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ok MraEroER UEERILA 8 MiRER
Formation Takegahana Formation
Locality Manzo River l YoneyamaR.| Agewa
Sample number (K-) 104 102 102 102-1 10t 49 50 152 151
Diatom zones (NPD number) 8 8 8 8 97 8 8 87 8
A ochotensis Jousé 3 - - 4 1 3 - - 2
A octonarius Ehrenberg - 3 - - - 1 - N
Actinoptychus senarius (Ehrenberg) Ehrenberg 2 1 - 5 - - + 1
Asteromphalus sp. - - - 1 - - - - -
Aulacoseira spp. 2 - 7 - S | B
Azpeitia nodulifera (Schmidt) Fryxell et Sims 3 - 1 4 2 3 1 5
Cocconeis curviritunda Brun et Tempére - - - - - - - 1 2
C scutellum Ehrenberg + - - - - 1 - -
C. vitrea Brun - - - - - - - - -
Coscinodiscus marginatus Ehrenbergk_ 1 3 3 27776 36 2 2
C perforatus Ehrenberg - 1 - - - - -
C. radiatus Ehrenberg 1 - - 2 - - - 3 -
C spp. - - - 1 - - - -
Cyclotella striata (Kiitzing) Grunow - - - - - - - -
C. sp. - + - 4 27T T T ) 3
Delphineis surirella (Ehrenberg) Andrews + - - - - - 1 - -
Denticulopsis praedimorpha var. minor Yanagisawa et Akiba - - - - - - 1 - -
Diploneis bombus Ehrenberg 1 2 - - - 1 1 1 -
D. smithii (Brébisson) Cleve - 1 2 2 5 3 1 1
Grammatophora spp. T B EE I . B ¥ N
Hemidiscus cuneiformis Wallich - - - - - - 1 - -
Hyalodiscus obsoletus Sheshukova-Poretzkaya - - - - - - - - R
Melosira scopos Marn - - - - - 1 - - -
Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa + + 4 5 - 1 2 - 2
N. koizumii Akiba et Yanagisawa + + 4 15 2 10 4 4 4
Nitzschia fossilis  (Frenguelli) Kanaya et Koizumi - - + + - + -
N. reinholdii Kanaya ex Barron et Baldauf + - + + - + + - -
Odontella aurita (Lyngbye) Agardh - - - - - - - 1 1
Paralia sulcata (Ehrenberg) Cleve 6 27 12 16 21 6 25 11 7
Proboscia alata (Brightwell) Sundstém B R - N BT R 1 N N
Pseudopyxilla americana (Ehrenberg) Forti - - - - - . - + -
Rhizosolenia hebetataf. hiemalis Gran - - - - - - - 1
R styliformis Brightwell - - 1 - - . -
Rouxia californica Peragallo in Tempere et Peragallo - - - - - - - - -
Simonseniella barboi (Brun) Fenner 2 R R ¥ 2 + + 1
Stellarima microtrias (Ehrenberg) Hasle et Sims - - 1 - - - - -
Stephanodiscus  sp. - - - - - - - - -
Stephanopyxis dimorpha Schrader - - - - - - - 2 11
spp. 2 [3 7 6 7 6 6 10 20
Thalassionema nitzschioides (Grunow) H. et M. Peragallb— - 74 43 50 24 45 44 38 41 20
Thalassiosira antigua (Grunow) Cleve-Euler 1 1 - 8 4 2 9 2 2
T convexa var. aspinosa Schrader + 12 - 2 1 4 - 9 4
T gravida f. fossilis Jousé - - 2 - - - - - _
T oestrupii (Ostenfeld) Proshkina-Labrenko 2 2 - - - - - - 4
T trifulta Fryxell in Fryxell et Hasle o 1 - - - - 1 -
T Spp. + - - - 2 4 - 4 3
Thalassiothrix longissima Cleve et Grunow + + - - + + + + +
Total number of valves counted 108 107 106 108 100 108 108 100 103
Resting spore of Chaetoceros 38 24 35 95 76 26 50 53 51
Diatom zones NPD 8:  Neodenticula koizumii - N. kamtschatica  Zone
NPD 9: Neodenticula koizumii  Zone
Fio, WU RBREIRE O BERIZONT6.84 + 6.8910.15 Ma O K-Ar R &7, Ll Zhid
Tavvar-e N2y Z7ERMELIVERICHELS, BUKICE D Ar OBRAH > = WREENREZ Z b D
ZDIED, NEEOREWEAETIZEAL TV DHRREE L O/ aZILEBANEIZONT
451+0.14 Ma, KIWBOZIEHFIZE AL TV 5 A4 2 LA EIRIC OV T254+0.13 Mad K-Ar 4F
REHE GELR).



HIE THM-BHHDOT 4 v ar - bT v TER

B BOKER | SRERUBE |
(Ma)
IR TG
E Isg-h 3.240.2 3
H " Isg-g 3340.2 3
= i Isg-f 3.3£0.2 3
e K A 41+0.3 1
m i ol gk KA
Isg-e 42+0.2 3
& i
NI = 44403 1
T & Isg-c 54+0.3 3
| R lomme 49+03 4
7, B * 28
T & B BEIKE 45-46 2
=, R
XA
N b8 mEERKEZ 77404 4
= ol IR R 8.2 2
BAEKE 12.7 2
SOk 1 AR AMAEE S 7 1 7 (1987)
2 PR (1968) 3 /MBKIZA(1989) 4: AL
WAk BREDT vvar s M7y IHER
RO | CHERAT | emE RTH . P(x?) *1 a Fi
5 \mrsaEn) (0P (R T o) [RE ) | o (FE L R %r& ooy | Ma)
e (©S] Rosizy |97 7| 996 |363| 619 |a254| o 8.18  [1260(0.676| 610 |4.9%0.3 |ED2
Bl (OS] Resian) |[F 7 7| 30 615 |585| 243  |2317) 8 8.17  |1258(0.739| 240 |7.7=0.4|ED2
WEE WFE7 1 »>av - bFy7 HE BHE T : SIHKF TRIGA MARKI [BIEZERH
st TREME S | NBS-SRM6I12MERES 5 2 +HEE =, 5V 7% KOH: NAOH=1: 1=, %+ } 225°C 36H5H
oA A+ Y —RE=1 P(xD) : 2 fED HHE n—1 O 22 5 305 ERUHER

- 4 {H {=372£5

ULoWitsiBRreE7 4 var - Py 78R - KArFERIIF RO I ITEzLOHND. NE
JE 1T, MR COR FEEECHIET D BASEEI (57T IR N) & il - AR RS O AR

v, hghEtt - %Rttt ch D, KIEKBIZBITHHEEZ O N5, TR - LROME R
RN THD. By BJEO ERIZE - SEEKE D45 - 4.6 Ma OFERMED HATHEETIIETH 5. KIZ,
Vo f@ L3 - HE)IB LS - KILWEREWICARFEHBERICH D Z L 2BET DL, Iy RBIT%RE
TR T, FISRIUE - KL AT - R RS T A 5 . AR HIRT I T o SR I
ENBHPESIZER RS OFRITIZESMa AN 5. HIIREBIZOWTIZER AN, BRI
O ERPIBEZ3Ma & ALNDZ ENG, WIFEETEHAESHETHA S .



W o5& BECE R EIROK— ArfAR

I 40a 0%
AEES _ N - . K
SREUH T HA % el ERUE (Ma) "
(A BEET) (wojem | 95 “art| (Wt %)
K141
AT | ZlEER |FERNE | 4511014 0.119 13 0678
GSJ R63133
g 2.54+0.13 74
ool *H'm?‘.zﬂ HEARK | &4 | 2584013 21 39.8 2.09
GsJ Re3134 | ARIEIAY: 246+0.16 20 | 333 | 2.09
K132 6.87£0.15 %4
RTINS | EERE| BER | 6892015 1.876 90 6.990
GSJ R63131 6.84+0.15 1.862 80

WEE K132 K14l : = 2 — v —F v FHE - SREER R
94102301 : 7 VL&A Y TA Y +—7AH
Ki41oERERTID.7 2R

(FrA=Es - EAFA)

5
o

PR

m. 1 /J\% (Ol, Ou, Ot; * Otr)

AEETIIINEREE, PEICHTET 2B 5K (Ot) DR E % 52 FE (0D & L (Ow 12X L
7.

WER KRBT 7 v—7 (1973) fi 4.

B FRIRTETNE VS 5 O K LTR WV OERR KO B LA & BAE o B o B CRILFETE 7 v — 7,
1973). HBEIIIDEREO FEHRZE N T 2 08B/EIEF LERICIVBETE R Z2>oT WD, INEET
HOBENTIIIRE)ID, EoBE IR LI oAl % i D I B BEHRE#E L TWDS

BFER NERIIAHBOMRICHOMAT 2&KS FMIOHME THY FRIZAH. JUREEHT I3
WILE TS ICHAR D L STV 5 (BRI, 1989 ; AMEANIHZ, 1973b).

S ARHBIETIC AL 2T T 5.

BE THE1,000m 2L, EEIEHEET ARG T300m, HA ARG 3 O MIFET R T600m.

B ROIRRHETEEEECIHIREGIEE TR E T 5, REE BT R BaRS (ES5-10
cm) & AAEEKENE (ESTam L T) EORAEEZEE TH S, ENICIES20 om FRE DWE b HRTE
T 5. NERBO LTS E N DR BIRBARSE FELT D, LEIUEIHE T an B m D
FAVEEEPR S « 22 I E K LB EEIRE MRAE T 2%



N JE ORI LSRR E (Ot) - IMBERIE (Ot) O 2 KD EEIKE DEAET 5. 1 ILEEIR S CRIL
FHUADFIEZ V— 7, 1973) |3)E &40 m O EREE 2 FACH ER A RIS Th 5. HICHE 2-8 mm OEEH 2D
Y EBE IS RILEOEROEMIERAR - BER - Drarigte. MEERKEITEES11-20
m THilFAT AR CE AL F O EERHIR TIX R Vv, FI2R 1 mm OREA T & KLT T A0
LR BRER - F@ANALOY VI agTe. MFET/NVE O EIKE (8 6 K ITR)E) (1994 D
/INES I 2B (Ogp) B AE DA = F BIZHTZD.

B AT RS GRBE TRIEHT ) RIEHIRN) OAIKEESS 7 vy 7inbim v ) T4 BREIh T

% (EHIEDy, 1995). HAbA - WifiE st - AR LB ZPET 5 (Matsunaga, 1963 ; K L #AF5E 7 v
—7, 1973).

WHEEBR BKEOT7 v ialr b7y 7FERELT, HAQ988)IC LY & FEEEICHET 5 R
LKA D127 Ma, B HEO T LRI 082 Mad A STV 5 UhAkIZ2y, 1989). HiILIEEIRA

DR LN O EEIKE1X7.71204 Ma Tho7o (RHE). Zhonb, /INEREORME RT3
- FTH 5.
st ST A H oYU TIE, PILEKE I P # 7 0200 m AT o LESRAE T, EEE800-

1,400m (ZEAET 5 (OF k- $H35, 1960).
ERE 7o v LR IR e & SRR R - A P0G 2 S DR RS O 2 MDA A R IE, T ik oo
g —Z8) 1@ HITHIE S D Tts » Tl A (FTN « Ik, 1994) 222Nkt S d aREMEN B 5

#6X MBBEIRS OERIHTE  FIBNT/NE QR RN
BJINEA (1994) D/INE R AE BRI (Ogp) ORRFEFHTH Y, a—a’ £V P RINEA (1994) D= b
B, EMioREEK S HEA 2=y FCIZHT=D. PRTFDONY~v—DK S30cm



BB L AT

m. 2 KyEAKE (Os)

WER CKILBIES L —T7 (1967) OfAIZ LS. KILHEHIZEZ L —7 (1973) I & - TEEL < Rl
.

M AR T TR | e CRILE R BESE 2 v — 7, 1973).

BFERFR IERICESICERDLIN, EEHCIHELHERTHD. XM D EHIIIPEEFICTTO
Hitlk CIERIE KB OWE D NEEEREGIZE D . Loy LKIEKIE &R T 2 Wbia B RE 1L/ 35 ~IER
R L TR BROHE BT 5720, BEBEMOMEHLR CIIRIEKEEZXST 2 2 LIZRETH
5. LIzho TRIEARBIZRAEE R OEME LR O/NER L3 &I3ELHRICH 5. WEKCIEE L
KL g 2 % o CRIF/KIE D547 OFF B & L7z,

S NERBEIRYBENTHEYR - BEEROWERICHMT 21370, BIHmRESICbomT 5.

BE WHEEMOERTR500m, HRT00mBETHD.

B PRDEEZIRE L, BEDESCHWIESEBEZHET 2WAESRARETH D, WEHITmM
<, ZHLROAKEHBESEREICH > TRFILTWS. HEHEHICEES - Fry— b - Zlis o
AN B DR T S RAET D

Rm EEEHY 5 Uvigering urnula, Cyclammina japonica, Martinottiella communis, Haplophragimoides sp. 7
EOEARLIMEACMM A ZET 2 Z LA ME ST D (B, 1976 ; KILEHAIZE 7 v— 7,
1973).

MR R o

VLY 23R

m. 3 HyraE (Hj

WER CKILBEZ LV —T7 (1967) DA LD, KINFEFTE 7 L —7"(1973) 12 L » T L < Rk s
ni-.

M K ILNTE BRI O IR EE RO RO BRSO 72 BRI ORI (F 7 X)) . IR FEEIC b
RAFRBHAROND.

BFBEFR THOKFEKEICESICERY, WBHNICBVEDS.

A WEEROMBEICHAT D, HWREAGHIEE F—2REARD0T, By BA BN T THE
DEARIZHAMT 205, PMEEMOWE THMAROND.

BE WSRO RE TH350m, 1HE T250m.

B EE10cm2 m B CELT HRATRA O TIE X 0 72 0 BESIEROBIK & 26+ 5. RS R
R S REICT T, B TRABARIET SRS L OB CEEBAIET 5. T Tidiesn
EHTHD. HESHOERTRIESEIEESARNT, REEROEETHS

BRI DWW TR LA ZE 7 L — 7 (1976a) I L » CRE LS S hTna. dhbh, KKE
Jeom & PRI O B ICHAE S D B AT 7 B CIE 5 8, IS8R onsd. By BT



BT Wy REOWEIES L
S S A OWEREERET, WTPh-—HR CHUSE b O 5. 50m TALICHE » SRR AR eAE
T 5. M T B 2 HIRRTIE 5 SO ERIR

DEEATE DEIEIE 5-20cm TH DA, $4)I1TIF40em-1m D b DAL BRI & HAET 250 D EE
50 m ICiES 5. M LIEM#EA % <, BEIFRA30 cm 27797, 64mm L FOLDBL.
BRI af e LT AERICHET DS, B, ST VA, Fy— FRERZVR, MK
AMER, fERE —PRes, ARE, BECE, eI A FREPROLND.

bR EET 2D Anadara amicula, Callista brevisihomata, Luctilimeata 72 £ @ BAtA <2 Globobulimina
auriculata, Martinottiella cmmunis, Haplophragimoides emaciatun, H. cmpressa, Cyclannina japonica, Uvigerina urnula

shiiyaensis 73 £ D JEAF LB A OFE LR HRE STV D CRILEIERBIZE Z v —7, 1973).

T B3 i3

m. 4 "rr&f@ (Tk)

WL KILWITEZ v —77(1967) DmmAIC & D, SKILFEENIZE 7 V— 7 (1973) 12 & - TFE L < Filli s
ni-.

B o SHURO G F R CRILERRIZE 7 Vv —7, 1973).

BFEFR FArORy BEICEAICE RS, HAHO G TIXE 7 SRS OREIK AT 7 g L 17
rRBORERE L)y, B S8 OB C M SEEDCE T o S8 P ICHAET 2. MG i A s
KO BN TN o Sk g L4823 BIRICH D (GF 8 M) . FHB o> & )11 T ik G KIEK)g - 28
i BN Gy SN2, Py mE A/ INVETE EEICEAICER D

A ARHUIR R I S BRI CNERE - KIEARE - By BBERY BN THMT 5. ARHURK



W8I Ay ShE & OKILE
WALV MERJEN AT TR & e T YED LA, SRIUIE O K LA S AR 2B R THAE S 2. ik
A IR D
T SRR 0D /N R A AR (2 o3 A 9 2 VR A5 B 1 AR ZE) TR & AL T 2 2% GRS R RO A ol Mtk ot B
7=, 1987 5 FrPN - AR, 1994), AETENT - SBlc—fE L.

BE Wi amEETI00m M, BET R HE T400m.

BE B TERRRAEZF O RKAOHRIESE — v MEEZEHRL L, THTIIERE20-5cm
DEEAEEPAE « WEEIKE ZPAET 5. KIGEKBLIE CIIEEN4 m 0% LS B UGS E 2 > b

ICHRTET 2. I BHIE DA b A A BAA 22 L35 s B A PO R A 22 1L & THIED H O 2380
bid. LETCIE, RUCEEEIECKIIMEDSE OMBABBHAEL TV D, KRRKO b OIFEIEK30
\ZIEF DI LG O KBS S TH D, Z D I LEEEEIR A5 8 13K 1L BT M 7 O 2R S
32 2BOMARZICE KIS DO b EEITER TS, Zhb DO kEERBITKIIEEZHERT 26

DLFAET, KUBOKINEHIHEKT LD THLEEZLND.

By RBRE BAKRIKELZOMREEAS 72 55 o SEERAE DML &K 1o F i L el E T o
BATMER SN TS, LI - KIEKBLEOERT VY R OHE » B TLIBESN, BAFIKETD
RRIEIEIIAI4 m, EALORMR BRI E B O RKEIRITHKIB m IC#E T 5. BADRKREITR6 cm (T L,
BLEMLTBY BEROBRBEEND. DarD7 4 var by 7 ERHE ORI~
5 C45Ma, JHIH)IIT46Ma L HiE ST D (B, 1988).

RILERRE (5B LR S A, 1996)  AHUEE BHHB OFT 4 FE Ok B3R IIEEIRSE S EAE L B\
#fE e L GEBNTE 5. KILEEKE SHI15 m TRAEE L TIK A GO A KA D BRI E 5k
{LRRJE & 79", Blmm DA DIEH 2-10mm OJEH - BIE b ) RERE T,

B v NEED S Acdla divaricata, Grycymeris yessoensis, Patinopecten sp., Serripws cf. makiyamai, Yoldia
thraciaeformis scaph 72 & O Z g BAbA OFEH A IE ST d CRILEERIZE 7 v—7, 1973). LIZLIX
FEMEAFLIR, Buccella frigida, B. Kuromatsumaiensis, Buliminella elegatissima, Eliphidium advenum, Epstominella
japonica, Martinotiella cmmunis 7¢ £ OJEAF LB - EERILA DS EH T 2 CRILERIIZE 7 v —7, 1973).

WEER  ALEHIR O - B D EEH T 5 ERALA X NPD8 Zone T 72 b L% MfEH #2574, X%



WA D7 4 vay « b v Z7EMRE LTL9E03Ma BESNTEY (FE4K), Mzl
P swIEO ERITIZIE S Ma Th 5. 11 g e o g RO % I o - W e it T 2 (1.
2 2H).

st LoD T3 R TR IR 0 22 LA B K IR RE S M PAE LT v, RIS o B )18 1
ERICHAE T 2 2 1A B LR S B (5 9 [RD) Ik S 2 ATREMED B 5

= ERD

m. 5 Eﬂf}ll (Ta, Tm)

MER AR RS B R A 2 L — 77 (1987) O Z )N BRIFIZ K %

Wy R TREPNT ) R HBIEPN 0 K SRR L o> B2 1T CHF IR R 5 BRI B R 7 L — 7,
1987).

BFER sy BBICBESICERD. My BBORE N HAER)IE OIS B E TG~ DB I
O THWETH D, FilkF TP S50 OBEHO T o s LT R E L RN TH 5. TRy
B g M E T UK L 8 R & 2R g B & IR AR BATRIC & 2 (UKIE2, 1989).

S AR IR O E )T HIENEFIC T TR AT 5.

BE W B RmAER CTFE500m L E - EEA450m, BER)IFIAC T #735800mLL L.

BR HENBIITHOZ —E &1 Mi(Ta) & EHO L MEH (Tm) IKKSTE 5. Vv MEHIT
WHEPDVKREBIZZ —E XA MAICBL L, BR)IMAHIRCIIRE)IERERZ -2 1 MAL 7
o (P - g, 1994).

Z—EXA MATa)IE7 Y vy 2 MOWEES —FBOWE NV MERENGR S, FER) I fRHR
T TER & TR E IR 8 B S T D (PPN - g, 1994) .

APE (1965a) IZAHILFET HMRIC AT 2 HENEO 7V » v 2 BIE v MEAJEIZOWTHFZEL,
WAEOIROHEFIE R E ¥ — 4 A & LTOMEEZI LT Lz, A (1965b) 1XHZE)IEH D
WEIZOWTEEA L LTCOMEZMmET Lz, ScalEh (1992) 1XHZE)EOE OESWH « EILY
DAL A BRA L, B E BRI DWW TERZ LTV 5.

2V MEAR (Tm) (ZIKEBIR D L FME W URBRTRIAD S 7> 72 ) E USRI S 2 8k de. BALT 25
LR AGE RS, AR T ) E LIS B O JE £ 10-30 em K ILIBEEEIR S S EAE LTV 2
(FEIM). T b Ok LR THRIAR 1-3 mm 2 R SR A - @A PO A - Sl &8 ok bk g %
Y.

R SR LMoV NEHDS K H Tindaria soyoae, Malletiidae, Nucula sp. OFIS{LANEE Sh
T3 (A i S AZE %, 1988). itk A LA - KARLBEASRE SN D,

WERR BEEALMERRER L, BRIEPORKED Y vy ay « 8Ty 7 FRIF54-32
Ma OHIPHIZH 5 Z L b, HERARITATY — %R TH 5 (L. 28M]).

S RO K NEEE A BT AR L L TRIEFRT ) EIEHUR O H )8 i OB R 7Ly K
BERIE ORIZ DY, 1989) ICxt b S b AlgEtEn & 5
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FhaeE

M. 6 K& (Yv, Yh, Yt, Yo)

KIUJE D JlEE Tl < IFE IR (1896, 1897) 12 L W HFFEE 41, Kuno and Sawatari (1934) - {i[#F (1943)
VEBE SRS I DN THFE LT,

WER CKILBE S L — T (1967) DA LD, KNSR 7 L —7"(1973) 12 L » TFEL < Rk s
.

Wi AEE TRPNT ) (R I o> FAIR T AR 1| CRILERRFZE 7' v — 7, 1973)

BFER KIIBTEAMOFE =R LWB CRINZHBLITH D & ST (L, 1933) 238, %
IWFABFIE 71— 7 (1976b) DFEMZLBIFEIC LV TALO/NVETE & HBRESBERICH 2 Z LA LT
Role. BRMECHMT 2AE S Thifd & NESBRICH D GE)IITEHR S A%E, 199). 727121, #id

WOy SE ORI E KA RIIKIIBICES T 2 O TH Y, WEE ARG TN - SEn
THJg LAY EDLDDOT, AL TG EBEAMBERICHD ZLIichd. Thbb, KLIEH
D HULE TIRIEENC L > TRFTA R BRI Tbh /= Z L 2R LT o, ZoZ L3y fEho
BESEOFEIC L > THFEND. AEHICi3es - KNS BEEL T D 0N s bR, &
2 TR ) RO EMINICELMRIR O TRABEIND. ZOREBII »r REOJE LR UEET
BB ENLREEN y BEPEALBRICH S 2 ENREMT NS, KB TR MR Tk LE -
e HER)IE LE & BSE2ZBIRICH D UIKIEAN, 1989).

KIJED oK g & FALo/NE 8 & OB SUTIZITEER250-300m DKFEITEWiEZ7R L TR Y, Th
Wk LKL E o EAHT50-20" E TR E S /22T 2 BIfRICH 5 (HUBE i K2 1) .

A KL A 0> 13> O BUE AL BTSSR L R IS 3 AT 35 . 7z, mEs oD R (TR EFRT)
(I HER ) 2 HERT 5 b D O — A AIE O R FERIC AT 5.

BE KLz 2K 2 /A5 & 452000 m (3#ET 5. #ERLTLLERALNA TRV
T, HEBEICEDO L) RERRH LI TH LA, BEVKILEREA D 72 D KIUEE R L T
Z L IRMIEW 2R,

BR KB EEROAREN S0, KIS CIREBEHIET 5. RIEITEPAL S VAR
RIEDP DAL ILE RS @A AEARZ LS E CERDHY, HHEOLONLEREDbEDO~L
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(ABSTRACT)

The Kakizaki district is located in the southwestern part of Niigata Prefecture, central Hon-
shu. The district includes the northwestern portion of the Higashikubiki Hills and the northern
half of the Takada Plain.

Geologically the district represents the northernmost margin of the Fossa Magna region,
which is a large half-graben separating Northeast and Southwest Japan.

GEOLOGY

The Kakizaki district belongs to the southwestern part of the Late Cenozoic Niigata sedimen-
tary basin, which is mainly filled with upward-shallowing Middle Miocene to Early Pleistocene
marine to non-marine sediments. The Middle Miocene to Pliocene sequence can be divided
into five stages, including the Tsugawa, Nanatani, Teradomari, Shiiya and Nishiyama Stages.
The Middle to Late Miocene formations yield oil and natural gas. From deep boreholes data,
Mesozoic sedimentary complex and granitic rocks occur as the basement to the Neogene rocks.

In the Kakizaki district, Middle Miocene to Early Pleistocene sedimentary rocks with minor



volcanic rocks are distributed in the Higashikubiki Hills and Mt. Yoneyama. Quaternary sedi-
ments are distributed in the Takada Plain.

MIOCENE TO LOWER PLEISTOCENE

The Middle Miocene to Early Pleistocene sequence exposed in the Kakizaki district is divided
into seven formations; in ascending order they are the Ogaya, Oshimizu, Hijirigahana, Takega-
hana, Tamugigawa, Yoneyama, and Uragawara Formations. According to data from several
deep boreholes, thick Middle Miocene sedimentary rocks underlie the Ogaya Formation. Ex-
cept for the volcanic Yoneyama Formation the Middle Miocene to Early Pleistocene formations
are mostly composed of sedimentary rocks and exceeds 3,000 meters in total thickness.

The Hijirigahana Formation and the Takegahana Formation in the Yoneyama area can be
respectively correlated to the Takegahana Formation and the Tamugigawa Formation in the
southern area. The Yoneyama Formation is correlative to the upper part of the Takegahana For-
mation. Volcanics of the Yoneyama Formation unconformably overlies the Ogaya, Oshimizu,
and Hijirigahana Formations.

The following formations in the Kakizaki district are correlated to formations of the Niigata
Standard Stratigraphy as follows:

Kakizaki district Niigata Standard Stratigraphy
Uragawara Formation Shiroiwa Formation

Yoneyama Formation Nishiyama Formation

Tamugigawa Formation Nishiyama Formation

Takegahana Formation Shiiya-Nishiyama Formations
Hizirigahana Formation Shiiya-Nishiyama Formations
Oshimizu Formation Shiiya Formation

Ogaya Formation upper Teradomari-Shiiya Formations

Geologic ages of each formations based on planktonic foraminiferal and diatom bio-
stratigraphy and fission track dates are as follows: the Ogaya Formation is of Middle to Late
Miocene, Oshimizu Formation is of Late Miocene, Hijirigahana Formation is of Late Miocene
to Early Pliocene, and the Takegahana Formation is of Late Miocene to Late Pliocene. The
Tamugigawa Formation is of Early to Late Pliocene, while the Yoneyama Formation is of Early
to Late Pliocene, and the Uragawara Formation is of Late Pliocene.

The Ogaya Formation is widely distributed in the Higashikubiki Hills around Mt. Yoneya-
ma. It is composed of interbedded black mudstone and sandstone, and massive black mudstone.
The thickness ranges between 1,300-1,600 meters. The Nakayama and Matsudome Tuffs are
intercalated whithin the middle horizon of the formation.

The Oshimizu Formation conformably overlies and partly interfingers with the Ogaya Forma-
tion. It is composed of interbedded turbidite sandstone and mudstone with thick-bedded sand-
stone and is approximately 450 m thick.

The Hijirigahana Formation conformably overlies the Oshimizu Formation and partly in-
terfingers with the Takegahana Formation. It is about 200m thick and composed of interbed-
ded turbidite sandstone and mudstone with sandstone and conglomerate. The Hijirigahana
Tulff is intercalated at the top of the Hijirigahana Formation.

The Takegahana Formation conformably overlies the Ogaya, Oshimizu, and Hijirigahana



Formations and partly interfingers with the Hijirigahana Formation. It consist of black to dark
grey massive siltstone and interbedded turbidite siltstone and sandstone. It has a thickness of
400-900+ meters. The Komeyama Tuff is intercalated at the top of the formation in the
southern portion of the area.

The Tamugigawa Formation is widely distributed in the southern resion, conformably over-
lying the Takegahana Formation. It is correlated with the Takegahana of the Yoneyama (north-
ern) area. The formation comprises of two lithofacies; turbidite facies and siltstone facies which
overlies and interfingers with the turbidite facies. The total thickness is 800-950+ meters. The
turbidite facies is composed of interbedded sandstone and siltstone with thick-bedded sand-
stone. The siltstone facies is composed of massive siltstone.

The Yoneyama Formation unconformably overlies the Ogaya, Oshimizu, and Hijirigahana
Formations and interfingers with the Takegahana Formation. It is composed of andesite lavas
and pyroclastics containing volcaniclastic rocks and has a total thickness of over 2,000 meters.

The Uragawara Formation occurs in the southern portion of the district. It conformably over-
lies the Tamugigawa Formation and consists mostly of sandstone and interbedded sandy
siltstone and siltstone. The thickness is of the formation is over 250 meters.

Andesite and basalt intrusive rocks occur in the Ogaya and Yoneyama Formations around
Mt. Yoneyama. An whole rock K-Ar age of an andesite intrusive yielded an age of 4.5 Ma.

QUATERNARY

Middle to Late Pleistocene terrace deposits are divided into three groups including higher,
middle and lower terrace deposits. They are mainly composed of andesite gravels, sand and silt.
The Haranomachi Formation is composed of silt and gravel with peat and sand, correlating the
Haranomachi Surface to the middle terrace surface. The Katamachi Sand Bed is distributed
along the shoreline of the Takada Plain. It is the older dune sediments unconformably overlain
by a younger dune sand bed.

The above deposits are covered by the Kubiki Loam (a composite bedded weathered volcanic
ash). The age of intercaleted key tephras within the higher and middle terrace deposits are esti-
mated at 0.12-0.13 Ma and 0.07-0.08 Ma, respectively.

The Late Pleistocene to Holocene Takada Formation consists of gravels, silt and sand. In the
Takada Plain it is underlain covered with flood plain deposits and forms the Takada Surface
which is widely distributed in the Takada-tobu area. Colluvial and landslide deposits commonly
occur on the slopes of Mt.Yoneyama and the Higashikubiki Hills. Holocene flood plain, levee,
fluvial, and beach deposits are widely distributed in the Takada Plain.

GEOLOGIC STRUCTURES
The geologic structure of the Niigata Sedimentary Basin is characterized by NNE-SSW
trending folds. NE-SW trending folds are also common in the Higashikubiki Hills in the

Kakizaki district along with slight dome and basin structures. The Kuroiwa and Tochikubo An-
ticlines are major folds. There are also a few NE-SW trending minor faults in this district.
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Fig.1 Summary of geology of the Kakizaki district.



ECONOMIC GEOLOGY

The Kubiki gasfield is located within the shore area of the Takada Plain. It is composed of five
gasfields which were developped in the 1930’ s to 1950’ s. Peak production was in 1963-1964.
The Teradomari (Ogaya) Formation yielded 10,100 million m3 of natural gas and 1,900
kilolitres of oil.
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