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D, BINEORHRITOE RSB A TR,

M BB

AR IIAIIE D PRAR 2D LRIVEEIC IV T, A RLIE ORISR A 7o U FIRE SR AE O BILR
EHoT, BREARAMEA EDTOMT 5, REOBIINEZ ~ZCTTIRITOE , N8 &
T,

ARRFITHBCE 2T L, WEMBCERRE « 7 v — b« A« BE 720 LIHKEEIS 72 5
2o TV B, ARITE OHBCEAITF O TN LI L TO 228, 200 E 3 8 1LE X 0
HEgY,

ARG omATEEH (1954 a) OMEICL D2 HDT, AIZBWTHLIhE#EA Lz, Z04

RES O T L —Bed 523, /NG - UL T O 59 5 /NG JE O — A& A
SIS, R - KA USRI O 2 A RIS O — 2 /MR IS E DTz, AR
MOMTEE O, REMEREINCISOTIE, BHTERA AR & G RE &3 mE R
& UTe, AFRANIZEICRE W T Z ORURIT S, IR LR s & Rk, EA LB o)
(PR 7 2 50 CO/NEB A 2 Z L 28 D IEBMR CIEn B A DICE T,

mEEE AJEoLEMITRIBTIANI~70°E 2R L, FMdHDHWIEARIZ40~80° AN 5,
B - FREEM - VEZN - BESF O MU CIE N70°E 5 1R CRg 75 (AE < (a1l A A 9 2 tE s 2
T HURRIRIL - AT - AT, A RE O IKE T O EE AL E OB X5 T,
WEWHEIRT &5, EEHOSRERBLORNAEZZ2T 20082005, 20
oz L, AR K OVNEIEOMIERLA ZBBICAND 2251, HARRE &/ E
SIZRREEAOBRICH D EEZOHND,

MR EH (1954a) OMFEICL B &, /NRRBIZIZ TS Cancellina faunule % &6
JRA &, Neoschwagerina faunule % & oA JKA & 2B L=, HMEHO Gancellina faunule % &
Lo 4 KA D> &, Cancellina neoschwagerinoides TORIYAMA, Schubertella sp., Neoschwagerina sp.
(Primitive type) DPEHAM LN TS, APFEIFIETIE, ST OAPE DD LML HHHE R
e EH LT,

FHIL CUMEETT) (Loc. 112) @ Schwagerina sp.



F4EH (Loc. 111) : Pseudofusulina sp.

JMEMEPEJ7 (Loc. 114) : Parafusulina sp., Pseudofusulina sp.

PEZNPE S5 (Loc. 120) : Neoschwagerina sp.

JESFHJ7 (Loc. 134) : Schubertella sp.

JFE ) B (Loc. 423) @ Schubertella ? sp.

T s (FREAVE J7)  (Loc. 430, 431) : Neoschwagerina sp.

ko X5 sk an BT 5 L, DEBITIFITE “Parafusuling #” 55 “Neoschwa-
gerina #5” [ZbH7= Db DT, TOMERRITITT T —BRICET D,

BEARE

KRB ARIE O hOEZ@Y, RIELSHEMEICDE>T, BLZ 2km OlEE H > TH
WizHfL, SHICHEMEIZEORT, ZORITHR< 722 2800 Rk ZmY , =@EET
MIEHIRIZ R ATV D, T72bb, BITEARTKSIIIIZCE Y, SR L, BB EB X
OFRFTEARZ ~ T, RE0E 0 BHEIT VA JOVEKIR A8 Y, = 0T X iE ik o> BpEny
fhly, HAFETHhE, —BWETEGE G52, =R HEEE IS X OWRRE LA E THER30

kA TS,

ARBOIMIE, FET E, a2 5T, AR TRINEN AL, mMIciEAE s
FIRFRAR &5 2 b D/ NEBR AT D,

RBIIEBOAKEZFLE L, FuvA b WERSBCE BJE - BHCE - v — © - Sl 72
W UBERREEICS N D 72 o T D, REBO EFITAPCENGRY, AREICEHRERT, W o»
DFUEI K~ A b &Y 5, RBOILIRK FLE 5T, WERBCEER - McH « v
— b R RO UESREEIRCA BT 528, LIS, ABOMEEED T, Lirbi PO

JEHEICHEINCEWT v — "B L, @E LD, ZOMBEIXZAARTHREEOAK AR
L, ZLTEHLS DL ARAFEME L THONDEARTICORREARE EmbT 5, E

JEITHEH OFARAPETE (B, 1954a), #F R BEAICHE OfF, 1964b) 12I3E
MY 5,

AIRBTIRAG, KEARWLREKAEZREL, —RICHRTH D, REOAIKENDIZZHED
KSR A FE L, HWETHEE & IR ORE IR - TV D, W kios BJE - kilkos - v

— bk Fu~wA b S R0 UDBRREEKE OJE S 13 KE K0 — RIS 3<, AIKEFITR
BOBBRTHET 22032 <, TRThORESIIEBICEA TS, BAREEZ %15
L, TOEREHERLB LV, HEHOZ / NBLVRNEWVWR D, S HICHEERD
BOBOIZOWTEE/ NEBOEALRNT S Z LIXREETHD, Fr~vA FOERSEOM
{ZoOWTIEH B (1953, 1955a, b, 1964a, b) Tk > THIZESH TV,

EHER BARBOAKENGITH PO AZELT 22 EB8mbTnD A
SEIOFTEMICIZLY 2, 3 OFFEREREZMZADH I ENTE R, Thbb, MFIXHEA REEY
ER AR AEOW NG TIREL, RO XD ICHBA#R Lz GEIINSR),



xhe
X174

>
o Xpr ) Geps) KdNe
XNe X K6yl X *;fg)sms)
4%
Be)i3 goyg  75) g3 " PI%s0rs)
X X X/

XX fp
) ///'//// /*/_\_/,‘;5",/I T
I / s /v/'/'/v s /-I“ =L (B
/ = 2 /’_A‘J 3 2 .12
X s ] e
v i T R
H o /IL/ ,I (" /‘D
L+ m L= @
i 1 al ) (TTT
a v 8 f:/ \ : _
+ R B BT B LK BBy BB Z)IRE AREAEE WREUELE H R F F¥— b EBFEE R v L
K sty . BX0F+— bk BRERS
T T T, 17 :¥ S E E
N I e : 5c S R u
e NN LNENEY| v v e v uy =
HRELEEE H W F Fv—+ BEEL v RINKNE k&2 sEAEILE b = B # B
BEUFr-h BREXE ,
MR =]
XYa : Yabeina founule, XNe': Neoschwagerina faunule, XCa: Cancellina faunule,

X [~23(Ya) : Yabeina zone (Ne): Meoschwagerina zone,

X7~]6 (H1UEBKE-1965)

X72~585

(#HF{E50-1967)

(Ps) : Fseudoschwagercna zone

(3F L %1-1960)

IR KEINE - NEE - BARE - TRy R{LRER

XPF: Pseudofusulina faunule (BEIFE Z-1954)
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Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.

Loc.

Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.

Loc.

72
75
76
77
78
140
174
176
177
181
182
186
187
188
191

192
193
479
482
502
510
583
584
585

Schwagerina sp., Parafusulina ? sp.
Neoschwagerina sp.

Neoschwagerina sp.

Neoschwagerina sp.

/N PR

Paraschwagerina sp.

Neoschwagerina sp.

Neoschwagerina sp.

Neoschwagerina sp.

NEA LR

Nankinella sp.

Verbeekina sp.

Neoschwagerina sp., Misellina sp.
Misellina sp., Neoschwagerina ? sp.
Neoschwagerina simplex (OzAwA), Neoschwagerina craticulifera (ScH-
WAGER), Misellina sp.
Neoschwagerina sp., Verbeekina sp.
Neoschwagerina sp.

Neoschwagerina sp.

Neoschwagerina sp., Parafusulina sp.
Neoschwagerina sp.

Neoschwagerina sp., Parafusulina ? sp.
Neoschwagerina craticulifera (SCHWAGER)
Neoschwagerina sp.

Neoschwagerina sp., Verbeekina sp.

FROFEFEROIEMC, TCICHEH (1954a), FE (1964b), BEILEEHE (1965), JILE
= (1967) IZE WIS NTEY, ENENAOHEICTE &3 baREH LR Z K (311X
b a—f{LCHEMAZRT) IRL, SOIKENTNORME Z 2R 5,

B (1954 a) 13EE OB RBICIZITHY 3 2 BARAIKERE ORI A2 ETEL, B
AATBJNN—E B L — MBI DT efbaDpEN &2 KL L, 130hofbfAEIC KT S
LA REOIAFBURIT L > TFRABKRD 5 DO(LAREZ#AI L T\ 5,

1. Pseudofusulina faunule : Pseudofusulina vulgaris var. fusiformis (SCHELLWIEN), Pseudofusulina

sp., Triticites aff. kagaharensis FUZIMOTO, Rugosofusulina sp., Pseudoschwagerina sp., Schu-

bertella sp.

2. Neoschwagerina iisakai TORIYAMA or Cancellina kobayashii TORIYAMA faunule: Cancellina

17
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kobayashii TORIYAMA, Neoschwagerina iisakai TORIYAMA, Cancellina neoschwagerinoides
TORIYAMA.

3. Neoschwagerina craticulifera (SCHWAGER) faunule : Neoschwagerina craticulifera (SOHWAGER)
var. rotunda DEPRAT, Verbeekina sp., Schwagerina spp.

4.  Neoschwagerina margaritae DEPRAT faunule : Neoschwagerina margaritae DEPRAT (%),
Pseudodoliolina sp., Neoschwagerina minoensis DEPRAT em. OzAwWA, Verbeekina sp., Neo-
schwagerina craticulifera SCHWAGER, Schwagerina sp.

5. Yabeina slobosa (YABE) faunule: Yabeina globosa (YABE), Yabeina katoi OZAWA.

BEHIE LR 5 o OWIL AR (2 D “Pseudofusuling” H#imv it “Yabeina” HiZb7=bH b
DT, TEH_ERNLPHM_ERIIETHHDOLEX TS, 272 L, Parafusulina kaerizuensis
type O Parafusuling 3WEIEHE S0 T, HUBEREEIZ L5 KNy, HEFEORIBR A Bk
D IARFERORE E LTl L7,

wlr, I (1967) (ZREFOMERE R EFRE L, RO XS RRMENFK LIz, Pseudofusu-
lina faunule % Pseudofusulina vulgaris fusiformis (SCHELLWIEN), Psf. sp., Triticites kaeaharensis
FujiMoTo, Rugosofusulina sp., Pseudoschwagerina sp., Schubertella sp. & L C—#iks, Pseudosch-
wagering zone |ZJET 5 Z L AR Tz, 2 O faunule & Misellina iisakai or N. kobayashii faunule:
N. kobayashii (TORIYAMA), Misellina iisakai TORIYAMA, Cancellina neoschwagerinoides TORIYAMA &
LC—EBeksd, fLMEORIICET 2 &5 x5, 3 O faunule % Neoschwagerina craticulifera
faunule: N. craticulifera rotunda DEPRAT, Verbeekina sp., Schwagerina, 4 ¢ faunule % Neoschwage-
rina margaritae faunule: N. margaritae DEPRAT (abundant), N. minoensis OzZAWA, N. craticulifera
(SCHWAGER) , Pseudodoliolina sp., Verbeekina sp., Schwagerina sp., 5 @ faunule % Yabeina globosa
faunule: Y. globosa (YABE), Y. katoi (Ozawa) & LC—#tks, 3, 4, 5 @ faunule % /R
BCRT DB AT,

Jrb (1964 b) 13ZDHFEICH T, HAREITITITN Y 3 5 LA PS8 OREE B b £ 7
Hr (3811 No.1~23) 2 HiRD L 5 ZFl Rz L7z,

No. 1 Schwagerina sp. (Ps) ™
No. 2 Schwagerina sp. (Ps)
No. 3  Triticites sp. (Ps)
No. 4  Neoschwagerina cfr. craticulifera (SCHWAGER), Eoverbeekina sp., Verbeekina
sp. (Ne)
No. 5  Rugosofusulina sp. (Ps)
No. 6  Schwagerina sp. (Ps)
No. 7  Schwagerina sp. (Ps)

T AL ERZ R THIE (11X) EiZiE, 1 @ faunule % Pf, 2 @ faunule % Ca, 3 33X 0'4 Ofaunule % Ne, 5
@ faunule % Ya & LCH/RLTZ,

##8) No. 1 (Ps) X H k2 k% Pseudoschwagerina zone %, No.4 (Ne) (% Neoschwagerina zone %, No.23 (Ya) (%
Yabeina zone %77 THDTHD.



No. 8
No. 9
No. 10
No. 11
No. 12
No. 13
No. 14
No. 15
No. 16
No. 17
No. 18
No. 19
No. 20
No. 21
No. 22
No. 23

19

Schwagerina sp. (Ps)

Schwagerina ? sp. (Ps)

Pseudofusulina sp.

Pseudofusulina sp., Schwagerina sp. (Ps)
Schwagerina sp. (Ps)

Schwagerina sp. (Ps)

Pseudofusulina cfr. vulgaris (SCHELLWIEN) (Ps)
Eoverbeekina sp. (Ne)

Neoschwagerina cfr. simplex (OzawA) , Cancellina sp. (Ne)
Paraschwagerina sp., Schwagerina sp.
Neoschwagerina sp. (Ne)

Schwagerina sp. (Ne)

Neoschwagerina spp.

Neoschwagerina sp. (Ne)

Neoschwagerina sp. (Ne)

Yabeina spp. (Ya)

B (1965) 13RS ILED DA RFIKETE T8 L, —#85375> 5 Fusulinella sp., Staffella
sp. EFRLL, TOWSEFARFE L THEELTZ, TDIENOAPEE Find, ZELTEH
JE, TEATEELS LB LEEICRS L, TR0 DR O XD Rk A

BROHEMEA SRR ST,
—aifl M
Loc. 13 Pseudofusulina vulgaris, Pseudofusulina sp.
Loc. 2 Pseudofusulina ? sp.
Loc. 7  Pseudofusulina cf. ambigua, Pseudofusulina sp.
Loc. 16 Pseudoschwagerina sp., Stylidophyllum sp.
AT
Loc.1& 15  Neoschwagerina spp.
Loc. 3 Neoschwagerina sp., Pseudofusulina sp.
Loc. 10 Yabeina globosa, Neoschwagerina sp.
Loc. 14 Neoschwagerina sp., Waagenophyllum cf. indicum.
Loc.8&9 Neoschwagerina sp.
Loc. 6 Neoschwagerina douvillei, Verbeekina sp.
MEHE EARBIECEBICZ LOAKREEZEL T 0T, EfB LG EIE»OH

JBD X SR LEE, Lo LR S D RHCECT A IS L » CEMB L ORI 25 Z L3 T
D, TNCEDE, ABOMMTIEIM L CHALE-EHE I D EfMEZxRL, 50~70°ND
BRI Z R L, TR R-E O EMER L, MEREZRTIENS, S5, itk
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BULA DT A BETE §2 L, FAL S ILTEIC 2 S A s, ALl 5 ILTEC 5 bf
LR —HAET 58, RIFREE AT AR,

ZobAEF EER - EROBEEDEE XD L, KBHICITEA LB TSI, SRR
, g EmEfSHaihe LT—o0RERMAMEE L 2L, ZOnRHEE Z A LR &
RES, DI, MERbA DS &MY 5 L, ono/hS Rt L ORI
HESND,

K@ O O HPFAHE TR, (LTI 23> C, M IE 3~ CAuRt©, A B AL oA K
B D L LTz Neoschwagerina sp. ZFEEHT 2, 2O Z LIXHBOWEREZBEKT 5 L0
THy, WEBEHNKIRT &k, EEROFEREMNBLORAEIHBEZZT200TH
Do O XKD g X ALE DT 0 B IURR s K OWARRR L 7 <>, A PE 5 O KA TS b B
IND, ZOX) G L NRBOEHCA LI KD EA LG &/NEE & LR R A O BRI
bDHZENBREIND,

WMBER BEARBE» S RO XS figEdfb A & EN L, FALK Y Pseudofusidina %,
Parafusulina 5 Neoschwagerina #7% X O Yabeina #IZB/3 5 Z E0VHIBIL, & OHE R
BB LB BRSO TH D,

0. 2. 5 BHEHEOEARE

BliRi oA e LT, Fns, REWE (TEAL Parafusuling 7)) BELOZ/ WE (2
B Neoschwagerina 1 ? —Yabeina #5) O 2 @HR#ERI SN D,

R @ W E

AIETEZ 7 WIE ORI T, AT T - %Kil K ORISR LT = 22> & 74
TR UTEETEICIEDT, ARG - ZEMEZ@E Y, BEATSAA RE L - )T
WM ATHAT D, AREOIMNTIE, KO EALICESHICESET 22 NERSAAL, Ml
ZIEETEIZ X > TAETHONRT, PEFORARERDMT 525, LEITHIFT T, g T
BRENTYa7EMb W IEAELR TROBHEEET 5, &6, AR T, B
PRALB SRR A ~72CC, W HERt LT 2,

KRgix, Fry—baEL L, WENBERRE - & - Mills - BEE - AKE B L OHERE 72
W USTRREEIR S 22 5 722 % o AT FEF IR - /DEE S 5 WITHARBICE ST, TEEEE,
CrobADERELS, B/ NELRARICREORAGNICBIETE L, WTHER S L
THAIIIBHOREENRZ L, Fr— MIRICEFERUELZEKR L, —#ic~ T IR
ZEE L, POHAZERAL TV OIEDLH D, ZoMEE, Frv— FAERICERT DR
fcB2ad, REEEm4T 5 GE12K).

MBS T BEARVUEIKAEZ 2T 5, MOoMICTEEREZL, #T50., AKX,

1£9),10)  MHRE— (1954a) FBSXUIEEFHE (1964b) DT L OMEAEHAZROZ &,



B2 RENIEOF v — b (AR AES)

1B R LG ORDERBCE B (AL / 5 7)

WK AN UKEEE 2T 5, —RICHKREZRL, BETHLOE TH D, WAEITHRL HokL
RV UHLBBLT, UIE LIZBRERSHCE O/MERIZE ATV D, BEEE, HA RN 5 IS
HHCE RIS ENTHAL, DTN 1ImWIDEST, F¥— FO/MEIZEALTWS,
EHEEIZZ LWERLBK),, Fv— MIRMIEIZ L <IZFLL, BEEIEL, ToESIT
TNENEITE ATV P HERIEIC ISV CEEO 51D & 912, 100~200md> 5 Mt % FLLL
LORESICETLHLORRAMDPRDOOND, ElF ¥ — MIZ LD THERBEMEICEA TV,
COEBHEICEATET v — MO —HIIIEAEREET Y — MELFFATH DI BB EENR
%o T¥— MI—RICHRG, LAGErRE L, BEMEE, & XITREaRIKSERIEE 1~
10cm WA O AT ZTERL L, #kEHEAAR T, ZOMEihEEZ#Sn 452 LN TE 2,
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T RS TS 70 UBRREECS (CBEFE L C, HARTIL /i, R, ZHILES, yRERT
MEERPE 7, JIPAEE G ICEB N T, bR —EBERDONLIDHTH D, ZNEORKEIT
Ly RREZL, #EMECZ Ly, ESERKI0~15mIZEL TW5, AKEE—RICKARG
T, BiTTHRT D&, —MKIZ0.04~0.12mm D FfRARIZ B 4, KIEEIZHEATEY, X
D PEHDN BTN EIUREE R & 2 VIR RO & T D,

BRI 7 i (Loc. 233) : # U

EAEALH 7 (Loc. 312) : Schwagerina ? sp.

WRERAEE R P )7 (Loc. 319) : Schwagerina ? sp.

PVEFTIRAAL S (Loc. 343) : #E A L OV FL &

FU g O 72 A DA 8 D WK EEICE D K3 1%, ARG O Lz o ToafL, A

i & FRRICERMEICZ L, BiEfkES 70V LIERREEIKS 3G b DV id ket e 2L, AKE
LMAREE T bH D,

MERE BRI DRI Y, 50~70°N IR D D& H &5,
FAUTIT20~30°H H VM E80° DFE, AEARIAED b, —EITITREN LR BN D, R
B, 2/ NEOERICEET2URmAOMBRICEL LT T 2, LALRNS, B/ART
BUEWE, JRi, TR, BALFICE, Fy—bEEE L, RELEICEET 258MB3010 T
57, FRAANSHET LT, ZOdRICRMIUEO —FAHA LTI bDEZEILND
(5514, 15[X).

HEASLTTRERE X O LR HE 2 S LIS, AR K OMERBIcoE AT, —REH
HLMRE ZNNT, DASVERRERLTODA, ZOIMRIEA £ TIZRE L LR G mo
G L IER R 20T, TOREICHMT D RMILEOREL, RALHFG Mo Em T2
<, LA OERS, RHITES, KMH, &BEES L ORARTARBMLICOT TS
<EHBHA, EMITHEE, W5, EARLTERB L OREML IR GmoEmZRL,

F14 RETLE O RS LRI 5 o 15 RHE (FRA LR



5 R LG DR RS R 7 6 D fE i (AR LTS 2 e 77)

L7zhio THIE A ICmr > THRY) OMEEZ 2T 50 ThS, T74bb, MWEHEENY
WEBOHEES L OMFEOREEZ S L TWHEDE VWX 5,

MR ISR T SR BMIEAN O B O AKE L, REWLEOAREDEGILR L
HIREN, MEBOAKEDSIIHEH (1954a) \C LY Parafusuling sp. OFEHBI S, &K
Wl oo R A KA D B X Schwagerina sp., /WNRIA LR LOBBREZEH LZ, 20X
D REFANOERBO—ID R LY, P EBAATED Parafushuling #\ZJE$ 5,

E/ARE

AR IIAHIE OB I INT, HARTA R » B - & - KT b PRI IENT,
B/ BIRE - BRI 2@ Y, WENTEAMNIZICRATHOMT 5, AREOLRIITME
EATETT, BAREO/NEBER AT 225, WG OMRIRE L OTRRE TR ILEA T
MICBEEBGRE D > TofiT 2, ABOMRAICIE, BERFE S > TFLICREILEROAL
AT D

ARFEIWERBEEREE EE L, W5« BdE - BEERB XU T v — Mo s, KJFI3HEm
g - ANEE B 2 WA RRBICEAT, TAEER U & 9 bADEMELS, REILE &Rk
B DOEEN LK BIETED, ZoMBEE / WEEWHSZ L LT D,

AEBCE 1T & & B ICARE O RS A C, MEKIEIZIE bl X ORHE] & LT
KILLTWVD ETAHICHMT DIENIS, WHER & ICHFIC, £& LTES10mLL Lo HJE
ELTHMLTWDEEIIT TS L LTRELTH D, MlosiTREaRn LFKEZ 2
T 5, MOWICTHEEZHY, #HTHNEERD D, —RIC—HRREADID, EEITR
LS, RLEEZEAL D 2 WIS OEEIC L Y B Z#RI45 2 L 8 TE D,

YEIIRACE & & ICARBO EE RS AT, MEKIETIE MBS L UME] L LT
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KELTWD L ZAIHTT 5. WEITRKE, BKERNLURAGEZZT 5, —RICHIR,
BB L OB AT, MR, ki LML T, & X ICREMBCE O 5 mmPS O /M T IZ
BATHWDES b D, FRABRT—RT L a— XEWEICELT 2505 5, WEEs
TTRYT D &Rk A ORISR, REEfRL, 7Y Bk, AERPEL, HFffhk, Yok,
F & AR, WKL, RRRAARL, BREMEB L OREE, Ty — FO/NER R ENB 2D,
BESEOBFZEIC L= 5 & washed graywacke % L\, FbE % PIRA 72 L SEMEEH0 I B
BL, KillTH2EROBFURFIT L ENTE S, T72b5, 1) KA W LEKEGZ R

L, Bk, ERAfd L OMEURE T, MERERICZ LWEME, 2) REARVULEKRAZZL, 3
K, BT, KiBCERLICEATWDRE, 3) IKAGEZRL, HAT, AN, RAKIZES
WWEBATHWAWED I THD, WEILTv— & & bICLSNKORERIC 2 OB
BT D 2 LB, BERIIREICIT S ENTHA L, A ORD TR AR S A OB 7
WACENT, TEEROL2EECALNED, WTFhbLIELLZEHETH D, KO
EEFITNOHIFET D &, FTHARTILAILST OTRFE~ED 9 BN IS AR A BRI
FIENTSmANDESTHML, F¥— FOEEIZEATWS, WL 5mASADEST,
Fx— M OB E S, EEIIWEOBEENEARTTIENS B RA~m2 ) [LECElETL 2 L
MTEDH, SHITHTTIHHARTE N D BIE~mA 9 (GEIZ, 2mPN DRI E2H/ L
BEORIE 1 emWALC, BEMBCAEICER, LEBT ¥ — NOMEEDH L W ITAREELE L, AEI
WETHDLEEEN T 2, SOICHARTHBGEETORTIE, BEAMKERSLOF¥—
DEF S mm7a\ L3 em®D i, &5V E A TS 2 BYEICALE T D08, MAHEE
WCRVARYIRLTHAMT D, & DITHRERRARD B ALALFE 5 9 A 36 K OWRAER R )
SHARA T NIl T 5 RIREIC DT NICHEE N T 5, b OBERITITTER T 2
bOLEZ LN, BEAED TAIZIIAESGITIRD N TH O NCERESE TH D, Fr— ME—
MR G, FAtr 2L, & EITRAMBUE OGRS B & 1~10cmpP3 5k o i A e
EIERL L, RatRE A B T2 MR IS 2595 2 LR TE D,

WERE RCEMEIRALR S EHEEICEY, 50~70°N & 5\ E S IR T 2 0% 5
ET DN, FNITIT20~30°H 5 E80° DFE, AERNRD BND, ABOBEMHO SRS
FUHEOERN - ARG DEBET L L, BARTTAE LUK L ST E—20m
Ao, RELEE & BICHIMAREL 2T 20BN, ZhEPRIA L

WERAR AHIROZ ) WBIDIZAKEBEE ST, (LABRER SRV, BRIF (1954
a) XN, Z OISR ORE I BT 2 = ENTIXIE Hsk o0 K B AR BT A 2 ORI A O A K
AND Yabeina sp. OFEMERELTRY, ZOAKEEZELE/ NEOMEFEEEZ X O
nNo07T, KBOMERRODR &b 3% Bl Yabeina FHIZBT 2, AEHRT
B BAREORMILENSESERE b TEET L2200, REOMERRIZELHIZS
MOIFY, T BN Neoschwagerina #1ZEThATNI D EE X BND,



M. 2. 6 HEHFOEAERE @ RAHE

P OHAEE L LT, AHBICIS W CUIRAE RO s, AEIEAMIROM IS
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N5 T2 BEOE LHZTTHY, RIENRBIZHMNT 2 600 TP ~HRE, -
EIFEENDRY, BAFFIERD b O EEMRAY S B AE 2 3 & Ui~ 215,

KR Al LIcESIcEZRY, M1 #EE M2 HEICKSShd, BRI
KRTIREBOEET TH - & BIEVY,

M1 & BRI TH 1,000m, 7T 1450m &9, Mla, M2b BL O
Mlc (T SN D, BRIEEIE % 18 (ty) BRie,

Mla KINIFHCHML, KOE S REFEZRT, 1) HEOTHZ LD, aEzELT
%, BIRErEFHEZEEE LT, BB TIIWEO R R~ cHEREZ R L, BAEELY
By, —05, Mlb [ Loy 2 R< &, MM CIIm A RERNE L, oIS
WZEA, BEOIESHETEAT, LIRUEHM~PBESE 2D, 2) HENLRY I<bmo
Wi a2k, ALH I ETRLOME & WBERE S > THEL, 150miTWEEL AT 2,
FIZWIZONBHEIZELS 2D, DOWITIERET 5, RIDIFESTTHLE, ZOREE 3) O
B 2 RN S (B D, WE ORICITAERN T L A SR bR, £ L THRRED
ETITITEE ORBEENR DRI, 1) 2B 2) ~DEMEITREETH D, ZNbDEEND
LT, 2) FHEIEOIZoER 3) ICk-> TEBE N, WHOMICIIREESNIES D & Ak
S, I21EL, ZOBGOREHIINREZRICTIABREHOERMTH> T, FESHT
Favy, 2o &S BRI KREIERE @ CA AU ICRET D85, Bl ZIFREROMIbe
Mlc #7213 Ald & Ale OEISUE AR LICES AN D, 3) b - B - BEIES B L ORH
Mmbied, BELLTHD LWENRS > LB BEN MRS, DEITEF~TR TH
Do BEEIIWE, LEIIWIRBEOEEEL LD, I~REEFNCE#EEZEATEY, BEmFo
JEE& &b o THIET 5, BEEIRAIT 1~%m, £C10mU EOREE A7 L TS L R E
L, LSICHEERHE LRV LIEMEICBILT D, 22 TWOBEIRE &L, Wikobd
WIRE B PICERE - A OERRIREN A D LITHAMICER L TEENIEAT,
EHOBROTORAENICbHA OEBHENR DD, ERSCHERNE S U CHEERE T
B1 5 232 Slumping OFEY) T 5, BEESCEEIRE OFZIFILM L BEEOIE 5 233 L\, i

1£16)  KEERETICIED 72 < L b6 U MIEEEIRE MRIEL TR Y, TR BIE T bORLIRRE S 250 TERS
ns,
TELT) AREOREIRAERESR - BFmtsRICE D,
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IR A LT DIRRUE - RS - BRI - Fy— b - Killkcs - % - AIKE - A3 -
WA« R 7 = b X - TS - fEd RS - AR R 8D, £z, FNREELD
TR, WS - B - e - TRCE - ARSI L UEIKEBIIE L TAIZ-> Tl D, o
BUE RS HBEN TS, SIS OFEENERIIC S, BEEIES IO BE»D,
Scaphites sp., Gaudryceras cf. denseplicatum (JIMBO) , Inoceramus yokoyamai NAGAO & MATSUMOTO,
Nanonavis sachalinensis (SCHMIDT) , Propeamussium cowperi yubarensis YABE & NAOGAO, Hemiaster sp.
RETRETD,

Mi1b FHAEWEAEEEE LBEETeS 28, SMZLIFRES M LY b LAKFT MO
ZOAEZ LV, Thbh, dnbmicnIzoneks LTHIBHME L, »oRBEmRT 5
HHEDH L 22D T, ALETRWED BIE~PEED, M TIREES bl AN Lk E
Y. BPEIRAIIEIEHEICHAEL, 2R bid Mla OBERAOREFIER TH D0, AL
MEELY bABDOIEINEN DL H D, MER—RICHELUTORE S THLIDIZLNL,
EELTRBAEPORIABIILIZLIZEBRLE LTIV - T05, AKERRE (1.5X3.5
m) RHERENE 10em DFAMAEDOEB L LMD, AHOHEND TS ENITA /BT A
A ZOMO KA - v =2 FET D,

Milc HHF—/\HEEHROT SHWRICHEET SEE DL VHIKHEA 2T, @#HT27ED
TiE M1 B O T A D D, BEEITHIERDHIES D ICONAHIIBED L, BERSZ
THAZIISD L2225, EHBTIETRMEZERS L13L A EBSENY 15725, Mlb
& OBEREAHEICITEEDEEAE OSSR AR E LTL ) ZEN T D, BEEITRIR
EHECEDERWVECO/N~PEEEEE T, BE LTI 0EN TS - S - Fr— bk - 1
BV - WACE - ZINEB LI ADROAKE - LREHE - ARERENEEND, T~
PEKIZERT v — MIMEEE LTEINY, OB L THE- b 0%,

M2 /@ : RKRJEEITAI650mb ), M2a & M2b &ICHKSEiLD,

M2a AEEOEEZRTHOT, EfL kLM (50~80m) &ITHiySiLd, ERMITRE
Mo T ABROBELHEZMN D, WEITES] 1~3m DOEIZ b > TRET DM~ FhE
Wia<T, L&y EABE LT, MAERTCIERME Y ML TRERENELS, oz
FEEMICIT LT LIS N A b D, E£72, il T 2 BHIcHE aEa A IEL, L
MO b DIITHEREDITS ED, BEAITISHBENI/I~TEE S, BEIS 2mU TOHE
R LTRD LERT D, m EENT RS & EVE RV LA TRIE DMESS 2~ A e
MBIy, WMMAIZES, ENRNE KB AEET D, £z, S CIREBEIRS 2 i,
I EESO A ITIAFIC DTz > GBS, RIA7REE LD,

M2b FIAF—/\REEE#R O T NS ER LT 2 WaEES A A 2T, BRNICIE M2 i
JEOTAHHE LD D, AHOBEIL Mlc OH 0 LEER LURERROFTEIIETHD,

MBIDRE A b BT D KEIEREO R LA 5260 T, Al #Hilge A2 gL
Koy S, REORBIRITITITREN & T /L% 8 2 Wik CRARMEZRT, AJEo G M
RIEN T WA HED 2RI IS K > TR O E~ETHENRTVD R, WEOEAR
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FRIZAK 7 LR I AR IL T CHERR S D, TRIEREIE DY AL HEIZ 48 (ty~ty), A2
MEICAE (ty~te) BV, BIFREELRD,

Al & : 2500mNA DR KEIEZF L, Ala~Ale O 5HIZ/T HiLd,

Ala ABJIDSHICHNT THTT DM~ TR R 2R T, I DR OMBEE-CEHH 2k
12, Al BRAROREEIL Alb OALFERH H A2 T TRHICHEL 2 D

Alb T/ iTAR OISO L, BEMICIE Al MERRICELZN D, 11T t, 25
ELTEDLEFTHRVEMERIZT S, FIEWENSRY, & IACLo THEHAHE LR
T2, R SR HRARHE LB LE AL G ICHE T 2 BEE CITMRI A b & 228, REm oA ITHh
WTHD, BRIGHGFOLHTIXIEE A EREENY B2 Y, TSR SO ML ST,
ZHUCE LA NI RATE T E A OR BN L, BT E - BaES HIE EA T ~R A
BB LODBEOEEER PO D, KBWIZHNWZ TN Fii~tedroT, 1) HfE, 2) #F,
3) HEEBIV 4 WALV XIRBERFEPEOLNS, 27 LARBBIZAI W Iz 2 UER
WEEICBENZ BN S, —RICEBMOBEITT~HhL, FEEO S OITH~TR TH 5,
BEPKAE DE ETIEE UTHS, LI UITHIB S 245, BAIT 1 ~3mDES 2 b > ThR
&b 4BHIINTET D, AAEIL I B ST kil O/~ iR & 7, BB & X IZWIRE
DIEBEEZHOHLDT, b IERET D, B, FIRA SIS PITITRE a0 B
RMZEEND. 1) OEBEBMT 2 HEIMHACREMICE S, RERSRO ZHLBEIA
EPEMT D,

Alec R 2B T LR IZ 20T TO VS IEKI600mo A 2 5545 L, JE A1 ALER
JBTOIZE LM 3 5D 2% 5D%, AHOEHIT Alb OFNICFRRO X 5 REE R Mb - 7=
HOT, Alb IR} 2 BEMEME(LOBAIZZOEERMTHLRD bND, K LEEHEY
A5 &, AT Alb L0 HRIHERIMICE A, Alb L Ald & OPRINRERE R,
B, THULAMMRRFEREMATHD Z LITEIKE 2B 5 2 LICk > TEIES I D, A2 1
Alc ODEEELRIL b DI L o TR T B, L bEBHHEIFHN & b TRWO T, LT TIE
HEAICHAZBEMMAEZELDTRET D, BELLTADE, BELY bEOHEEER
JEDIE D BIXDNTEERTH->T (F24K), UL Uidslump & #te, 2 L THESIZEDL B
EV ) LB LD BMES, FEEL Y b EEICEB W T IS RETIEMAHY, LT LW ER
BELIZZ W E I E D20, —RICESEDE SIE3mEL FC, 20 FERICITEE 2REmnE
HHND, F/EIMEAFOWETELS DD LI, BEEER, L Xk, By Mk Sl
2 DEREZL, BADEEZEFERTICRETSZEbHD (BBM), BRE42T5HaT
bR WFIFE CIE S OMENRH Y, BEOEE, REIQEOEMBEL LY, WiKiTEb
HThEL, KINZFEIERBEPHIRE TV > TWVDE, KEBTOBITAIZ - T AA - T
o RBCE - TR - B - s - RN - Ty — b RENLRB DT, K~EEELDRL
20, L ATHER AN < (BE26), RICIEREN S mE Z X HERELOLH D, 2
B, BLLTEIWDRED RN Hikfa & IEIKBE O AN Y, FBEIIWERL X
OZINEMEEEEATHD, TROIXEENL LTHAERICHRLEZELDOTHA H B, 7zl



W24l IR & TR O SO ke
WEilE Ale (T /LR 0.8km ODIl)

5B BbY A RIS A B KRR (S)
WEAJE A2c (T /(LR D)

ELBER LN D KR EREOWECHSE S ITRETH D, HETIER IO 2L, ZnbHid—

WAL FORE ST, Fv— b - fBREEHE - WRECE - 218 - ks - kv 7 =0

A s AR EDDBID, LLED XD AR INFIRHZ REE S 722 < Zen,
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26 A A B TS
MELfE Ale (F 7 {TEIH D)

Ald HRFSED S PHEHICOVDIE 700m NAAOHHEIZ /AL, FEIZEET 50 ty
L0 TOESTH D, BOMTEEERIMEEZ LTI bH N (H27H), £<0
B ~ARI S & HAENZNENE 10cm UTORESZ b > TRET 2N ~HEENLY
(F28M), WL T TIIWAERD, MEBTHIEEN D THD, HAMES & EBVEIEL,
RiETIHABRICE M~/ NEEE ZE> TV D, TEGH TEEATICEERE D5, AHO
EUA DB Polyptychoceras sp., Inoceramus amakusensis NAGAO & MATSUMOTO, Propeamussium cowperi
yubarensis YABE & NAGAO, 7=, N7z EolbaziEd s,

Ale HHF—/\UEERDOT SHANZFEZT DHKIE T, TOTEITMBEPITEL WD, H

27 Wb (BREE) Akt X < pUE LTS HAS
WEARE Ald (KO



W8IM b EUE ARG
WEARE Ald (FHEEH O

29 WA E Eh D EAEA TR AR ORI (~~—0
AT B TR
BRENZHII A B VO — ) RSN 72 Th
% WEDJE Ale (HREIT OWER)

AT O BT D AT A~ PRI S 2 £ L, LIFLIZBRR VWL L RROEES &
HATWD, £z, Ald THLND &S RESEWAEHEBER 2BECHY, ZNLERAERLD
i, FRMREREL L TRAERHEETICZH LY ZFh, BPCEERER4mTVnEDLH D
(H29B) , BEIZIFR/NE E S EREA~BEENHER L 1TV > TEY, ZAH IS - 4% -
THE - EREE - Fr— b - WWBCERENDL 2D, BORKEIL 50em N TH D, Z O
HiE Ale DENEL DR TETV DA, %EF LV bIEMEHOBE? LS00 < (FE30K),
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300X A A B e
WEDRE Ale GREIHIT O
mOfE A E K<,

A2 g . T/ EA G ESECHT TORFBRICECEHL, =Y FrREPERBICLH
bbb, BECENTINEY TR=EYFBOLONRK M OMETHY, RKRERITDR
<Ed 1200mbh BICiET 5, AEfEIL A2a, A2b BXY A2c LTSNS,

A2a HIRFGICHMT D EN DR ERET~EELBER N T, WEOEEL I RO
BEECE 29, B IERCEBITIEWER T SRS DR =D L,

A2b BIEINDNEY) TEHAREOLRZ2RTHOT, BEAEWEEENLD, KO
JEE 100mANA O TIEWER D, £ L0 LTI L TEHAER L TH D, ABiEia &

HB1X BN L7z EE (WL ECHIDETEEE) AR e
WRHAJE A2b (=Y Fk%)



32X T LRI B ) B ils LT A s EE
WEDRE A2b (PeibZEmT OMEfE, MCHZDDE=Y 105

HAEITEHAWAEELERZNEN 03~2m, L X2 4AmIVWESEZ L > TEET S~
FEHETHS (531, 32K), HAIIEMACREDICE S, L IAICL> TIRIEA (=Y
FTETIHEESam, ES50ecm ObLORHABND) « REHA « AJKEHBE - Sand pipe’s &% &

AT D, HEOKREIET~MRLO & O T, ZO2RH0TE UIE LIFEE M E O % A3 F
FHR AL LTIV > T D, EHAMN D Polyptychoceras pseudogaultinum (YOKOYAMA) , Inoceramus
amakusensis NAGAO & MATSUMOTO, I. yokoyamai NAGAO & MATSUMOTO, Acila (Truncacila) sp.,
Hemiaster sp. 72 E&PET D, 708, —MIALA DEHBE TRV, =+ BAbis Clapste)
CRIED XA T B AELET B,

A2¢ T/ILOWREICHEL L, BFUICIE A2 HEOR FBICY 25, Ziud A2b Dfx R
IZHBHILD & D b EN bibE Ba B ICBE N7 D T (BE25K), ®%EIFANED L5
IZAlc DS L E 2T <RILTH D,

i H® &

REPE RSB AL & Wig Tl b, RFICE T 28 mfHEE L2 LT d (5E34X),
ik & IR D e AW 1Y, EEEME TR b K oIC (BB33K), FlZ 50~55°18 < Wil i
EbH, E1~2mOBRAE LD, —F, MO AE)IKEERE OS5 R % 23 iE AL
70°PAMER T D W R 2 B B, TAUCHE S B ORI & 2 10m & Z %, T 0 HUE A
T DTz > THEELL TV 5,

LA 2 FE S 2 fE /N A, K SRia Rk K OVE A e Zh S ORI TE

LEREICKIEND, LRLO 3 MFHIIED DR A~Leh > TEITIRICESI L, Wi i b i
DALICEN TR FRAL T, T b 0BT ENRILE - KT BB X UMD IE D5 7
Do MURTIHESEREO L ICHM L MRNBO LALLM, %FITBL LT /L
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i m
EEEdED oBFE o 5
Th 5 s ERE

FBBH MBI B =R & KB RO B
Sm : =PI RHEE (Smb @ A Sms : R )
G : JRBERRE Sp : dERUE A2 ¢ KEF)IEIEELE A%

DRMITEET BAPHO—HToHS 5, 72, ATk« F/ILEmAHEOFRS 114 - 21
BB Y, NG O E I RO RSRIEHIRIC 8 %, BE OB ZHFTC L > T RA
205, NSUIRARD BRSO SR DK SR AT 70~85°S, MFELARO /i
HTHS0~70°S 2R THANE <, DFRICBNT bIEITIE-S< & B 7= S5 5 5.
E7o, MOT T FRAMBE b 30~45°E B T 5, AIMAHMIERTRE O Hlh 1 L <
TS & 78 o T A5 R & AN B0 Rl AR FRLE 0B 0, Wb B DT i
B, ARECIIA & WEOM A LSRR L TR Y, WA LT LI LIZHE
DAMPSBET 5, LEWEE UCIERIFIE - LHRBE - FRETES £ 005 RITE & s
BV, I8 L ST L o THEERICT 555, Wi b ILBROBTEE £ b8 T 5
Bo 8, BRI & RH 2RISR BT TUBTE C o 5. ALTI ORI X720 L7
BB A b o TR D, & < S ITIRR O LT 5 T B R TR o B s 7 L
<, HEic 60°PIAMEAT B, Bl EICE W CIRBOE L, Ao L R0 zh &
KA, ZRER0—RIEEE K LD Tho M, b IXREIN I S BIE A b
B WICHUR OB O MK L2 BT LT B &, MR BURN O HUE & 208104 o0 i 2%l
BlSH, ZhbRMIAMOIER FEICOUTH S, T2abb, HRAEREO > bEEE
7265 I 0 C O M CI30~50° DR 2 R DIk L, ZOJMITIRT0°L L ThH Y,
LI LB AR LTV B, —%, B2 bI/ INCE 5 AR LIRS &, RET
FHE & A S0 T OB 7T
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T5EHAELEE L2 bDT, THUTREIREIC AT 544 (1986a, b) F LU
A 24 (1962) OKEIEREO I 72 5§, MEHUFETE G OWMAMNIZICHEET2%Y) ¥ —2
B s KOBIERILM S O LT ILE (HAT - R, 1964) 2 b8AET 5, ABRTICIZA /&
T LATEES T oA baEndbid &b 48, 725 Inoceramus hobetsensis %47, 1. teshi-
oensis 1, I uwajimensis #73 XLOY 1. amakusensis #0550 S5, AEILBIZKE)IEHORK T
HEMET 2D TH DA, TIITHF - WA (1964) R3HERL72 X 5 12fbf - BN S LT
BASERE (AA, 1939 ; A - HfR, 1966, 1967) DIELEER L OFHAICKS L END, Zh
LOZLEZBZAED L, REIEHILX Y v — 27 2 5l iC b 2R OHERY Th
O, b FERELERE & FESEER FENIE Y v — o6t FENEEE D~ RE L PEELE A RS
THATHE T HBIE, s i A~ L0 & LEp i R LR TR E N TR TS b o L
ESND, 1L, BEAMEICE LTV 20 I LR LEIcE YT 2 e85 %
b LR,

¥ &

KU EHE 2 MRS 5 45 BB TV 37 AR A HDRL R #ERE I U £ 0, MikiZe b DTk
boTHY, IhbiFehnen 1 HEmEEZ RT, £7o, HEFEZAEDS RERAAOHREE
WL OEET D L0 mIRO 1 HERERE 2891 T, RO 20T Ao R IE E R
HEREMNZ T F, DORBHOMGEIZZ L& WS — A28 H 0, F itk L O LR
EROLGEITITRK FMORBIZE W THEERA A F & T2 slump HRWORENLE LV, =
DEIBRBRNPOT 2L, EEHERE O AT 2 BRIl E CiEa <, BEETIC%
LTV 5 & B2 BN ofmill)E THRE S5 FTREMED IR,

AU O RKEF) I EHEIZIE graded bedding (5532[X]) AL <FEEL TEY, slump structure-
convolute lamination (£$35[]) « sole mark 7¢ EfEx OHEFEREE N A DL D, £z, HAAE
OTFTEICIFE LI LIREHEARARBRARD 51, O THICIZFEMR ARSIV < 2, slump
structure (IR A R b OB DH LN KRAT D L, Flx OEBEBRZENSTH SN THR L X
D HV, ERREETIONMEMAIEEL TV DX AT E (5536, 37IX), HHEIEINZ R 3 H3
HIHFEV LE LR, BRLEHBER G & ONEEEL 20 I <5 L TR &L <
THAAT LTI OND, JIEO XS oG L b SREW LMW T E RS THY, Zh
BELITELVDIE Mla R Mlb ThHhDH, —F, BEDL IR AT DH DI A2b OFFEEHR
A2c BEW Alc TELADBND, slump structure BFEFEL TNDH L) Z & ITHERNRY RO
EEANRVEM L T2 & &7, sole mark DR HDE LTI, flute cast (5538
[4) -furrow flute cast-groove cast-load cast- AR ENH 5, EEEAEL LTHS & flute cast
DIEEIIZ WS, T 2T A2 #ifE Tt groove cast HHBEICA LN, WMHENLFT S
Z b davy, HBORITHIE & AT G E LIATEY @ solemark D F (A& R LTZH D
Thd, APHHLND X HIZ, KERS OHEREYITALM A 58666 Sh, ThaEAZKKEOR

TE18)  HSUR (i - #F - JTH, 1958) &ER<,
1E19) PRl Z AL &L, RIEmMBEEE L THFEZRRS 5,
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#3514 MRIRY A HIZ 72 54125 convolute lamination
HJE A2 (F 7 Toifff)

ST EDLGHITIC L > TR D B> TS, BEHID WK TN TIE, e
BELLT O B D58 & AFRIC, lateral (F 7213 oblique) current 75 longitudinal current~
OBATRA LI, %BEBEIXEEICN> TWD, Zhicxt LifEAJE Cid lateral current 2372372 Y0
FHETIEDEL, A2b OBV TR G M ORI ST 572 8, o REo%E
LITHN D Rl R R T,

Mic - M2b L0 Ale &M 2 HNHEIXEMOKRIHEN G INZbOT, 20
LIZ TN S BRI 2 EHHEOMG 2R L ORI B3 55508 & OB HESITHE S

364  Slump structure
KDDL 2 WVIRFEERTICERHE DR NG E TS
WEARE A2b (R0 F)



#37%  Slump structure
LD RS 2 IR - A HIC slump overfold % /R EAW S EEN G T D
HEOE Ale (F /L5 O

W38 WATED TIEICABND flutecast KT N BAT~
HHLE A2b (T / {LOWE)

. BERIOIEHA D SR U7 MR B XA FE o WIHERD S - THOE - A~ rE ka6 &
OMEREEN DD, BEORMNITEDLO TEKEBESNMEE (F& LT~k LE
L75) bbDHN, INOEDEITBE L S RRWITIHET D LEP AR P OBSE ) HYEWTE
INTEHbDTHA D, 72, REBIEHUIE I A & AR MBI 20T TEEAF— /USRI Z 0
THEEEHE (£ RE) SLEAMIKBCEEPAEAEKRLE LTIV -TEY, Zhb0 ) LETED
TR 728 & W B R IC S BICITV > TV DR, HRBEOZNIFLEOBAEC L LN S
ARANAN

et & BAE S 7o T ~ BRI L - RV KIS - TERE B E £ & T DA - &
FEDOHERE - THUE - s hiE (R EZET) - ARFL T2V 2 - RS2 END 7R
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3K KU B AEIEC 1) D sole mark @ 5[]

%o AR MMERTE OB (RRBITEmICH B5) 1T RICAIZY, MOZERER KRS
DKREEOHEN L HESATVWDEDOEHELWRBE R, S8, HEE, KEShEhoL
T, AEEIEELE LTEWIEND, BFIFEFECL OAMOHA 2 O fis S b o & #fi52
o,

JEAHOM T AT E b THE T, EWBEINWOPOMIIRKGINEDbITTHEN, h
S A OBEFUTE AR A — RS SR IZIE T L TOTE Y, FHERL1< IR
Milc - M2b 58 LN Ale TRESIND L5 RBFDBEENFZEL TV D (523, 34M), ZhbF
ERBEELOMER NG LT, REHEOUER R L OERIL FH— /) USSR OTE T £ 72 X RR
a2 EEOE LWENEIC L > TR XS hicbo st Ahhasnb, —JF, K
fAXEHIE T L <A D K5I, ZRINERCEERE (EEERE TRIEND) Oz bidR
B G RED B ML K B B RS D 5 2 ICH FE W K EN TV, ZOFEFEZT =)
EREENRBRIEROND XD el bik b o TR ER-2 3 27 o 72 01T K81 JE RO HERE
%, BEOLL ZOERNEEN TEXbL THH I LEEWRT S, 0B, TORYITEERD X
HICH MRS (FURBHEG—A B BRI Tdh D, LU - REmURE R P I = W) 14
BHIN LIz & e S 5 iwiHERE (& U THBCE) SRAEEORBYRE Eh, LoE
YR DIZHONHETE DD L T BB LRI 5, 202 LT RE)IEHAER D2 &b
BN ZW)HFIC SRR B O AR B L, £ SIS ETIREMEHIEE (328 LT
) Abobh, HRELHICET - BRSET L UEREHOLESENBEL L oz
L xR,



Mm%+ B

P95+ @RI A R O R FEIC A L, B - MIREB LI 0EE» B2, I
BOBEEMND, o, B NALREEITERSEREDO LRV L > TESHIZKI SN D,
AU D W T+ JEREERAE ICE A TR Y, FH L EWREEIIEETE, B Nt oiE
WA AEH-B T IS, RABICIR W TIIEMED D A f~2T To i & AL R-FE1E 711,
& B LI EIEI OWEE D B R RS O L~ CTILB-F i micof LT\ b, BaEi
LI EOHURIZ 3403 213700 Tid/e <, BERHUE B8 & 2 VI E R AL S & L TR
BAOEZIZTHLAONDL LD THDHD, ROAT W ERBCEAE L L CHERICRE L
I E DD VITHHCE OB HEN 1 m EOFE S 24T 5 AT, WaEOTNHICA L
FToLESZLTEEIROMLTND, WaEkiEEEITRAARBLY T Lo LM, )
K, FEMmET, o, F5F, W, WERKRAIC T TSI LMo Ic 2 <R
b, MRS TIIE LWEZERT S Z EBE, WA - MG A B TS & RoE S 2
ZFN10em~1mOEIEZ L > TRATLIHDTHD (540, 41K), T 6 OHFIIRACH T
EEOLOITIRS, KVERE LEEEERL, EMBIOMEMETH0LICET D Z &R
T& 5, Thbb, WHHEEED D B BN D o722 2R THLDOTH B, il
BEIWEEOHEBE L L THANTEERD1ENE, ESICHEBICBWTCIIERZ 2 L THREL, 1R
100~200miZ D7z > THMT L HE b H D, RARB TIFHERMIEICRR L TH 2 L O ITEE D
FALFRICRRO b D, ERBICBWTOLHMBIT 22 LR TE, KARTHEETLIZ LN TE
DN, HBCE IR BB AMRHI A L, WEROBRC L BET D2 LN TE, E LRk
BBFAPD DI BREOEEZHETHZENTE S, &6 HHMRA, EiES, EATHE
#, mN, %, BRICTHICEOHB LB DL ENTE S, Ml fRICEAZREL,

5404 1T FERE ORGSR (IR IE)
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A1 TR ORY R LS (LT

KIEZAC L0 BHABIRT D 2N TE 5, —RICHEMZAL, Lo TRELST
W, BIBEIIEIRE AT D, WEIE BRI EGRE 2L, "RiZeu UMK TR 72 & QNS
T, B CHLINEXIIHRET LI EnH D, AT UL ULIRREARMBCE OBEZR 1 canNt R
BARO/MER 2 & AT D, WEEZE T CEET DL, A%k, RAK, MbcERn, MHER
B, SREMIZE A TS, (MEHEER O IZIETF v — b OB S A TZHEE T8 oW E % 2 J8 itk
BODHILENRTED,

WEHEE AL MBICNSO~75°E D& R L, 60~80°Nd 5\t SIZEMNT D, ifF
BB L OWRES TIRALERI S £ <, Bl TIEBEER NS Z, 2O ENHTE LN OhD
BRBLOMARHEESIND A, HI-28E LR ZNEBRITHZ LTRSS TERY, 2B
BT E I, R E O E TIER M ILE B K OWRARE 53— iy & 10 % 76 1 P - SRR A & ke -
HEARICER 2 L9512, Murt+HEito—mEm b Ahim-RERICE L 0D, WD+ JEie
FELVEELA 2 B LWE ((AMERER) TR o Pl AR (EAEH 2 VWIERELES
FORARE LBEIN TV D, O LA CIIEELIC LV EARIKEIC/R-sTBY < T
Gh\N, RIRCAE M OB BRI I ITEA TR & LT E I 438 2 m b5 1 O Wi g 23580 &
, Fio, FEETHHTMATC bR OBEARD bd, S B, RABICITWERBCE
HHELE & BT A9 5 B METE A 6 5.

B AU O M5 E RS R H AR O MBI ISR AR IR < AT 5 5 e
DO—ELT, ZORRITHEMFIERIN E 572 < VD THEE TE RV,

AR (1962, 1966) (IefrmiEl oM D +E#t%x Firb RNSRE, MaREBE, Wt
BE, RISy L,

AHIE O T +HBRED 5 B, (1FE IR, AT L, FF AR5 SHRER O g A3 R\
BRE, MEERRE, WTREC, FnldtotgixdiEtRBlcEnE s +5, A
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RFRIEICH DA ZRFERTHLM, ZNoOREEE0EFIE)IERZ A EL? SHEL
V5,

n. 6 % 4£ R
AU N OB ST s B USEETE, TR L KRR HER S K ORI IS A D,
Im. 6.1 # & &

ARHUR N O YRS B R HERE & L CRRFIREIC o34 L, JE SKIB0mO B L2 TRk L Tor
Y%, ARBEHERITRE - B LR LN O S, MBS IUABERELLS, 2T
< EEERZ,

M. 6. 2 Bfigd I L KFEHERT Y

Bl gk LU R HE R 1 FI A 38, A S T S 30T 36 I OV RV SR AR R AR A IR AR 3T 1
ST B TIUTAPIA DB 5 < LIA TR IS OB TH Y, /NEFRE (1965) D
Aso-1l A ICHTe B, BITET DHEREM) O KES ST ITIEHEREIR S TH D78, WEKE L COZRWE 3%
WOXWEAE, ZOME 00T ZAKINROEE LINGe D, BABKAES THD,

o. 6.3 i & &

RSN XA OFE R AE SO Toafi L, B B LU 620, Hihe LTRSS T
W5 ZENREN,

M. )& M #&E
m. 1 #% it

AU DRI SRIRICIES < b D &, FERILRICIES D LD 2 RFITHKA
THILNTED, @BIIKE L TEERORBILES 2V T8 ILE O T ¥ — b & BEHER
BfRE b o THEMT 2w T ERPH Y, HSBIRE LTI TEROKRARE S 5V IFEA
SBORIRAENR, HAREO Fa~ A MERZ 5O RBEILE 6 L OSER L g O A G IR
BHRHLDOTHD, LLITAKAERIZTEA Y MNEEOB b DT, AHUBANOEARTIC
BRBERE A P T b b0, HEARTEIZIIARICK T 2 EERARAELMTH 2,

m. 2 & & #h IR

ES% 1 A

AARDOHEMIITE L O~ TR E ~ v B gismbi, PN LAAICED £
TR/NOBBTRERGET B, BHAROEEOKBICTHETHLEIANKE N, Ktk 2o
B BT RRRH QM ILE B X ORBIILBOZRNIEH S AbMbEN V0L DD < 7
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VEILRH D, Thbb, BARMRICIE R S 0B S TR, SN, KIENSIE
FNZHT TR SNAOBZE SN EARFIRIL, JaRR L, RBEF S0 (BREO &R, =/
WL, CRSEL, EEHIL FILgl) 2ERmbnTnbd, b Ol AKZ kD 5
ERRRAFITIE~ A RO AL 2 SOFLR RIS S D L b T g, TRbbZEn—
DITRRA AL O - BB A 7 EHHMEE 12 & ol A28 0 7 s TR A 0 L
R E b O LB X BN D ARWE, FERE, LRS-~ T R T, SHEICLSH
PR ZAUCHRYE 92, 130D — DI OEAIC & el B ISR 2 B4 7~
PR CEM U K A A 2 AU T 5, S HICEHMES - ATaMIC I

PRI D 5 B A it BT RS HE L, FARFSE L ds KON AR L & T R~ o S FRIR
s KOURESLIL, MR KOG RINU A ST H L~ o VRIS e Tn g, E
7z, Vel oD 5 b AU X I L L dS K OVASRIAEE L & & Lol ~ o 4 VR HE, &
FERL, FRINLB K OENILILEE T E T~ v VIR R K OWRARGLL, $i8511 % & el
B~ U PRI T TN 5,

A D~ T PEL O 5 B TIBEIZ 1,000t LLEHIL L 72 b O X RN I X OVEA L L
Thd, £z, SUROREL LTI TRILUNENELOEL PR~ U T RORETH S
Lwbi, RGBRTFO~ YT HIRORIBE N ZOBELFRET D Wbt Tn 2,

UTICAMBAN ORI S & FFR 32 ORT, 1961 ; &4, 1952),

B #F i 5
B~ > PRy

B RE @k W
fEiE : KB TR LOMBARTICERZR D, AT POHORSHK Skm ([IAiZEL, H
BABAFRTTEL, NATEMATFEL, MAESK Tkm CHIUNSETLZENRTE

O

o

WL R L OMEER - JA O I SERE (LB O WA IC BT 2R - AR & T RCE E RS
OHBZELTHMETH D, JRITHREZ L3I0, Boaz THE L, dLH7ICBRb 280k
TZOBREIEIL 3mIcE L, FHHIEITHI80ecm TAR T EIHEFE L, JIEIRTICH bh
RN 72 [T EA FROFIR TH D L WVbil T

A AR ETEE L, RBEATSARKRARYbE D, BHIEL T TV Vb A D
ZENTE D, FADRMIT Mnd0% ThH D,

RIS KOENL - BAFL IR R N CIERHICHABE SN2 DT, KIES5~8FDMICI
HEKICL D 4500t, WEF13 ~ 9 FEDBICEDERMERIZED 1,500t DFEAZEHL TV D,
BEFNI54E > & & M PESERR A4S 2,800 t DL ZFEH L, * ORI Ik &0k IC
B0, BR324 1 AT LRSS IR M & B L 728, IEANBSARIKE S IR L T -

< (fRREPE RS LS, 1959 5 KR, 1961 ; Koy WRES A MR A R, 1951 ; KoyIR, 1958 ;
WE AT, 1954 ; &k, 1952),



HTIL~ W U PERH

WESL (FTskl)

PLfE s RABREARTF EHITICME L, BEARREA LR S8 6 km T LI ET
Do MPETRADENRD S,

WL R K OEER « JA O I SERE (LB O WA B IS BT DS - AR & T RCS EHCE
DHEZ LT OHETH D, SIRITEE & TS ERE & OBITIT BMRRELH 2149
PR T, N60~70°E 0 & & 70°S DR A A3 DHRKICIT VL v AR OFEET, & Dk Kk
TEIE5mic#E L, JIAIFHZER 600micbhiz>Trx & LTHET DI E Vb,

i BHRBSEAAEEL, BEAOIRG LIcT 7 U Vi JOMEBEILE Tl & L, S
FFaalb—MELREATWD, SADMNAIE Mn30~40% TH D,

BB LOEN KLU O ROEHIIDOE RO TRND, RIELLE~ o T AT o
THEAMCH L= R OILTH D, & BIC\IERERAT D%z Lisk, W & L CRATIC 8
fo~ > W M Uiz, SEEHER IR RN = KIBR, KIEEMICRAKREREBED, &
DR & ~CE A K (F R EERNS) O FICB S 72D ST ORIL L, BBRI8AEIZR
HFE— R ORE T Y BEFI18~204 (T il 2 0 2 72 SR L v IRl D ke /e I E - 72,
MEFN234E)F IR B L, MEAI294 4 H & TBAT L2 2MRIICE Y, BFIB0FEIClE A A~ 7
VR &~ TIRME KRR BUE MR US4 03 G5 360 A 352 T BRAT TH C do o 7o 3 N353 ] 24 1R
RILHCTdH o7 GEIEGERERILILE, 1959 ; AT, 1961 ; Koy RS AamREmR, 1951 ; K
Sy, 1958 ; WUELRRA T, 1954 ; 54, 1952),

& B 5
WU~ > 77 o JRRHY

F gL

AL ROy WA 2 CAE L, AR L ViEL 13km OFEREHCH Y, HKICLD
ZREES L OERR DS b o & BRI TH D,

MBI L OGRIR < B o B I RMIIE O EEEICE T 28E - WEBIOMEE £ L7
DI CTEES DRFIT L <IZF LV, SURITEMITHRRIEIR T, —#I3E i & v SRk o ExR
PR L, RESITERIL LE B L OBRCE EE RS & Wb, RMi3ss <, B4

REEZBNTND,

A RvvEEE L, BRABEOKARY V TREAEZHTOTWD, —EIXZ > 0REL
FRYe L CHRBEaT R D, SE Mn33~35% & L THILNTWD,

INHIS K OB « BERNIS4EDN & i LA DR E (2730330 ) BT ST 72 S IR FN364R K
EPYRHRILT T o7 ORT, 1961 5 Koy B H A miH AR, 1951 ; MEMATT, 1954 ;

#F, 1952),

ARl
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fLE RO REARTARIICAE L, BAREL VG L 13km OFfflch Y, WKIZLD
RiEB L ONERS S - & B ERTH D,

HUE 3 L OMEIK « JEL o B I RMILE O WA I BT 2 - EB X OHE 2 £ &7
LHETH 2, SRIFEHSE & MBCE L DEFRATICH Y, F LIl Lic~ o I kR
L, FROEEEE G - & BIEK LA T, ZOMmMoEEEIEHE OBk OSEIET, 14T
PR T D L \Vbild,

P Faal— MELEARVERUALKOGRCEZEL L, HRHAMOBY ZEb5
oI AR~ 2R 5, SR OMNLIE Mnd0% ThH S,

IR L OB : 236 < FE XA RORE T 5 & 25 TRINTE & J I 354 K] 24 Ky
BATHh Th o7z OKT, 1961 ; Koy RSB MEFI AR, 1951 ; Koy, 1958 ; MUERRAL T,
1954 ; #Af, 1952),

EE~ T YRR

RimHEEL

PLfE Koy BRI AR LT E L& U, B S AR 507 2km OHUR O,
HEA LT & BREAR & OBE R & e TILBEIIZ E BV OREIZ B 5

HVE 3 & OMIEIR WOMEIIRHILEOH EBIIRT 2BE - aB LM &7
DHIBTH D, BEAHEHEVELVLORRWREHOKBEEIIME—-DLDOT, RAEAD
PR TRREEA ST L, SRR AL 2 S5 v, W IR b EEA LT TSR L 0 B AT
REBZLNTVD, FILKIZ0.3~05miF D PECRIENRAE = L, BT O ik~ > F o i
OB S, FEERE LI RWAND, BELFFROBILTE TIER0EeZEZ 5T
Do ALSRIRITAMAL A B TIXR W ABERHICAT b TR Y, a3 Ea o7 "Wk~
YA TIRRBFIR EZEZ BTV D,

S5 BISLR OBREIE MnO, 75%RE D EHL T, /IMESYLO R~ VIZEA4TEIDO Mn 42%
BEOEGR~ L TholzbWbild, ALHRIZALRBGIROFELZH L, Mn 55% FRE Ol
B A CIXRBEA Lo T D EWnbild,

BB LOEN - AT FRILL WO S - &b REICHE SN ICL bbb TE LY
O Z M 2 TEGEERICL Do TBITLTARICE>TWA, Lo TH¥EHES DL
R HITRITTZ L, BIE20E 2 A BBRSE S 4v7c & Wby, IrIRets i SR EERR 1 E AN IR 364 %
AT L, WER3SEKERYRBRITH Th o7, (M@ ERILILHE, 1959 ; KT, 1961 ; K4yt
B MRARE, 1951 ; HUEFHATT, 1954 ; HAS, 1952)

[ |
B ROy IR AD BT A AL L, B S AR AR XV R B 1.5km oo Hl s
O, PAAT & FFEEAL & OBER A 2T ILBEICIZ E S WAL O RIS S D

WE S JLOMEIR - JED OMUELIZIR AT O LB IC B T 5 A PCENEE T, BRI L UGS
AT OMBTH D, FIRITEES & 2 DEAMTI > THE L, Mo~ v T U FuRBE D

E



LD EWV D,

$A B TRIOIK R~ A E TEALIE Mn32%Ri#% Th 5,

W K OB - WAL O —H L LTBRITSNIZ ER3d 5 &b, IBABSHEIKE Y
RHRILT Ty o7z, (R @ PERFL LS, 1959)

F & 8L

PLfE o Koy AT TFRE SR 2km 0, FIWEEED & EA LT & D8R o 1L#E o Ak
AT D, TR E CIIHSAREARRTEICTAADERD D,

HVE 3 & OIEIR WOMEIIREILEOH EBIRT 2BE - AL L ORBEN B2
HiEC, AR A RLOWEN OB AN BHE REE N2 o T\ D, LRITZ DB
FEREEOZMNIREEI L TRAFL, bR, B4 7B LORMEORXITET 25 &0
bivTnsg,

S kv, Bk~ U TR, NTHiA, 7T U U, kkv W VB L UONT A R
ZEE L, SAE Mn35~40%, MnO,65% T 5,

I K OHNL - AL INIBNELI6EN DA F I, BGE26F ICHRIBIX & 720, KIESHFF
BATRBERABAT L, KIEISFHAF RO A LI AE 2 Uiz, BFI15H LT A B R Ak
L7z, & BIZIBFISTAR AR pi 2 DN IR EMER & 72 0 IR FN364E KBl Y Reg T Ch o 7o, (Rl
WEERPLILIFS, 1959 ; R, 1961 ; KRy Wi maa sy, 1951 ; R0, 1958 ; HUE A
T, 1954 ; EHHf, 1952)

VR~ v W U HER Y

$ & W

PEfE KOy U FAHEEES VR AER RAEVEAL 8 2 km ICZE L, A AR LR E 72 13 iR
NEXMERTH 5,

U K OMER « EL O MBI REILE O fAERICE T SEE, WER L USSR
HifEC, FTRIKZMIET 2 OS2 BbHA LT A oW R bR 7 I EON S B
EREECY U R ERAFL, S BICH S TIRASRILE L OB I 23 AT ST
W5, SERITR SR E Z L, BRIEIX03~3mT, EAHIHEIZ70CEA L T D L nbhTns,

WA B~ Y AU, R VBRONTEAEZELE L, WAL Mnd0% TH D,

INHERS LOBLRL « BIR274E S ATV RRIC R Y b~ v T BERIE Sz L wbh,
BIRS74E A ZMMERICB Y, Zo%k, A, B, e, B, KiTOmRRICHERE %
kAN, BRI, RILOD & E &2~ T334 3 A IR ERASHORET S LA LAY
BUEICE Y, WRMBSMEREILREIT T Th -/, (EMmERIRILFE, 1959 ; AT, 1961 ; K
SRR B E AR ARR, 1951 ; HUEFHACHT, 1954 ; &4, 1952)

= F #E W

AL Ry R MBS AR R AL AT T RRA R R BT 049 1Tkm OMAIZH Y, B BRI 5
NADERB Y, FTEROYEE > TROFFTE S OLZBHEMNTH D,
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HUE I L OMEIR < JEL oM E T RMILE ORI BT 28, WEBIOHBEN62
Hifg T, TRELR, SRR, MAHIREZ MG 5 —HOBEE REES W 59K TH 5,

o ZBbv o N BRORY 2 EE L, BT Mn35~40%Th 5,

IR L OB - BAR38HFE T AL S, W3 EEFEASROFIE LY, 334104
O AARPFEELE DA LRV EBICEY, BEESEKE ST ThoTo, (Ko, 1958
; WUELRHELET, 1954 ; &k, 1952)

. 3. 3k 4 & 98 IR

A kK A

FIRATIARHIRN ORI O L o DRI E 72 LT, & D VAL & VH I 7 1A
O Mg &2 720 LCAfiT 2, & ICBEER b OEBRR ORIl Z &5 2 A REOAIKA T
W& 1 km PGS R A CRER I S EIRRIN L, HE S ik ~C, REARE HUSRE R 0 5, =8
MR HIIR I > TV D, ZAUC DWW CERR# O icFafx & 5 CTorfi 3™ 2 IR AKRIE DA RAH K
0, EFnNCh, HEROMNRE, #EHEILE, RS IO EROHIEO LN, BB
D2 ZARFA R BT 2 DBUEBATORM R LT > TW R, b o XA RER LUK
RIEDFIRANBBATORR E T2 > T D, LUTICARRUSE N O F KA HLL O 2 2 s & Rk
T2 (F42K), (WMFIBOEIIMED I LFHFHEREIC & 2 E ks LUK IR, 1958, KoyRoHtF
HEEM)

H&=EARamL

PARdi A AIKA

L AR NE—REF L, N L

o EEARME

Hd2 AL ORA B (A LIRS I
I EF MR Rt



RIS L OB - AN254E 9 A MRS HAEIRIEEZEFT s SIAX 2780 1T, WHFI254E100 26
AL EMRARAIC KO BHRAEF L, 274 1 HARiH &2 T LHILEZ XU, BIECED, 1€
¥BITN1104 T, boldnrml) —h— XV EIES N, F— 8B X0 S £
T S5,

EARGWL

BIgiG  AKA

L AR FEIL KL

o H AR

IHFs KON - IEAN184FE 4 H il A o MRS w LI HA REA T & L TR E
ST, WRFN204E 5 H AL O A KA 3EF WA DR LT B SRRt o Bl 5 & 7
D, WEFI2FE 4 A AAE A MERSHICHTR T 2 2 L LR o 72, WEFI254E 7 A A RLSLE
MR Sth & LT LBEICE D, EERITN 1004 T, RIELINTOREEYIO 7 7 ) —K—
NMBEEZRA L7z 2 A5 TH D,

B 5 &

PARgL A - Ak

i AR TEETR LOEE—KEIL

oo " HARE

RERB LB : RKEIF4 AEFRATZHBEEARTNAEIRL, SRIICEFL, KE4
FIIH BBARK TERASHARL L, Zhaflok L, K64 8 H ARk sthe &
OF LR B b LRSS B U, BER124E11 A /NE LR 2 Bl 46 L, BEFI154E 1 A A1l
TR 2 BhA L7z, PRFI20SEHEA MK A IR 6 E A F L, AR TEMRAS 2R L2 E
b7g HEFI224E 3 HfigEc L, A6 A LV HE(b P TERASHLE LTRE, 4HICE->TWY
B, PEHEITK 21040 T, BREIBIC L VIR STV D,

5 & &

BIRSLG - AkA

L B HARTETEE KL

oo " EARE

IS K OBLNL - IAN134E 6 H L 0 {8 A K THEFTIC X VB EF SN, EEKNI04 T
KEIEIZ LV RIS h T D,

K OE SE W

PoRgE A - AlkAa

L AR — R % - HEBLL

oo HHARE

BB LOEN  SUATTH 8 A L0 AIRBE & U TaIKAORIRA Blls, KIE1SFRE R
fe vy AORITEE AR, BRFEREEZIENY, BRIBSEHEBRILRATEZRICEVBRED D
EEBIBLE 720, KEAIK LR & FESE AR TH FAKA DRI, RAN - ALT Ly
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7 A, HIROBERFEEAT R > TN D, EERITK60% THAEMIM AT 2o T\ 5,

MNEFEZEX RSKL

BREA - AR

L ARTTET, MR L OEE—ARIL

oo HEARE

IR L OEIN : KIESEAIEABIAL, Kot Ay MERSHTEARTHENRILI N, 1T
U IR T 0 FRHRIR Y, & U CERIBASBAA 722, BEFI134E 7 ] Koyt A v kUattid
BT A v MERRICAF SN, SRCES>TVD, RIBIBEBRBREE 270U —F—1 L
WCEVITbnTE Y, RIBUIPIEE —, B _mlicznenmsinh, EERI1TK8204 TH
%o

X & 8

BRIBSL - AIRA

L B EARTFRA

o EEARE

IR L OB - BRN294E11 A IS SR L OB E T 2 v MR B O SERILE I
L RGUEHRR LR ANL L, BT, &, MRS LR, WB2E11A L #EL B
ML, HBEZII U, HERITOAT, Zal) —Fh— RS h T s,

FeEARMKL

BRI A AR

L HA R

o EALE

BHFs K OELNL - BEANIB34E 6 H 70 & A #6401 & 0 A KA BRI 0 72 D ME( 23T 72 o, W
347 Ao IR A BRAG Lz, 1E3EBITR404 THRRIIE S A s h T 5,

o gkl

IS - AR

(A R N ER e S

e B B BB RS O R 7R B IR IR 150m, REE T AC 8 km LL BT 7m W RA
JEORREDN AL TND, IKAGERL, <, BEET, HHd 5 3T HHEn 2 ok
STWD, FAEFRLOAIRAITEA L PHELTHRAIN, TOFERFILITRLROBY TH
%, (MERAERT, 1950, AAFEGSI—XAKE (M) HA138HZBM)

Ig. loss. CaO MgO SiO, FeO, ALO,
41.23% 51.98%  0.84% 4.14% - 0.89%

BHR KOBN - FFAERAGIIAERE A v M SHERLTRICE L, B84 1 AITEL
L7ehs, IBFI34ERE & 2 v MERSHICE RS, BRIV 2D BA® A > MER&HE
EUABIEIC W e o7, HEEBIIF40NTERIEZ /T2, EMLETHREIATVS, (K
Sy VL. 1958 ; HUVELFHATAT, 1950)



rFA=ZA F

AHUENICB T D Fr~A MIAKADOSHARIBICEGE SN EREARLRE & =8R85
BEOZNZN—HSITRON TS, ST b bHEA L TTVERE 7 OB L 3 L Ok
ik E G0 NP @IROLA PRSI ENTEDOERITFAT L TR EIT L v R E 72 L TR
FLTWD, REBYUMAD Fr~ A MIFEREO K& X O FE R o = EITERIE I3 K0V
BRSBTS TS, Of Lk, 1953, 1955 a, b, 1964 a, b ; K4yIR%, 1958 ; HUEFHAFT,
1950 ; FH - iEHl, 1951 ; ZE3FURHHHES, 1947)

HE+HNJ\F#EL

PFARSLE © Fa~<A b

(VA e VNIV

e B Fe~ A MIBEARLE® D VTS IR — o ORIR 7213 L o AR
IR L THERA ERELTCND, ZRLORNPTHWVIRE 72ZIT/h SV Lo X H KA ERIED
BOICELERE LTHEDLNAD, HAREOBEZAET L DX Fu~ A MIKE LTH
TEHBITEN TS, —SATHER 100m, EE30mD b DIEKRE WG TH D, SLEITREE L O
BEAWBHT, LObEIANTS Fr<vA MeOBRENE(KIZEA TR Y MgO 5/ &H10
%~18% T, B EAERL LT Fr~ A FORFERIIBNRETH D, BHHLE L TRAS
nTna,

NHFR L OB BEA3E 3 A LB RBE A Fa~ 1 MEEF &3 LS, 1
FN264F LISk H- )1 GE 2R Stk & S BR, R~ o MRIER X ORISR L T 5, HEEAE
#9304 T, HEFN32AERE RADERIE 2 VLI O 2, RSOOSR Z 5t > TV 5,

BE &

Ak AR BT ARARE, RELE, 2/ N8, BARE, NEE, BE, #ErEL
8, WREICIERNOHEEBAREL TV, RnAT <, RELE, 8 LEOES D%
BT EICHELL, EMUEOESIIREORAEALZERT 22, B2 RKERE TRAI
BATS N, BUEFIZEATRIEOREIZH Y, BITSNL TV 2 DIE S o1E 5 RIELEOEEEIC
FEHT 2 RAEAICEEUT 2 ABEAOLTHEAG LIFIXATWEI LD TH D, (RREE
IMAEETEA R, 1951 ; K4y0L, 1958 ; MUEFREHT, 1950 ; Z3EFRHR#S, 1947)

R ER

A M O R L 0> 72 > TV AL o 5, 125, My WICIEIR < 434 3 5 EES (3R
B, KEfiE, AGEEEBIOHFAAESIIRKNSh, AfaEER L OE AaEE oL
BATHIR L 7o T D, EEAMNIT Y 7 AR Th 5 72 O #iE I3 28 THKIEMRIIE# < h
D03, WEHIZ L 2@ E DD TEMTH 2, SRIT—REMBEREMEL, Lo/l s
FUZED, —RICEEE L Th D, & < \TBUBRATHI 5 CITRvBiR o JLRHE SRR 23 934
FTHDOT, EMLRA 4km (T EEEAFEH L, KERARUPIELN TV S, SRIT
HAE 5 WVIET v — MTRIRT 2 IRIE AR AR IR ONS BUKGER RS b & DEE D3 IC
EIZHZE LKA R LD EZ 2 6N TWA, REILEICITARA, A, AEARER
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HYEITAEARS MHEED L IEER TV AR, ZhidRal, HRboboTHRET S
E—RRICHAICHAZ D OO RN TF v — NEHA LA 58 & BBEBCIRITIRTE L TW 5 O3
D HENABMICIIRA, FREALEDY VLD EEX LN TS, MAEEA S LCHIA
INDZENEL, HTHOREALIIRRL2bOTH D, I EMLITKROEY THDH, (K
43I, 1958)

WiEER  Igloss SO,  ALO;  Fe,O, CaO  MgO

046% 95.02% 1.12% 112% 0.72%  0.48%

VU CIX UL T OIL LI L W EER OB ED LTV 5, (Ko R, 1958)
B#kER R UL SERT EE L

RIS KO - IR 124 F R L BRI A A B, WRANI5AF i e B L — BB R L 7oA
BRI9FE RSB Y, BUEILE > TWD, MO, {“E0 2 0132 b ERIBICTHILL TV
5,

g2 el b F S

IRHER LU B2 EBE ML 0 BILL, BAT LBUEICE > T D, HRRE (F—
F), CEOUPMNGBERIBIC L VIS LTV D,

FHRERBERI

TR L OB - HFISTERIEME 2 I fs, PARBAT LBEICE > T\ D, HOMOE—, §
ZHPAHBERIBICL Y HEEL TV B,

SRS ER R A mE L
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GEOLOGY

1. General Remarks

The Paleozoic and Mesozoic formations are distributed in the major part of this area,
and these formations accompanied with the igneous and metamorphic rocks show the zonal
arrangement, stretching east-northeast, which is characteristic of the Outer Zone of South-
west Japan.

Tectonically, this area is divided into three terrains ; namely the Sambagawa, the
Chichibu and the Shimanto terrains. The Sambagawa terrain is bounded on the Chichibu
terrain by the Usuki-Yatsushiro tectonic line and the Chichibu terrain on the Shimanto
terrain by the Butsuzo tectonic line.

In the northern part of the Sambagawa terrain there are distributed the Sambagawa

metamorphic rocks and in the southern part, the Upper Cretaceous Onogawa group. These



rocks are bounded by the Sashu fault. The Onogawa group shows a synclinorium plunging
to north-east. Along the Usuki-Yatsushiro tectonic line the Usukigawa igneous rocks occur.

In the northern part of the Chichibu terrain the Upper Cretaceous Tano group and the
Lower Cretaceous Tamarimizu and Mukujima formations are narrowly distributed. There
are situated the Paleozoic formation at Tsukumijima and the Paleozoic formation (later
stage of Early Permian or early stage of Middle Permian) at Okimukujima. The main part
of this terrain is divided into four belts; these are the Chinnanzan belt (the Usuki formation,
the Urashiro formation ranging from Early Permian to more older, and the Chinnanzan
formation assigned as Early Permian), the Tsukumi belt (the Middle Carboniferous Sui-

Table 1

Geologua

Alluvial 220

Aso pyroclastic

\ e

Hetonaan

Urakawan

group

<l owermos
sudg:

Uppe
3 s ybhakan

27 200" g7 i

Miwikon

o | L ower
e Miykoan ]

Sambagawa

Hochian

Jope metamorphic

Middle

Lower
r rocks L.

I oks

2 Middle L_ igndous

" ower

(Gobangadakef]

I

Hikonouchi
f.

vep Tsukumi

!

Chinnanzan

Middle

Dzono f. ~——

ectonic line

S yakuma-
)_g.\’»: n f.

“erman

- formation
[Uk!mu

_Fupma | T

formation

T
i Yukagr f. i—-
ectonic lne

zoie

Upper Mmoo —m—m o — o —mm o

2le

fer
utsuzo

¢ Middle

~
5

/ower

Devonan

sulurian

Cambrxan
Ordovician

Not exposed in
the Usuki area

e Unconformit v — - — fuult ————--- Uncertam



shozan formation, the Okugawachi formation, the Middle Permian Ozono formation, the
Tsukumi formation ranging from Early Permian to Late Permian and the Lower Triassic
Gobangadake formation), the Meiji belt (the Middle Permian Shakumasan formation and
the Hikonouchi formation ranging from Middle Permian to Late Permian) and the Nakano
belt (the Yukagi formation of unknown age and the Jurassic-Cretaceous Tsui formation).

These belts trend from ENE to WSW and three belts besides of the Nakano belt are
characterized by the synclinal structures.

In the southeastern part of this area, the Butsuzo tectonic line bounds the Chichibu
terrain with the Shimanto terrain where the Shimanto group distributes.

Covering these basal rocks, there are distributed the terrace deposits of Pleistocene
along the river Usuki, Aso pyroclastic flow deposits and the Alluvium deposits along the
rivers in this area. Table 1 shows the geologic successions with some remarks of the rocks
in this area.

2. Paleozoic

Paleozoic formation of Tsukumijima

There is distributed the Paleozoic formation at Tsukumijima, 6 km far away east-
north-easterly from Usuki city and is mainly composed of green chert, acid tuff, sandstone
and clayslate, of which the latter two are tuffaceous and siliceous.

These rocks are characteristically very hard and clearly stratified. From the stand-
point of rock facies, these rocks are allied to the Silur-Devonian Gionyama and Okubata

formations in the central Kyushu, though fossils are not yet obtained from Tsukumijima.

Paleozoic formation of Okimukujima

At Okimukujima, 17 km far away east-north-easterly from Usuki city, there is dis-
tributed the Paleozoic formation, which is divided into two parts by a fault. In the northern
part, this formation is mainly composed of chert and so-called schalstein (basaltic lava and
pyroclastics) accompanying with a small amount of clayslate, sandstone and limestone.
It inclines southward in appearance.

On the contrary in the southern part, this formation consists of clayslate, sandstone,
chert, conglomerate and schalstein. Its structure is complicated. Two kinds of
conglomerates are interbedded. One includes the well-rounded pebbles of granite, granite-
porphyry, rhyolite, andesite, sandstone, clayslate and chert. The pebbles of another are
only limestone and schalstein. It is characteristic that the conglomerate with the exotic
pebbles is intervened in chert beds.

From lenticular limestone in schalstein are discovered the fusulinid fossils such as Schwa-
gerina sp., Misellina sp. (primitive form), Schubertella sp. etc., indicating Pseudofusulina zone
or Parafusulina zone. Duing to these fusulinid zone, this Paleozoic formation is later stage
of Lower Permian or early stage of Middle Permian in age.



Paleozoic formations in the Chinnanzan belt
Usuki formation

This formation is distributed in the northernmost part of north wing and in the south-
ernmost part of south wing of the Ghinnanzan syncline. This formation is mainly composed
of black clayslate and sandstone, and often intercalates thin beds of chert and small lenti-
cular limestone. Black clayslate is often phyllitic. Sandstone includes small patches of
black clayslate.

From the lithologic aspect being barren of schalstein and accompanying with a little
amount of chert, this formation is distinguished from the Ghinnanzan formation. In the
southern wing this formation is bounded on the Urashiro formation by a fault and in the
northern wing this on the Urashiro formation by serpentine bodies.

From this formation significant fossils are not yet discovered except Crinoid stems.
This formation may belong to the age older than the Urashiro and Ghinnanzan formations.

Urashiro formation

This formation occupies the part in the both wings of the Ghinnanzan syncline. This
formation is divided into two members. The lower member is mainly composed of green
phyllite, accompanied with black phyllite, chert, sandstone, limestone and schalstein. Green
phyllite alternates thinly with black phyllite, chert, sandstone, limestone and schalstein, and
these alternations present the waving minor folds. The upper member comprises black
phyllite, chert, sandstone and schalstein. These rocks make often present of thin-banded
alternations with each other and sometimes present the waving folds.

In this formation quartz phyllite, graphite-sericite-phyllite, chlorite-epidote—phyllite
and partly crystalline schist are recognizable.

This formation is conformable to the upperjacent Ghinnanzan formation. No fossils
are found, but the stratigraphic relation between this and the Chinnanzan formation sug-
gests that this formation may belong to Early Permian or more older in age.

Chinnanzan formation

This formation occupies the axial part of the Ghinnanzan syncline, showing the maxi-
mum broadness of 4 km. This formation is composed of schalstein, chert, clayslate, phyllitic
clayslate, sandstone and limestone. So-called schalstein consists of meta—basalt, dolerite
and basalt, which are closely related to tuffaceous clayslate, chert and limestone. Ghert,
of which the thickness attains 1 cm to 20 m, consists the banded alternation with thin clays-
late and presents the minor folds. Clayslate makes the alternation with chert, sandstone
and tuffaceous clayslate. Sandstone includes the small patches of black clayslate and attains
to 10 m thick. Limestone is more or less crystalline and from 5 m to 10 m thick.

The structure of this formation makes a present of asymmetrical syncline in the eastern



part, but on the contrary shows a isoclinal syncline in the. western part. This formation is
bounded on the Cretaceous formations by the Kabunoki fault in the northwestern part and
on the Okugawachi formation by another fault.

As to the age it is known that this formation belongs to Early Permian by the fossils

such as Pseudofusulina sp., Triticites sp. found in limestone.

Paleozoic formations in the Tsukumi belt
Suishozan formation

From three localities of limestone at the caster and the southern parts of Suishozan
in Tsukumi city, recently Dr. T. YOKOYAMA discovered the fusulinid fauna such as
Fusulinella spp. and Staffella sp. which belong to Middle Carboniferous.

This limestone, about 30 m thick, is bounded on Permian Tsukumi formation by fault
and is grayish, oolitic, compact, and massive.

Now it is proposed that this limestone is called as Middle Carboniferous Suishozan

formation.

Okugawachi formation

This formation occupies the narrow belt, showing broadness of about 0.5 km to 1.5 km,
between the Chinnanzan and Tsukumi formations. It is bounded on the former by a con-
spicuous fault and conformable upwards to the latter. This formation shows an asymmetrical
anticline.

This formation is mainly composed of sandstone and clayslate, accompanying with the
alternations of clayslate and chert, sandstone, clayslate, chert and schalstein. Although
the Okugawachi formation underlies conformably the Tsukumi formation, in respect to
rock facies the former is rather similar to the Upper Mesozoic Shimanto group than the
surrounding Paleozoic formations. According to no discovery of fossils, the age of this for-
mation is not ascertain.

Ozono formation

This formation, continuing conformably upwards to the Tsukumi formation, occupies
the southern narrow belt which is bounded on the Hikonouchi formation of the Meiji belt
by a fault.

This formation is mainly composed of clayslate, accompanying with the alternation
of sandstone and clayslate, chert, limestone, diabase or schalstein. These composing rocks
are allied to that of the Chinnanzan formation, but the metamorphism of the Ozono for-
mation is scarce.

This formation shows isoclinal folds and corresponds to the southern wing of the Tsukumi
syncline (synclinorium).

Limestones in this formation contain Cancellina and Neoschwagerina faunule, such as



Cancellina neoschwagerinoides TORIYAMA, Schubertella sp., Neoschwagerina sp., Schwagerina sp.,
Pseudofusulina sp. and Parafusulina sp.

This fossil evidence indicates that the geological age of this formation is Middle Permian.
Judging from the structure and fossil evidences, most of this formation is the same age but
different facies to the Tsukumi formation.

Tsukumi formation

This formation, showing the broadness of 2 km, occupies the central part of the Tsukumi
syncline, situating between the Okugawachi and Ozono formations. Above this formation
the Triassic Gobangadake formation accumulates conformably.

The Tsukumi formation is mainly composed of thick limestone accompanying with
dolomite, alternation of sandstone and clayslate, clayslate, chert and diabase or schalstein.
Limestone, being grayish white, gray or dark gray in color and generally massive, includes
abundant fusulinids such as Pseudofusulina vulgaris fusiformis (SCHELLWIEN), Triticites kaga—
harensis FupMOTO, Neoschwagerina kobayashii (TORIYAMA), Misellina iisakai TORTYAMA, Cancel-
lina neoschwagerinoides TORIYAMA, Neoschwagerina craticulifera rotunda DEPRAT, N. margaritae
DEPRAT, N. minoensis OzZAWA, N. craticulifera (SCHWAGER), Yabeina globosa (YABE) and Y.
katoi (Ozawa).

From the above-mentioned fusulinids Pseudofusulina, Parafusulina, Neoschwagerina and
Yabeina zones are recognized in this formation. Consequently this formation ranges from
Early Permian to Late Permian in age.

Paleozoic formations in the Meiji belt
Shakumasan formation

This formation is situated at the southern part of the Meiji belt which is bounded on
the Yukagi formation belonging to the Nakano belt by a fault, but near Tsui in Kamiura-
cho on the Late Jurassic or Earliest Cretaceous Tsui formation by a fault. he Hikonouchi
formation distributes widely conformably downwards to the Shakumasan formation, in
the northern part of the Meiji belt. On the other hand, in the north—-eastern part of Tsui,
the Shakumasan formation is directly bounded on the Shimanto group by the Butsuzo tec-
tonic line.

The Shakumasan formation is mainly composed of chert, accompanying with alterna-
tion of sandstone and clayslate, sandstone, clayslate, conglomerate, limestone and diabase
or schalstein. Clayslate is black or dark gray, and partly phyllitic. Sandstone is dark green
or dark gray in color; massive, hard and compact in occurrence; and fine-, medium- or
coarse-grained. Sandstone includes the small patches of black clayslate. Conglomerate is
intercalated in the alternation of sandstone and clayslate, and is scarce in continuation.
Chert, dark gray or milky white, is conspicuous in this formation. The thickness of chert
attains occasionally to 100 m or 200 m. Chert yields manganese ore deposits. Chert often
forms banded alternation with black clayslate or greenish tuffaceous clayslate. Its minor



folding structure is conspicuous. Diabase or schalstein occurs accompanying with limestone
of which the thickness is 10 m to 15 m in maximum. Limestone occurs in the upper part
of this formation and yields the fossils such as bryozoans, fusulinids: Schwagerina sp.. Para-
fusulina sp.
This formation occupies mainly the southern wing of the Meiji syncline but in the neigh-
bourhood of Kannonzaki and Chinuzaki there occurs chert belonging to the northern wing.
By the above-mentioned fossils the Shakumasan formation is assigned as Early stage

of Middle Permian (Parafusulina zone).

Hikonouchi formation

This formation, continuing conformably downwards to the Shakumasan formation, is
distributed in the northern part of the Meiji belt.

This formation is mainly composed of alternation of sandstone and clayslate, accompa-
nying with sandstone, clayslate, conglomerate and chert. Sandstone and clayslate are the
main constituents. Clayslate is black or dark gray and partly phyllitic. Sandstone is greenish
gray, dark gray and grayish white; massive, hard and compact; fine-, medium- and coarse-
grained; partly arkose; often includes small patches of black clayslate. Composing minerals
of sandstone are quartz, feldspar, potassium-feldspar, sericite, calcite, zircon, titanite, garnet,
chlorite, clayslate and chert. Conglomerate beds intercalated in sandstone are observable
in one or two horizons. Pebbles of conglomerate are mainly chert with diameter of 5 mm to
3 cm.

This formation occupies widely the axial part of the Meiji syncline.

No fossils are discovered from this formation in this area, but in the Miemachi district,
south-western extension of this area, it is known that Yabeina sp. from the same formation as
this formation is obtained. By this fossil evidence and the stratigraphy, it is ranged from

Later stage of Middle Permian (Neoschwagerina zone) to Late Permian (Yabeina zone) in age.

Paleozoic formation in the Nakano belt

Yukagi formation

This formation occupies the narrow belt which is sandwiched between the Meiji belt
and the Shimanto terrain by faults.

This formation is mainly composed of limestone, alternation of sandstone and clayslate,
sandstone, clayslate, conglomerate, chert and diabase or schalstein. Clayslate is black or
dark gray in color and phyllitic. Sandstone is dark green or dark gray in color, and hard
and compact. Conglomerate with the pebbles of chert and black clayslate, is inserted be-
tween coarse-grained sandstone. Chert is generally dark gray and milky white in color and
forms often fine banded alternation with black clayslate or greenish tuffaceous clayslate.
Limestone, of which the thickness is from 10 m to 50 m, is pale gray and the grain size of
calcite in limestone is generally from 0.04 mm to 0.12 mm. Limestone alternates with chert,



clayslate and schalstein.

This formation may be correlated with a part of the Sambosan group (undifferentiated
strata including the Permian, the Triassic and the Jurassic) in Kochi Prefecture, owing to
the resemblance of rock facies as well as the tectonic position.

3. Igneous rocks
Usukigawa igneous rocks

The Usukigawa igneous rocks occupy the narrow belt along the Usuki-Yatsushiro
tectonic line, and are composed of plutonic rocks and mylonites derived from plutonic rocks,
accompanying with a little amount of amphibolite and gneiss. The plutonic rocks comprise
gabbro, quartz—diorite, tonalite and granodirite, and more or less schistose.

Serpentine

Serpentine occurs as numerous slender bodies intruded in the Paleozoic formations or
localized along faults, mostly in the Chinnanzan belt and along the Kabunoki fault.

4. Sambagawa metamorphic rocks

The Sambagawa metamorphic rocks occupy the small part situated at the northwestern
part of this area. These rocks are a part of the Sambagawa metamorphic rocks widely dis-
tributed in the Saganoseki peninsula.

In this area the Sambagawa metamorphic rocks are divided into siliceous schist with
mafic schist, psammitic schist and alternation of mafic and pelitic schists in ascending order.
These schists are situated at the upper part of the Sambagawa metamorphic rocks in the
Saganoseki peninsula where these rocks make a present of a anticline structure. In this
area three parts belong to the southern wing and the grade of metamorphism is not so con-
spicuous as the lower part.

5. Mesozoic
Early Triassic (Gobangadake formation)

The Gobangadake formation occupies the axial part of the Tsukumi syncline, trending
from northeast to southwest, in the Tsukumi belt, with a conformity downwards to the
Permian Tsukumi formation and is composed of dolomite, limestone and black clayslate.

Small pelecypods such as Gervillia cfr. exporrecta (LEPsIUS) are discovered from the nodule
of dolomitic limestone situated at 2 m above the base of this formation. From the stratigrap-
hical, paleontological and tectonical evidences, this formation may be correlated with the
Early Triassic Kamura formation in the central Kyushu.



Jurassic-Cretaceous (Tsui formation)

The Tsui formation is sandwiched between the Shimanto group and the Shakumasan
formation or the Yukagi formation and is situated at the Nakano belt.

This formation is composed of sandstone, clayslate and limestone. Sandstone is massive,
mainly composing of grains of chert and often alternates with clayslate. Sandstone yields
pelecypods, gastropods and ammonites. Clayslate is dark gray in color and massive and
compact in occurrence. Limestone is dark gray and so-called Torinosu type. Limestone is
20 m to 30 m thick and is developed in the northern part of this formation. Corals, stro-
matoporoids, calcareous algae and spines of echinoids are found in limestone. It is known
that ammonite is allied to Eodesmoceras sp. (Earliest Cretaceous).

From the above-mentioned fossil-evidences the Tsui formation may be correlated to

Late Jurassic or Earliest Cretaceous.

Cretaceous

The Cretaceous deposits in this area are represented by the Tamarimizu formation,
Mukujima formation, Tano group and Onogawa group in ascending order. The last occurs
in the Sambagawa terrain and the remainders occupy the Chichibu terrain. The above-
mentioned strata exclusive of the Mukujima formation, are widely developed in the Inukai
and Miemachi sheet-map areas adjoining west of this area.

The Tamarimizu formation appears intermittently along the Kabunoki fault and
consists of arkose sandstone alternating with conglomerate in the southern fraction and
shale in the northern. Conglomerate includes rounded pabbles and cobbles of igneous,
older sedimentary and metamorphic rocks. In the type locality outside this area the formation
is about 1,000 m thick, showing a cycle of sedimentation, and its main part may be referred
to the Lower Miyakoan stage (Aptian).

The Mukujima formation, more than 690 m thick, occurs in Muku-jima and forms
a syncline plunging to the east. The stratigraphic succession is as follows (see Fig. 4) ;

Mk1 member : the part exposed on land, 30 m thick, consisting of conglomerate with
pebbles of chert and volcanic rocks and very coarse-grained sandstone. This member seems
to be the basal constituent of the formation and its main part lies beneath sea water.

Mk2 member : composed of coarse- to medium-grained, often cross laminated sandstone
with a layer of acid tuff in the lower part (12m), thin-bedded alternation of shale and sand-
stone in the middle part (13m) and medium- to fine-grained sandstone in the upper part
(25m).

MKk3 member : the lower part (45m) comprising red conglomerate and the upper part
(135m) of pale green conglomerate. Both conglomerates contain pebbles and cobbles of
sandstone, slate, chert, various volcanic rocks and others.

Mk4 member (over 200m) : consisting mostly of well-stratified, medium- to fine- grained
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sandstone with interbeds of shale in some places and carrying rarely marine shells and plants.

MK5 member (70m) : comprising mainly sandstone similar to that of the underlying
member, occasionally accompanied with granule to pebble conglomerate and shale. This
member is rich in fossils such as Pterotrigonia hokkaidoana (YEHARA), Ostrea sp., Anomia sp.,
Pholadomya sp., Turnus (Xylophagelld) sp. and Veniella japonica NAGAO.

Mk6 member (over 160m) : consisting mostly of shale, in which Ostrea sp., Cardium
ishidoense Y ABE & NAGAO, Hypophylloceras (?) sp., Washiaster (?) sp. and other fossils are included.

The Mukujima formation corresponds to the lower part of the Haidateyama group
distributed in the Miemachi sheet-map area, being referred to the Upper Miyakoan stage
(Albian).

The Tano group overlying unconformably the Haidateyama group, represents the
Gyliakian series (Cenomanian-Turonian) and comprises the Shiibaru formation (over 630m),
the Yamazu formation (600m) and the Notsuichi formation (over 1,360m) in ascending
order. In this area this group occurs on the north side of the Kabunoki fault and its strati-
graphic succession is not complete. Though it shows a considerably complicated structure
owing to folding and faulting, as a rule the younger strata are displayed to the north and
the older to the south.

The Shiibaru formation is divided into the Sb1l and Sb2 members ; the former, being
not observable in this area, consists mostly of conglomerate and contains Inoceramus concen-
tricus nipponicus NAGAO & MATSUMOTO indicating the Lower Gyliakian stage (Cenomanian),
while the latter consists of shale alternating with sandstone in various manners.

The Yamazu formation is divisible into two members. The Y1 member is composed
mainly of medium-grained sandstone, frequently intercalating shale, whereas the Y2 member
is composed of sandstone alternating with shale. At the top of the formation occurs a layer
of acid tuff.

The Notsuichi formation is partitioned into the Nol, No2, No3 and No4 members in
ascending order, and each of them comprises medium-grained sandstone with pebble con-
glomerate, shale, medium-bedded alternation of shale and sandstone, and sandstone with
shale, respectively. But the uppermost member is not exposed in this area. Acid tuff is
intercalated in several horizons. The No2 member contains abundantly fossils such as Mesopu-
zosia cf. yubarensis ( JIMBO) , Subprionocyclus neptuni (GEINITZ), Scalarites sp., Inoceramus hobet-
sensis NAGAO & MATSUMOTO, Nanonavis sachalinensis (SCHMIDT) , Propeamssium cowperiyubarensis
(YABE & NAGAO), Hemiaster sp. and others. From the No3 member are obtained marine
vivalves including Inoceramus sp.. Consequently, this formation is assigned to the Upper
Gyliakian stage (Turonian).

The Onogawa group occurs in the Onogawa graben bounded by the Usuki-Yatsushiro
tectonic line on its south side and by the Sashu fault and the others on its north side. This
group stretches from this area to the south of the Mt. Aso with a general trend of NE-SW,
and forms an asymmetrical synclinorium plunging to the northeast. Roughly speaking,

the axial part of the synclinorium, in which the strata are thickest, is situated near the above-
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mentioned tectonic line, and occupied by several major synclines with subordinate anticlines
placed in echelon. Both the wings of the synclinorium are modified by many faults and
minor folds. The group is a tremendously thick sequence of marine sediments, showing the
noticeable lateral changes in lithofacies and thickness, and ranges from the Lower Gyliakian
stage (Cenomanian) to the Upper Urakawan stage (Santonian). Based on major cycle of
sedimentation this group can be divided into the Lowermost, Lower, Middle and Upper
subgroups, and each of them comprises three or two formations. In this area are exposed
only the Upper subgroup (the Mizugajo and Amabe formations) and a fraction of the Middle
subgroup (the uppermost part of the Takeyama formation) (Figs. 5 and 6)). These forma-
tions are referred to the Upper Urakawan stage.

The Takeyama formation, about 1,200 m in maximum thickness, is divided into the
T1 and T2 members. The former consists of sandstone and the latter of shale with subordi-
nate sandstone. This shale contains fossils such as Otoscaphites sp., Polyptychoceras sp., Inoceramus
cf. amakusensis NAGAO & MATSUMOTO, I. naumanni YOKOYAMA and I. yokoyamai NAGAO &
MATsUMOTO. Acid tuff occurs at the top of each member.

The Mizugajo formation is divided into the M1 and M2 members, and each of them
attains about 1,450 m and 650 m thick in the axial part of the synclinorium.

The M1 member can be differentiated into M1a, M1b and M1c facies.

Mla : composed of coarse- to medium-grained sandstone, conglomerate, pebbly mud-
stone and shale, in some places shale being predominant. Pebbly mudstone shows slump
structures and contains, as well as conglomerate, pebbles and cobbles, sometimes boulders,
of various kinds of igneous, older sedimentary and metamorphic rocks, the last including
crystalline schists, schistose hornfels and gneiss. From this facies are obtained Scaphites sp.,
Gaudryceras cf. denseplicatum (JIMBO) , Inoceramus yokoyamai NAGAO & MATSUMOTO, Hemiaster
sp. and others.

M1b : represented by alternation of shale and sandstone, with pebbly mudstone contain-
ing occasionally angular boulders of metamorphic rocks with maximum diameter of several
meters. This facies becomes finer southward on the whole. Inocerami and echinoid are
sporadically included in shale.

Mlec : developed near by the Usuki-Yatsushiro tectonic line, consisting of conglomerate
and sandstone. This conglomerate increases rapidly to the south and is characterized by
the predominance of not well-rounded pebbles of older sedimentary rocks.

The M2 member is classified into M2a and M2b facies.

M2a : the main part made up mostly of coarse- to medium-grained sandstone, inter-
calating conglomerate and alternation of shale and sandstone in parts, while the uppermost
part (50m~80m) of medium- to thin-bedded alternation of shale and sandstone.

M2b : composed of coarse-grained sandstone intercalating frequently pebble conglomer-
ate akin to that of the M1c in lithologic aspect and occurrence.

The Amabe formation occupies the uppermost part of the Onogawa group and is di-

vided into the A1l and A2 members, and the maximum thickness of the former attains to
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about 2,500 m and the latter more than 1,200 m, respectively. In each member there are
four layers of acid tuff.

The A1 member is partitioned into five facies.

Ala : exposed along the Sashu fault, comprising coarse- to medium-grained sandstone,
with conglomerate and shale.

A1b : the lower half consisting mostly of medium-grained sandstone, whereas the upper
half comprising coarse- to medium-grained sandstone, alternation of sandstone and shale,
and conglomerate with rounded pebbles. Marine shells are rarely found.

Alc : characterized by peculiar conglomerate, containing abundantly angular pebbles
to boulders of crystalline schist, phyllite, slate, sandstone, chert, limestone and andesite, and
sporadically rounded pebbles of volcanic rocks, granite, schistose hornfels and gneiss. The
maximum diameter of boulder attains to several meters. Excluding conglomerate, the
present facies resembles the Alb in stratigraphic succession.

Ald : represented by alternation of sandstone and shale, becoming finer to the south
as a whole. Polyptychoceras sp., Inoceramus amakusensis NAGAO & MATSUMOTO and other fossils
are included.

Ale : composed of sandstone alternating with conglomerate rich in pebbles of granitic
rocks and slate, being the coarse-grained facies developed along the Usuki-Yatsushiro tec-
tonic line.

The A2 member, its upper limit being not observable, is divided into A2a, A2b and
A2c facies.

A2a : exposed in a narrow belt hard by the Sashu fault, comprising alternation of sand-
stone and shale, with thick beds of coarse-grained sandstone.

A2b : composed of medium- to thick-bedded alternation of shale and sandstone, con-
taining Polyptychoceras pseudogaultinum (YOKOYAMA), Inoceramus amakusensis NAGAO & MATSU-
MOTO, I. yokoyamai NAGAO & MATSUMOTO, Hemiaster sp. and other fossils. Except for the
basal part shale is predominant and sandstone is mostly of medium- to fine-grained. Plant
fragments and carbonaceous matters are often found.

A2c : exposed in a very small tract and composed of alternation of sandstone and shale,
occasionally intercalating the same as conglomerate of the Ale.

As shown in Figs. 5 and 6, the facies boundaries within each member run nearly parallel
to the axis of the synclinorium and to the Usuki-Yatsushiro tectonic line. The facies change
and the geologic structure indicate that the sedimentation and the deformation of the Ono-
gawa group were fundamentally controlled by the activity of the above-mentioned tectonic
line, but a little by the upheaval of the Sambagawa metamorphic rocks. In general, each
formation itself represents a cycle of sedimentation. Throughout the sequence under con-
sideration are frequently developed various sedimentary structures such as graded bedding,
sole marks (flute casts, groove casts, load casts and others), convolute lamination and slump
structures. Judging from the facies distribution and the paleocurrent directions indicated by

sole marks (Fig. 8), it is suggested that the coarse elastics of the M1lc, M2b and Ale were
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mainly supplied from the Ghichibu terrain, whereas the sediments of the other fades were
derived mostly from the northern source area where the Sambagawa and the Ryoke meta-

morphic rocks were locally exposed.

Shimanto group

Shimanto group occupies the southeastern part of this area situated at the Shimanto
terrain.

This group in the area is mainly composed of sandstone, clayslate and the banded alter-
nation of these rocks intercalating conglomerate. The group is distinguished from the Pal-
eozoic sediments by rock-facies and its clear stratification-plane.

No fossils are discovered, but the group in the area may be correlated to Cretaceous
in age.

6. Cenozoic

Diluvium Gravel bed

Gravel beds are distributed in the area drained by the Usukigawa and is composed of
gravel, sand and clay.

Aso pyroclastic flow deposits

Aso pyroclastic flow deposits are distributed in the areas along the Usukigawa, near
Hiraiwa in Tsukumi city and near Utogi in Yayoi village. These rocks consist of welded
tuff and pumice tuff-breccia.

Alluvium

Alluvial deposits are seen along the several streams in this area. They are composed of
gravel, sand and clay which are supplied from the region of the Paleozoic formations, the
Mesozoic formations and the igneous rocks.

ECONOMIC GEOLOGY
Manganese

Manganese ore deposits and outcrops are found in the Paleozoic formations. Strati-
graphically, three main ore-bearing formations may be recognized, viz., the Chinnanzan,
the Shakumasan and the Yukagi formations. These are economically important and seem
to belong to the western elongation of the well-known manganese district “Nomura” and

“Uwa” in Ehime prefecture. Manganese deposits are lenticular bodies embedded in chert

or siliceous clayslate. The ores consist mainly of manganese oxide, carbonate and rhodonite.
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Limestone

Limestones are mainly known in the Tsukumi, the Yukagi and the Tsui formations.
Above all, the limestones in the former two formations are thickest, workable and important
for the cement industry.

Dolomite

Dolomites are restricted in the Gobangadake and the Tsukumi formations. Dolomites
occur with close relation to limestones in these formations and are workable on small scale.

Quartzite

Quartzites, developing in the Shakumasan and the Chinnanzan formations, are thickest,

but those in the former are only workable.
Mineral spring

Rokugasako mineral spring occurs in the Sambagawa terrain, is carburetted spring

and useful for drinking and bath.
Building stone
Aso pyroclastic flow deposits are quarried at some places as building stones for local

use. It is not good in appearance, but has wide-spaced joints adequate to extract, small

weight easy to carry, and moderate hardness convenient to trimmings.
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