 0.80 0.49 99.86 H 2pA B RINE—ws B RINT s
40 55.97 1.02 17.62 5.46 3.01 0.16 2.84 6.56 3.99 1.75 0.28 0.50 0.44 99.60 H 2pA ZDREE ?

41 56.53 1.01 17.76 3.54 4.10 0.16 3.05 6.26 4.07 1.95 0.28 0.57 0.35 99.63 H 2pA ZORESE ?

42 56.73 0.95 18.18 3.55 3.46 0.18 2.92 6.34 4.17 1.95 0.26 1.06 0.16 99.90 H 2pA ZORESE ?

43 58.39 1.06 17.35 3.3¢ 4.02 0.18 2.44 557 4.43 1.96 0.28 0.45 0.33 99.80 H o, 2pA REGES FEBEL

44 58.47 0.89 18.73 3.38 2.62 0.12 1.56 5.32 4.34 2.48 0.32 0.93 0.61 99.77 H 2pA %o )& ko EE

45 52.69 1.01 19.65 2.34 6.58 0.20 3.43 7.81 3.69 1.74 0.26 0.76 0.49 100.65 H o, 2pA FRIRESE SRR/ =ZDREE
46 53.35 1.03 18.81 3.28 5.52 0.19 3.52 7.26 3.47 1.70 0.27 0.8 0.57 99.82 H o, 2pA B RIBEE BRI s
47 53.99 1.11 18.79 2.92 5.53 0.19 3.42 7.27 3.53 1.68 0.30 0.3¢ 0.21 99.28 H o, 2pA B RIIBE_EE B SN s
48 55.23 1.01 18.77 3.03 4.80 0.18 3.03 6.63 3.62 1.74 0.31 0.8 0.44 99.65 H o, 2pA B RINBE_E BRI e
49 55.28 0.99 17.99 4.62 3.83 0.15 3.18 6.75 3.97 2.06 0.27 0.23 0.29 99.60 H o, 2pA BOKRE S SRR/ ZORES
50 56.38 1.02 18.64 3.32 4.43 0.14 2.99 6.1 3.76 1.83 0.23 0.42 0.40 99.67 H 2pA Z0RiEE ?
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No. SiO; TiO, ALO, Fe,0, FeO MnO MgO Ca0 Na,0 K.0 P,0; H,0* H.O- total XH" &HFHZ2 FETOHBEY XS 5 B (k)
51 56.64 0.98 18.83 3.47 3.97 0.15 2.92 6.05 3.91 2.00 0.27 0.69 0.23 100.11 H o, 2pA R SIRGES SRR/ Z0REBE
52 56.99 1.06 17.89 3.38 3.86 0.16 2.76 6.58 3.69 1.79 0.21 0.94 0.24 99.55 H 2pA BE/KRRHERY R A R
53 57.46 0.95 18.23 2.94 4.67 0.16 3.02 6.62 3.63 1.91 0.21 0.41 0.07 100.28 H 2pA AR)IEE axR/EE

54 58.04 1.01 19.18 3.42 2.38 0.16 2.41 5.22 3.94 2.11 0.24 0.85 0.65 99.61 H 2pA ZOREE ?

55 59.37 0.85 17.48 2.83 3.86 0.17 2.26 5.46 4.02 2.11 0.28 0.75 0.37 99.81 H 2pA B RINB—EE B RIT S
56 58.73 0.95 18.23 3.17 3.10 0.15 2.51 4.81 3.82 2.25 0.20 1.40 0.69 100.01 H 2pA REH EREE KRG LEHEE
57 51.95 0.91 16.44 2.62 6.09 0.18 7.46 8.48 2.89 1.42 0.19 0.8 0.16 99.68 H o2pB NEEANNEE NENIEE? ?
58 52.25 1.07 18.02 2.27 6.04 0.17 6.26 8.95 3.30 1.46 0.23 0.20 0.19 10041 H yoaB SIRES BIREE

59 52.41 0.92 17.89 2.87 5.59 0.18 5.68 7.90 3.10 1.58 0.22 0.87 0.46 99.67 H h, o2pB £y SN N EEE

60 52.50 1.12 18.09 3.01 5.38 0.13 5.29 9.26 3.22 1.46 0.22 0.40 0.16 100.24 H h, o2pB By ENS %N TS

61 53.26 0.96 17.60 3.31 4.94 0.19 5.33 8.08 3.09 1.60 0.26 0.62 0.25 99.49 H h, o2pB 7 EEE ENEEE

62 54.98 1.06 18.68 2.60 4.90 0.16 3.96 7.97 3.61 1.76 0.22 0.25 0.22 100.37 H o, 2pA TEIREE VeI s

63 55.00 1.06 17.34 3.40 4.93 0.15 3.97 7.47 3.40 1.67 0.21 0.45 0.45 99.50 H o2pA et s plg NIk =

64 55.42 1.00 18.83 2.99 4.26 0.16 4.06 6.92 3.67 1.77 0.27 0.58 0.26 100.19 H o2pA Nigsa NNV

65 57.98 0.88 17.60 3.26 3.74 0.14 3.56 6.66 3.49 1.92 0.21 0.3¢ 0.25 100.03 H o, 2pA Kb ¥EE JJIEc2eaay

66 49.99 0.97 20.88 3.77 4.80 0.18 6.00 8.76 3.01 1.35 0.26 0.64 0.14 100.75 H ohB EE (RBEE)

67 54.42 0.95 17.77 4.22 4.08 0.15 4.93 7.31 3.31 1.69 0.21 0.23 0.24 99.51 H h,o2pA ROWES B s

68 55.12 1.09 17.20 3.19 4.32 0.15 5.30 7.51 3.32 1.70 0.19 0.28 0.23 99.60 H h, o2pA B vEE RYEE

69 55.17 0.85 19.02 4.03 3.08 0.15 4.40 6.97 3.20 1.59 0.24 0.48 0.33 99.51 H h, o2pA BOWEE 5B BinE

70 55.31 1.03 17.99 4.09 3.53 0.15 3.78 6.72 3.47 1.89 0.20 0.78 0.39 99.33 H h, o2pA WS WA &

71 56.36 0.8 17.69 3.20 4.40 0.14 4.40 6.90 3.51 1.83 0.23 0.16 0.19 99.87 H h, o2pA BOWES B WinE

72 57.65 0.90 17.53 2.38 4.19 0.15 3.82 5.90 3.49 2.14 0.19 0.72 0.43 99.49 H h, o2pA TR T ERVE A mEEE

73 58.57 0.91 17.25 3.28 4.19 0.14 3.29 6.07 3.66 2.06 0.22 0.51 0.22 100.37 H ho2pA B BmEE?

74 50.29 0.98 19.62 5.06 3.41 0.15 6.59 9.23 2.66 1.36 0.19 0.41 0.36 100.31 H ohB WA (HTHRARILMIEEES)

75 50.99 1.01 18.35 2.83 5.61 0.16 6.36 7.67 3.10 1.55 0.26 1.73 0.35 99.97 H (h, 02pB) ANTHERA2YT FEFVRERRA2VT
76 52.79 0.95 17.52 3.21 5.97 0.15 5.90 8.24 3.14 1.58 0.24 0.40 0.30 100.39 H h, o2pA FRIEA2Y THMERY TREBAVRRA2IVT



44!

No. Si0, TiO, ALO; Fe,0, FeO MnO MgO Ca0 Na,0 K, 0 P,0, H,0* H,O- total X#Y HEE? FETOHERY St 3 % ML (RH4g)
77 54.01 0.93 18.34 2.64 4.84 0.15 504 7.68 3.25 1.65 0.24 0.81 0.16 99.74 H ho2pA ED#HEAaY 7T FEFRA2VT
78 54.09 0.99 18.80 3.44 450 0.14 4.73 6.8 3.37 1.81 0.21 0.32 0.62 99.87 H h, o2pA BFHRIUMBELRSS BTHBE
79 57.92 0.90 17.62 2.60 3.99 0.14 3.76 6.40 3.57 1.88 0.19 0.42 0.19 99.58 H h, o2pA FORGEE B o~ A/ ABEEE
80 58.20 0.92 17.88 3.31 3.87 (0.15 2.76 5.74 3.74 2.02 0.20 0.60 0.10 99.49 H h, 02pA/h, 2pA THEBES ThE B S
81 58.38 0.89 16.99 3.40 3.67 0.15 2.88 5.93 3.77 2.23 0.16 0.71 0.24 99.40 H o, h2pA Hi#aER L MIE miss FBhERE
82 59.58 0.87 17.28 3.82 3.01 0.13 2.71 6.01 3.65 2.13 0.18 0.3¢ 0.18 99.89 H o, h2pA MHELUMEREE HREE
83 60.32 0.70 17.14 3.00 3.46 0.23 1.98 5.07 3.69 2.35 0.15 1.75 0.65 100.49 H h 2pA FrERAa) 7HRERY TESRA2Y7
84 52.62 0.97 17.38 2.61 5.89 0.17 5.67 8.55 3.16 1.56 0.19 0.32 0.24 99.33 H 02pA/2pA tEUEE LR ILEE
85 54.30 1.02 17.84 2.79 5.23 0.16 4.93 7.77 3.14 1.60 0.20 0.39 0.15 99.52 H o02pA/2pA & ILEE LEILEE
86 54.54 0.93 18.70 2.26 4.99 0.15 4.52 7.45 3.35 1.64 0.20 0.90 0.35 99.98 H o2pA BT &S A FEREE
87 54.79 0.94 17.94 2.75 4.73 0.17 5.03 7.56 3.29 1.71 0.24 0.37 0.17 99.69 H o2pA BRES BAWBE
88 59.56 0.84 17.47 2.92 3.88 0.14 2.40 5.50 3.79 2.27 0.19 0.66 0.15 99.77 H o2pA/2pA tEUBE R LSS
89 60.53 0.85 16.38 3.24 3.74 0.14 2.52 5.50 3.59 2.19 0.20 0.71 0.15 99.74 H o02pA/2pA LRILEE TELEE
90 54.71 1.16 18.19 2.89 5.49 0.16 3.8 7.19 3.39 1.64 0.16 0.35 0.23 99.41 H o02pA/2pA Pl T o EEE
9 57.30 0.97 18.15 3.11 4.30 0.14 3.32 6.64 3.47 1.87 0.19 0.42 0.08 99.96 H o02pA/2pA FLEe Ty HSE
92 59.63 0.87 17.24 2.97 3.75 0.14 2.61 5.89 3.67 2.26 0.18 0.20 0.38 99.79 H h, 02pA FrUMIE LAY LEE
1) KB (1954), BSH-EmEstn
03 : Onuma(1963b), KiERBISAT
04 : Onuma(1964), KEBRBIFT
CEEIE(1981), (ISR R RAT ST
OZ : KiRiE» (1982), AHEFaHr
H : #(1984b), #K{5KEEST
2) 0, DASAHy, HEMEE:@a TEESL 2 FEGIh ANE A RUE B KRS 2, o yaARDASAREEEHRERYEEERILE SR T,
PR E 2 & L RTE, no. 34-92(F, 1984b) OEAE I (1984a) OMBEREG G2 RA LY, 22U L TH:ABERH S,
3) no. 2-19(Onuma, 1963b) O it1/E4 13 Onuma (1963a) DHE D HifE B Gz FEVER L 72,

no. 833 EIEHAEY. no. 55i3 Hayashi(1985) Tid g / RIEBA,
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GEOLOGY

OF THE

CHOKAISAN AND FUKURA DISTRICT

By
Shun NakaNO and Nobuyuki TSucHIYA

(written in 1991)

(ABSTRACT)

The mapped district is located in the Japan Sea side of the Northeast Japan, stretching over
both Akita and Yamagata Prefectures. Neogene formations are distributed in the east of the

district, while the Chokai volcano and Quaternary deposits are in the west. An outline of the

stratigraphic succession is shown in Figure 1.

NEOGENE

The Neogene in the mapped district is subdivided generally into early Middle Miocene volcanic
formations, late Middle Miocene to Early Pliocene sedimentary formations, Late Miocene to Early
Pliocene volcanic rocks and Late Pliocene sedimentary formations. The early Middle Miocene

formations (Hatamura, Sugota, Aosawa and Okawa Formations) were formed under intense mafic
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Fig. 1 Summary of geology in the Chokaisan and Fukura district.

and felsic volcanism and transgression. The late Middle Miocene to Early Pliocene sedimentary
formations (Onnagawa, Kusanagi and Funakawa Formations) consist of argillaceous sediments,
and were deposited under deep marine (bathyal) environment. The Late Miocene to Early Pliocene
volcanic rocks (Kamitamatagawa Volcanic Rocks, Momoyake Volcanic Rocks and associated
intrusive rocks) were formed by intermediate and felsic magmatism under submarine condition.
The Late Pliocene formations (Tentokuji, Maruyama, Sasaoka and Kannonji Formations) consist

of siltstone and sandstone. They were deposited under the regressive condition in the mapped
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district.

Hatamura Formation consists chiefly of acid volcaniclastic rocks with intercalations of
tuffaceous sandstone and mudstone, and yields plant fossils of the Daijima-type Flora which indicate
a warm climate condition.

Sugota Formation conformably overlies the Hatamura Formation and consists mainly of
conglomerate, sandstone and siltstone. This formation yields fossils of shallow marine mollusca,
foraminifera and radiolaria.

Aosawa Formation may have been deposited simultaneously with the Hatamura and Sugota
Formations, and consists mostly of subaqueous basalt lava and volcaniclastic rocks intercalating
mudstone.

Okawa Formation is correlative with the Aosawa Formation. The formation is composed
mainly of andesite lava and volcaniclastic rocks, and intercalates dark gray mudstone of marine
origin in the upper part.

Onnagawa Formation conformably overlies the Sugota and Okawa Formations, and consists
mainly of stratified hard (siliceous) mudstone and dark gray mudstone, accompanied with andesite
volcaniclastic rocks and acid volcaniclastic rocks. This formation yields late Middle Miocene to
early Late Miocene radiolarian fossils and foraminiferal fossils indicating deep marine environ-
ment.

Kusanagi Formation is equivalent to the Onnagawa Formation and conformably overlies the
Aosawa and Okawa Formations. This formation is similar in lithofacies to the Onnagawa
Formation, and yields radiolarian fossils of late Middle Miocene age.

Funakawa Formation conformably overlies the Onnagawa Formation, and consists mainly of
dark gray mudstone and gray siltstone. The formation is abundant in diatom fossils of Late
Miocene to Early Pliocene age and foraminiferal fossils which contain deep marine species. The
formation interfingers with the Momoyake Volcanic Rocks in the upper part.

Kamitamatagawa Volcanic Rocks are composed of acid volcaniclastic rocks and andesite
volcaniclastic rocks and lava. They intercalate mudstone layers correlative with the Funakawa
Formation. They were deposited during Late Miocene to Early Pliocene time.

Momoyake Volcanic Rocks intercalate mudstone layers of the Funakawa Formation. The
volcanic rocks consist chiefly of andesite volcaniclastic rocks and lava, and are dated as of Late
Miocene to Early Pliocene age by the K-Ar method.

Intrusive rocks consist of granitic rocks, dolerite, andesite, rhyolite and dacite. Most of them
may have been emplaced during late Middle Miocene to Early Pliocene time.

Tentokuji Formation consists mainly of gray siltstone, resting unconformably on the
Funakawa Formation, and occurs only in the northern part of the district.

Maruyama Formation is equivalent to the Tentokuji Formation, and is confined to the southern
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part of the district. The formation consists mostly of gray siltstone.

Sasaoka Formation conformably overlies the Tentokuji Formation. It is composed chiefly of
weakly-consolidated, medium-to fine-grained sand, and is exposed in limited areas owing to the wide

covering of the Chokai volcanic products. Abundant molluscan fossils suggest the depositional
condition of shallow marine and the regression.

Kannonji Formation is equivalent to the Sasaoka Formation and conformably overlies the
Maruyama Formation. It is composed mainly of weakly—consolidated, medium—-to fine-grained sand.

Molluscan fossils in the formation are of shallow marine environment.

EARLY TO MIDDLE PLEISTOCENE

Early to Middle Pleistocene comprises the Nishime and Jozenji Formations consisting of
sedimentary rocks, the Uguisugawa Basalt and the Tengumori Volcaniclastic Rocks. The
Shimotamatagawa and Fukizawa Formations have occasional intercalations of volcanogenic
deposits.

Nishime Formation is distributed in a restricted area and inferred to overlie the Sasaoka
Formation with an unconformity. It is composed of unconsolidated and well-sorted medium- to
coarse-grained sand.

Jozenji Formation conformably overlies the Kannonji Formation and interfingers with the
Tengumori Volcaniclastic Rocks. It is composed of unconsolidated and well-sorted coarse-to fine-
grained sand.

Uguisugawa Basalt is composed of olivine-augite basalt lava of unknown age. It is widely
covered with the Chokai volcanic products.

Tengumiori Volcaniclastic Rocks interfinger with the Jozenji Formation and conformably
overlie the Kannonji Formation. They are composed mainly of tuff breccia and volcanic breccia,
and intercalate a minor amount of medium-grained sand. Debris avalanche and pumice flow
deposits are included in the volcaniclastic rocks.

Shimotamatagawa Formation is overlain by the Chokai volcanic products. It is composed of
well-stratified lapilli tuff, silt and sand with intercalations of tuff breccia and basalt lava. The
formation was deposited nearly in the initial stage of the Chokai volcanism.

Fukizawa Formation is narrowly distributed under the Chokai volcanic products and consists
mainly of gravel layer and a subordinate amount of silt and sand except for the basal part composed
of volcaniclastics. The gravels are well-rounded and are considered to have been derived from pre-

Chokai volcanic rocks and mudstone.
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CHOKAI VOLCANO

Chokai Volcano is one of the largest volcanoes in Japan. It consists chiefly of andesite lava
flows. The volcanic edifice is 26 km long in the E-W direction and 14 km long in the N-S direction.
The summit (Shinzan) attains 2,236m above sea level. The western foot of the volcano reaches to
the coast of the Japan Sea. Topographically, it is divided into “West Chokai” and “East Chokai”,
both of which have horseshoe-shaped calderas at their summit regions. The activity of the volcano
began at approximately 0.5 Ma. Eruptions of more than ten times were recorded in historic times
and the latest one occurred in 1974 A.D. The total volume of the volcano is estimated to be more
than 70 kmé.

The volcanic activity is roughly divided into Stages I, Il and IlI.

Stage | : A large composite volcano of 47 km® in volume was built up (“Old Chokai”). It is mostly
concealed by younger volcanic products. It is made up mainly of lavas and volcaniclastic rocks of
hypersthene-augite andesite with or without minor olivine phenocrysts. A small amount of high-
alumina basalt lava erupted in this stage. Debris deposits are extensively distributed at the north
and south of the volcano. Most of them are considered to have resulted from the collapse of the “Old
Chokai” volcanic edifice.

Stage Il : Stage II is characterized by the predominance of the activity of “West Chokai” . The
stage is subdivided into Stages Ila, Ilb, Ilc and Ild. Stage I a products are composed of olivine-
hypersthene-augite andesite lava flows issued from the missing center of the West Chokai. Stage
I b products consist mainly of hornblende-olivine-hypersthene-augite andesite lavas. Some of them
were erupted from the flank vents on the western slope. The West Chokai horseshoe-shaped caldera
was formed between Stages Il1b and Ilc. At Stage lic, “East Chokai” initiated its activity. Several
lavas flowed down to the eastern foot of the volcano and into the West Chokai caldera. Stage I1d
is the activity of central cones inside the West Chokai caldera. The rocks of Stages Ilc and Ild are
olivine-hornblende-hypersthene-augite andesite.

Stage |1l : Stage Il is subdivided into stages Illa and Illb. Stage Illa is the period of center
eruption of “East Chokai” . A flank vent on the western slope (Saruana) erupted and issued lava
flows reaching to the Japan Sea coast. In about 3,000-2,600 y.B.P., the Kisakata Debris Avalanche
occurred and resulted in the formation of East Chokai horseshoe-shaped caldera. The activity at
Stage Il1b corresponds to the post-caldera volcanism inside the caldera. Olivine-hypersthene-augite
andesite lavas were issued from the central vent. Recent eruptions in historic times occurred there.

In 1801 A.D., the Shinzan Lava Dome was formed.
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MIDDLE PLEISTOCENE TO HOLOCENE

Middle Pleistocene to Holocene deposits consist of fan deposit, talus, debris deposit, colluvial
deposit, terrace deposit, sand dune deposit and alluvium. The fan deposit of Middle Pleistocene to
Holocene age is distributed around the Chokai volcano and includes mudflow, pyroclastic flow and
debris avalanche deposits. The sand dune deposit extends along the coast of the Japan Sea. The

colluvial deposit is related to sector collapse or landslide.

GEOLOGIC STRUCTURE

The mapped district is structually characterized by the prevalence of N-S to NW-SE trending
faults and folds. This trend of faults and folds prevails along the Japan Sea coast of northeast
Honsho. A collapse structure and a dome structure occur in the eastern part of the mapped district.

The important fold in the district is the Hitane Synclinorium, plunging northwest in the
northeastern part of the district. Kabutoyama-Takasaka Syncline trends generally NNW-SSE in
the southern part of the district. Yunodai Anticline, plunging south, deformed the Pliocene to
Pleistocene formations on the west of the Kabutoyama-Takasaka Syncline.

There are found some significant longitudinal faults in and around the mapped district. Nikaho
Thrust Faults, Sakata Thrust Faults and Aosawa Faults are major faults and extend in the western
part of the mapped district. They consist of several reverse faults with a N-S trend, dipping east,
though mostly concealed by the Chokai volcano and Quaternary deposits. Toritame Faults have a
NW-SE to N-S trend and cut the northeastern wing of the Hitane Synclinorium.

Kamitamatagawa Collapse Structure is recognized in the southeastern part of the district, and
has been probably formed during Late Miocene to Early Pliocene time. Arisawayama Dome

Structure was formed by granitic intrusion into the Middle Miocene formations.

ACTIVE FAULTS AND EARTHQUAKES

Active faults are recognized in two areas of the district. On the western slope of the Chokai
volcano, normal faults trending W-E to NW-SE are radially distributed and cut lava flow surfaces.
The maximum displacement is 30-50 m vertically. At the southwestern foot of the volcano, N-S
trending reverse faults are recognized. The maximum displacement is over 50 m vertically. The
Kisakata Earthquake in 1804 is inferred to be centered at the southwestern foot of the Chokai

volcano, that is, at the active reverse fault zone.
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ECONOMIC GEOLOGY

A few thermal springs are distributed around the Chokai volcano.

The andesite intruding the Onnagawa Formation is quarried for crushed stones at a site along
the Hinoto River. Chokai—Ishi (or Mega-Ishi), a kind of andesite lava of the Chokai volcano
(Saruana Lava) is quarried for garden stones at several sites near the coast of the Japan Sea.

Small-scale limonite deposits embedded in the Quaternary thin deposits overlying the Chokai volcanic
products were mined until the midst of 1960's (Shunomata Mine and others).

Three oil fields (Fukura, Chokaisan and Hitane Oil Fields) were found and developed in

the district until 1960. Production is now not expected from these oil fields.
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