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ArChaeodictyomitra spp.
Canoptum_spp.
Cinguloturris carpatica Dumitrica X
Cingulotu bica_Jud
Cinguloturris_spp.
Cr

cf.

gilkeyi (Dumi
Cryptoamphorelia_spp. X

i excellens (Tan) cf
Dictyomitrella () kamoensis Mizutani and Kido cf
Emiluvia_spp. X
Bucyrtidiellum cemifactum Nagai and Mizutani X
| Bucyrtidiellum nodosum Wakila X
| Bucyridietium piycium (Riedel and X

Eucyrtidicllum pustulatum Baumgariner cf.

Eucyrtidiellum (Yao)
Godia coronuta_(Tumanda) X ]t
Godia_spp. X X

Holocryptocanium barbui barbui_Dumiitrica
Holocryptocanium_spp. X X X ]
Hiscocapsa asseni_(Tan) X
Hsuum parasolense_Pessagno and Whalen X|cf.
Hsuum spp. X| XIX[X X X[ X]{X|X| X X[ X X
X
X

Parahsuum_spp.
Parvicingula dhimenaensis_Baumgariner cf. cf. X X
Parvicingula mashitacnsis Mizutani cf.
[Parvicingula spp.
PatChyoncus spp. X
Pracconocaryomma_spp. X
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StiChomitra japonica (Nakascko and Nishimura) X
StiChomitra mediocris (Tan) X
[ StiChomitra(?) tairai Aitt X
StiChomitra spp. XX X X] X X X X| X
[Stylocapsa (2) spitaris_Matsuoka X
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Transhsuum brevicostatum _(Ozvoldova) X
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Turbocapsula_spp.
Tricolocapsa plicarum Yao Xlet] X| X| X cf. X| X X X| X
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Tricolocapsa yaoi Matsuoka X
Unuma typicus IChikawa and Yao cf.
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RWE T, B bA ORHMRREIZB W T, EiZGorican(1994) #2512 L2, WERAARD Y 2 T4
DR B bR O#IK53121E, Matsuoka and Yao(1986), Aita(1987)7c L d#ENdH o7z, £hoa—n
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No. on_Geolgical Map { * ; outside the map) 35|36} 37,

Rock type Chl At} At
Unit clc|c

ole [5le3281
- |2 [& 63202
-2 |g 63203
= |2 o Jeazos
= |2 [& [e3zes
== |3 [63297
x|z |g [63298
= |0 |q [63299
=|2 [g Je3soo
= |¢ |4 Jeasor
=2 [& Je3302
= |2 |2 |63303
=|2 |8 63304
=|2 |2 [63305
=2 |3 63306
=12 |2 63307
=2 [ l63308
= |¢ |2 le330s
=2 |2 Je3at0
=] [ 63311
=|2 |g 63312
=|2 |3 63313
= |2 [ [63314
x| |3 63315
wle [N 63316

¢
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e
olg
0[9
ol

xlo|2 (& 63282
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IS
3
IS
0
I S
o
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T;‘
&
= |2 [3 o329t
x| nle |# |63296

Dictyomitra communis (Squinabol) cf.

Dictyomitra gracilis (Squinabol)

Dictyomitra crebrisulcata_(Squinabol)

Dictyomitra montisserei_(Squinabol) X! [X

x
e
x
x

x| x| x

Dictyomitra_spp. X X X[ X X X

Thanarla brouweri (Tan) X X X X

Thanarla pulchra (Squinabol) X X ct.| X X[ X

Thanarla veneta Pessagno X

Pseudodictyomitra lodogaensis _Pessagno cf. X

Pseudodictyomitra paronai_(Aliev)

Pscudodictyomitra pentacolaensis Pessagno X

>

Pscudodictyomitra pseudomacrocephala (Squinabol) X|ct cf.

Pseudodictyomitra_spp.

Xitus clava_(Parona) X

Xitus spicularivs (Aliev) X

Xitus mclaughlini (Pessagno) X X

Torculum coronatum_(Squinabol) X

Stichornitra communis Squinabol X cf. cf| X X

x
x
>
x
x
x

Stichomitra stocki_(Campbell and Clark) X

Stichomtra_spp. X X X

Cinguloturris carpatica_Dumitrica cf.

Obesacapsula rotunda _(Hinde)

Podobursa typica (Rust) cf.

Hiscocapsa assens (Tan) ct. X

Hiscocupsa_spp. X

>

Squinabolium spp.

Cryptamphorelia conara_(Foreman) X of. X

>
>

Cryptamphorella_spp. X X X|X

Diacanthocapsa ovoidea Dumitrica X

Holocryptocanium barbui barbui_Dumitrica X X X X |ct. X of. X

>
>
>
x|

x
Y

Holocr ium barbui japonicum Nakaseko and Nishi X X . ef.| of.| cf.

x

cf.

>

x| x

Holocryptocaniuin geysersensis_Pessagno cf| X X[ X

>

Holocryptocanium asticnsis_Pessagno X| X cf. cf.

x| x| x| x
x
x

| > | X x| X
x

Holocryptocanium tuberculatum Dumitrica X

Holocryptocanium barbui (s..) X X X X X

Holocryptocanium spp. X X

Turbacapsula gicnnensis O'Dogherty ct.

Guttacaps biacuta_(Squinabol) cf.

Stichocapsa_sp. A X

Tricolocapsa conexa_Matsuoka cf.

Archaeospongoprunum carrierensis_Pessagno

Alievium spp. X

Patteltula verteroensis (Pessagno) X

Godia coronata_(Tumanda) X

Dactyliosphacra maxima_(Pessagno) cf.

Dactyliosphaera lepta {Foreman) X| X X

Dactyliosphacra siliviae_Squinabol X

Dactyliosp spp. X

o

Pessagnobrachia fabianii_(Squinabol)

Age  (); uncertain

-
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m.Alb-m.Cen(l.Alb)

Cr?7?
-m.Alb
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-eAlb
e.Alb-Cen
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-m.Alb
-e Alb(-e.Apt)
e-m.Cr
e-m.Cr
e-m.Cr
(e-m.Cr)
m.Alb-m.Cen
(e-m.Cr)
m.Alb-Cen
L. Apt-e.Alb
m.Alb-m.Cen
(e-m.Cr)
e-m.Cr

o

Alb(?)-(Cen)
Alb-Tur(m.Alb-e.Tur)
m.Apt.-e.Tur

e-m.Cr

e.Alb-Cen
Cr?
Alb-m.Cen
Cen
e.Alb-Cen

1.Cen
Alb-Cen

§|x
v

Alb-e.Cen
e.Alb-Tur

e-m.Cr
Cen
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SWMEES FRIIAEE EWEEZN LT, EioMmMa=y MZBDR, O FRIIARIEE T IZH
ST, NIEZAZ 2 M TEHEINT, KFIENA991D) O E2=y M BT D, F2, Aa=y MIWE=
=y FOBEMNCH, PTEZXATA NN LTEOREMICHAL, NIATANTFREZBEIEHz
Ty s ALEET D, AR AR O, — W RO O3 RE) T iR AT 5 .

Aa=y FOREIE, AHIEN TIE500 miZ 3 X720, K=y MIARIEREIGIZES > TR Y
Aa=y hOTRZETDNWAT A~ (AFIED, 1991) F TORMBEZHEHT S &, K1800miciET 5.
EHRUEREE A=y MNIHLEFETERE TRICKDEND. EEHIXFEICHEEAHEEE - B
HENHRY, WAESERE « XilEZtkte. —J, THIZEGQRY - VL NEREND Y, BEHE
TG - R ECE A - BB A LS. SR DO AT FEE S OME T & 2SR O RHK
ICHESE, WE EAE M (Hd) - 5258 (Hh) - %5 BUS B8 (Ha) - W ESETEM Hs), RKOZR
BEOTmy 7 (Hb)ICKyEh5.

B E AR Hd) 125 & EUA RN B K NRAEE N D72 5. Bboa EUE RN 130028 BUA AL SR [
REDZEI R OB W 5 EVEREE I L DB 2 M- B TH D, BEROTFO L O TIIEEAALEO
BUBRIEZRTF LI E W EESER L T0D b 0nh, BEENELL Ly Xt LARIC E Tl
S, HEEPIZANZ LTS b OFETHRD b, BEEICIEE IR R LT GE37H) . /)
Eith R OVNETE A FE L, GRS (37K . NEMIE—21240-80° 7T LU olihE b b, LIEE

37K AR = N DRV E S E
Tolfe ) Hpy, 32 217127, HIR131 16'13” Hhk, FbF AR



H38X AU = hOIRTES  (HEIER KER)
LU RIFIEE A EBENL R A, RERE TR S R ET S

20-50 cm, RMMEAH U b7V AR—=RZ A TOEM T 5. RIEAS T8 TIREEB 3R L 2RI &
HAZIEEE L, BITAE - 20 ME - BRIEEEIKE 72 EOBBmm- 1 mO/NEH S0 5 (H38K) . =
NHO/PNERIT L AR, ZERNR, RBANCIEH LB oL 2. —RICIRIES IS I3/ W@ a3 %
EL, BAMMEMELZ R LTV, BEEEMETE & RS- TERT 2 Z L 0%,

BERMEh) ZBEAE SRV LIV MEJRENEB L, BEEEER - RIESZMES . — vl nIc
BT 2 HAHITB L ICRAQESEN B2V, TEILEMPIRE OB L D BMAREMN 2%, B6aT
BRBE RN T 2 VAo T D, £ 2 TIHREROHEEA 1 -2 mBRTHRIEL TWD . I
BOE AT L MEJRENEBEL TS, v NERSTEIK G, Rk Thy, FEEERHE<, Bk
12 X 550-100 em D EACRAEE S LIZ LIERRD B L. FhIC L M LB EO#EE, JEikisnwl b
CAROAREROEERD ) Va— N REENRD.

DEESERBME Ha) 3 MRIIFELRVWILBECEDWEEAEEN LDV, BEAERORBEMFD.
AJEOWEIL 5 -20 cmfE & V. WA EABIEE & 130, BEEOMETERRD bRwd, Ho
THH NI TH L.

DEBSERBHEMs) I EESRRMEEERE L BB AE L1625, KT, EE20me
100mdD b D 2 Hi L TR H 7.

KREBED T Oy o Hb) 1331tk D 2 23 T FUA BRI HICPE 5 . KRGS TR L OY
KILTERB S22 5. HREINICISE LCEH L TR 0 3R BRI RATH S



V. 5 VAL ER & AR

BiEEAARILER

Wb E 2T 5729, AE16E O HE - BRIERIKCE 2 BRI LA Z{T o7, Zh b oW, R
FENCA B oA FLE AT Ol © & 7230BHE 1 {H (GS] R63317) T 5. FEHE, A= b EHEM
EHERLT DRV MVEEEPORBLZ b O TH Y, BEHLEE, TP ) Mk #08 T, A ks
SR BEDOFFTHIRICA > T < OEJIAFEOMEOYIE ) Th % (LhE32' 20277, FHiE131 15227 #ix) .
HIELADEEIT N /- =T oA ICKIE L7, MESNZHLBA Y A FEH 3R, EHR
FRBAOOFERZHMMRICEh TR Lz, AR EHO L P20 TE, Toumarkine and
Luterbacher (1985), Bolli and Saunder (1985), Nishi(1992) # &M L 7-.

FEM L 72 M AT L LA © % < A3Nishi (1992) 12 X 0 #85 ST\ B LA TH 0, Catapsydrax
unicavus, Globigerina praebulloides, Globigerina angustiumbilicata 72 X 1XAEH7 2> & Wigh 238 L <
PEM U, Pseudohastigerina barbadoensis (X% H#A 87 72> & g AW B W) #, Globigerina angipoloides
VEAEHHE HRTII I CAFE Lo SNOETHD. b kv, EH LILAREE, Globigerinatheka
index Zone 7> & Pseudohastigerina barbadosensis ZonelZHH 2 U, 81 4A 8T A & AT S5 8T 4] 31 o> Hi
RpfR 2 < d .

7k, JEAFEDRE HEIT A 7 < HERGBREL O M 3K T & 22V AN, Ammodisucus sp.7% & ORYEFE A
VB fEV, Bulimina sp., Cibicidoides sp., Gyroidina sp., Oridosalis sp., Stilostomella sp. 72 & O =145 -
T CENT MRS END.

#M1=y FOMEER
A, Ka=y b LRRETRITANTEONRNoTo. LinL, AHUBOREED TR Huskic/oAm

H3K A=y FrbEH LALLM

FEEFLRER EL£HILR{ER
Catapsydrax unicavus Bolli Ammodiscus sp.
Catapsydrax sp. Haplophragmoides sp.
Globigerina angiporoides Hornibrook Martinotticlla sp. (HE)
Globigerina angustiumbilicata Bolli Anomalinoides ? sp.
Globigerina aff. brevis Jenking Bulimina sp.
Globigerina cf. praebulloides Blow Cassidulina 7 sp.
Globigerina cf. triloculinoides Plummer Cibicides sp.
Globigerina sp. (Gna. eocaena Gumbel ?7) Cibicidoides sp.
Globigerina sp. (Gna. linaperta Finlay 7) Elphidium ? sp.
Globigerina spp. Gyroidina sp.
Pseudohastigerina barbadoensis Blow Oridosalis sp.

Stilostomella sp.

B SGST R63317
SURFR S T R Y
FENATBENALHES2 200 277, dAR1317 15 22" ot




ToARZ=y MGG, SOHIH (1984) 13 6 HT GUEHE Fa-1, a2, a4, a5, a6, t12D) 05
e, 1A GROBRE Sa-9) 2 b AL LA DEHZ#E LT\ 5. ok, 12U U8 RIS
A=y MIH)ITET D & Sh TV L2, ARl 4IHED(1979) OHIE X2 SV TR = > M
Bl —F, a7iTnsE #Ma=y MY RS D L Ehich, 4 (1979) D HE X3
BEOWTA2 =y MEY LI L7z, E72, EHBBURMEA ORMUEIC SV T, H 5 DRFURA
F SNTICHK, Sanfilippo and Riedel (1985) Titfi/e ik AfIOAEFL > P2 R L THY, ZhiZ
B> THRHIED (1984) DFEALAREE DR EZ LU TSR T & 5 IC—H#BETIE L7z,

BETHEE 20 LRHCE 22 5 O3FUEHT TRE o Rl &2 7R~ 7.

a-1: Dictyoprora mongolfieri OFEHIZ L Y, D. mongolfieri-T.bromia #\ZxFbt S 4v, -4 #4655
ZRY

t-1-21 : Dictyoprora mongolfieri & Theocotylissa cf. ficus D PFEHIZ XY, D. mongolfieri-P. goetheana
wizxH S, hEsR e R

a-9 : Globigerina angiporoides DFEMIZ KV, AEHT D> & AT 2 75 9.

Fka e OARERBEE D B SN2 b D TIE, a6 3 fFil a1 AR TH Y, adlabld, FIHEIN
(1984) D¥EHD & 33V, Lithochytris verpertilio DPEHIC LV, hillshHittCTH 5.

IHBORENS, M=y MIBOTHEE - WCE RO ER LR GRS & b anir i
DR EZGL LB TE 5. P, BIHIAN(1984) TIE, BETHEAE RV LHBEICOWT, fidkduk
DD HEIRETH & HET L7223, ERLoa- 1R TR LIZ K 91T, |5 o Lis i it a iR 513,
BWIRFTHE L ICIRET D Z LA TE e,

APar=y FOHMEER

BH1EAH>(1984), Nishi (1988) 1%, 9] Hulsicik T 2 A== MAME, T74bb, HRE -5
FATE & D 2 A D HLR A D TP HIAARTTH O % 17> & ATEIHEET it 2 R VR AL - BB o pE Y A )
HLTRY, ARNE2 Q99D 1T TR HROAM 2=y MAYBOIRSE 2=y 22D, Hln L
BgsgT i, ATt Lttt o P2 2 R b A &2 1572, A RS 72l A L i
DHERD 2N S DIER DR THENRBIICE END. Lo, A= M, H&FHIEH>(1984), Nishi
(1988) A fEHE L 7= & 512, PHIGHT %I & miisrtt o ke iR 2~ & B2 b b,

V. 6 i H &

ARk B A EREPIC R E S D R R MBS, & EWERTH Y, T SIS A T
F, HEREEIC L > TEREZZIT TV D. EAEMEERICOVWTIXETRET 5.

V. 6. 1 HLEWMER
i EWE SR o RS, M=y b, EHASo =y NEOTHAR L=y hOKEAT R h—
FOFEAER Y TS T B 5. T b0y — M, KFERWL10-20" T Do bR 27§



Linl, A7 by— MO, AR, W EomiEEix, 20-40 db72ev LALIEIC
AL THY, ATA R — hOEBIAZ L TWA. B, THSZEMMEER, FIKE KB kg
TH SN2 =y FTIE, 72V LI0DFEICHREN D ZREHHO 7 vy 7 NHTEED R~ —
H—L72oTEY, ZRHIEFWVTIH20-40" db7ev LALPEICMEAL L TR Y, 1ZIEK AT MG & K
B LEEIC > T O TS, BUTF, EZEARE EREIC >V TRE T 5.

ERBER (5 1Eh, 197104)

JUMIE T +RECHBNT, ECAFERNSR 5L, RICHBE=ZR1DRDIMEH L W T DG
ICHEERWE EWE TH 5. 2oL D 2 RERIE, A 1957, 1962) (T K - THER -2 LIRSS & 7)1
g ST, T OALEREHT O KREE WIS 325 2 20, 4FRE (1971, 1975) 1M
OB A L0k, HHRERERO NIRAZ W 5% LEEICHRE L, £ O4AWEEREER & gz

AT, EMMERIIAER =ZFHr=y M EEOMEN M OMMA2=y M DEERE2 LT
BY, AHBRAGBICENL T 5. ZOMEEAKEZRW L0 b0 LALHEIZ D 2 003 2 BR 2 72 37729,
INFNNBONTIE FEOMM 2=y MPRER 7 =V AZ =%/ L2, KN Z D =5, il
IO TR ERIRICIR Y BV 720, ZORF CIRIUTERICZ Uy 2L LTEhHE2=y bBD- T
5.

MBEIE 39T EMA T ILMHEDO N — b~y TR, AR O BB B, FEAH Lo/

HIM ZHEa=y b EMMI=y O — kv y T (MU, HESER IR ERSERRE A LT
FROE S Er =y N FROMM=y kLTS, A, BIAIERMER O MR O A R RS, 1
ATV B (R HNE S s AR - B8 EUANR - RO 572 5), 2: BEKHHEZRV LIRE I, 3
CERER G, 40 FREERBCE TR, 20 U EUE R, 5 Ik, 6 RaA D LEOHESE, 7 %
A, 8: @74 ) T — s 3 LR - MR, 9 BEEOER - BIA, 10 : HEME EKE



F4A0]  FERAEIERR O W B (A) BB (SE39B R A: HEZER L)
a NAUINTERACEICIN O SEREER OB, R = FEa=y hOAEREA &, THRITMMH2=
v hOBEKBENGR D, FHATOAS— /T 1m. $F4lad A7 v FE2 B,
b o HE [ A R OO W AR 4F . ISR L 72 IR R BT WA S R L T B BB ~BE)
L7cZ L&, PRENBRML TWDA, BE AT OBEI£10-20cm



JIRRRIB D 2 3T TR S D (B39 DA & B) . AHUSIS 2km DR DOWNADMELIE Y TH 8
ganhr-.
A DAIEAERICE - T, AHERROWE H 23 F920midE e L CEH LTl v GE39K), EEIFES
S5mbl EOATEIRE A, FRITWE S i BEKKCE (S 2m) B RS TS (GF40Ka, 41
Ma). WrEHIZDL0NTH D > TERY, ToEN - BRHING W, 12°E, N34'W, 16" EXTN48™ W,
10°NE& £ 6 o< . Wi mid Bk OV 5 O HUE OREEICRIZ LD, RRlZ, ToREMKRS
O FREEBIIZAEMINNE/A WV LNNW,  B#18-40" WTSTHRNZE # 4 2 IExI #2272 L CTH 1,
A OREIERRO W IR T . WIS, B X ARE-F T O SMRER D (BB41KDb), E
20-30 cm DALITHRL U 72 BRI FR7R B 51 2 72 3 ) TR BE B A3 T8 2 U 7= WP B 23 0F 5 (H540[Kb) . il
OV R O BEAKNCA DO IE BRI, WiE EERSE R T~ L T B R

FFEGEIL, B - B A9 IC L > TS TR EnTe. EoIIWEOREE A v F & & HICfiif
[ZELR L, Wi IR AECS D 7Y, AR TR ~BERRE BT 5L LTnd. L
L, LERICEELEZL S, ARRER S &L BOAME OEMERIURTHY, mMEIFE T2 L
Ee<, WETlRaIns. 2LT, BEMICETIZIIHSZ OBBAREEL TRY, EN 5 ITITUERRME

a

ng_..

FALK LRGSR OWIE T (A) O R 7w F (HBIIHLRA « HERER L)
a: HA0MaDlE A &~ I, NTL ; ERREER. 27—/ 3RS 1m.
b: fEMie A v F. BEOME IZa A SR, BEKBGS X8I & W - AR IRO LS
MH7e 0, SFURA AL &, NTLIZIFIE AT 72 0TI & OVG-2T/E (AR L 72 BTl 2> & 72 5 9F
KRR BIWAR N T D, 77 7Y v 7 ORFBIIWRE RN FIEACB# L2 ERT. 1 i
R O - R, 2 BEARBEB O ER - A, 3 TN o & - R, 4: NTLodEm - B4,
5: FMOWEOER - BA, 6 WEEREZDT T UMH



BEKRE bo

0 50cm b

A2 AR ERR O W B FEEE (B)  (BE39XIHAB « MEZERS L)

a: MBI =FEa=y hoARRER S, TREIWH2=y POREKIEN DD, FEATOA

r—E30em. bd Ry F A BB

b: A7 v F. TEROBERBCEICIE, 8RR &b - ATOREIROBESI2 DY, STFIRkE RS

S1ifi &, NTLIZIZIE VAT 72 5T o OV 220 UAT ISR U 7= STIBT T 2> & 72 2 FE b B e O TRk 23 76

YD, MO TREIT B SFEROTICEN L2 2 & 2T, LT 4AIX 2 B R
ERROWBIICINR T2 L0 EFATIZED LD ERH D GEALXD) . 1% 5N RERBE BT D& L
Wik, BZOL INOLOWERD 1 >THY, JICMMEERO EWEIE Tixev. F7o, WG
FRTRELZL OIS, BRIV UNE S TW RN, SRFER 7okl 2 = 9 Fr iR EERE 23
FWELZIREEN O, BRF 2 3 A CidZa v (5540XDb) .
mB : NJIEALRIS, F5michlzo TAMEROWERAFZE N L T\ (BB39K) . H#ix Ejirm
IZHEGET A ARBE A0SR0, FRIXTHRAMICEET S, Sk BREAmicaE»besd (6 421X).
Wrg i3 EmTH Y, FoEn - BEEHEINTE E, 22’ NKTUNS2'E, 28 ETHh 5. Wit KR OT



A7 OIS OREEIZR L T D, TR0 BERSHUS O IREEB T ERNE-SW, {##40-55 NW T
STFRNZ M L7 FEdt et 2~ LTy, L oMEROWBHEIZIRT 5. Bgmicid, Ne4 W
T DGARHFRD B AL (F542b) , ALFUITHIRE U 72 7 REEBH 0 FE #7240k 2> © 72 2 1 10-20 cm o 7
JERERE & £ 5 (F5421b) . BAAHs R OV AR O BAERERE OREIETZRE, Wi LR r 7 1~ 0L L 7=
N o

KEFmLEE (A, 1957am4)

FHCA TRAST NS KITNRE WA=y MIHEY) & FAOERIERZZ 1T T Wiy R g
(K== MIHY) LOBER 23 LWL LT, B4AQ957)I12L0ma Sk,

AHI R HGES, P R OV NI BT, b7 LAEBEIZH10 AN 5 200 i 2R L,
AL, =J5 &, R Lo PE, 600-900 mimfE 2 gAERICH D BT D, L, BRI Tl
M=y PR LTHY, KREE LBEITEREEHRIC L > THih Tns EE2 b5, KiTE
DALELE, fBAAB7) BEMLIZL oI, M=y MERASIT 5 ARBENBSE LA 2=y FD
WEEAMWEEOERE LT, EL— M TESHIIBIZDHILENTES. LrL, WEREEZOLOD
13, RFRTIITRO 1IN TBRET D LR TERETTHS. BH - HA(1958) 1%, AH R HE

HEZERT D3R L 0 RENTIBT 2 (HILE DS LB A LB 2> 5 G ~E D AF) O RAREEH 2 B 50 5 R, K OY
W HiA T 0D [ LB (Z R Wi D Wi 358 b & L, 10-30° db b7y LA HEUR o i

JEmiAZFRE LTS, LaL, Wi b8 QMBI g OMHT 372 S Tunien., 2 b OFEIHITH
B OBETELRHAROZDBAEZH L TR0,

b % BR 6R T?f%jzljl)rb)ﬁg%ﬂéc:u\f:éﬁiﬁmu\ WCEMT 5. WiEHIIN3O E, 60 NWT, H#iXsjm<
NIARREHNE (RS 2m), FPRIIVEESER(EZE 5m) 256745, BiEICIEIH30-40 cm, fi#
FORBEBA S FE LIy 2 fE D . B 0 7 7 77U o Z IR Tik e v, HERICIIEIC L 58]
STV (MR = L7y il N54' B, K i R20-30 cm) MBS N D 2 &0 b, KiE
L, ERFICBEBLboLHESND.

B LI G

AHUBIZFBNT, A=y PO LEE THE DR 2R IH LBE CH L. BT - HR(1993) 12 &
ST, M=y F (K= M EBEEHY) & RE2=y P (FBx=y b FEEHHEY) OBRZ 723
Wikg & L CHld CHUE X Rl Sz, AR EWOE IS, ARHUSRETHGE, IR O— v WIITIsIc B\ g,
22N LAEVEIZHI10 RN 5P 50 e tliE & 72 U, IRIFE KRB LW I AT L T\ 5. ARHUE RO
FRHRY) HulE TIE, A HHEH (1979) O RN g & )11 8 & 055 & 723 g (1 & O MUE K Tl Lo
BRI ZRTEIICRINTEY, ZORIIHDRV)ICERET 5 LHEE S LD, AMUERTIE, MoK
BEOHEE S I OMEEEHEE L OBERE LT, K EBEOMELZISESZHIENTED
Afpr = b LE L TR fE i K O iR BE B o i 51X, EIMINE-SW72\» LENE-WSW, i
#20-50 NWO RAHER 2R L TR Y, HOICABE FFE L v ERsaTcho R L TN,
MIEREEE MENEAEAHE O — )G REICNI0 miZ bz o T, FUEFE EBTE OB AR T 5. B



JE O FHRITE SK 5 mOE EAKETE, TRIIES 2-4mORKAESENLR 5. BRI ELER
FRICHHE LV AREEND. WibimEiAEm - HAIN84 E, 15 ET, #830-60 cmiZ D7z o THE A IREEHH
D ICRE L, STFRIOIMMEE 22 T I Fk OB 2 ko T D, ZOMEE, WifE EARASEE T~
WLELEZ EE2RT.

V. 6. 2 [HehE

PR AAICEWNC, BACE-FERPE S OGS & 723 U 0+ R, JUNm AT ek & < Jih
L, Bkl dbsi-mo FIalc PAT9 5 £ 5 1c2s. ZomiiiE T omth (64, 1962) & LT
ATV 2. SFERHEA (1981b) [FIUINPU 5+ B I I R B 2 Ji i 35 28 Z DAz &, AKHIIPE J5 o> A
B, EWTES O MR, fo)IMER ETROLNL I ERALE. IR OBIEEITN TS
JEPE-FE 72 LA - HOF M ol a2 H > T b . NS HEAHL T, Murata (1987) 1 i o #f
AR L, ZAuh3 g il A3 2 E 0T < AL L Ty Deonical fold TH D & LTz,

AT, 2D OJE S IR T A S IR R IC R VD TR b, £ TR, SR,
MR ORI OF 2= oD, BEE-=7E- L 4@ 25 ReRO e <, FALHE-7ER E >
SALALH-FAF HIZ D Dm0 THI 23 0 , AP -KE A 8 D MARR O R ih#h CH OBALR - EICRE S .
iz 67253k, 6-8kmilblo> THEMTE 5.

V. 7 RBERAER
a5+ B AR A RO LalEE O E R ORFE ORE RIT, BERBAOHER SN b DI ONTE
SIRINC R Lz, 1RBHET TH D, o=y FTRSE I A0 —anEkdgm e L TERT
Lb0RHDH. Fle, M=y b, A=y FTE AR —APCRICEH T HO0RH 5.
A HI A L I oD SRS AR FIE 4 134 (1971), FlIE (1981la) ICE LD BN TV D, e, 4
FE(1979) 73, HKEED TR M CERM OB 217> T 5. 2 b OWFJE 2 AR H Tid o

i, o=y MISEI AU —aHOEREREZ2T, A=y MISE S -2
—AMIZE L TV, RREORKERITISIFIEZN Q97D FHIZ L DR EFE L TR,

VI. BRA R R AT K& O 5+ 25 DY S AL

G+ )

AU DO BRA R R A L O B O/ 2= v MIEEN DA OMBEE R Lz, e



R S F72IFREN 2 mPA EOM-HURLIRIS S 28I L, ROFIETE— R &iTo7z. $74bb, =
SOLFHEEET R ) U AR TH ) BA R Y Lo 2 VT, Gazzi-Dickinson 512 K 0 4 # T IS
DWTS00RDRA b T T 4 T EAToT2. NF TR D888 - AR 08T, KEERW-7 v
— AU =7 %= REESETRT. WELBEREHITR B #5378, W +REo7Ech 5.
LAUTICRRR B R o tbs & 05+ R O b2 o3 TRk 5.

VI 1 BB O

ARHIE OB BAFHICIY, A==y PERERT2=y MIBT2MERBIATH. Hir=y h&
b (AR C ORI N D T, dLBE T8 MR T D= b OIS b B L AL O
BitEITo7-. £, ko= bOIRICHF T 5 B HIK F, 1957) THARE? & EEh 7= HE ik
OWEHRE L7z, Bt Lizia iAo =y b6, HiAk==v F24f, Biiz=v N 7THTH 5.

WiaO— M & LTiE, AIRAarbFKAKICEAY 2T 2080 ETH5. BEORI,
A==y F016.4-9.0 (F13.1) % L OMHeEAR L = v + D23.0-7.2(F#J12.0) % T, ML=y s OB
DIFEAERT VFA FTHDHD, RBRi=y bDOEEIT17.2-78 CE¥I13.0) % T, TOFHENY v 7
Thb. £z, Bilz=vy OWHIT - RICEEAPEATBY, REARET DN EROLEEYIC
BRENTHNDZERHD. HiRk=y FOBEKHBLVRHI 2=y MJZF v — hORIFE2 2L G0 T
¥ — MPEEFTN, SEOWEMBEOMFRAEIHIIBRILTHS.

Q-F-LK KX U'Qm-P-KX % 543X, K= hDEOEEMZE 4 RITRT

oRRllL=y k

Qm Q oMiRzT=v |k
sffRka=y b

JAVAN
AVAVAN

P >K F L

FA3X TR R OV S O Q-F-LIX & U'Qm-P-K[¥|
Q: D E, F: A, L: Ak, Qm: Hiimak P fER, K: 2 UER

2) #F (1957) TR &R MUE R E 2 2 TIEMAR= =y b LIRS,



BAR FRRBHEEH OB O T B

BE | wax | sux | RE | vvks | #ne |BRER (WKW | B R | mas | kws | #es | zas | 7 (Q/F (K/F |L/F

Bita=y b | 537 |52.2 L5 | 3.8 9.5 | 26.3 L7 [ 05 | 83§ 00 | 7.3 [ 09 | 01 [130 |1.65 |0.25 |02
mn (7.8) | (.2 | (0.8) | 8.8 @960 | 4D [0 [G3 |00 [ @8 | 0D | @D |G [(0.65) [0.14) |14
#ka=y b |81 | 470 L1 | 434 14.8 | 28.5 L7 | 0.8 | 60 0.0 | 53 | 0.5 0.2 | 12.0 | 119 [0.3¢ |0.15
[24] @3 | 6D |06 | @5 G.5) | 5.5 | (LD [ 0.6 | (29| 0.0 | 4D | 0.8 | (0.2) [ 39 [(0.44) [€0.10) |0.09
MRy b | 426 | 414 L2 | 45.0 14.5 | 30.4 2.0 L1 9.3 0.0 9.0 0.4 0.0 [ 131 | 097 |03 |02
[6] @8 | @8 | 0.9 | G 6.7 (3.8) | €0.8) [ 0.6 | (29 ] 0.0 [ (29| 0.2 ] 0.1 [ 2 |€0.19 [€0.12) |€0.10

HRERERLAE SAELISHBAROR, BEE: SAREIAXD, 7 VEALREHREHD, B - KIUE - R - %
KERERDENFRARTH S, [ ] GHEWSH () BEEWE, 4% - R4a - SREE - B H T O8I O E B
P27V —bLT— 7= FOBFETEINTNS,

HRIIMA=Z= > F138.4-6.6 (E#93) % b, A=y FD16.2-21(CF#6.0) %2 L, RH#E

2=y FTE13-24CFEH83) % L HINT DA &2 =T, ERAITKIIEA R ED L, LabERrEkL
HABREZ

EAFMAT =y FD49.6-36.9(F1)45.0) 626 HER 2 =~ F D57.3-28.9 CE1J43.4) %, RBAI=~=
v [ D53.0-22.1(FH#35.8) % L IREBIZHWA T D2, —J7, AEEIM A=Y I D46.9-40.1 ((F1J42.6) %
MOMERT =y FD63.6-34.1(F%)48.1) %, RBHIL =  D65.6-40.2 ((F-1553.7) % & K FEIZTHINT 5
BrEAARDOLND. HYVEAGLEADOLTHHK/FiX, A==y hD0.48-0.17 (C£150.31) 7> b HEA =~
=v FD0.49-0.12(FH0.34) ([ZHM L, BRI = FT052-0.03 (F#J0.25) (IZA 3 5. B Y EAR
FHT L EMAT =Y PTRBZVD, RAICHTZHEREIF2=y PEBREBLEV LD TRADIS
ZE 5.

EEELTE, MAa=y b, Hik2=y I, Biiz=y b~&, REAEDEOHEKT, BAD
LI S AED BN IREICL < R D8I LT 5.

DX D RS ORAEIE, LN RO = EETHUR GEHIE DN, 1993) 0% 2 NJE L6 REILE
IRATE DWAEMMOREEFEIL, SHOMENOEBEFT=y FOMELBAETH D

VI. 2 75RO

Al o 5+ R A R R AR, AR L IR T oD, B Leba s, &
MEEHEOS T = M6ffl, REFFox=y M3E, EHEZE= NSE & ONHFILIER = FFx=
v P20 DA FI7H TdH D

W O — AR E LT, IKE-IEIKEA IR UL K kK B ORI DS THGT L72bE oz e o

SR EThH L. WILHEBHE = FE1=y FOWEIZT Ly v —T v RUNBA S, ZERAE
D DIRRELRE M 2B EICER SN, £, TETEBHEET 2 b0R% 0. hoa=y
FNOWETHHIEITLO L DIIRECAELSH IR T Ly vy —v vy RUBRBRINTND



KEENOHD L, RO+ = F258-74(FEH17.3) %, AT =yv 129.8-12.0
(FE#19.7) %, EHEFE= = F27.2-94(FH175) % K OFHILHJERED = i = » +30.8-14.8 £y
215)% T, KRV vy rThd. B, ZhHEa=y hOT Ly vy — ¥ RUOEHSITIERID, #h
RERHICEB SN AITERCENLENT T FERTWD

Q- F-LIX & U'Qm-P-KIX % 442, K= b OWE DL E S 5 RITRT

BERBZRFFE LTI, QFLEICEW TEMEEFOWEIZRABEWEOHEBIC ey FSh D0
kL, FTHEERODSTAEOEN L EAEO L GEICEVEKIC e v h&h, WiEERO
A TR S B B

A REDS T2 =y FOWEIE, QFLETEALOMEBNTHO 2 2=y bW~ H
HODIRWEKICT ey PEND., ATFa=y e M=y FOBEIXIZIIFR CERKIC T 2 > b
S, AR ETIERBIA D720,

EARIIsk 2= b T585-34.8 (F-#48.3) %7278, RL¥pa=v ~i%542-33.0(F-#45.6) %, L
MR = v M 1356.0-33.7 CE¥I455) % & iz = v MIIFIERE T FE2=y bR 25b. K/
Fib & A% &, $hvi==v 113038-0.16 (F-#0.25), REHF == ~i30.33-0.11(F#0.22), LHE
Ha = MF038-0.03 (F#J0.20) T, KFICHWAT 5. Zhid, BREAOEITIZ 2=y FMHTIELAL
ZALL22WA, DY EARREBICED LT THD. —F, A%, k== F?389-208
CE¥297) % 5, REBFa =y F 049.4-30.1 CF¥38.4) % & AUBICHIM L, EHZE2 =y MZhD L
49.5-24.7(37.4) % THT MW T 5

B, ST = 37.8-8.9(E19.3) %, ALBFa=v h262-8.4(CFE¥13.7)%, LHEZE2=
> 125.1-6.6 (FEH#)14.6) % T, TORMABKILERF 2O s. hra=y hoBEItMoO2=>
s =fFE=x2=v |
o FHEEa — o k

s RLBa=y b
+$k 7= b
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P > K F L

F44 T+ REALE o b D Q-F-LIX K& \Qm-P-K[X]|
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FHo& W BHEACH ORYE OSFRIFLL

X | wex | sux | BA | rvas | see | REMN|KX® | 84 | swe [ cwe | ews | gxs | 2R |Q/F [K/F|L/F

ZhEa=v M| 0.6 | 28.3 2.3 | 385 5.8 | 21.9 0.8 0.7 | 34.4 0.0 35 0.1 0.0 | 2.5 | 0.97 | .17 | 1.33
[20] T2 @O D[ 6.8 GH| ol @] 0. |ass)| 00| @3] 0.3] 0.0 4] 0.3 0. 10 | 1. 12)

tHg2 =y b | 3.4 | 35.8 LT | 455 9.3 | 3.2 1.4 1.4 | 14.8 0.0 | 12.7 0.4 0.1 [ 17.5 | 0.84 | 0.20 |} 0.33

(48] @48 D[ 09| G2 @) GO @] @D| @] 0.0 @B 0.4 ] 0. 43017 0.09 (012
Fia=y b 8.4 | 36.7 L7 | 456 10.3 | 3.3 1.0 1.3 | 137 0.0 | 13.1 0.5 0.1 | 19.7 | 0.88 | 0.22 | 0.32
[13] G5 6.3 0.8 6.9 G| D[ @] D] G| 0| 6.3 0. 0.1 4.9 [0.24) | €0.07) | (0. 18
HFEI=y | 29.7 | 28.7 L1 | 483 12.3 | 3.0 0.9 1.8 [ 18.3 0.0 | 187 0.5 0.1 | 17.3 | 0.62 | 0.25 | 0.42
(18] G| G| 0D GO G| G| 0| D] @O OO | @D 0D @1 &7 [0.13) | €0.05) | €0.21)

BORIBESAR, SHREISHERAENR, BRE FAXIFEN, »)EAEMARGIEIRAN, BRE - XIWE - EHE - %
REFEFDENFNUNRTH S, [ ] GMEDER () INERE, % B - ZHA - BERMREEF OJIEITEH £ KRV
R7Vv—LT7— 7%~ FOEFETRENTVS,

IZHEKIE O BN, 09 BLEEMEKILE T DI & A CIXEREREIR S D 72
ArBHa=y MO EHERED = FORE S KILE R ORI RIS Th
DI,

LONREERTH 5.
DB, VEREBEIRE 1X

ML= o=y FOWEE, EREANER, M RERBEICERINZGDITERICT Y
VEEINTWAEDIIREAEIAROBEI VA ZOICIU U NER, £, Ly vy —Y v RUOE
BCREEPAROBELIVATHD. FEEREMAOEDIL, ARVRRADER LI bDEETT
OARDEIVZDIZH Y FEN, EROMOLRARETHD. —F, AFESH Y EAIFER LR
THEOTWA., ke LTREMZRE— REER> TSR, QFLETIHLAYIZ, Qm-P-KX Tk
Qm - K#HEVIZTFry FENDH T EEZEIZANTD, FHUARITREND KD BEOERRBOLND

£ 1341.0-15.0 CE#430.6) % T, £ A 1349.7-13.1 (F33.5) % T 3 e #l g #E D B 55 12 e~/
72 <, K/FIX0.37-0.01 CF#J0.17) TRE VKL 72> T %

LA L D R e TN S D PaAf T LB D W25 AL RS D B st R (SRl IE 2y, 1990) & B TH 25 &, fefhdifE
HOWENEAEWEATHY, HILHEROWENATEDETHSD LV 2EMERIZEBTVS
UL, M R THD &, ARHUEO VAT E RO A I A OWE &, BEARIZIZRER
N, AEIIZARBDRNERPRD NS, 2, Q- FLETIE, $htifa=y b Zoftho==
v NOENAMILOIZS NI VAR TSH S, K/FIFEAMBEOWER L mWEAZEBD 5D



VI 755 ILAE R P feos

(P8
VI. 1 BEEE - BFgEsk

BT A BRI, TR FAAM IS 00 o7 A B2 I T 5 K, AR P A5, K LR o)
AR LT RIS BB TRFT) A O T LTS £ CREI L, L7 407 1 oS L sk
W< N EAMN10 km, HAEK 7 kmO S HIRAE R Z 703, ARSI A k-0 8 =hd o U 5+ B4
FIZEAL, THICEFARLY 7 2V RCELHEMERIERZKIEL TN,

AERITKIE (1961) (2 & 0 HFEILTERE & g SN=08, o, miELTEREE(PE - ER, 1984),
B ILTE PR (LA, 1992) 72 & LTI, AL IT—E LTy, ARE TEAEKRDEADE
— R ZIEEEIIRRE 2 5 0T, I ailikE LEmEPIa & S,

AZE RO G A F R 72 TR RIE (1961, 1962) D3P THEAHIK 5y EALFRR OMRFT 21TV, ARERITHE
FEMER IS & RME - BT D 2 L IC K VMRRE LA LT, BEOREIC X o TEMEAE U LR
L7z, AEEOERIHITONT, KEE1961, 1962) & iR IEA> (1984) A3 ALVEH & FE RN 2 53T 5 D
2L, B (1983), HH - JHE (1984) K O Nozawa and Tainosho (1990) 13 & 1K D J& kil 7> & HLER
WZmo TRAEMEEZ RO LR, RMENEL - TS, Pk 1988) IXTARBROERE(LBZ LN &
ML CEMEZ RO T, BAMBOREI G, F{bT25 2 LR TERDPSTIMEEZ KREICEATT
EHEANMOSETHDL LE 2T

AEROFEHEUEIE, BEFOK-ArENR & L T14=1Ma (Miller et al., 1962), YD 7 4 v
gl hT v 7L LT12.0+09Ma(Miyachi, 1985) A& ST\ 5.

VIL 2 i AE R P

AEMFE L LTk RERALHEPIRE 2> DIk S D, —RICTHEBR DM Z R0, AR
< DK EAFFOARFED TIZRLR & 720, HEORRGE S PRl ~mhh- T, OLBREEIEHD
URLEAML 223V BEHE L =T, Z01E2, LALLTEILHE > & K LA L B I 20T THER
< MRLODSEARM 3 A0 D . RIS VAU UTEASE D b DIZIFR 1 emA FOI 7 r U T 1 v 7 72
AR LIELIER S, FHICEKI0 emKIZET 5. AEKRICIZA RIS CHREME X RO, JkT
5. BERTABMENRLS, £01-2mmOANABRERTH 5.

AEFRICKEOR A AY, HRUETES, MESGEE A CREERBEME =T, W,
FLLTRES - WHEAEFEOHLOT, EREmKI0cmd L R THDH Z EREV. AT wIE
MBI PO A E TR0 cmD b DR LN, EHICEZE 1m0 b ONR 6N 5. HERSRBES A
FHmm2 B emdD b ONRE . T HHEE FImE, RIS & ORIRRE TR LD R BRERO



5450 T L AL i POk T o> Tl S 0 BRI 5 A
a: V7 afmOMERBIZERICAZREEANPORD YT LI B A M) HERER KRB S5 1 km)
b RGO R S A B A LRAMNLRD YT VI B A M) OREMEGIIR  p; fRA, q; A%,
o; kA, g kA, b BER, m; AZR. LHICH=a X — A d 1 mm




46X GHFEEEHCE AT L Hi5E LG RIS (SRR H800m)

a: B e F‘A‘ifiﬁ IZIEF20emD JE R AWM Z RS, EEE=FEF>1=>

OWEICHET 5. WEIEALY 72V AL LTS, N ~—0F 530cm

b: A7 vF
BEFEOD O, MOREEA - ZR - REAED R EOELSERLR>TWVD., ZAbofiziE, LIk
LiIZV 7 e mavEanL ) vy 7 RICHFEET 5 (5545K) .

AR L RB M T+ 84 & OBMRITE 2B I3/ N 2 W TR L TV D83, K ERTE REGR DI
BOWTHERHE=ZFE2=y POBEIZRRMICBEAL TWSOMRBEIN D (G46M) . i L4ERPI
g & S =y N ORYE & OBEARER T B WL AR R PR A N IER20 cn o S AR R S 1,
BT < ORYE TR L TWD . RARITEREICZ LS, fia R OHHERS R ORAIZLY
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YA 2 om0, NEMICEREREBNES Th 2. ARG CIIBRLy ORLE SR D
HEICLLTFO 5 DOEMIZESY LTz (B47K) « 25 I3 EICEGEAICBE L, HHEERIIRAR T
5. 0 LRI BERAE i PARkE (Gdp) O —#iTMRIRICH A B W T 5. ZRENOEHORRZLLT

IZh %,

VI. 2. 1 HAKEFEBAAKRSE (Gdo

AEMITREA - AEORE 1 -3 mm e OB OFERROM Z =<9, RERIIAFE D 1-3mmD
R TH 5. HERSERIRES HIXIED OB MR T <, FH L TI5 com X 15 emO#iFAIZEL ecm
KROLOR 1 OREGEND. ERFERMICE S, HERER RIS 5 L4382 Mg oAl g L3

5.

AR
TR BHEL -G DV EL - BER
B S8E4 « BB - KA - v ay « 27 =2 - iFlRA - AZR:

BEAZAE AR, EE1T-3mmTREHHESRO LN D, AREITRE 1 -3 mmOBkT, 550
WL ERT. B EAERMECRERS E GRORME KBTS, sV S—H 4 MEfkEA L, &
EALOERIMIZINADA IBRAEL TS, BERFAFR, £1-3mm (2mmBEEOLORL) T
Y =Z#iifa 3 eaTch s, REMILELERREBAICEREN TS, REHEDITRIRTEL LTFH
VEELTH Y, RDROEERIE & RGN DTN E END.

VI. 2. 2 F-HHRKRESEMEAKRSE (Gdm)
AEMIK ERATOKFELIZR OND, A - AFEOREE 1-2 mmOERIROEHTH S, BERIX
B 1-2mmD b ONET, HKLO L DT 720,

ERREHE

ERHSG RS - G ) EG  BER

B BEN) « FBRGN « BERA - D ay - AT =y - BRI - AR

RHEGIRAW LA, BR&1-2mmTRAHRESRD bNs. GREHE - 3mmOKKT, B0
xR, H Y BRI CRER L B ORI 5. B S—I o N E AL,
ARG L DBREBIC SV A A A FAEL TS, BEHELAF, F£1-2mmobL0RET, £02-05
mm ORKID & ORDFNCD S, Y = ZHEERBE-KBEEZ R, LI LTREAICERSh TS,
RBERGEM IR T L LCF X VB8 Ch 0, KUk D BREE & MBS DT M B END . AR
W CREAREROBEEN E L ThFRcEEN TS,

VI. 2. 3 HHRBEREHEAKE (G

AE T HT B LG POk A O I M, PRI E 295, BERITEL 1| mmalk O Mk 22 ik
ih & EA20.1-0.3 mmO AR R FE B ANRE L, MR b OnZ ., BEFRILIFLIE NSy N EE
KT 5.
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BREAZEE- AR, RE05-15mmTREMENRO LMD, AHEIRAE0S-1.5 mmO KR T, 55
W 2R T, LIXLERE 2mmBEORER - AN L, BHRMEMKEZRT. 7Y Eridt
W CRIEA L AROKRMZ T 5. BV A=A MEfkZAL, REAL ORIV AT A
FAELTND ., BERIRAEN2-1mmOARMKERTHY, £0 5 HE0.2-0.5 mmoOHkie & D23 K&
DEEDD. Y=Z#E e E- KB aLZ R T, LIXLEREAICZRIN TV D, RERIEWITRLR T
EELTFZUEITHY, RROEHIL L I A DT NICEEND.

VI. 2. 4 #@-PHREBEHAKSE (G

AEFE T WG R PIRA OB RERZME & LTamT 5. BBREMREZ R L, FagEmRSe
RZ. BERITER 1 mmuith o 00MRL e fE i & E£20.1-0.3 mm O MR 2254 0NEIE L, MikiZe d o
BRI EDD. BERBITLILIZNSR ey NEBERT 5.

ARREH
TR BHEL -G DV EL - BER
B S8E8 « BB - KA - v ay « 27 =2 - iR A - AZR:

REAIZHEE LA, RE205-15 mmTREMENRD b D, AHITR£0.5-1.5 mmokik T, =
<HBOVEBIEZ T, &2 mmEEORLRRE VHES - AEOKREEZE D 5 & 5 ICR0.5 mmELE O
BLOREA « AEBFET D, ) RAFMECREA L ARORMAE KT 5. WA= h
M EAL, TNICREAEHEMLTIVADAS FERBELTVWELZERND S, BERTAFR, £0.1-
2mm<T, F&LTOImmEEDMKIAR LD THS. Y =Z#EIIRB G- BEzrt. LIk Lidkied
IR ENTWD., RBHEDITRIR TEE LTF X UL TH Y, bk o #8585 & LN b nIc
GEND.

VI. 2. 5 HARKRRESEMPAKE Gp)

AT 1-15 mmO A% « RAZERERE LTER, ThooMazEbd Tilltkilea%k - B4
DD D R BERAR R, 2R 3. BERTO0A 0, EA01-0.2 mmOHTRIZ: & D3Z . HARDER
ARBORIZE N Z DD, BRAE, FNITHHEK - 7ay MRERTZENDH D, LIFLIE
BImmBRBEC/NSRITr YT 4y 7GRN H Y, MANICITAEOAERLEARKEL TWD.
AEIE AT O L WS 520, —EH CIIRRI0ecmDBIRE L iz BT 5.

AR

TR RES 1 )R - BER - BRA
BIRRASES - KB « IR - D ay « A7 2y « LF )L - KRRA » AERE

BERAERG & L CERLS-3mmTHEORER L, RE2-3mmORROATENEEND. FELICIE
FVRFEARO O, AFEHVESIEEERT. HREORESR - AEOR M Z£0.1-0.2 mmo £
B - RN HO DERMEEZ 2T 5. Y EAERMELALARORBEEZ RET S, Ml S—H A
MEFEZAL, REALEMLTINADAS FNEERLTWDZ ERH 5. BERITRE0.1-0.5 mmoD
BT, 209 H801-02 mmfEEDOHKLO b DN K Z HED D, Y =ZiiE 3okt zr sy, &
ERHZUF LSRRG ISR EN TS, BXAIEREE05-3 mmo HEME T, BICEEK ocm Of &)
BHHROEREESTNDEZ VDD, BRA TR HEHEEZ L, Ha-HBaoLats Ry, ~
BAEDITRR TELE L TTF X UL TH Y, BRO WL E G DI ICEEN D, NS RIT
a7 ¢y 7 i, HATREENTHD Z &R0



VI 3 E— Nk UMb AR

AEHRD A BRI ILITRBHI DWW C, XA 7 A B — RIRIZ L D ERlsy & MR 024
SN OB A > b > ME(Q,0008) 12 85 F— RaMiaiT o7z (5 6 %) . AEIEOE— KA (5548
B VRS HIAE T BRE ORI 7 ey S &, AREIT16- 210 H 5. ARIBER BE R iR Y
Fa (Gdp) BRo0AH - B RAICEL I L2 L, EOFEMEHITER UHEARERKIC T 7 v b S
ZRFETRRD DAL, ABSEER O LTI B LIAE e PO 138 o T RS S & 1R C <K, O>Na, O
T/ NLaT U HA(11-49%) BRSNS,

SiO, #LARZEAL X (B5491K) K O'MFA X ($501X) TAZE (A & JuN o s s B R s B & i 4 2 &
SiO, 1363-68% THILIER V) DK T, Fe0s* (Total Fe) & MgOIZ & &, K:OE NaOIZZ LV, Ziuh
IARERE TR LI AE ME E ~ 7~ DRI E O R8O S P IRECEE L 0 HiR< 51T Tw

5 LERETD.

Gde
Gdm
Gdi
Gdf
Gdp

A\

/T

o» + &0

/ | NN\
HVRA #HEO
Baiiy
Yaied
AE+HhURA HEA

5481 B IIAE R Piss & — N



#e ik LR PIE O EE LA & E — N

no. 1 2 3 4 5 6 7 8 9 10 11
(Wt%)
Sio2 67.07 67.92 66.62 66.80 62.64 66.85 66.83 66.83 66.05 68.12 66.74
TiO2 0.75 0.72 0.78 0.74 0.84 0.76 0.75 0.74 0.73 0.70 0.77
A2O3 15.63 15.14 15.12 15.26 15.40 15.50 15.48 16.08 15.53 15.15 15.83
Fe203* 5.08 4.80 5.10 491 6.13 527 525 5.08 5.47 4.58 5.25
MnO 0.10 0.08 0.11 0.09 0.11 0.10 0.10 0.11 0.11 0.08 0.10
MgO 2.35 2.08 2.26 2.28 3.05 234 2.34 228 2.59 1.97 2.37
Ca0 3.76 3.28 3.58 3.46 4.60 3.48 3.57 337 3.69 236 2.63
Na20 229 2.14 2.08 1.96 2.00 2.12 2.13 233 1.89 225 2.06
K20 2.89 3.20 3.05 3.31 2.76 3.12 311 2.66 3.10 3.48 2.90
P205 0.17 0.16 0.18 0.17 0.16 0.17 0.16 0.17 0.15 0.15 0.15
Ig. loss 0.12 0.28 114 1.16 235 0.29 017 0.28 0.61 1.59 1.69
Total 100.21 99.80 100.02 100.10 100.04 10000 99.89 99.93 99.91 100.43 100.49
(ppm)
Rb 113 133 118 136 111 129 126 99 121 139 121
Sr 222 210 215 206 209 219 208 225 210 202 190
Zr 196 207 201 199 182 193 198 218 182 185 193
Y 26 27 25 28 23 23 27 28 27 22 29
Zn 65 54 74 63 70 66 80 68 83 63 78
Cu 29 37 20 32 35 32 32 31 39 29 26
Pb 16 16 23 13 21 14 17 16 16 15 17
Ba 548 399 574 646 510 592 571 485 587 588 4935
CIPW nom
Q 29.11 3115 29.76 30.01 23.35 29.51 29.18 30.38 29.10 31.87 32.25
C 231 2.58 232 2.57 1.14 2.72 2.50 3.65 2.72 3.75 4.88
or 17.08 18.91 18.02 19.56 16.31 18.44 18.38 15.72 18.32 20.57 17.14
ab 19.38 18.11 17.60 16.59 16.92 17.94 18.02 19.72 15.99 19.04 17.43
an 17.54 15.23 16.58 16.03 21.78 16.15 16.67 15.61 17.33 10.73 12.07
hy {en 5.85 5.18 5.63 3.60 7.60 5.83 5.83 5.68 6.45 4.91 5.90
T s 5.55 522 5.56 5.35 6.80 5.82 5.79 5.59 6.13 4.96 5.76
mt 1.48 1.39 1.48 142 1.78 1.52 1.52 1.48 1.58 1.33 1.52
il 1.42 1.37 1.48 1.41 1.60 1.44 142 141 1.39 1.33 1.46
ap 0.39 0.37 042 0.39 0.37 0.39 0.37 0.39 .35 0.35 035
E— HAK (vol.%;
A £ 35.10 32.62 30.87 31.89 29.26 28.19 31.28 33.80 33.03 3423 39.23
n i R A 544 7.86 8.83 11.97 5.32 9.97 8.88 4.94 5.28 11.26 6.52
(I 39.76 38.09 42.67 40.19 45.76 44.79 4112 4412 40.49 40.16 36.61
2R T 3 19.03 20.85 15.68 15.41 17.64 16.94 18.18 16.40 19.89 13.71 16.41
L) 0.29 0.34 019 0.29 0.15 0.05 0.27 0.70 0.56 0.39 0.80
*5£Fe203
No. [REGEE S S04 FEHh
ETEIETR 5P
1 | GSIR63393 Z BAEIRPIRRE (Gdo) TUALY 2047
2 | GSIRG63394 HiJ TERRIRE (Gdo) 6'35" 20'26"
3| GSIR63395 RIS (Gdm) 223" 2145
4 | GSIR63396 VTRHER B (Gdm) 322 20028 "
5 | GSIR63397 ik LR (GdD 152" 2020
6 | GSIR63398 ch LR RS (Gdi) 356" 210 6"
7 | GSIR63399 difir BT BEMBIRKE (GdD 414" 20718
8 | GSTR63400 TERPIRES (GdD ST19" 2039
9 | GSIR63401 #— PRIBELIEMPIFKE (GdH 221" 22'15"
10 | GSIR63402 4§} TEPIFkE (Gdpy 435" 220 8"
11 | GSIR63403 #BRIBEIN BERHERMMRSE (Gdp) 352" 2215

ST PR (RO )

LRI B RXR 7T 20— Rz b D), £—FHIE AL > b A2 R 2,00080000 L Y Kbz,
CIPW 7 1L 4 fi12FeO (FeO+Fe:04)=0.8 % fhis: L Tt s L 72,
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OF THE

SHIIBAMURA DISTRICT
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Makoto Sarto, Katsumi KiMura, Kazuki NAITO and Akira SAKAI

(Written in 1995)

(ABSTRACT)

The Shiibamura district is situated in the northwestern part of Miyazaki Prefecture
and the eastern part of Kumamoto Prefecture, central Kyushu, occupying the central
Kyushu Mountains. The district is underlain by the Jurassic-to-Early Cretaceous
Southern Chichibu Terrane, the Cretaceous Northern Shimanto Terrane and the
Tertiary Southern Shimanto Terrane, the Miocene Ichifusayama Granodiorite, and
Quarternary deposits such as the Kakuto Pyroclastic Flow Deposit, Yashikino
Formation, Aso-4 Pyroclastic Flow Deposit and terrace deposits.

Figure 1 shows a summary of the tectonic division of Southern Kyushu. Figures 2 and
3 show a summary of the geology, and the tectonic division of the Shiibamura district,
respectively.

Southern Chichibu Terrane

The Chichibu Terrane of Kyushu is roughly divided into the Kurosegawa and Southern
Chichibu Terranes. The southern part of Southern Chichibu Terrane is located in the
district.

The Southern Chichibu Terrane originated from an accretionary complex in Late
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Fig.1 Tectonic division of the Southern Kyushu.

Jurassic to Early Cretaceous time. It is exposed in the northwestern part of the district

with an E-W to NE-SW strike. The Southern Chichibu Terrane is

thrust over the

Shimanto Terrane by the Butsuzo Tectonic Line. The terrane in the district is
lithologically divided into the northern Momigi Unit and the southern Omae Unit. The
Momigi Unit is characterized by a chert-clastic complex, and the age of the clastic rocks
is early Late Jurassic time. The Omae Unit is characterized by a basalt and limestone
dominant-melange, and the youngest age of its clastic rocks is Early Cretaceous time.

The Momigi Unit is thrust over the Omae Unit by the Oteno Thrust.

—121—



Southern Chichibu | . Southern Shimanto
Northern Shimanto Terrane
M: | Terrane Terrane
Holocene Alluvium Alluvial fan and gentle slope deposits
DO-NANANNANNNANANANNANNNANANANNNANANNANANANANANNANNANNANANNANNAN
= e erers AS-4 Pyroclastic Flow Deposit, .» v . . "
c S Late B A R Ay N Y N Y Y A A AV A
g2
5 | e | ol j .
Early o7
1644
o ’
-E o Pliocene
] 5.24
ol |
Iy 2| Miocene
&) >
3 . B3 Hyuga Group
t Oligocene °
’9 35.4 <
Iy s
g Eocene % A
9 A AAAARA
o 8 AR
b 56.5 @ R Hongo
& [ Paleocens - Morotsuka Group A Unitg
Maastrichtian 50 (gn Kamae Mikado
Campanian a Subgroup| Unit
Santonian Saiki Subgroup "
| Coniasian
8 Turonian
g Cenomanian
o 497.0
8 Albian ﬁir:wpodake
% d Kamishiiba
; udono
G || X 3 unit Unit ®
5| Barremian Choshigasa 5
w {Unit o
Hauterivian s
Valanginian E
Berriasi; ]
o erriasian 1456 _g
el Tithonian 2
N o
2 | Kimmeridgian =
D ]
= ~| oxfordian ! I ‘ ‘ ‘
157.14 1
Callovian M IR
Q o omigi
‘B Bathoni .
& _'g athonian Unlt
o= Bajocian
=]
- Aalenian
178.04
Toarcian
2 Pliensbachian
ﬁ Sinemurian
Hettangian 080
Late
235.0
L )
7] Middle
171
8 2411
=
= Early
245.0
(<]
ol &
o| E
q) -
S|
o

Fig.2 Summary of the geology in the Shiibamura district.
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The Momigi Unit consists of basaltic rocks, banded claystone, bedded chert, acidic
tuff, siliceous shale, shale, sandstone and chert breccia. The unit is characterized by an
imbricate structure cut by many thrust faults. We were able to reconstruct the original
stratigraphy, consisting in ascending order, of basaltic rocks, claystone, bedded chert,
acidic tuff, siliceous shale, shale, sandstone and chert breccia. Many radiolarians were
obtained from shale, siliceous shale and acidic tuff samples. Radiolarians from shale
indicate early Late Jurassic time, while radiolarians from siliceous shale and acidic tuff
indicate a slightly older age, i.e. Middle Jurassic time.

The Omae Unit consists of basaltic rocks, limestone, chert, siliceous shale, acidic tuff,
shale, and mixed rocks composed of sandstone, shale, chert breccia, basaltic rocks,
limestone, chert, siliceous shale, and acidic tuff. Many radiolarians were obtained from
shale, siliceous shale and acidic tuff samples. Radiolarians from the acidic tuff, chert,
acidic tuff and siliceous shale indicate Middle Jurassic time. While radiolarians from
shale indicate younger ages, i.e. Middle Jurassic, Late Jurassic and Early Cretaceous
time, limestone samples yielded Late Triassic molluscan fossils, known as ‘megalodont’.

Shimanto suite of terranes

The Shimanto suite of terranes is an accretionary complex formed in
Cretaceous-to-Early Miocene time, and is divided into Northern and Southern Shimanto
Terranes by the north-dipping Nobeoka Thrust in Kyushu. The Northern Shimanto
Terrane contains the Cretaceous Morotsuka Group, which is subdivided into the
Early-to-early Late Cretaceous Saiki Subgroup in the north and Late Cretaceous Kamae
Subgroup in the south, bounded by a thrust fault. The Southern Shimanto Terrane is
subdivided into the Eocene Kitagawa Group, the Eocene-to-Early Oligocene Hyuga
Group and Oligocene-to—early Miocene Nichinan Group. The Kitagawa and Nichinan
Groups have no exposure in the district.

Northern Shimanto Terrane

Morotsuka Group
Saiki Subgroup

The subgroup is an accretionary complex, and is exposed in the northeastern-to-
central part of the district with an E-W to NE-SW strike. It is thrust over the Kamae
Subgroup by the Tsukahara Thrust, which dips north gently or lies horizontal. The Saiki
Subgroup is divided by thrust faults into three units. These are in ascending order: the
Cenomanian Kaishiiba Unit, the Albian Fudono Unit and the Aptian-to—early Albian
Choshigasa Unit. The Choshigasa Unit is thrust over the Fudono Unit by the Kamifukura
Thrust, and the Fudono Unit is thrust over the Kamishiiba Unit.

The Choshigasa Unit mainly consists of interbeds of sandstone and shale, along with
mixed rocks containing greenstone, chert and shale in the lower part, near the
Kamifukura Thrust. It often contains acidic tuff beds. The unit is characterized by an
imbricate structure bounded by thrust faults. Radiolarians, obtained from shale, siliceous
shale, acidic tuff and chert, indicate Aptian to early Albian time.
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The Fudono Unit: mainly consists of massive sandstone and shale with interbeds of
sandstone and shale, along with a conglomerate bed in the northeast. It contains few
acidic tuff beds. The unit is characterized by sandstone and shale beds several hundred
meters thick. Radiolarians, obtained from shale and siliceous shale, indicate Albian time.

The Kamisiiba Unit mainly consists of interbeds of sandstone and shale, along with
conglomerate beds, and often contains acidic tuff beds. It generally dips northwest gently,
although in the central to southwestern part of the district, it lies almost horizontal.
Radiolarians, obtained from shale, siliceous shale, acidic tuff, indicate Cenomanian time.
Kamae Subgroup

The subgroup is an accretionary complex, and is exposed in the central-to-southern
part of the district. It is particularly wellexposed as a fenster in the central part of the
Saiki Subgroup, and lies on the Hyuga Group as a krippe in the southeastern part of the
district. It dips gently north to northwest, or lies horizontal. It is thrust over the Hyuga
Group by the Nobeoka Tectonic Line, which dips dipping north gently, or lies horizontal.
The Kamae Subgroup in the district is composed of the Sampodake Unit, which is
affected by regional metamorphism.

The Sampodake Unit consists mainly of foliated sandstone, pelitic phyllite, and
interbedded foliated sandstones and pelitic phyllite along with basaltic rocks, siliceous
phyllite and mixed rocks to pelitic phyllite. It often contains acidic tuff beds. A few
radiolarians obtained from slate, indicate Albian or younger time.

Southern Shimanto Terrane

Hyuga Group

The Hyuga Group is an accretionary complex of Middle Eocene to Early Oligocene
time, being exposed with an northeast strike and a gentle, northerly dip and is cut by
many thrust faults. The group is lithologically subdivided in the district into the Mikado
Unit and the Hongo Unit, which are bounded by the Ohyabu Thrust.

The Mikado Unit is characterized by a strongly-sheared tectonic melange consisting
of blocks of basaltic rocks and associated hemipelagic slate in a argillaceous matrix.
The matrix consists of black slate, broken beds of sandstone and slate, and mixed rocks.
The black slate has sandy laminations and is interbedded with thin sandstone layers. The
broken beds consist of disrupted sandstone layers and slate with scaly cleavage, which
originated from alternating beds of sandstone and slate. The mixed rocks contain clasts of
sandstone, acidic tuff and basaltic rocks in a black slate or tuffaceous greenish gray slate.
The argillaceous rocks include many disrupted segregate quartz veins, which commonly
fill sandstone layers. These are pervasively deformed by scaly cleavage and minor faults,
which commonly form an asymmetric shear fabric due to top—to-southeast shear.

The Hongo Unit is subdivisible into two major thrust sheets. The upper sheet consists
of broken beds of sandstone and shale and mixed rocks with two blocks of basaltic rocks,
while the lower sheet consists of black shale, silty mudstone and broken beds of sandstone
and shale. The broken beds and mixed rocks have the same characteristics as those of
the Mikado Unit. Planktonic foraminifera, obtained from the Hongo Unit, indicate Late
Eocene to Early Oligocene time.
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Middle Miocene Ichifusayama Granodiorite

The Ichifusayama Granodiorite is exposed in the southern part of the district and
further to the south. It intruded into the Cretaceous Morotsuka Group and the Paleogene
Hyuga Group forming a thermal aureole. This is one of the Middle Miocene granitoids
scattered in the Outer Zone of Southwest Japan. It is composed of fine- to coarse-grained
biotite granodiorite with many xenolithes.

Geological structure

The geological structure of the Southern Chihibu Terrane and the Northern and
Southern Shimanto Terranes is characterized by an imbricate structure, which causes
many thrust sheets to differ in lithology from adjacent sheets. The Southern Chichibu
Terrane and the Northern Shimanto Terrane generally have a WNW strike and a north
dip, while the Southern Shimanto Terrane has a gentle north dip or is almost horizontal.
These structures are overprinted by normal faults, chiefly with a east-northeasterly
strike and a steep north or south dip, which also cut the Miocene Ichifusayama
Granodiorite intrusion.

Quaternary

Quaternary deposits consist of Middle and Late Pleistocene pyroclastic rocks and Late
Pleistocene to Holocene sediments. The Middle Pleistocene deposit is the Kakuto
Pyroclastic Flow Deposit. The Late Pleistocene deposits consist of the Yashikino
Formation, the Aso—4 Pyroclastic Flow Deposit and terrace deposits. The Holocene
deposits are alluvium, alluvial fan and gentle slope deposits, and landslide deposits.
Several loam beds were broadly deposited, but because of their thinness, they are not
indicated on the geologic map.

The Middle Pleistocene Kakuto Pyroclastic Flow Deposit erupted from Kakuto
Caldera, to the southwest of the district, about 300,000 years ago. It consists of rhyolite
welded tuff and has a very narrow distribution in the southwestern margin of the district.

The Late Pleistocene Yashikino Formation unconformably overlies the Sampodake
Unit of the Morotsuka Group and consists of gravel and sand.

The Aso-4 Pyroclastic Flow Deposit erupted from Aso Caldera, north of the district,
about 80,000 years ago. It is mainly distributed along rivers and is composed of dacite
welded tuff and non-welded ash and pumice.

Terrace deposits are mainly distributed in the southern part of the district. They lie
on the northeastern part of the Ichitusayama Granodiorite and the nearby Shimanto
Terrane, and sediments are mainly supplied from the Ichitusayama Granodiorite.

Alluvium, and alluvial fan and gentle slope deposits are distributed along the
present-day rivers and streams.

Landslide deposits are distributed on gentle slopes facing north of the mountains
comprising the Morotsuka Group.
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Economic and enviromental geology

There are no working mines in the Shiibamura district. Cupriferous iron sulfide ore
deposits embedded in the basaltic rock of the Shimanto Terrane were mined prior to the
mid-1950's. Three quarries, distributed in sandstone of the Morotsuka Group, are in
operation and produce pavement material and crushed stones for concrete aggregate.
There are no hot springs in the Shiibamura district, but there is a hot spring on the
southwestern extension of a normal fault crossing the Ichifusayama Granodiorite.

Landslides often occur in the district. The landslide deposits on slopes facing north
of the Morotsuka Group are collapsed by heavy rains, whereas large-scale landslides due
to rock creepage occur on the Mikado Melange Unit of Hyuga Group.
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Tricolocapsa plicarum Yao
Tricolocapsa conexa Matsuoka
Stichocapsa robusta Matsuoka
Stichocapsa convexa Yao
Tricolocapsa yaoi Matsuoka

Stylocapsa (?) spilaris Matsuoka

. Sethocapsa funatoensis Aita

. Eucyrtidiellum nodosum Wakita

. Eucyrtidiellum cemifactum Nagai and Mizutani
. Eucyrtidiellum ptyctum (Riedel and Sanfilippo)
. Transhsuum brevicostatum (Ozvoldova)

. Hsuum parasolense Pessagno and Whalen

. Stichomitra japonica (Nakaseko and Nishimura)
. Cinguloturris arabica Jud

. Stichomitra mediocris (Tan)

. Spongocapsula rotunda (Hinde)

. Thanarla brouweri (Tan)

. Godia sp.
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Dictyomitra communis (Squinabol)
Dictyomitra gracilis (Squinabol)
Dictyomitra montisserei (Squinabol)

Thanarla pulchra (Squinabol)

Pseudodictyomitra lodogaensis Pessagno
Pseudodictyomitra pentacolaensis Pessagno
Pseudodictyomitra pseudomacrocephala (Squinabol)
Xitus spicularius (Aliev)

Stichomitra stocki (Campbell and Clark)
Stichocapsa sp. A
Holocryptocanium barbui barbui Dumitrica
Holocryptocanium barbui japonicum Nakaseko and Nishimura
Holocryptocanium geysersensis Pessagno
Diacanthocapsa ovoidea Dumitrica
Pattellula verteroensis (Pessagno)

Godia coronata (Tumanda)
Dactyliosphaera cf. maxima (Pessagno)
Dactyliosphaera lepta (Foreman)

Dactyliosphaera siliviae Squinabol
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Catapsydrax unicavus Bolli

Catapsydrax unicavus Bolli

Catapsydrax unicavus Bolli

Globigerina angiporoides Hornibrook
Globigerina angustiumbilicata Bolli
Globigerina angustiumbilicata Bolli
Globigerina aff. brevis Jenkins
Globigerina sp. (Gna. eocaena Gumbel ?)
Globigerina sp. (Gna. linaperta Finlay ?)
Globigerina cf. praebulloides Blow
Globigerina cf. triloculinoides Plummer
Globigerina cf. triloculinoides Plummer
Pseudohastigerina barbadoensis Blow
Ammodiscus sp.

Ammodiscus sp.

Haplophragmoides sp.

Anomalinoides? sp.

Bulimina sp.

Cibicidoides sp.

Cibicidoides sp.

Stilostomella sp.
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