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BB G B

E B

FRFEABOMBILIRCX, EREEE b 22224 E Lo milicif = amawikie o
LT B, E0 - biMoED) & MR & 0BG 2 AAINCENT 5 il Y i cb 5. 1L
OFEMCIEE =0 L ENE e T2, BAckdmEciE L, MEE, S0 gy
RLTw5, HEEPONBRYRETHE, & LUHBAN (N40°E) & & hcEHEs X ORlzeT
D3O OPFANINDG, FAEEE O 2~ L, OFBE=REOA, @M1
BN 2 EA L HIE, @FE=REFRBR oL LOED EANTRENS., ShbOMEE)E MR
O, & KEIREO R DHRE T < HEEA LS - THEM LT 85K, A2 HEkER
EHLcEE 2 PEEPTERy, B ey 720 CHEEIZH NS &, &fFE UCHEE
EHR bW AT AIC K — 2ROWBERLABLEAEHB LT s el F 2z b b, hicah ~icHi
BEROMBEREL coFZAMELTW5, 0 X5 eHFHiEticzbh 54 < OIERFR AR
b, FARCBRBRcHETE 51255,

. BB

FiE, MEMEFPOERIE L ZDT vEREDIEAH 52, Wb s EREEhEF LT
L, REZOFERMHEY. EhThicw T ¥ icf 47 R BITEROEAAR 2L TV BIRB
Ths., PlelhopidEce 5L, MELTTACMET L, BIcfeS 08B e s
Whidic LTEHRL, Wb 5 SERE LFRICL M ERA 20 FNH B, T huilEE
DIFHTIRA ., HEFE I EMP RO R B - #iioiusE GHEME) - mihmo i
A (D2 © 3o, —HiEw b - TRFIhiniThilie bicw. Lickds T4 & FE oIk
k& OBHEL - FFFENBIRZ, X o IRGHREEREE oS b h, To LT ERT
RFEFAHGORTZ 2R LD THEMREROESCEMR T &MNTED LWL XS,

AT, FRFEAGROBIRL IR o T 58S EMEE 20D - TRET
LPEROMERER LI L L0 SR & HEBEORMN &L OB E2HLE Lic. ToO/ME, bbsA
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WoOH W o&E OB W & (H250-28)
Bl — RO RECHER T E B LD ciImwnd, pind & A FRHERQ O WH 5 “JhHEEH" DB
B, T - KRR AFROB 2H 2 BEOEBNSER L5 THAS . KRBT, ZOHl
WoBH BT 5T NR BB R R DI BE THE LR Tyicwicd, BRI 2177 512y
fobleh o fedt, EOMERE AW LML, ThEBREH=ROMM & oBREEEMCEET S
Exb - CTHBECoR & Lic.

AR xS DY), EEO— AERIFIEREMESHFREOWEH T — - FR—hmHR
Lo T CO T IUARDWEGR & BT 2 a5 85 2 & c & fo. Fv, MM E AT B
DEE < BT - I S8 SRR < DEOAEE S X OB O R « UM EE 2 B AR
ERERYE RV wie, MR LTUEEHT 2RETH B,

2. BEELHFE

WO IR R b T B S L, s Er ORI RL T LeMBEo o &tk B,
WFRIE LT HEHOBERREE L CHBE, LIREEME2IE- ER L TOME, BIUWEY
EEHRPOEBITET ST CHY, 2D 3oDBMErhTh, TG (RE) - EEg GER) -
E GER) oLV 3 OOPEREICIE X B2 EATE D (HN, 1971).

EFNEBEOWTHEL TR L 5. BMBEOTRCIIRN LCERcRic 5 2 20F 2T b 5.
1o R S (RaMBERG, 1963 7p &) « MMEFAMG (BRIL, 1966 ; Makivama, 1970) - HEJE 4
s (Bror, 19657 &) SICABN B X 5 ARG I EM L v 5 NERBCRELRDELHTH
b, fibd 1513 BEroussov (1954) 7x KieflE Sh aH{EER O AMEDN AL T5F 2 THB.
BB D 2 0oDE L, NENERAEREEL LCBE2EL B E& o “iiF i (bending
fold)” & “pafifgly (buckling fold)” win3%bDTtH% (RAMBERG, 1963b). Fi, PRICE
(1967) (XPEE RO B % & b o0 b Ml B T BRI TR Sh 2 IE M O RA 23
BTXicnd L, BREECIHMT TR, #o0liRBRERIE T IAEET 5B 8o TF
LWCEERIOBERT 21TV, % folli 970 4, AN eMBcT 288it, Thii—Kiebon=
WA Lic b O %K IIT 5 & L OBRBEM AR Lo WThic LT R~ 2 20 A3
HARIIC S D TH- T, Gzovskil (1962) AEM LT\ 5 X 3 ic o @ 2 DL I PIEf D IL IR E s 4
QB Db bbb TR—A X4 L OBMLER LBs0CcHS (Fig. 1),

KCEEE A E D BFTHRE S, CORFINERICL - THEShBLOTH D, IHRROAL
bk tTiE R T AR O L TR S B, k2, BliERRT 2EBNAHD S
competent bed 2 incompetent bed ki 7c b, ductility contrast (DONATH and PARKER, 1964)
PWEAET 2EGCERER L WETHH, A5 BRI EROEDIC X 5 BN FER” O
WS h A THERASTATEAE T 5, fiA (1970) EGEECBo KRRk o 288k, £0EE)
D B 7 W & RN 0 R 4 (h 0 B2 IA SR AWM TR & & R B Ui, (2 Xkl o B IR0 EE
ERR T <, MiE e 5 EE), ©F v S (tilting) TH B, FMROKR L THED
P L D, —H TR0 FORIOME, WA TERIET S Lk b, 0BG, Hilito
BRI BEANIE, okl bFEARET 50, 2FL LTREOHEKITLHRTHC &

.



V.1 HEEEOTHRENR & B =% D8 th—Hrm RS RO fl— G « D

Fig. 1. Schematic figure showing the stress field within the folded layer,
A : Buckled layer, B:Bent layer, ¢, and ¢, : Maximum and mjni-

mum compressive principal stress axes (Gzovsgii, 1962).

iz lengthening - i shortening e

(gravity faulf) (thrust fault)

Fig. 2. Schematic cross section showing the tilting of basement block and folding of
overlying sedimentary cover, Note that “‘strain compatibility” is satisfied by the
combination of lateral lengthening domain (gravity fault) and shortening one

(thrust fault),

1in 356, WHEMEDBOFEE 2 —HICREITE b 2 T e lBIEDH, 25k EBEH
EHIEROTF20RFEHThHB E V2 L5 (Fig. 2).

BHBIEERC OO TN Db, ChiXfBlEzod0E Ws o kit s, o ciffiEicsn
L, B0 ERIILLHATHEH, & 0bd/MEGOFMANAE L WE - ZWCehb. Z0z &ix
SETR L 2 HhLW LA L 5 IGHEBNREZIE L, NEREIRD D 1D K ie RARDOH
FrBT b0 THS.

Bl ~7 3 DO BED 5%, AR CHMBET 208 8R 40 & LcBiloR il cd 5.
HERICAR S b, Thik, BE (8B LER (FR) LoMicd-> THEREC2T, R

— 3 —



HOE O & T oW & (250-28)

LHERE D 20o0F 2 Tk 1 SOTELE LTHAIMNCE b2 2 o0 B FET SMEE VW2 5T
brs.

WEICEMAER =BT - C, AENLMEORE L MR Licy 27 208K, & X ORHTFE
7% EOMEBRIe oW CHBIcih T Lt s, 2Tl RREMce T 1L LT LES &,
B L ChERWSHEREE D B Y, MBS REO I OB A IE O BRI X » THRT 5 C
ENFRETH B D, b LIRRe b, Thil s 23BN L » TS, W) Richs. B
B L5 B0 AR ol WE RO BE A e LT 2 2 WO ft & /e 5. PRICE
(1959) DS, LcHBROIEEOCBIF 2 7050%, SiEL & OB S W TN E 2 5581 E b
TH RO T, HoRERELEFE LRI T eFfRTA ENTED. THILMRED
& P 18 0 A B B L A R U o DT v B L S £ 5 3B AR 0 PR 2 P D T b B

B o i 2 35 Lt ERINOR R 0@ b ¢ h 5.

8 EEFA— @R
[ RE . Wi
=R 1 1% & B BT 3 0 R G ot

1 | L | 1
N ER EI EAR

LREND A X IIREEBR O ER A ERANCR Lisd 0T, Zheiif i CREEL % PIEYRT
Z it b,

3. HMWILIROEE

TR DR TR R R e i L, i Ak — I v sl 5 — ot SR A 5. RNy Llk
& LTid 20~30km & XNCBE WA, L ORI A ~OER S EEF RN o Wkl 2B
WA S, RO FEIIEREEL G Y, ARCESRUBOMIERIIMT 50 T, Bl
ROMEY, K BEBORMRCsS IR 5 EhbaTiTiagth s (Fig 3).

3.1 HEOBEE

AHIROME B Uik, VEE - BE (1961), A (1969) 1k BEL LTRMENLBRANE
Wb e AR S hich Dig & A s, EHSOREE, RO S0z BRI & BRI oFD
oW et FOFFRE Y Fig. 4 3 J0F Table 1 10ff#E LORT

WD iy OB R B (Camara, 1959 & XiEh 50T, HRRHITO
EREEoR R ERoLOB L, ToEREEREZRE ShTn’

¢ﬂhbbﬁﬁ®ﬁﬁ%ﬁﬁ#$@f%é#,ﬁkbfﬁhbﬁﬁ@ﬁ%ﬂﬁ%éh%.%ﬁmﬁ%
FZELEER T3 ‘v ) ELTw b L Z B0 50,

o AR RIS B HTEER T & DT EE 2 BT Lich D b L, LT LSRRI 238k G
L LT~ ORI LT\ B, Binkic, 1967EOFIMEROKE, FI - BRPIIHIRTS Zick & e
Ead fob Lk RRoEEE, oBRED ZRIEEDORMK T I 25D TH5.

— g ==



V.1 LIRS L RS =R o d—BR RGBT LR O FI— (it - B

o S00En

38°

3° 7
/J/_’ W ‘/ )
w// \’/ L.//JQ\@ 21_

Fig. 3. Index map, Hatched area
iis the Kushigata mountain
range,

ZHEDERIYT FI4 b« REE « RUEL PORIRICY - TEMIRTWBIED, BIRFEL SRR
%55 ERIEMBEIC X o TEESIT GRS, L L, WENLEEE LT, < 7/ ~05aAcE L
ek Bbh b “cooling joint”s Fhiw@bbhdIMciL, HALDRGMLBEIRAWDT, B

BRI BRI AR TH - I b BT o LT L5,

HHERCOWTE, BHTOMBERD0M Lok, FEE - BE (1961) OB L AEW
A URERTH B0 T, F LVl dng L, K&y Table 1 clfET 210k Ed5, 178, 455
LOPREE LB LT I~ Tk RO B ATHER HIL, FHEZROKMAN, HEOREE -
WEMIHIEEINCRE O E LB emT o L ehd. mEThE, W) “competent bed”
(o & 2 ERAE T 5WHER L) IFEZROBFOTIZEDS R,

Bk, B 5 amftis@ss b BRMO LT 57 b, EEE (ductility) o EhoT
NEW ER L, ChERBET BIEMEOKR X WIREE D 2 KAINTHETH B.

3.2 HMEBEOHEE

CRBBEN” RO TR OMRAY 257 b1, BT L BB IhEFRELSRLOE, T
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sandstone ]
conglomerofeJ

|| Terrace DEPOSITS [ SUMAKI FORMATION liparitic tuffbreccia
mm

[ ][] waxavama FormaTion 5] kuwae FormaTION [ fiparite pearlite
[[1[]za0 FormaTION ] sHoTANI FORMATION[ "] granodiite

AKATANI FORMATION
LEGEND

Fig. 4. Geological map of the northern part of the Kushigata mountain range and
cross sections along the lines A—B and C—D,
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OB W OE P OW & ¢E250-2%)
sk o M E M 7 R ZEI B T H A 5. Wi E TR R AR 1L, WhYws “SU—vZ
7 RO FIC D > TEO L L &S IUREA o MERR T chbhic s LW Th B, Bk
MR D EIXRD X S HERL » TRERS.

1 TREoMBEch 5. WRURD REHHICE—EEEcH 5 LBl ~ e, 2o
T “FRGRT & Xilh, T & SR B e b s OB R A IR S h ke
WA RS ER R L OISR MR & ELi—FK LT 5,

BB 2 1T ATER LCw 2 8IS & oBRch B, B - il Q97D XBBHER R O g %
MIEL, Tk sokm BEO b DR 1 Mol e Uie, %5 X IR o3 s R
H LT W5, REMCIE 1 RoWRCch s, 20k 57 EMNIINEHME OGS « dhouifi «
Hillhd e EEBTICH b, TOBRERE, Thboid s A EAIEHniEEEi GERED ©b
- C, WEHTHR IR & REN o Wl LR A s T B R ThHS. Lad, BEoFmRLT
Lb—EORMEE S - b 0Tk <, IO T Bk 0 50X ~DIEEHFE
bhaZ EHdsn. ThH OB, MO REREE 2 284, TERTFA» 0252 2K
ROHELTH 5,

WIZTHEIIR T 5 5 LRI O E B MEERC O W TR LTAR L 5. Wwhd s “UMNER" i
BIL T RD TR CEH LB NB2 L EL, 22 TRFRLVKEARBEDL DT, FHILIRE W
5 1 o0OEEICE 5 TARA R S DD ~% (Fig. 5).

HIRO B & E LT 5 % ORI ) & & S & =S o BR A e T E e h 5.

Fig. 5./ Tectonic map showing the major structural
elements,




V.1 FE BB L WSS R0 i—HRIREIEI IR OM— ik « B
B L ORFADIENET, FEREEORESHEICE & 2 AE T 0L UL, Ehicidibl
EOBEMBIBAMB LR EERNT Ny FLTwBEZ AL DB (ol LIEFRARMEDR). HHiD
b DR A~ EADYEIE T, BRmORLL - AR LBRE RS 0SB TH D, ok, bt
EO A « RAH AR (1969) DETERIC Johid, AT H o Ticds € & AR ER BRI X
o Tt 7o, 78 &A% 0 ORBRRKEE A HEE Sh T v b, WIRO B U Z IR 2H B T h Ch—ED b
D, BACEMETEEO X 5L O IEHTRDO IcDWN DL Z LIXTERh - e, Pl sd
RO B, A& oM BRI X o Tlbh, BB R CIRIE L E=REE L2
EMASFHiET T L XEETHS. UROBHBE LTH 5 1 o0 HB Ui WIEER, Wk HE
etk Ukt i—MBiE b 575, WEMIRO R, BRAINCE-S LikEoFmcZELcz
DD “R” OFHMOWEL L b, BMAIIO L 2 A TEHBLRZE S Fhick S IREDLRTWS E
LTehs, k<5 k5 erlldtilomBGETIO W E 2 hoR s L LB LTEL B E, 2o L7
DERGRET B EME O KT 2T HEM AR X V. ERED AL AMED 5 b, Kt - Mk

Lol 2 5 0 LRG0 F=EP O U5 05%<, £ 1 DRILREMOH=R
hiczbh B EE R GERIN20°~45°W) (CHEHE LTw 5.

B=% A A — B URo R BT kR, MEAcrEER, itk s UTURERB T
BB, MRl TRET2 LRk & 5 eiliE IR R Ih 5. FTHRMAOE=RE Fig. 5
TT &5 iUk s S 1Lkm B0 & 2 S @ fa WG IL ik & BT icliizl L, Elcildnied b
1 ASOWREDLE AAEAEEE LTS, 2% h HloH=Red s UQIHRT AL, Lk
R 2 BN B B E S - EWROER - MRS, Shbick CHiTROMELRET S
LDERBT EMNTE S, RCURFENOHE=RAICE 3 DOREEEAR DL RS, 1 DER -~
LBEWEEETH D, B 2R ARt X 0 IIRANC 5 » TRE Z v EPATRBERECH B
(Fig. 5). BEHL, ThBEIWThHEHON RO RE~ORTcHA 5.

BHIc, I b E TR BRI R LB IR ST T L RBBEREED S i
HUIRR D 2 S WRIURDERITE A b DR BRL - BBk > boriz LA LT, Eitahic
Ho TELIZVIBEHOER - T b2 &b 5. IWIRD BETTRICFHT S 0RES T, IR
CERTAHAO DR RCKRS. BEOERITEINELA ETCHETHS. Epahciabh
BERED HH L IUIRCPTL b DR £,

3.3 /NBEORHE -/l

A CBEE Shoa/MEL, DS L ETH, BT BEENE LA LT NTTH D, B,
AP I EE S L OR EROBES CET o/ M ECHE,NBE Sh, hRoBERE L fiEs
ZbERBH, ThbEEOPTLbThinn T, 22T S XBIEEOEELH BT~ ZoH
CRETHERONE R L Y Bods e, 20X 5 /NFREMZECE - TR A0S FIZ Wb aie
BELTOELENC L €, FEMCI R L SN ER BT TH 54, EEHD X5
EBEH - TEEEME L Lt ‘MR 23035 2 Sk 2R Ech 5.

ERILIRD AR 1 I\ Tk, RO 2 DDBEBEC “WIE” 23 Lic, 8 LIxERSER el b L
WLERRET2AERAD Y, bpicchicThie b Lo bOmSAEch 5. 52k, &

i
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EOTRIIRICH B, HATCERE Lciito@Er iz hone, Wb el flosEozs
BB X > THEUREEZ LR DD THS. L L b Z 0 2 0¥, BoBaruiL
LETRVC LIRAWOBETHY, EHIHE 1 oMo b AERE Lok & 2 5 TIRHB o)
e by, REOFACoOBE - MEOKR TIXAERS SE LTy R ThER K €T h
10cm BET, ARKOMBEAA—BI T » L BEREYTH LTwinwe o nb b5, #R,
Wik & A - A E e R <, B UL S R -0 I&HETeRE Ltk 25
ENTED. BROCEHEREL, B ThicR > ThilE- T liBck- 1t Lixd bhrABE LR
5.

Ebbh, —EED X 5T “WET 2EILTAaDE, ToEMTmBLURCETE 0 &S
NEEZT3HMOL 0D 2 AR L, MESEEL D LS, ERBRBEOE LA SHHEHEICHER
Lews. Wb/ B ounwcdillER b v ocohB Bl ~<5 o &b, ZiEowE
W RO EME AT St b OLAMEEIEE L Lc b O)EIL, WEORINIRAIIGI . ¥, T
P2 B AT/ B & A ERRB BRI,

Wiz “HIE wown T, Bk LA bWLME LY, T Yl L Lceb
BHoh s Lo, MFERAEERTHS Z LR D TRV, AEOABRN R E 2 5
DEXIR R L3O T—HE LTI Lovzicwehsr s, UTF, BEOMABECH - T, MRLIRICE
e LBEFFIE R O % “longitudinal joint”, —h LETTHEMDS D% ‘‘cross joint”,
W L I3E 45° DAY IcTERO S D% Coblique joint” X r.EZ LT A, RAEHRE, oh
HO3REATNCRELCS Fig. 6). B9 FThlcwA, Bl ~ABRPIN L7 Cfif W Ik 23
EERAL DT EE & B L C AL, ZOTJE% longitudinal k35, HIEEOSEICHEE LTI E
e, BOWENEELEECHSA, FHIROLDEOWTHL L, RO IFEESRDHRS.

10T TIc 3.1 Thlthwvwh@d 3 “cooling joint” TH 5. BAEEE MMEAE W ic &
IFTHRT % 3 HFNCIE & A EHSCRE L, 1080cm~ | mBEDOT HELBR LTwbh0ssh
T, 3OO o FCHEEO 55 1 DKL, A8 S oA EoB L AITEL LcH%EH D
T3 D0HE. ZOBOHEIZbDTIR LMRE SR T

FH2OLDIRL MO L ELEOMER i NIB L b2 L H5. HXFFnL 25 TH5
LR UChlEE T3 <, B o W B LB RS - FEATL SRR Uiy, & O S
R —BINCBEIh 5 b D€, LE LR T % 2~ 3 Rkip 3z 525, YHBIGEA L HIHLHE
THDRELDTREETH S, 112 ALPaT OB O T ST L & Bl b L oai %, fil
MR DML, FICEALH 1 mDOBcAZHEOR, 2%, (EH/m) LI @|EE LcliEL
e 5 ~0MBEED L OMRLEBTH - o, ZhiEFTH  MBHHRIC X » TR IR 5 ¥ TR
EREEIRTWIE=FAF —DREELMBFIN D Lic 54 O THBHIFOHAILBE I 2 5 RlE
HCiimwo T o et chH bith 74 # oM - Los<.

3 OETEEIIREEN C, mAM S O 27 RCER T WE 0T, LIELIEE 2040
BT o CEGRERERCOET 5 2 LB 5. Bo BTl 83 X4y, HoREREC,
BREEE & X E 2 e A ERIGEWL DL B 5.

e e
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Fig. 6. Map showing the
fracture system,

ZOMU ED 3 oD WFhELHF Lvks X 5 nfilbETHnEbOTIRTHS. BT,
WHURCO T 2 4B HERO 5%, RYFEUTHD, »oBbrcEltolALEL LS
DX ERBTE20LDTH-T, F1DOLDITLHAAE 3 DL O L HEHHOMEAEEMTH
B, Lk TH 2 OMEEO MM A4 0 BTGE MHT 2F» v i/ 5o LKl L, BT o
DHHEE Ui,

3. 4 EEROFEBIT

AAMICEER L iR A IR & & KD LTS RBE TR Licon Fig. 7 ¢h 5. HIROKEIT—
i 1.25km OIEF 9 HL B 508, ThiRZORE IRSET 52 Lk » TiIEHEIRN 0 K4

= T,
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DHEIRE 75 —TE D E WS FEENCER D@2, BRI odbh ClURSEI D F %y & Sk

(H, 10RHE), $IUTZh&ARDUROMESE LOBEEE (GORE) 7o XOMENER D%
HOEEHELTEDRBL L0 ThH s, FREEZ L O, Table 2 R LA
BHREDR D B o RE MR, K longitudinal joint & oblique joint Xit%d
EHRORFINA LT L, b D3 [PEITCHOE#E LD L, WIREOH#HRE L T,
longitudinal joint (2T ALPG~EANT B & DA% <, cross joint o {HANL KA BT, oblique
Joint @ 5 HEALMEORER O b OikiE R NS RFERAE AT, HEEOER O L DIXHE~E
T BL0RE,

EHIhE 9 ODRE S LI LTRBE, CLE, DEF, HE LIZERERM b X Mk
HImEEoH, JLHOA L BERET AL, ACiL cross joint ORI ~DMEFHAELE L, BTtk
FAHPE%ED oblique joint OBHAIOMEENTE . i, BRIOHE I A B <5& 1D cross joint
EHERO S OO LD X b S, EnlROBHHG TIL, flovFh &b RinsT,
longitudinal joint XMH~H A b DD FH SV, H#ilR, KRR s5L [A-Cl, (B-D-
E:F], (H* 1] ©o37ey 23 thTREUOHEHALRL, ZBRIABDITR 278510
HEOWBARELE 2T ERTE LN, GORI LB o e REOBERY GA TW 2.
SO LG ORBIINE & &S ICEET oYM s EeEEREREF LB R 5. 1k,
(H: 1] 7r, 70y, GEREBRMotiK, & bbiFB, D, B rhbHEfKEMNcBbLTn3
LIz B, BPINEAES e ILIR A B0 1% R T H7c b Tk, ZoJ 1A % longitudinal
ETBCEEERTALDOTHD., o ik, 3.2 Tlhick 5 RO 2 OB §4ENL S 0
TR WIRERETRT LD TH-C, 7ok 2lE, Fig. 6 » longitudinal joint HYLkoD I & 4T L
TERMNEELITTWH Enb LRI S,

Table 2 Orientation frequency of joints and their characteristics, VH, H, M, and L show
highest, higher, intermediate, lower concentration of orientation respectively,

Unit Strike : Longitudinal Cross Oblique

Block Dip side: NW SE NE SW E W N S

Division
A VH H L H H H M L
B VH H L3 M M M L M
c VH H L H - o S PR
D H M L M L Li L “H
E H M M M e
F VH H L M L M L M
G M H H H M M — —
H VH — H H L L = ==
I VH M M H L L M M

= T =t



V.1 HAgEoiBmG L SR =R 08 —HTR R AR O Bl— Chk « B

L EEy O] ] D B

TT% 2% 23% 4% A5 564

7-8%

Fig. 7. Schmidt net diagram of joint system (upper hemisphere plot). A~I are tentative

divisions of the area for orientation analysis of joints.
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3. 5 EMEEIORRT

B ORI W TIRERL BB 50 CKRETTR <52 L & L, ZZTREELFANIELT
EEOHEN ALK ED L 5t DTH o B & ol SEMENFNT LCARB T LT 5.

1 oDHEEHCRITCRET ML, LOEMNS 3 RHCHESh B LAKE, Thbzvd
RLEEOETHB LS ENTFbhTEicl, PrICE (1959) k2D & REHMIINCHY L, &
ZAT, £ETCHRCELMMILRO SEIL Figs. 6, 7 A E2LWLE X5 KHEEIRADL D
TH80°, EADDDICE - TIT0°~30° Db D2 H b, FHIICIL60°~70° D L DA RS % EH
DEDIMTEAERDISW, O LITFBENBOEBEROWB L RT LD EARB T ENRTE
5TH5H5.

4, Fig. 7 @R LIcA~ 10 9 Klig BBNcii @ g0l 7w, 74F2, 72, 7020
hBHHRDTEBRTEHL DL ONHECEWERN LRI L 5 “BLEE 2EL52L0TES
oil, TOEBHAELRAEC LRI BEHTHELAHLATHS. Co L 5ElY
BRAR Lico A Fig. 8 THBA, AL DEENIP, LI “EE” TichbEkEy 5 #
ks, ChidBET 5, Jelce LEERT 5 longitudinal joint & EPE/c\ LEIIARIT 5
cross joint MEB LT3 EOMADIRFETH S, O AEAE LTl W LEE A~ ) T
BBM, bIVLEL RBEET v, 7 FAENNRESNHLL bh b, EBOML, A+ B-C

ARAKAWA

Fig. 8. Schematic figure showing the
differential tilting of each unit
block,




V.1 FEEoIERNGR L =R 0 d—HTRRGE TR ILIR OB — IR - =i

- DTiRETE, E ¢ FoidedhE—@meE, H - D ciieE ke s LR o “S7 Ik
@B H—FLTwhH, G 7 r .y 7200, BEEHOWTE - Fixk LE UTH50\MHETT AR
RTINS,

R, ERoR (EEA RPREARLRE <, IROTTFICHOEE ¥ — SRIEEATE s T
WBH, G7 Ry 7 DRIEEMDOEEETR oIk VW) S ENTES. B 0Tk, \WikoH
~AER T B B DE R THER O oblique joint &, JLH—FETEDOER T oblique
joint A M Lich - fo. FAUL 3.3 iRk~ & 5 A L¢ H LWIHEHlic T &b LA T
bb, EEIohE RN REEBERCHENLTHS.

feds, A~ITDHMT vy 70k 9 FRELCHECNILITHIE, Lo MEREBoEL#NT2
ERTEBZLTTHBA, KM, b LLRoSECEERRIE Low T Cofly e LE
Bl b IV R < W R R M fF o TR L S ) KT o L RFR TR T Ry 70KRE
SERDHENTEDLTHAI.

3. 6 MEBROMBIEELLEER

EFRTC. BEE b T b oo ERE Y O e &L oTa L 5, FINETERE
oA T TRk S R ESRolRETS o, Toth, PHERAZL, wWHhywb ) —
VR 7RERAMAE D SR KILTBEIZURE S h A2 ok Tk 2 h bR IRECRFESh B, it
Hil (55, HILAROBEBRF CIIABEHHA D) 2OREYORREI LE Y, BIEoMmfE 2T
GHTIRLAEMEEEE-> CHAECE - T3, o X dhihiy, B0 Ltlb2T
KB E, TEMEBREOLERITSS, T 20~30km O#BFCfTobhict Zbh a0 b, £oRREd
BERomplE LTh, 7V —v & 7RIS T CF 35 X 10° 423 L ofiHPnc R Lt s
HlTwio biclkd, 2ok, PH~EHROMEBEOET & & —BTH km DR Sk ¥ ClikkE
L, $hicU@ict: UCTHE=R0 Bl L & bieBlifEcE 52, ToMEz e Q#RkitohE (REE
ERNREE MO WEHET)2 R S L T Lic s LR RS o BEREE 2 b
mINnTWBH (ZHL -, 19715 FQ, 1971).

R, ok 5eliNERYER Lo BERPHO “IHE” ¥FEMLTtH L5, Fres.l ©
WA X 9z OO TERE BRI AN EE T G R T - e b B LTI Loh . £
TETHRHEET B0IEROER LB IRBTH S, A LILBMOWEINbHIL, BLb L
5~ 6kb OEKIEREBAHEESh D, —0, HE=RE VIR, HAJE2GY 2T HEPM
FHtofmEs &g - b0 =S iiEE & A EotErEEL LT wkelTh - T, iRk
IS o> BB ERE G 1B B A BRI IRIL A TE Lic . WhiEZ v o ko “HRY oI5
FREBD b & CIEME R P - < h LB LT RICEL, 0T/ Y —v 2 7 0Rfiaillz o & B
ha., Lal, coChRELTnbvoik, EoR~FERickt 510K - ENREBO T Cidah
HBANCHILE L Z 2 BbHNAIPnWETHSD, EDL vt v — 2T ARBET S0/ RD
HETHHLZ0BERVEECTALE WA, WFhicLtd, Hikhw LBEERRE TR
5THDHH. OB WTELINCHEN A F ST O REFIH & BGE LT, [EREEREART o & 2 EA
TEN Ao /e B, PrICE (1959) (3R EIIIC BT AR IHERRGHIC OWCBRET L, £ 0fEs

— % —
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i 1 X107 a2 50 &, ThiltvbWw s RIS RHDOIEI0 1 B TET T 51t

5 X107 4 4 DR HZ T 5 2 L &M L.

—7, HALR ARSI S 25 A R o EREEENE, HERCBE Sh w5, ZofEl
BAHITH B, BAZOMIKL, RALHOBMMIENIAEOTEd oo LRFHCHENZRD L
DB, K E IR T RO TR IS B AFNSE DT IMFAT CH - Ik F 2Tk { DikThiz
EFWE R LikBhhiey, HESRCKT2RIIBIERE 0T, Thickifi T 2 &0
TINERTS B LCw AR ciTichbh ioicd, SARKCIHM oMb & W CIE 244 & - fo
LokFEzLRhD, HBHWLE R, TEREOMUAN FREEWHIETIOIEH Loobh 5IREO T CfTich
Nich O THo e ThiE, BETEEZOEIEME LIzThs 5. wThelcdb ook 5z
SN ORRE & ICKBICER LT, REINRERILC 0 X 5 Rk FFCofik o % B 2
Bingham 7%s Maxwell Blaic & o TR %, BHEOHHIIE= kL F —3EHoRE & bicpd
LT O TREEINEKRF TS E, BABIHRKERBCELLT®L.

SRR DB APRICE  (1959) D 2 X hiE, B OARITERINICE ENTTRET,
BRI S ER L GRET, BEAMEC X 2EES JOKEEI L “BREIET B X 08
VEDHEBIROEILIC X »TZ UHTAIETH 5. ik, BHoWMGNEE LaidiE "HKE" kv
DS OB & PR KT & SREORELNOFET 5BE (0% AN Maxwell
D) L, L biis DR E e BHBEE I OBRYE LTy 3 BA0MBICOWCTIRF L, s bIRE
BT 5 2 RHOME, BEILIZIND EFETHLOEMEL TEI 3RFEOHEIBH I D &%
AL, fRUROBETOMEEE LT “BKE" GEWRBEHET 5004 THS . Bk
DELETH S THILIRICH B B RO E EROETE 2RO 2BEICKy LTELDS S
LmTcE s (Fig 9).

51 ERBE : TR R0 B OMA. IR EKIECT WA, BARSIE TR GIEOMIFILRD A
) WCEATICEIG T O RN E 73 Pl B 5. —ERE % Tl 5 L BRI f 7o B
(Z hit longitudinal joint 7s cross joint M\ FhiCdhp) HFEL, RKICZ I I
OIEFEFEH ST S OB R icbh, Lo/l PSR IS, S HCEROET
L &b 2 QA ET B0, FOHMEH LoR/DEETEMCEATHE2bE 1 0b0 L ERT
HrEinh, #RHC CKEXT S 2 ROBRERHESETHICES, Tid b longitudinal joint
& cross joint AT T, B D ZTMIASAELHKERBIZIT VG E/NEL, HESICITEE
A ERREEE LTI,

B2ER: 7y — v 2 TR 2 RFO AL UrelbRE iz —EE km o i ML, #
BWC L 2ENHELZT 52, Zhikk&E <23 5T 1kb BERER VAL SO & i
IR U CRABEMICIE 2 1 B EIO < v 2 LT H LoEEITREAE Lisw., LHL3.5 T
WAEEEBIOFEEL, & CRORBNE 1 B0 X 5 e RVBERE T3/  HiEL £ 9 [k
THolcl EEWE-T D, Z0 X 5 nEBIORKE, Th i CREETH - HBERA, HED
Lo —EoEAE b - CHEHATE LD L » k. AR~k 5 iedfd e Ll
e LIkl —F s cH 5. (UIRILFE o S ~BiR 4% oblique joint 1%, oz moM\EE)HE & F4T

oy —
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2nd  stoge

1 st stage

Fig. 9. Schematic diagram showing the tectonic
development, L, C, and O show longitud-
inal, cross, and oblique orientation of joint

res pectively,

THBZ ENBLZT, TORMIE UL ord Lvik, T, ZhEERNAFERTE
fH& % oblique joint ICDWCHRBETH B, HB VX IH ko “BIREER” (EH, 1970) ©
Iadort Lhiwv, 3 AAH 1 BB cRE LCTEA ol ThesE T e L
T LMARE L LRS. Ehbh, Zok 5B BRI X 5 TR R G LR,
FEFx EMECIR O 2 BINIR E e - 7o, OB, HBI0RALT =, 7 ORE JILCE LS
2H L WHHTCehY, T w2 ZEENSEE T obhiost, B Llne 2 ATRIX
RHFANDEEL b 7oZ EEDLRS. Fio, S0k H7/OBENISA, EirE 5 E=RomkEl
AP ST H 5. HRILRCERILGERRC LoBEBISM Liswad, B0 - SlREE
i AT O WM e Lich o Th b, TEH ORI, Th Z WIS s M7 pEs
BERTLOTHL D, “FEoBEEGHRE v oBtRTRVWDhBMFELIBRERLT, 20X 5k
Wialic X 2484 « RS TS TERTIEL, TofFRBEIhTHIE VR LS.

PLEREER O & T oBMr DA fcBlEObL E LTHAD, & ORFR L ITRIHE MK 1
HIZ oW CETEREL, SEoMELZREA LTk,

FTHRUMACH G h 2 MNEED FEAPREIVERIT 3.2 Kb~k o, EREMO FEc L
WAL S I FUEEN TH B0, S0k 5 hBESEROEBNEEICE - TES OB ENES 2
MBS THS, b UMBILIREELHERG A E - T v b & Thil, Thil b~ X 5 iniRbe
BRL, &L LT EAIBET 25, Bl - ClBE~NER2E LB h3THS 5. Fi,

Lo
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WEIET S ORTEHIC R 2 BT 5700, o CrVME - il (1971) ik » Tk~ 6 e 7 EfE D
Tl ST 20 - HIMOBM L RELLBZ L LHWT L LATE S,

b N BB BN ST 52 L TH D, TFEMCTESED Fih b cmiEe— 2 v
MaFLhET T, WEBEIL, FO X5 BRIEVIE L “7 ) — v 2 PEE oBIFENERS
PHBOHLTHS . FIE—F Tk, HABEIMIKCK % Pilaeo-geodynamics nHZEXH
BT HHE & e TR, W@ B global tectonics & & EIEIAR A L, fbciiEECElo
BN B ic T BRI & 7 o TR - RIY A DR - BB ZHT 2 DHENEE oIl 235,

4. ¥ @

1) AL BET DHBREROBMBRCE LT ohoRix 252 05b 505, KT 5L
TREHHDEME e LERIC L 3L T4 0k, BBOBEEMC L 2L T5E2 0855, L
LD 220F L ZTHER—Mic b 0 Tidk <, WH &b S LA llBRALETHS. L,
AAEDFEENT 2 RN WHER I E LB S THAH S L, T IR THHOEMEI S APz om
Bakpor bick o tth s LTBOMERUERIRET 2 L 5 nBWARSTETH S, Lieh-T,
AU EEAE R A AR AR B & s o oM 212 & B <& Tl

2) MBEBERERN L LTRAN LD X 5 BB oML, %5 { competent layer %K<
b S LB OFEIC L » THEIh 2R o MiiliEe 2 2 50neBHTHA 5. Lol, &
DBE IR A 0BG &2 hic & B FEIHTYAGER 3 X ORI BEst, MEOElh G
Bl LD IEVHUIR o BRSO eI A b - CHI S R T hIEE Biow,

3) Blig7 ey 7 OB EMBFEINSD E LTRIEH EBbR B0, ERoBRERICH - T
FELET HBEHEMN R TH D, Zhud PrICE (1959) I LRSS CRERSERE LCEF5 T
THD. Licdi->T, BOWCTHEEOGRE LA D ERT HUEO L WBE I LR O HE
o THEREROEFEMBZ LA TEL S,

4) FBRALAE M LR FTB I E 2 BT 5 B =R o Mmoo 5 b, WEMgEiE T
Bt LBLRSIEEEE B 0, IHEOH IS =R007 LT T bk o WA R T 210 %
DO THLETMIRTH B, FEROBIEITIIRO BT ER CHE LB g L, B
TEREEAE SR T B A, FoTEH TIHEMO TR - A b alE Y BT 5.

5) HIEETOMAROWEP DG L LTI ~ OB &\ 5 [HiEd 5 B oERET R
b, Chitk- T, BHESIN s 5EBEMEEO ARG, Bcfith ol s 2k
i< 2 R TEDR, ILIFFLL A5 LIEHINS, XSk 7 ry 7 rE—0EEIRE & L
THEMNZh, CheRHECETENNREEZT -z E2BDbRh S, Lo~ Th Lz oWk
PEZERABE L C o ST, kel LT EER TR Th - T ERTIc L 0 Hii g
DENAELLTHS Y.

6) PR M0 B S = RT3 & OO FE & & b TRl ofEE o (5 Mk ch v, T
VIERTE R D MR EERCH - C, £EF L LTRO#SEELHELTW3EELbRE. Z0X 5k
EOE ML LHIEIHOHEE T B o AR &\ 5 BEEEYE Lo BEMBE TS BiEh 0 T {,

— i —
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Kinematic Picture of Basement Rocks

and Folding of Overlying Layer

—— An Example of Kushigata Mountain Range,

Niigata Prefecture, Japan ——

Takeshi Uemura and Akira TAKAHASHI

There are essentially different two opinions with respect to the origin and mechanism
of fold. One is the concept that attributes folding to the vertical movement of basement
rocks, and the other is that ascribes it to the horizontal compressive stress or force such
as buckling theory and plastic one, In the former case, it must be precisely and substanti-
ally clarified through the mutual relation between the movement of the basement and fol-
ding of overlying layer. One of the most suitable geologic structure for solving such a
problem is observed in the Kushigata mountain range, in the northeastern area of the Nii-
gata sedimentary basin (Fig, 3), where the Tertiary system has been folded to form one
of the most productive oil field in Japan,

As it is well known, the characteristics of fold style developed in the region is represe-
nted by the asymmetrically overturned anticlines with thrusts at fold limbs on the overtur-
ned sides, and these sides are not always in a definite direction even in a unique fold,
The Kushigata mountain range consists mostly of granitic rocks in its main part and is
covered around its skirt by the Tertiary system extending directly from the oil field, there-
fore, it is very convenient for studying the relationship between the kinematic picture of
the basement rocks and its effect to folding of overlying sedimentary cover. Besides, since
the Tertiary formations consist mostly of muddy rocks except for the basal conglomerate,
it can be regarded as lacking of competent bed (Table 1). Consequently, “incompetent’
folding due to the block movement of the basement is possible.

The mountain range extends from NNE to SSW, which corresponds with the direction of
the Tertiary fold axes in the northern part of Niigata oil field, On the west flank of the
mountain range, the Tertiary system is in contact with the basement rocks by normal fau-
Its in general, and gently dips to WNW except for steeply dipping sheared zone. On the
east flank, the Tertiary formations are bounded by reverse faults and dip to ESE on the
whole, however precise survey indicates that it is an undulating structure composed of
brachy-anticline and syncline (Figs. 4, 5).

A number of joints and faults are developed in the basement granitic rocks, which are
classified into three types on the basis of their orientation (Fig. 6). The first type trends
nearly parallel to the Kushigata mountain range, the second is developed with nearly per-
pendicular trend to the first, and the third type has oblique trend to the former two. The-
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se three types thus correspond with the so-called *longitudinal joint”, ‘‘cross joint” and
“oblique or diagonal joint”. Tt is the fact of prime importance that most of these tectonic
fractures do not take vertical attitude but dip to a definite direction,

According to PricE (1959), regional tectonic joints should be vertically developed duri-
ng the uplifting period of post-orogenic history., Therefore, the fracture system dipping as
observed in the Kushigata mountain range cannot be elucidated unless considering the
tilting of the basement, namely a rotational uplift. Such an idea is in well agreement with
the fact shown in the concentration pattern of tectonic fractures on Schmidt net diagrams,
which suggest another important fact that the granitic mass of the Kushigata mountain ra-
nge can be tectonically divided into several unit blocks and each block tilted relatively
to the different direction to some extent (Fig, 8 and Table 2). These differential tiltings
might be the direct cause to form the overlying Tertiary fold.

With respect to the tectonic development of the region, since the age of the granitic ro-
cks is clarified to be the Palaeogene, the following kinematic history can be quite safely
constructed, After the intrusion of granitic rocks at the Palaeogene, it had been uplifted
from the depth of some tens of kilometers to the surface at least before the deposition of
the middle Miocene formations, after then, it subsided once to some kilometers in depth
as deposition of overlying sediments, and again it converted to uplift to accomplish the
present structure, Consequently, the tilting might occur during the latter uplifting, that is,
at that time the sedimentary cover would be folded by the upward block movement of the
basement with differential tilting (Fig. 9).

By the configuration of such a kinematic picture, the essential structures in the area can
be adequately and consistently interpreted, In addition, when referring to the strain comp-
atibility, shortening domain of the eastern area and lengthening domain of the western ar-
ea satisfy the requisite condition en bloc (Fig, 2). Thus the stress state in the area might
be laterally tensile on the west, and compressive on the east, Provided that the Tertiary
system remains covering the mountain range, it must form an easterly overturned anticline
with thrust on the whole, and different fold styles may be discriminated corresponding wi-
th differential movements between unit blocks. Although this conclusion is not general nor
quantitative, it is quite evident that the mechanism of folding should be reconsidered in

relation with the kinematic picture of underlying basement rocks,
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The Fault Pattern on the Wing of Higashiyama

Anticline, Niigata Prefecture
Kisaburd Konama and Shigeo Hicucmi

A lot of faults, on the wing of Higashiyama Anticline in Niigata Prefecture can be clas-
sified into several systems of fault according to their some features, e. g., their cut-off
relations, the way of consolidation of the fault plane, the magnitude or the sense of displace-
ment along the faults, and so on, The systems are as follows:

System A : Reverse and normal minor faults, Their planes are alrays consolidated and
it is impossible to recognize their slickensides,

System B : Gentle or nearly horizontal reverse faults, These magnitudes are very small

and they are rarely observed, Many of them dip toward syncline and their hanging walls
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are always moved up relatively toward the axis of anticline,

System C: Reverse or normal steep faults, Those magnitudes are remarkably larger than
others, The sense of displacement usually shows the upheaval movement of the block
facing the axis of the anticline,

System D : Reverse and normal faults, They run across the axis of the anticline,

System E : Conjugate normal faults, They are located on the top or shoulder part of
the anticline, Those magnitudes are small,

Each type of these faults is considered to have been developed during the course of fol-
ding, On the model experiments in our laboratory, the same types of faults are formed
by the upheaval movement of the basement block bounded by the vertical fault,

It would be worth noting that the gentle thrust faults along which the hanging walls
move up towvard the bottom side of fold rarely exist, On the other hand it has been said
that Higashiyama Anticline has been formed during the process of sedimentation on the
basis of the evidence of abrupt changes in thickness and rock facies of strata across the
fold axis,

According to the preceding discussions, the authors consider that the anticline and a lot
of faults on its wing may be formed during the deformation of strata caused by the verti-
cal displacement of basement block rather than by the horizontal compression which acted

along strata,
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Studies on the Relation between the Recent Crustal Deformation

and Geologic Structures in Niigata Tertiary Basin

Kisaburé Kopama, Yasumoto Suzuki, Michio MIvAsHITA

and Y06z0 SOMA

The authors studied the recent crustal deformations in Niigata Teritary basin where ma-
ny anticlines and synclines are found. The first class levelling routes are set along and
across those folds, As some authors pointed out, folds in the Chiietsu district are now in
progress, but tilting are superposed on them, The present authors succeeded in separating
each movement by Miyabe’s method. On the other hand, the change of height of levellings
in the Joetsu district have no relation to the folds, where the large tiltings are distingui-
shed, The axes of those tiltings are parallel to the coast,

As will be known from the fact stated above, the recent crustal deformations in the ba-
sin are not in the same way as in the Tertiary and Pleistocene epochs, They are nearly

parallel to the topography,
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RT3 ABERTR- T3, Ewi b, FUFEhC 2T, 0 X 5 i EBER LY 6
SCH 3BIR L, 20 & 5 iEEERIC & » OBR S h o iigiy, SR LTS Liet s,

B oEHD 5 b0 1 0MThH S BIHETH I, 81 HRoWR L REOBEAEDLRS. 0
X5 BB 0BT, 6 NotilhE ko BEMRM, LS, il s enTtEs. Thbb, 4k
PEIR D GHAL T I SR O R OIIE T 523, S oRBECK LT, #ER - Bl - RKMo&BkzoBEY
BWLTwn, SOREL, BIEEHNS, W% &AM BERERN LT - Tk 0, kb
DX S E MR L CERLI LB LTS,

ZhS KR, EEEOEESHEIBREO FhE, ToHEOUE LSS LAL
htws, oz, SXoRBEHMRCEYT, e AL RS RET S IR —Rodb
RA5L0THD. &6 Kk, RO ERKRRCHS. KA A RES) O i /o
T, TOMABRERERTWTRES, ELcE, MUES (Modfilo®iD omEMAERE
Wit RE <, AlomENE S HE Lo AL ENRS. Livd CoORMNTE, EEHARE
F—FLTWws., chicd LT, AERBU LB, toTRoEFOIIH LTS, LIk
BIETF B e e LIWEEAO AT 2. CoBROBEFMIRITILMEIZRL, 0 & 5 7# LR
Wi Uises G 6 ),

DX HeHENS, MUEAEE S L LT, FEUEILMER BER iR Le s EaVbha s, AL
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V.4 FEESRERAHICREET 2R MOTBREHICoWT @R S8 Il - BH - BT - D
ML, 2o X5 EHoNE T e v X i nNEEREhcLtEL hD GBTR).

MEEH-LEBINERICOWT D, AROEBELIEHTs cLntEs BIR). T,
T oY, CoMTAICIEE FhAaBrcEHERL, TofMiliciiicili<izs. HE,
OERHL X F RS T B L Cw»T, AEEL LEhBgEotEL, oot fiico
ZHEELTCHD, LT, B TH - LRIz S T oo, BREms s
it o TWB 2 EMhns GIN). o XdhHEENS, Zolifickuvcd, TR AREE)
DEHIICT - T T, FREFC LCRBHMSCEBAYE L 224b2s. S ECEEDLIY,
0 X5 I EEMERIC X o TR S hicig iy, kil a0 (S35, 1970).

%o WoBFHE, S0 X5 RBEEE DL hEWEL 5. FIUEMoREcET HHE
WA GELRO®) X, BROCEAEENCRE T2 b0 Th oM, B 1RO BHICRE L
BEMCEWTh, BEZERISEVRDOARY (BTFH, 1970). Liat-T, ZOfFHioBRu,
ARMOFER ShicBRB—EEREck T, 2fcTbhiciELbhs. H 20 @5\ H
FE R TERHEE ©, B3 HoBIHEER, o X3 BB THERShicbDTHHS.

o, HERED b OIS ER O FITO RO bl h - HILELL BRI X 0 b, ZOIRAT
fe bR SR o 52, WEMRIL L VERTHS. ST b, EEAEEEO RED @
B E, MIEEREEC S, w5 THAD.

4. B0 TR EE

4.1 BHBEROETL

HFE ST, Do STELHED 5 b, RichT 2HHT, BHs Ko ARES) L @ Bke
b o THEShicZ ERRLTWT, ChEBIEENC X - THRT5 Lk, EhdTHEET
BhH, LELS.

1) oA REEE, WRNZANT, MAIREBNCTAS. TLT, HEBcialmht
FhELTWT, Fhbi, BELEREERS 6 LeROH L X 2L b, 2) Z0d3
VAR, HRoRBC L. Chb AT GEUR). 3) POMcEROBH T o R 30km L
oL, F 1 RoFNEMNE, Bk EekEE L - Ty, 4) Billofh s HHE—ELT
BT, A-RACERTYL, 2oWHC L - TEOF AP ANIDS. 5) BlioBRUL, EiEEE)
EREUDOWTW S, Liedis T, HlEoBicit, KERBRIFRSh T, 6) REHEERHD
BRI, TR B RE b - T B A, ToMEFEE—HFNtboiZicil, #
BT2BAbRobR5. 7) 20BA 0Bt —HEEC k- TR SR 0 X b A EMETH
3.

FEELX, WEBOMMEEL, ToRREOEL - BEREB L iebhs, £E25. L,
T, BAEEOEN - BEAED L Sefifcbhbont, BEBOBHOMBKELE LS LT, &b
HERMEEE L bhD. FEEREHCR LT, BEBRIIEERLEMROEE LTHERE CH
b, BREIHEEBESEREESE EEL RS, 2O LI RECERE U cfTE o iHC, KRz
BrBbRTHS., HAEBE, TOCERS=0cBIENL 2y, FMcEiiL, BLEELTN S,

— 63 —



#HOH R & O R & (5250-28)

FAOERMEESRAFCEL, LabTFr2AECeTwEBRBEAEELCWEWL. Lar-T, Zhb
OEMEL, FIEZIR-CH MO LTI LT, FHESRLEIURO L 5 A fBIMERIL Lith - 2T
BH5. ZoRRCETEBEEHOMENL, MWERTH -, LEELIELS. oMk, &
A DR FEET AR AR B LEFICEWT, EBeBST3 2 kA TES, o X ek
BULL, FHESRLER0 E L FET SR A PIc W C b Tbhic b E L 5. FRIIHFEER
DEBATECE T C, EROEUHARTEEREETES Lo A TOBEBRC I s &, EiaR
BEDVEWET, oo @30 F—aROER L LT, =R LREYEL Kk
b, Lindzho Bz bl Lo s iitific B b, SV EEE O R, PRl
FHABECBELND L 51, EhDTEEVHEF LTI R (AAL, 19695 KAF AfL%S, 1969
) L EhLEEESRS.

BRI s\ Tk, 85 1 RO RS o b O 2 B I, HEHPHE A AREE L T
Wadn, WL LT RCROH Lic X 5 eliid b - T b 2 b S Xo e, o PR
X, HE VAW UAVIIML LR Y HE - Cw s, WEB AR L TWiwE B2 bh
5. IO L5 FiA 2RGSO Rie TR RO Lic X 5 a2~ A, it
Lo BB A2 HERIM L b0 ¢, fiRERLeRBELERR Yo Lk s, poifcEiaoEiiL
TwBIL, 2o X v BEABH b0 LELLRS. B 1EoERTE, CoORBHAEE R L
BTaoinignwcl, LndbrorBEoATMCRS L, SbED X 5 s KLkl
WEEORETSH Z &%, WAL L EBlEY 250 bicd - ¢, M @icErs GB10
K). Fichb, toER CREMITERINCTchh 5 b, BEBOEI S E HEILWIR
b, TOWEROBEZLLEHCR), TOEWOARIREL kD LBHEIIS. TR
Wrbdbiebdhs~r<d, £0X 5o RNERELBLT, TOBEHITRbhEELLR
BMBLTHL. RO L/PNBRFOZRL, ko ~eX diced MicFE Lisw.

SERELFoERE, ToRMTOREELoKR ZEHD o ten e Tl bAfnk
SEMTHEROB~D BRAFET BEOZELT 3R, HicEkfmilo Fie X #Hmc
5. LnLERoBE0HS caZ s, Eikilo A LR, BEORETHEEO T H
BRI B ABE R IE, 20X 5 HEMIER IR Th A 5. Tolik, oo &
DIERMICIE { FETHIREE 2, BRI BER Ao EFRcEATS &Thul, FHEAHET
H5., FRIMHOEROFHHEHO “H” ofaix, oMENELEALBREELOhS G100
).

ks, BERCEWREROFE Lt WHEERTE, 2ok 5hEARBC bhh -t EL bR 5.
52 oTERD 5B N — 2R LERERE, chEREOBE THRIRALDTHSS. Z0 D
BB L0k, TORMOERANPHENG S0 TH B, SHTEROKMBILZ 5> BNzl ~T, #
BRERBEWhEEZ RS,

B2 MoBERO 5 BN & AFG R, TRoEABEE LoSERT, okt T,
AMSEBO K ROMERSD 2L - ko <7, ZoBofiioEsht, B0 EREe
WHIhB LHEZ RS, ERIROMMC L 5T, X hFRMcdicsb SR, HEE Y 0 45

e



V.4 HRESAHEREHNCREET 28 ORI oWT R Z5 L« B - E5T « /N

Niitsu Oil Field

B0 1 HEMOBHOEL T h
& DR SR A B 3 5K
ErrgE, AUIELL, TRl
OFEEHOWEN. BTRZNED
T o&MOWERS & T 08 27

T Sl At 4 s $.od, TRoMEWREERED

(il i Y A R AR

EoWsh, LoRRMBUIAE s (LB ERMAECT). oMl EHHEL <,
STl T'd EORERG LRV ERL LT B L, —fcASIEolShicmEiz, #Milids o
IoTldy, ~EORCHEIEBLZ LRTERNTHEAS GB7, IK). o, HBMiZoEIMt
EDENEFI T, BN HENEE L, EABLLEZ 5 THA5. ZolofEiio—o>Tths
BENERN & T, 2oL » CTRIWERY LRIURBEDH T 2RSS, ok 5kliic k-
T, MR EHBTES.

F2HoEHO 55, FNEMNOEERCHMT 2 FEERER, ZbodTds0lEETEN-O8 3
WoOFEIL, 8 1BERNREOHRCE b 5 2RABENC Y - TR Ih Bl %2 5. Kkic
DNBIWBEII D X S hE2 2T ET S,

Lieo_TELZEPL LS L, EELIFBEERAMCRET 2 EME, T2, 2k
EMoOEHEAREINC L - C, H—McHHTEsLE25. 2ol iheFr e, Blioaks3k
BB SRR LHPITER 22, Lro<{®BhThS. Lo T, B 1%oHA, #2
o FEWZLE AL, RAAE 7. 21, BANCTHBE L ER T2 Lo b LC, BolireaT 28
B (transverse bending) B35 bD LE L%, Lo 2\ LA 3 RGN, HER
TR ERO b ToBoid GRED 4P 5T (longitudinal bending) B35 &%
%t ThoDPENBECOBiios s, SRR L.
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HOH R OAE B W F EE2s0-258)

4. 2 MHEBTOETORSE

Wi, F 1o EROEILEH & Lo FIMIRT, Wi s/ DBEITC X 5 BEIC IS 2EL LT
BHLEETOMPICOWT, 052 bieT5, Fio, /M- W (1968) OFE LKA K TORTR
DFFER VT, Shackicl ks,

HUHFREBRLB CCUMIBRHEE L DTHRB L, FILLHRS, KD L5 eRftadidsz &
AT&E 3. 1) longitudinal (N—S, NE—SW), WiEMEOWE A — 7 v O AEERE ¥ A
J&, 2) transversal (NW—SE), WiEHEOMHE LA — 7~ OIFEKFE, 3) longitudinal (N—S, NE—
SW, NW—SE), WiBisoEiid —7 v OmAMEE, 4) longitudinal (N—8), KiEHEOEE LA
— 7 v OB,

oML — bk, EOME, +— 7o longitudinal L transversal JeliEMN% { FE
T5. Z05LOMECEE T L, TR TS o B EREFHE L, oMok
WA, BREOHMIRL WL IENUBARET . Fio OO KT VIR b EE TS
(5121).

—FHEWNEREROER LT 2 MATE—REr — F Tk, CoFERo T CHICHET S AL,
B BT E ST T 5. ST 2 Mo WRNC M B SR L, ELIEREL b h
5. HEo#ifa 40BN 13RKR Lic

Zhoo RN E, Bl R B o RiElt, SanrorDp (1959) % Beroussov & Gzovskil (19
65) WiRLicX i, g7 my 70 LAEEBO =T VL 5T, H—MEHEPETELEBLZ LR,
Flebh bR AN YO BROBEMML, 207 e, 70 ERREERMR LLOT, Z0HH
TRIRDNEIE L 00 REEGEL 725 2 LR S s, RN IRET s RAEOH
RN LIEWREL, Cokigr v, 22 BETHHEN, To LHOBERTCLREELLIDLELD
h5, HEACIEET B EFTET, ROZENHORTELbOBNELREH, ThilZollls, k
FH 7Ry 7 DHFOSBIGEMBERACS - feledEEL RS,

B - YT (1968) 1 & B TEILIHE /N BT ORI X B &, Y RTHATROmMBT,
R#EAERIE D A RTENBEAST L, TR0y, il Ezss s Efe s B sy
ETS. IhboRERICE ST, WEILHEAOREHLHE, W Lok PERCHE->TT
EFREFBE LTS L Linaih, FHEOX, HIUEH AR BEN A DL -Ch, LDk
WIETI 5 = IR END LELZ T B, Tib bR < EEAEEROMET 351k, BhE
EHEE, KV B 2 EDBBHDLTHS, FivMA - Fllo =7 Atix, Mo TR
HRABHPTER L E LS.

4. 3 R PBEOHKER

4. 3. 1 WA OREEH

Lep~fok s, 7oy 2L LREEOARER N, FEEEAMOEMERO EELFRTHS
EE Xt ThTRIh oML BT 22T, WoOBRINEDTH A 5 5. HEHEHETOK
BEEALER S Lo By, 20 — vz 78 GBIy Uit 2 h Ui, —SEai)
KEOKRBEEB 2 Tiebhi. ThbRBROMIC T » CitbhicbDTHE 25, Zoikow

e



V.4 SEE=RHEERANICISET SR MO oWT GhR - S8 Il - B ET - N
UOEAWRIEHE, 207 ) —v 27 PLELZTIVTHS D, OO KEYET 5 HHH—
INBBRIC % » Tit, Ao KIUEBAADLRS. Lici-T, SOMEROERL OO b0 &
EZTINWTHAHD.
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1. JEERIE, 2. WRGERCHEROTHT 551 Ga G, 3. AEERCERORI L TV 1R
(bR, 4. PoEEU7CS LARISA (BUtF7El), 5. 552 Eoidirain, 6. M2, 3Mofha,
7. 52, 3MOMM, 8. EHH10° UTFOME, 9. & LCAAIMEHCER LR, 10. ELLoEal
PHCIEI LI, 11 e LTHRAEMCIEIL iR, AEA0RFIS1NeRAY



W OE W E OB O® & G2s28)

W12 WEE—BEL ~ 12 B HILTIAIR (5 3 Ko
A—B ) L longitudial /MBS

278,30, R
120.36.R

10<70. N
296 <72. N

b

13 HUUFRIOTESR, REORMATADNI BINGTBOS IR ERINCE LR
01 BIE b BIEL fele o Bk RS F7

ORI, EREHAOHAOEENL, ST VEE TR L E L bhs. FRESFELEC
ik, B1IROBERMCEL > THEVBMLOKIER S, ¥e3FRbo~k i, BES TS
RIRELARDLRIEVNSTHS. £ LTEA « FHEHOHEWT, WAL T b 207 b 5 < Has
Lie. ZOHERMEMAOR 1 OB & L SWHO FTRIBBING, HADN» Lehblig s
bha. HRMCE, oML SROKIUFEESYBEINL, LML EAbIEE 5T, RYo%kiy
DEFELSZZMTH -1 Shbix, BloERHofAR—EERERICL, &% B8 LA

FRBABINCEL LCEB LA E L Oh5. ki, BEUSMMDIBREICE - EEiiE
gL 2L, CoRMCERMHUI MRS 2, RBECILFOME#YS & 5 hFAToBESE
fLIFED B, Lkl TEOIMBENL, HEaBH&H L.
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V.4 FRESAHERAMICTERT 5 M OWBEHICO VT GRS il BE BT - E)

ZD X5, ML EOELBERBIK Y s CE20k ELEN LT, BLURKRLE

4. 3. 2 EMWREHOMEICOWLT

FERBRAMOEMA, VoD X SRS hizhicowT b, HMHTYRERHE O MEC oL C &/
B, Rt o0 REAES. —oik, BHIZKBFCHRINTELLDTH- T, BliHE w»
- IEHIHO RSB L Ticbhintr - 2 THRBTH D (&I, 19505 BA, 1962). fbo RfE
1%, REEHERCK X SEEES T abh T, BE0BMlRERIhi-t T RMTHS (K,
1930). #®EDRWCIL, BRECHEQKERNOERCAb WA BHORER, L0k 5 iEHD &K
B xindThths Ghal, 1942).

%%%@E%m,&ﬂﬁﬂﬂﬁb%ﬂféé-%hm,:m%ﬁ@ﬂo%%ﬂ@%%?%%%ﬂ%m
ﬁ%@%,%lﬁ@%ﬂoﬁﬁmzﬁ,LHL@E@&bL@%L{mT,%@L&Kﬁ%ﬁKTL%
WoBENRR- T B0 T LT3, Tiabb, COTEAIL, L0k 5 kaicEiE
BORBRERTEZELDHLIFTTHS. HEOLE A, C0REN L2 ABRORK LB OMSER
&, ZDREAEGCERLHMWBORIHCHAI LRG0T, ToEEYBICHETS Z LT
EZZqnE

7ol L2 ORIOEY, Fichb AR EREREENT, 20 X 5 B ilERn T iobhich - fn b %2 T
LhUCERe. EEE 1 RERO—DOTH S A A—RHATH, ABEEFERNCHL YRR LThT,
BB LT, Tol#Eichic b ENEL 5 C EBENDERTWA (E T H, 1970). EHbBiT,
€O XS Il B iER o B, BRENCGERI T b CREMAERIhictEL s, Chili
BREEOEVBICLL - TRENLTRATHS EELLWITTHS. K LRAEOEEEENL, 7Y
— v 2 BB ORAEBEOET D, EisR L3FE L bR, ok IR 0—8KE S 0B AL
1, BEROEELBGRS Y. e, BAFIBRAOWTHS L, HEOHEENCEIMCH L
BRRDLRBNHTHE (BEH, 1970). BROSMHCOWTE, Thi /) — v 2 7 BHEE 2T
B Eh, EEERmEAbs @K, 1970).

4. 4 EBRMEOTIREHFRAN 35ICET 3 BSEE R OBRE

hieotEik i, EELIL, EETADLEERCERERE0 7 vy 7MLL, ThOORE
ARERN 2, FOLREALHFE=ROBREBOBBOEELFRTHS LEL . ThTHE, Thb
D7y 7 EBRETHHHL, ERALDLICDVTHBEDTHA 5. = OMELBRET 5 i,
HAHBED 5 bOWnhd 5 IRAME L, B L OBIREHRE L. 7 v, 7 o EE L EE
B LIcb D LB 2 o8 1 oL, # 10km BRCHATH S50, FhERE L ORI
Bk, BROWEREEH km DT el bicwh, Ekhk Japen Meteorological Agency
(1958, 1966, 1968) 12X 72, BEEORET OBRARET, ThIEF OREEN DB, E 5 S 5EMH
2k5 GHll, 1967) 2%, B2 Trhb OBGREHN Lickifsy, Kko~sz Lind s,

FI4RNE, 192660 B 1967 FTOR L RBHEORES AN TS S, Zofhd, REMBOR
L, & OHEREM OTRITIR < AT AR IR O FIL, 7R Uik, S FR O 1R
EORIAE T AHAAED LS. MEFBHE (1964 DABOBRIC WY, FBEOBIR
DHERDLRT WS (BIR, 1971), WHIRE &, MEFEOREREN DI, ERCHEOEESR
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W E O OE BT WG (2502 7)

Murakami

O W 0~k

® @ a0~7okm
ts26 1357
1936 1987

FUR BHBHERIZHE & T ORI O
BRME OB ISR
195742 DA O BRI O THLRZEM
BE2RLTHE

BAMECHMT S C ki, TTRONE —fic, ey 2 LcBEGEoZ c TR LT, R
ORBIEN DEFTHEMDH D & & 0%, HHMEERA L X - THEADLRT WS (BELOUSSOV &
Gzovskll, 1965). L7cdio T, RICD~<7ok 5 icHEE & B & OB o n+3r90s, £ 1 i
ORI % WL L BCEAE L BH T 5 5 olZNt, B LA FRECHBELY . TWwas, T35
EFAMCL ST, HPTHZENTEDTHHD. XD X 5 hEEOKEIC T ST, MHSEAEN
wdsE, BEbThbhtens. 20X 5B LT, BMAORIICENNERL, ToelE
DFIICTRET B 0, B OBRCE SBEMBEBCTabha s LUK EhS. Zo=%1
F — O—FAHER & LT AT Eh b 02z oo s mECThHD LEL bhs. BIFRME

(1927) LEMHE (1961 ik, TORENRLOTHS.

BIRMER, REe BB, ToBRESMALHET2 &, B, SEohimEENon
HROSERE (ThbbiilERORE) MIOEH skm L E L2 bhT s (BE, 1928). o
HWE D PWORIEN A%, HIECRT. CoM»b bbns k5, WLIIESHE T3 8,
R —FEEFACESERE TR 2 EbhsThA S, FLT, Il —FE cE 3 fifiodt
EHCRmER LE b, BHEMRTIER R Tws. S0 X 3 ie#afik, Nakaso (1923) i@
X % vertical double forces with moment (FEE 5l < M) A EF AT, FHEAHERE
ThHH5. Tiobs, PRIEOFUENLZEECHLETS. b3 WEAMEEMLUTIS X 574k
DE TR HBEEEL LIRS,

= ] a=



V.4 FRFE=RERSHNCRET 518 HoTBEIRC VT K =8 - il - BE - BT - hE)

Oct. 27,1927 7 Feb. 2,196

WISE o 72 BRAIE, 4. RMHGED
P YHBHA TR

BALEADENAE &, ST HEhat
#L2RT

Nagaoka Earthquake

#IsE b BAFMR(EL) L REHE(T)

M 7 PR DR &  DBTHO
ol FE R
[ =

' S KOWRENEZO X 5 Iy A%

BT 3 HoTMERT

REWE SRR cHEET, B, Z0oBESMLEMWTER (BH#rs 1,500meEx)
T, BEL 0~5km LE X HLhTWws GRT&ESs, 1961). ZOMED P OGBS Mt 15
Ricid. oD bhbid X5, BRGEORAM CX, e <L ehs. ok s5kd
EiyAiry, Nakano (1923) o single vertical force (GEEFIAIE < /1) WiEWEF AT, SBAF
BETh 2.

19564E 6 A 29F iz, JbA#37. 3/, BE 139. SEOEE 20km B Z - MBI, FOBEMN, EhHD
KEEHAT, FHESRO 7Y — v 5 7 OQMMIR & ERE AR & oBERMHE BT 5. C o
BORBRENL, KEsoMBorh LA, BEUAREF L CHETES. £LT, ToOXEHHE
g & A EEET, ERITENIKTF ISR,

DX 5 h TR CIEd BH, EREH L T ORI Rk LicthB N EoRBEN L, &
EAROADOEBR LT VB EERLT WS L 5 Bhbh 38D, BfEOMEEENL, HTFLL, £=
M~ ORF D T R UCidices. L L, FlIK CitfE o FrBknEs bhs. 20
X 5IsREND, EEOL, BRI ey 7OEIX, KFEFRONL 9, BEF RO OLEN L4
HFCRSEELS.

LEDRIZZERER LT, ZOMEAN 2 EXWKER A /F L F1eR). S X,
EELO—AR, BESMOBRRND, BATIEOMBRE L~y A, BEAKHCE T e,
Z7RLTWD EFE 2 K, 1970). ERo##-»LTHE, I LN SAEEOKAN - DR

E3) 7, PR SHRO I E KUFIRIEZ22T, LiELIFRET 3 BOPRABOMANE, MR, X HrE
RFEW S OB, DX S, REMITNOMEERRD NS,
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Chuo Yutai Nagaoka Higashiyama Syhara

15 B 6 77 1 Y8 [T T e

HI6R  HHBHER A o BRI
1. ®ERE 2. KWNE 3. ¥e8E, 4. Fm, L5E, 5. KE)E, 6. KIUER OKIITEEE, 7. SFH=5, 8. Tifmm
9. E#fwy v (ERERICHEEORGES, HILEVES), M i Moho Tl

HWACHEET D EAFHRINS

ek, CTIRLAERNL, H<ETLESLOMERDNALOT, BRVL LA AEFERLANT,
WA LRI DI R D b DTH B, Fie, CORTE, BREED S, LAIED 2 <
TS & LTHWTW SR, ChiBEOEBROBHEREE - THE., COEROEELOMEL,
Ihir bOBEBEAHREETHS .

5. EROEMOMEICHET3EHICL 30

KuaN (1971) (2BUERE i o0 BB IcBE 3 5 RSB E 2 H L LT, RomE->% 55T 5.

1) Beroussov efRESnB5E L HTT~ToOHOBMIL, BEFAOHDERTH T, KESH
RO ZREIEZ OBE S EDOH HIRTH ML LR Th B L w52 ThH 5.

2) Van BEMMELEN 0% 213, MAMMEHS CRICE b7 5 BT, FEMCEEDNES
aﬁé.%Lfﬁﬁ@ﬂ?<bﬁ%ﬁ@@M6m5kv&»,?mb%,%ﬁ%&%gmﬁﬂfk<,
TOEETHEZ 9, TOMRBHMATYR EREEELSD, ChHbEARD L 519D E L, epider-

=5 mgeas



V.4 FRFESRERACIEET MO REHCOWT GiRK - =8 - @il - BA BT - /B
mal, dermal, bathydermal, subcrustal T JWEHEIEA LA bAETIIAEBR— (1927)
MEREICHE 2 Fam L.

3) KrAUS (3RS DM A HEETC I, & DTl ST REs S B Toiha®E L, ©
OFEFR L LTHAMERD IR A TR THEEAER ShD &3 #E 2 PRI L. Cofile HolM-
ES Tk > TRFARBR, B4 GRIGEs DRBCT L » TEMT bR X 5ichi . WUNDERLICH
i, EE—r ., SOV VAR VRT AT ATRMEG Y I 0E 2 T L.
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On the Mechanism of Folding in the Niigata Tertiary Basin

Yasumoto Suzuxki, Takashi Mrrsunasur, Kunio KAGEYAMA,

Tadao SmmMADA, Michio MivAsuiTA and Kisaburd Kopama

It is a well-known fact that the Niigata Tertiary basin is one of the most productive areas
of petroleum and natural gas in Japan, Various kind of folds in scale and shape are
developed in the basin, It might be said that they are composed mainly of anticlines, as
the synclines are incidental,

The authors divide them tentatively into 3 classes by their axjal length, The anticlines
of the first class, which are more than 30km in length, are the box folds or the like in the
shape of cross section, The second class anticlines, 5 to 20im in lengh, are divided into
several types, namely, dome-like or box-shaped folds, long folds with steep limbs, and those
with gentle limbs, No synclines comparable to the anticlines in scale are developed arou-
nd the box-shaped or dome-like anticlines of the first and the second classes,

As to another folds, on the other hand, synclines are comparable to anticlines in both
scale and shape, The folds, having the axes shorter -than 5km are assigned to the third
class,

Box or dome-shaped anticlines are supposed to have been upheaved since the late Mioc-
ene period and the folding at the final stage of the late Pleistocene is the reactivation of
such uplifting movement, as each of the folded formations thins very rapidly toward or at
the axes,

However, concerning the narrow folds with steep limbs, the folding processes are not so
simple, It is ascertained by stratigraphical and structural analyses that the movements were
reversed from the period of sedimentation to that of folding.

The box fold with the basement complex in the axis developed in the northeast part of
the basin is similar to the ordinary box folds in structural shape, so it is probably an exp-
osed part of a box fold.

The basement complex is believed to have reacted as blocks during the Tertiary green-tuff
disturbance, Such block movements must have occurred not only around the Tertiary basin
but also within the basin itself, The box folds of the first and second classes can be expla-
ined by the hypothesis that they reflect directly such block movement, Supposed that these
blocks are uplifted, the overlying layers would be deformed in the shape of box and volc-

anic activity might center around the boundaries of such blocks,
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The long but narrow folds with steep limbs might be explained by such process that the
direction of the block is reversed in the course of their formation, If such reversion takes
place, the layers covering the blocks would be inevitably deformed, because the area of
the layers becomes larger while the width of the block remains unchanged, In such cases,
injection of plastic rocks may occur around the boundaries of blocks where the stress is
concentrated, Other kinds of folds may have been formed by the lateral compression gen-
erated in the course of the growth of anticlines of the first and second classes, This hyp-
othesis is substantiated by the stress field analysis of minor faults,

The epicenters of earthquakes occurring in the earth’s crust seem to be distributed aro-
und the basement complex and the first class anticlines, Judging from the experimental
fact that the stress is conentrated around the cracks, the faults which control the first class
anticlines and bound the basemant complexes should be nearly vertical, Many hypotheses
proposed to explain the mechanism of folding are rejected from the field evidences.

Based on the facts stated above, the authors present the schematical and hypothetical

cross section of this basin,
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Geotectonic Division, Geologic Development and

Mechanisms of Folding in the Northern Fossa Magna Region
Yasumoto Suzukl and Takashi Mrrsunasur

The northern Fossa Magna region lies in the center of green tuff geosyncline which co-
mes into existence in early Miocene age. It is divided morphologically into megaanticlinor-
ium and megasynclinorium,

The green tuff volcanism of initial magmatism occurs mainly at the megaanticlinorium
where the collapse subsidences accompany with it. The subsidence at the next stage occ-
urs at the megasynclinorium next to the megaanticlinorium, The centers of sedimentation
at each stage following them change intermittently from east to west and thick terrigenous
deposits are accumulated there,

The megasynclinorium is separa.te& into several anticlinoriums and synclinoriums and
each tectonic unmit is characterized by the distinctive folds, but they are distinguished into
idiomorphic and intermediate folds,

The areas, where steep anticlines are developed, are surrounded by the gentle folding or

monoclinal areas which are observed next to such basement complexes as Hida, Echigo and
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Mikuni mountains, so the general hypothesis that the folds are formed by the lateral comp-
ression from those complexes should be rejected, Such process is also difficult to explain
that the upheaval and subsidence are reversed during the course of sedimentation and fol-
ding,

It is ascertained by the stratigraphical and structural analyses that those processes are
intimately related to the forms of each fold,

The authors propose the hypothesis from those analyses that the folds of surficial Terti-
ary sedimentary rocks are formed by the upheaval and subsidence of the basement compl-

exes split by the vertical faults.
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0, 120, 140, 230km OHEIFHE I T3,

HabbH bk 518, ShbDBRIL, Wil b RiGR N RE G BT, FoH
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19304E RV oW EtbiRIc, FEEE 110, 120kmOMEANEEN L, M KIUFIOLT e EIc kI EmE
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BEBZEM b0~V LBEI L, EBEILEZD 160km DEICHEIMEZ » T b, 19704EFiRIL,
BHEIOWES LR oT <HIE, MBEHEMER - Tws, il ks, —EORICE, £2°T
PRHES T, oMl LA CHEIRS RV LW S IEHOEHASRD BRS.

E¥t.]

7Y — v 2 7 ISR B T B S K LT, KIS R BRI AT, KIS O R
oA B, KIEEIR, ERE A SR LOh & <, SR THEE20km K & T 50km DRED
KREZITHMTBIcD, FCBIREOBES NI E 252, ToBRBRMMLLL K, 2, 3km
THDEENLWDT, KIUORE HBRISML, MEICEHENRE hicdwo LIIENTHS S,

Linl, KIMEEE IS, BIEO W L10kn OBRWGHIEN LiE LIERAETS 2 E3mbh Ty

—105 —



WOH RO AT WM & CE02R)
5. BEBIAKIME L Eh A KOMEOMT 1kmr ¥ ORI OMBALIELIEFRETS. zh
ORI EHEIVPE L, LROBMCIIA » TwiwbDTH B,

PR KILATORBIROE XL, FE 0 /b L40kmOBIME &, EESOkmB R DhRHELS <,
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19K, 19594 3 F 4 B BRI ORI 200 km 10 - 7RO P BB 0KTRS O F
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HECR o LT RS RS, ChoDMBERORBME, LB~y M &fl>TL B, Lkt T,
Z Ok 5 MEBGEEORIRE, Eifi~y badic, FOREEAHLTHS .
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BifRaE L bh5, COBE, BN QA0 kmEE ¥TLEbh5,
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Seismic Evidence for the Deep Structures of Northeast Japan
Yasumoto Suzurl and Shizuka SEKIGUCHI

The spatial distribution of earthquake foci for the period from 1926 to 1971 is studied
in order to throw light on the deep structures of the earth’s crust and upper mantle in north-
east Japan. It is said that the green tuff disturbance of Neogene age, a kind of orogenesis,
is characterized by the block movements associated with volcanism, The tectogenesis must
control the deep structures of the region,

Not only shallow earthquake foci but also intermediate ones are related to the faults
bounding the large blocks, This fact shows that they spread their roots deeply into the upper
mantle vertically,

The areas where the volcanic activities take place in early Miocene or Quaternary are
calm in seismic activities, This phenomenon might be due to the high gradient of temperat-
ure in the earth’s crust in the regions,

Shallow earthquake foci in the Tertiary sedimentary basins seem to be concentrated
around the anticline axes, most of which belong to box folds. As those folds are explained
as the direct reflection of upheaval of the basement blocks, the faults cutting them might
be vertical in cross section,

Each tectonic unit has its own characteristics in properties of upper mantle as well as
earth’s crust, judging from the analyses of attenuation and wave velocities of seismic waves,

These block structures of Northeast Japan are not compatible with the plate tectonics.
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AT HCEERHL, BRIVEHRICY > TEhbx =4 L. Titdb, marginal continental
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1968~19704%, #IEARIC X - 7z,
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HEORRE
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D5, EMEEEAE, ZHhICROHH, BREER, Bo~AleMi T, thiRlie. ik, §
BRI CHERDWBECEREER U TH B, pERMPOZh LW, RMNEIEERIICER S h
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»5.

AR OBEL HEF =TT T, ERtoRMEILE 0 Liric, RIRESHE & Xilh To 580
KIEECEM: DL RS LERE I EBEL HH LT 50, TRTHFERM TER L, SRR
EEmz TEH L. Zhb—EOKBEKE, Wb b REEC L BENTH- T, FMHAmAA
e L, AL LB ELCLOTHS.

[ UF AR TR Uit AR b =R Co@ s, a1 HEIE M, B 50wk,
—HERLEL LR S LT 5. WhdbMGFEILEERC Y » TR ISh BB THS. M
ER L TR e T 2 AR OB, 5 -HhRAENCE e B ahic R & sl
Bchs.

HEHESRKRY, R0 LIRS0, wh5b 7Y — v 2 7 BIIEEIC X » OB S hic @R aE
i, WERM R L. i, ShbiXhHitofifl, hFio®kd, L LTt w5 X513
SLTEH L. Fe, KIMBEL»LLBHIH - T, BHL Y, HENORT TERLTE
Wic, FETHEOME CKIURBEORTF OB Tw BRI, Whdb 7Y~V 7@BTHE. /Y —
VETBLEORBREEDERN, MBTEREIRLTWAEA,HE L. ZOWEIR, 7V —vx 7@
R T HEMNCE CEEo—RE2RTd0EAbh%, /) —vx 7&ME bl b Lic LR OMEE
HUL, 148 10~20 km BEOLEATELRTELADRS, LicdisT, RER Ui OB, &
OB OB AEH L THbbhiz b DTH 5. '

AENCR Lc 2 h D OMER O 5 ik, o TOREOEBEHA, Stz THBEILT, §
LW BRIC e 5 7e X 5 IeiBr 8\, ol 20X, 7 4 » ¥ = 7+ OWEKERT, AR EEER
LHTBMBHROTML, b Ed L, 7V —vE 7 OMBEI ORI LR TR AES LTwicb D
LEZLNBN, TOBROPEEFRIC-T, BEIYOFH LWEEKBE LTHAE L DO THS. BHE
i & B T AAETRICOWTL AL &30 2 5.

gt o kKU, 3T, MO KRR R TERIC L - TRE L.

R ER & B & ORFR
1) FILBAEED 7Y — v 2 ZHIFICDWTW 5 &, RIEME - dRIE L LI, WhWYBEHE
SROFEMEPICREERT, LTOFBTR LiZZ oM ilicid T 5.
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2) BABILM, FEHEEFORIMCDWTHRS &, 80 km 2B, BHMUOWHYBAE
T D S ) —FF R T T A HIRIC DB RE U, S ohlofhificiiae FBE LTh .
Fefd L, 40 km RS OBRFHBOBIFIL, HEH—FIcom LT 5.

3) ThbOMEY, EEES Mk OBEORREENC L bt - T, LTI ET SR
ISHNER L, ThoPB=s A F - LTHRZhA LD, EE2bNS.

4) WMREILHE DWW TAS &, B CHBIHTE cEis L OEMcBEEE T ivbh, ik
I FOEBAEL 5. - OHIR TR, ERES & ORISR T b B TR,

5) BISTEFL, <O THRGIERSHEESMIRTH D, 2Tk, TREE (W10FFEINc
WHML TR ENS) OSERTREND, REOMREEER & Xith 5 kMR & OBFRA
BThD. Tiobb, BREOEEMT & EEREAGEOF BT ORI, MEEDD
EFC, AT U TN R R O @ il b s,

6) SEPUATA LMY, HENHBERIIERE TH 5. &M, B4, REUKUELE ; Bk,
BT, BB ATHIE ; A B B, AR EMIERE, £oflTh .

7) FESAEO 7Y - vz 7 oFEHIR S, HEREEIIINER TS S, SHE, WG, g
IRERSIRIE, 2O X5 Thb. 2L, FHRILMIEAINCERTH .

8) TDX 5V, BEM, B KINEEOWEF A BTG E 2 NER DX, e B~
v ADYER, EIERE S ELTR L S BEHTICB B THAS.

WO EREREAENRCS s T nie, THEFEEE A0 #E KR 5.

Seismotectonic Map of Niigata and Tokyo (1 : 500, 000)

Yasumoto Suzukiy, Yukinori Fujrra,
Takashi MirsunasHI and Kisaburé KOpama

The seismotectonic map was made in order to study the relation among the geologic
structures, recent crustal movements and seismic activities, In the green tuff regions chara-
cterized by the Tertiary and Quaternary volcanic activities, not only shallow earthquakes
but also intermediate and deep ones occur under some zones where the deep faults are
expected. Intermediate and deep earthquakes are observed around Kwantd mountain and
Jzu peninsula where the deep faults are also expected, Seismic activities in these regions
might reflect the uplift of the mountainous areas.

The subsiding movements called the Kwanto basin-forming one are now in progress in
the Kwantd plain which are reflected on the iso-depth line of the base of Quaternary
sediments and the Shimosueyoshi Formation supposed to be deposited near the sea level
about 100, 000 years ago, The most active seismic activities occur near the centers of those
movements where the relatively deeper earthquakes are observed,

The seismic activities in the Tertiary and Qauternary volcanic areas are inactive except
Tanzawa mountain and Izu peninsula,
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HiLY v 4 = FE\WT, BELoussov HOIFEK X 5—EOD & F A EBRIT b hi- (BELOUSsOV and
GzOvskY, 1965). M BHERT, EM 7w » 7 OED R T 5O, LOEEIC L 35k, I
BT oM EOBE L B LB T 54 0B L e S hic, Gzovsky and Ma-CriN (1965)
X LEEMORERELZHMETAC LItk » T, BiHORETHHERHE Liz. %7, LEVEDEVA
(1965, 1969) X, FKMf 7w v 7 O AFEETIC Y - C, HHLELBHO TEIF PRI DR L.

IO X5, BETREEOMEBICOWTX, A hETHEMMTehbh T, LaL, il
DI LR CHZARE T A 2BBAYRE T, Bt ERAvicAr —n « 2F L EBRBT s
SDM, SO LAEHIELRbRS. Ar—L « 2 FALERICONTIE, FAMBRER A EOR
EDRT, W OhOMBERAF EHEhTwS (B, 1966) . Linl, ThboRaERE L LT
BiE, FTORCL I EHAOBREYEICEDLLWIKL, ZOHEOKRERAY » DB EEL
5.

3. EBREHG
3.1 FUEHOEEREERETL
FEmiRcRE T 5 HNE MO o RENARIERCOWT, BECBHREEESCE(LD
EDNT, RO X5 IUBGEEAH LA SR (B 1R, #RiEs, 1970 . Ticbb, 3 TICHER
Wi, ZoBIOMEASE RS h, HEBOE IR LEROERCATICHEH t-T
Wh, IOk S LR R 0B EAERIC L 95| &R dhickFELBRS. £LT,
WROEIICF» T, SEOKUBHHIFETLENLLT, ¥ COEBTIIMHIETT
WD ThS 5. REFOEBL, To®RomEL - KN - RBOREIICLE| & obhic LiEEIhs.
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HOE B E W OR E 2

1R FUEFOMERE @kb, 197D, Lsl,
A, TRBEOWENIT, FROKEAEOLES TR
R E AR, BRBHOE L EEOBENWA LN 5.
THAOA—BRIE S KT

Fhit, wFholRfRieknwTh, AR LERRE T, ELJBOEI B LT 50
LTHB. LT, kiFEE, RBMLE, SREPLHOTEICY - T, BfEALRS X 5 ikt
PRI iz EE 2 k.

DOFR, Z0XSRFEREYEMNCHEIE LTA L 5. # 1R, Z0k ) iaiigdEfo & L
%, HEOERA RN CE UOR Lic. FIE=RE L OSEmio s ERicoun ik, #8E (1967)
WIS - R AR (1970) @k BB L. ETFHERITIcoWTRB E, CoBRICi, HEH e L F
900~1, 400mAARIERL Lic = &A%, HBHOESOENLHEEEIRS. “ofMoR I 7oy, &
ThiE, TOEEEMEEITR L E 0.1~ 0.2mm/yrTh 5% 5. BRCEL - KL, X%
0. 2mm/yrDREETH 800mZBNr LAz EAHEE I D, BB OVWTIX, o THEIRS P
REE (BEFH,1972) ¥TThH, £OEMEIN 600~800mBb%. Lich - TEAEE 0. 3~0. 4
mm/yr LHEEE RS, ARBOEICOWTE, 2o Pk B b LK, X5 1,000m bW HiED

F1E RLER O M,

B 1 R SRR B OE Y
W fe (m. y.) I (m) e 1:E(n{m9yrfE (10“5/yr)gf
Hiam EARH 0.1~0.3 # 1,700 1.7~0.6 0.3~0.9
hict s # 2.3 600~800 0.3~0.4 0.2
[ TN, S I\ # 4 800 0.2 0=
He % #1 7 900~1, 400 0.1~0.2 0.05~0.1

1) SEQA967), (NEFH: - FFH (1970) Ehrick 5
2) WEDEY 2kmE U THER U ol
3) AHEOEEXDH Pk BUKERE (BTH, 1872) ¢
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V.1 FBUREE ORGSO ONE « 8K« VI« FLED
HEHE Lz EmbhTens (BT, 1972) . thbeER L, #AB—EREY0ERLHEETS
&, SO, XL 1.7~ 0.6mm/yr &\ 5 BWEET, £ 1, 700m bsWEEERD B -
EDHEEZR LS.

ZD X5 IsREEEDHED L iB3RFIck Eo1E T, BEL I LS 0RFAVLETSHS. L
L, RUERMYERT 88 7 2 o 7 0B®A%, kX% 0. 1mm/yrds S¥mm/yr &\ 5 HETF fedb
NicZ &2, B—UEME LTIRFYRETHS S,

=77, COMBOR=REFEOERICOVTIL, HEBVEMEHEL VB LAMBRATHS
DX IEREY, ETONCI SRR TEIR Y, 7 L LTEBITA EE 2 bNE. Fi,
ChesEs SWHERBL, HE=RT LEMRORERE X VS hTw5. Liedt->T, Thitss
B bNB ERBPRh L, EMED 7w 7EENC Lich» T, B ICHECHAEH 24
LHbDLEL LS. HUEROBE, EREET CORERMOAT o, FHBELEZED
het, 8B L LTOMBOE &I, 3~5km Dl k2 LHEIN S,

BT, HEMCITAEREEN (Rey v v, 1958) KB L, FRERIE S SFICEF LT
Wa. CORMOWEEE L2 km AN ThB EHEEIhB. £ LTHES LI S HHE MO ERITE
2~ 3km OZFEMNB AT LT 5.

BED X5 eHUEROATREZR D OO &S0 T, &OERTIHHIEHRD £ 5
NEIRD X 5 CRHE L.

O HEFEELTOERY =, 725, HMNNCEAED TS L0k T, EHLETVHERLC,
FEEL D RFEH e E AT T 5.

@ BWERE, BE - SHET, BExpskmi T3, Hg3, BEAKECE I G 10kno 7 e
y 7T, ~HRcHEECREIC AT LD LT3,

® T e, 7O EFEEIR 0. 1mm/yrd SEmm/yrichie b, FREROEERECK T, 3
B 1,000m7c\ U 2,000mDBEEAE LD LD & T 5.

3.2 hEehiEfle

LTI 5 7, RO X CKTEORERRIL, WEPOENSTOMBEL LTH2h 5 &
EWTED. Lavd, CoBRE, MROENH TR 5 BREoBERNER &, YR OBEY
SRR L ERRETHRMEORIELBETH S.

0 X5 IGERYRTEENERTL, 220N hbbbhd, 1 DIMEROEEOE L RICE
R4 5HATHS. o 121, MEECL T, WEOBRCELELA LTERT 348 Th 5.
BED S L, BGEBNC L - ThE UBEENL, ZoBEB0IBEENEE /NI Wi, BETx
B. LicdisT, BRI LAYENINEE LS50 L5,

WEBRGE Ay -1« TFAERTHERTAHE L, 7L ENR LB HARRS O/, &
BTaINTopBEOMIC, —EOMUBFRI#L I hTwinidugre by, Hussert (1937) ik,
TR EBHEOTIEBRILEMN L 3RRTOWEEN IR UBUE AR v i il e
LigwZ &R Lic. Fie Grovskin i, #HE =7 {LOBE CHELEIBRALRART/E TS L &
HErh 2 HUEORERY, BERHEE LCBRTAHELMHE LT B (FIl, 1966) .
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wOH R E O | 2502

M2k EAHELE LR

A F FAEEhLET
(independent parameters) (calculated parameters)
B x ; Cl=10"% 5 3 Ct=Cl/Cr=2%10"2
H B ; Cr=5x%x10* Hit: ; Cv=Cd+Cg-CleCt=10"1%
K g ; Cd=0.5 g ;5 Cs=Cv/Ct=5%10"°
EIIEE ; Cg=1.0

ThbicfEzd, ZOERCHLMEZELTEpHEE, FEHHERID, B - B - EE -
HEEDS, REHBRD DI RE - W « BRSNS, chbopBEMICIT, R
D&, B2RO X IUEAN L b, ChiRX b, EREHICI VB L2 LR R RS
LTS, MOFRERDHZ EHTES.

3.3 HELRKEEBRRH

DERAGNCAIBLUER L ED, FREALRD TN (#2358 .

RE : TCRTF LIt F AT, BET v, 701F% 10km, BEBOES% 6km, HMo HWZEA
BE1~2km b L. 2ok 5 aREOEAL, ERETIIR v FOREICTE EBER LT
ZDRHEIOMLERKY Cl=107 & Li. ki, FARAD 1km 2740 1. 0cm ZHIET3HET
Bb, EEOEETIE, Fr, 70Ek10.0cm, TFADQEI% 5.0em, 7 v, 7O FRER 250
mmé& Uiz (8845 .

ERGRE : 3.1 Tl X 5, RIEREZEER Uicikig 7 e o 7 OHWZEMRER 0. 1mm/yri b
Bomm/yr LHEE S hic. co&KME, EREBEOKGELZER LT, EECMBLREY Cr=5 . 10*
E Lk, ZRIERAD 1. 0mm/yr 284D 1. 0mm/min ZHIGETHHTHSB. ERIX, 7ry 270
EAHES 0.23 ¢+ 0.5+ 1.0+ 2.0 5. 0mm/min KRE L Tt 45 .

W ZoMIROPH - S EOWEPREDOHAEEL, X% Li~2.6g/cm® LIRTHD
(2R, 19615 B3, 1970). = 2 TiE, MBOTFEEEY 2.0~2.1g/cm® LHE L. FRch
BrfeSY b I ML OFEEIL 1 0sg/em? THEN L, FHEOHUFERL Cd=0.5 &5,

EHMEE : £ T 5B CIERT W40, RAOBEL =71 0BE D, 13EA EREIIME
B Xbb0RCths. EREIRK LA TCENB CHtbhsns, LR Cg=1.0 Th5.

BLED 4 2O SABRREN b, 2E¥O/MLELL, 52 RZoBUENDRDBRS.

BEf : RS OMBUFS L, BIEECMALEEN S, BHoMUFER L, Ct=Cl/Cr=2 107 &7
3. ThiX, EBRED 14WRRO10GFCHLETELCH S, FRIZ—EOEE (25.0mm) ¥ Tk,
SEEOHE CAW I B LI LT, EROMPBERHEIL 5 0168 1105 E TR EE 45R).

IR B X, BE, BOMEES XOWHEOBLUREE, L, oMpFEL Cv=Cd. Cg.Cl.
Ct=10"8 &ic5. Huid < DRI —RIC 107~102poise W b T (Blor, 1961) . HHE=%R
DRHLPWHERE OV T, BEHAMLR T2, &2 Tk 107~10% poise LAEL
fo. LieddoC, SEBRTL B 5480 102~10°poise 1o 2 4ERH B, v b4 ML
T, 2=V = P RER S OB EEIR 77 A b 2 =2 (Pl - WFE, 1959) A TRE
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V.1 FEREH PRSI T CNE « 88K « /NI« SLED

LKL, 6 X% 10%poise (ZSEEE 107%ec™ 12C) TH5. chit, ZLBEVETH S, KX
FHARCHIE T 2T A &BEHRENY 5.

BREE Y - HUMEE S L ORI 0BUEK, DL, coEpE L CG=Cd.Cg-Cl=5 -107° &
b, EEBICH bW EOMRRIEILR X 2.5 - 100 dyn/em? THD CHFATW 75 A b # — 2T X
%) . _EoMERC X e, ZHEKRD S5 - 108dyn/om? B B if500kg/em? WY TS, BB
RO E=REREOBEICONTIX, £ DF -2 HEIh T3 (BEDH, 19707 &) . Thic
ThE, Coftiit, v A OBRRRR, £ LTHER EOEREMRCE Wi hRicD. SLble
DRIRE & T R B L+ v 7 icownTid,  2008FE0HET, 3614 300~ 1, 200kg/cm? DI
EAmT. 2008FL LOHE CRBEERTAHE 18, Shb LREThE, =7 Afkhiies
HEAMEGAD, REROYELRERPLL T D AR EN S,

3.4 EFNE

LTI Xy R Wi T EFAMBE LT, Ry rrq r (FREZ =44V, V2) wE
BHT84.0% = 0.5%DMKER DV AELELIDEL BV, ZOFYHITF 3ELD X5 THS. Hit
KBS o — TR LR D AR &, ERELT, Bolk~5 b b THEOKE SRR
LifEs

H3E ~vir4 Lot

B B 90% LA E—250mesh
% P :1.05=0.0058/cm?
4 JK ot 55059

K 4 :84%0.5%
IR ¢ 480%
WBHYRA : 23.3%

LR + 4579

i 1% :10* poise

RRRIEIE : 2, 5¢10° dyn/cm?

3.5 EREKELHE

LD N LR TRREEE Y, S b0 —AD/MIZERE - BE L. FEIRE 2 BioRT
Iy, ERG - BER  BER LOBEMEER L VBRI Tw 3.

LA, EFARBEELE L, €A VR ETEHSEIREM L vid. ®F AAIEE 100cm X R
fT2oem €, 2o ki, HWCG CeEBEOBROAHER 7 v » 7202 bh 5. ZORBTL, HR
EZig10em O 7' r o, 7 E20O%, Thi EFI8k.

ERENANE, MBEEE— 2 —EEF Y, BICPIFYI s, chicXb, v 7 P EES
0.23mm#A 520. 0mm & CTHEHFEFNC EF- - (F1k - TR 2H3TES.

ST, v 7 P OEENE XA YA — O TH AL D, X-T Vv a—FCikT 5. ¥k, Thi
A ATDY e » x—bBHLTH D, EHFMEABNCT = » 2775, ChHOERECLD, i
DHIME EIFED LB THEATE A,

EEERIZ, FAOH - HEICOWT, Ay, FETLCERERIEA LR Lz, ZOREIIE,
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H H O A BT oW (E250-28)

Light Light

b Dial Gauge

i : (c1ay Model
Y i Piston

E A

:r" Amp. 1

! AC

; £ [ * 100V

AC —

100V

1 /
Recorder ~Motor
Amp, 2
—
/3| camera
o o)
T

Ho2l ERHEE

HEHUDBAETHMEZAA TR X, EMTCBOMITIC: buie. ok, E8h, ZhboEHEIE
WTFRSHEEICLTH S, BRITEEEREFCOWTIZY Y P AT b 0nd, FE EYE
THRET L.

4. EBHRLEEBR

4.1 FEEREHOFE

TRy FOBEN. 0mmEFTER Lick &, =74 LERE 5 0n a2 E 5 3RD.
EOLEIEE T, 2ED L S RERALRS. R Ry 7 O RECIEROERE 2IBL S
BH, TOWSOMEBEILTACHD. FROoe v SEDR TR, 7OANIDEEL Y, bTnichik
FD, 8 1.0~ LoemicfrETS. AfMO L v CED YR, 7OANDDOELEL DR L F 1.5~2 0cm
HUCABE TS, Ao ey ColBR—RicEROEhI bR, FRloe v EAfoe v oD
MO 2. 5~3. sem 2B ROBMED 2R T5. o1, CoMICTBEBMOZET 3RO v
v OIS B AR EAED AR E RS, ERONIBEBITEESEO R 5 ERICE T LI
LAFRABTHE. BEOBIOXEIRLE LsemTHS. B0 BHIEIHEREOFR L D 1.7
X1073%sec™t Hb 7.7%107%sec™! 2B, ZAUTERIICOWTOELUER CHRE TS &, 5.5X107%/yr
e L 2.5%X107/yr OFEFREICHY TS (F43 .

4.2 EEBOEELEE

Ty 2D ERAH25 0mmiCE UEIL LB £ T, 3EEOMBAREELL GE3RD .
HLUE, 70, 20 EFLIILDEDL, LIEBL ko ThbRETAEAEOYBRIE, FrILIER
BThB. H2ik, ZhEFHNCAOIIELTREUILD S, 12&A EKPLRIEEIERETH
5. 832, FEOEMO e v oORICR 5 TRETS, FIERERNY FLRITENETH 5.
HIOBEAKEIZ, 7y 270N00b, BEALYBEEHCLMCHEAMCEA~FETS. EERANRT
TELERINLLTHETEEELH 5. LF0BIRBOFRO 1~2cm i bhs. WEo L

#1) MA CHING—CHIN, et al. (1565) 1%L 5%/HIC top, shoulder, elbow, limb, bottom & XA T3,
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V.1 B 0PI oW T G - SR e NI FLED

0 5 10 15 20 cm

HIE ERAER, a MEREE 0.23mm/min T 25.0mm k&
b : f&#ERS 5.0mm/min € 25.0mm |5

ZEE B CRKC AL, —HIEEE L LTEMO e v O (elbow) wET B, Z Dily
BOEANE 60° 2 BRI & TRE. BEEWFR b Aail~, BBRiCThESLS v ATE LT
%, THEHD v AD LD, BT THEEKE L EHCH - THYT5.

HoD a4 TOEAKBIL, BANBAYHRLE LT, IFTRBOLIRCHRETS. WL, 7ry 2
O EFORTFHA D EHA~E, BT LTRETS. M 4x0MBIEREOEIVE S %
HT5 (1~3m), ZhLREWEABITEIhTs s &b, KRB0 vwThd L
BHIANTRE v v A%md. ChEHO LYy 2D LOIERE L. BIEXIEZE A EKFEERL T
ShaoTnbicd, TOEMCE b, EAEOHEE EEAROENBL 5. —RCEANE X
HERICE, EAEOCENBE /a5, —HRAHICIHEAEYNE L R5H8 0%\, TR ZOKE
L, BETDRD L O, BHEEC L - TEDHBUAE VB U3 LLELTS. F3RbIXE
T Bbhiuwfilam L.

3 oWE, LEOHAO e v (houlder) Hrhlic, ZOFBICHAETS. COMBOR S,
EBAT LEBE T, BAl~2am Thsb. BEIL, =510 LBEH LIgE A SEEABE LH
BTB2HENDHS. WHEL, TOECHE - URE A LB, BV ERAT OWELR . ]
FiL, TOMEITR - CEMEMCES T, ZoEKREL, BRUANER T3 b0 & maE~ER 3
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WwOH W OE O OR B EE250-25)
230055, ERICI - TR, chbBZBHBELh2BED, FHORBbh2BELHD. LrL,
LR FOMBAERBLEALALTHS. LKL, 7ry 72X b kA 32T, AR
ERTHEMBOAREL, Sk, THAOHEETIEANELEE T 5. ENBOERVET, &
Kil~2mm<T, fiBoRICEELHATS.

4.3 EDETEEDORH

=FAMEO ST AEREEHN B0, BRI @It EROX LD, €
FAORMCEHLCHEA LT &, FHEOBALEELTAY » 7L, HHERCL VEEMERDR
(Ramsay, 1967) .

SR 2 4 RioRd. Fhickhul, ELgEdT301, ROWITHDZ LAbh%.

1900, 7 e, 70HAL, BEKEH~DUS, H2~3cmDF#HBHTHS. 7ry 7D LR
2hT, EOBREIRACEF~EFT LT 2 EARIATH 5., GANESEANEL, <OFH
FICSHRETD. KRB TOBLFitRDd e, ZOWMME—EOEIMINEY (simple shear) # L
T B ERiTo ENTES.

FoHEFT 5L 5 1 DOBFNL, BEBO LHCH - HaThs. Hekfloe vy (shoulder)
RO, KELKFERIERENEH U, ElfERs RELAN B RBETS. 7 vy 70 LRARORT, EO
BEXEMe v SORT» L, BROPRE (top) OHNEL>THE, hRFEOTHCLIETLT
WL RRETC, BERaEs, KPHADEBRECEL VERbhb I LRSI,

i, RE S ORAHEE (bottom) 1k, BHOLABMI, —E LK PIEMESTHRERS. 1okl
L, OEMREORER, EWOEARBRE CLIHCHLTNTH» T, HMifER L2 ET BT
fo o T 7o,

B, ChHLOBEOHMY, BT 7AW TR LA J1516 (SANFORD, 1959 5 &K4F, 1974)
CHEST S L, KD X5 EOEA IR, Tihebb, COKRTE, E¥o hvBRige, 7T
RO KT R E L AR OKTEME, RIMD 45° R T 2 BEONMABLE S hichiED) ,
ZhBIEHBINER & d o 5 Bl = T A OEIRTTEA M E X BT 5.

FIAIER D K TFERS IO FEEAVN I WEIL, K& (1974) 2MEELTW 5D, ZOFERTLEED /D
XVEARI R, ZOFER, BHEL IR EL LBETLHER L HAEROKEL DY b2
CEhic. KEBBEBORLEFTI0R, LEFOEMO e v #f (shoulder) TH% A3, SaNrorD
(1959) D TH, oMK ERFIRIEHPEFTrHIEH I T 5.

$it = FAEROBA L, XLRERIELEFILL - T, BE FEELRBI~0E LWEOEH
B, WROK SEBFETSD. Liedi-T, FOBRB Ttk 1Ol IAME, BERILEE T
BEIETEL. Lo LESIEERE B0 H I 2 THIE, ZOBRBIKISWTIRIZHEU L
AR = VERTEAE LI R (E4RC) .

4.4 HBORELRRER

WBOFRED Lavkid, BMEHOREEESECHEEL Ty XY cEbhs. T, HiEr LR
BEREOBNEAIbL T, RME—EOEWBEILREELI LD b biEEShS.

2) BHEHEC T ey s 0BEN h=4.0mmOBRE G CIAkY LIEHE THL 4, i MRAHKINS.
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VI.1 7088 Hh oI IEEENC 2T OINE « 80K « NI« FLED

£,

0.8 ‘% " N

ST veY
Q ) by
Y

=20mm

25

AN B, FHDEEE 0.5mm/min, a: 12mm_HE, b 16mm
AR, c:20mm RE, SEWHRREIET (A #, B sk
BMGZE
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wOH OH & M | E EE2se-28)

HARK IO SROMIREIhD Lo, BANBE, 7o, 723558 £ CEA LLBE TR
Lo tibhs. Zh&i3ER CBET, RFoT TFHciEamBErRE Lk tns. %< 0ERE
RThH, 202 20 EILIRIERBCRETLHELS .

7wy 20T ORT, KAKEE, EHICH S THAT LTRETS. —HHAKEE, IRtk
FAELo0, PRETLARLREL T L. £ UTRKINICIZEE O BT E LN T 556
AT AT

LaL, LAOHEET, BANBOLGE R YA% L, MEBOMBIIEVWIZE b2 bh 2T 58480
Bobhs (FE3Ra) . i, H4Rb, @it Lo, EANESEANBIL TSI/ 2 59
B, BEMNOEME (1) w—%KT5. MBEOEML, Tw ik LNHT, 2. Mo mmems

extension or normal f.

high angle reverse fs
low angle reversef. v\

(2)

25 mm
Zoe e
# |
158 o= o—g—=-
4
1o .
-——————Maa oo LY
FS
10
B3l N. time
(B)
cm
6.0 length
A‘ of fault
5.04
4. 04
3.04
25 height
_— of piston
1.04
rate=0.5mi“ f displacement
o] T T t T
10 20 30 40 min.
I
ey g 7/ *:ih = 20.0mm
@ 7
18 A ©: h = 16.0mm
mm ((a) /
550 A= o/ +: h = 12.0mm
2
2 a
1< £
7
7
/7
E i
¢/
4 //Qa 4+ -
G+
5 e length of fault
' T = =i
5 10 cm

H5E B0 LRERE (MEEEO. 5mm/min O—f))
(MHEFREFEEORN, BYEANTEORS LEMORRH
B (OB oRS &R HEIBIR

==Rer=



V.1 FEEIRE i oIS DT OINE « 8K « /NI« SLED

32.6%
A B « B
% 20 4—— - — ]
o N | 18.1%
16.7 16.7
" =1 ===
8
5
=3
i g
I
THPRAIS SNy (D o |
=00 o 8.3 8.3
& B2
- 8 6.9
E 00 e | -2,
2
g
g .
a8
= 15.9) o — Bt 1-J
9 0 10 20 30 40 50 60 70 80 90 100 110
E degree
- 1.4
Ly ey
6.1
0.7
— } ! H6X IETEAOHEESHH, (A) [EBFHO
20 30 40 S0 60 70 Bol 90 100 110120 130 . EAKE L EAEE, (B) IRle v v oIEl
mean }E
LT 5.

PlED X 5 7B, MAOKIE I EEEME CHL S EXRLTWHEAS. CHLOMIEED
FTHAZTRCOERERICOWTHETS E, HF6RAD X k. 2EOTHIN 2° T, &4
DRSO G PEM S NICHA LR LTS, ThHLDRBEND, FIEEMIING° EAhkdhb.

sk, ThbnILEIEL, S5 -/l (1963) OFF i -k, ACFEA T BHtsIH e 7 1 cFgdk 3
520N 2HD =Y. v VIEICHNS TS, 2L, ThéRRcRE Lol & 45° TRz T 5 B
FIoL IRMAAY, EELOERTIIALRgh - 2HES),

EEOWH e v o (shoulder) T HIEMEIL, 7' » o 225, bl ) ER LB LI LD
THEALILDS B5MA) . IZRONCLIR, ZOFEMBREAAcEMTs 0L, [t
FHefERT 3 $D02H D, FOEMLD v 2D EFREORBMENL, chbd, HBMERcds L
Frxbhs., LERABCHBEAZNETSE, FRBO IR, TD5%, 0~30° {ED

Y — 235 EMZ Y T 5 DT, 60~70° MHED E— 2 ATEMBET5 o LiftEEhs. Lic
o THREHD IR AL 30~20° & 725,

COX3E, ALeEFAQRTHLIMEAPNRALEYELC LITERShD. Chik, FE1T,
IEIPBOENIC Y » T, WNHBEEARRICHNAENTEL LD EELbNS.

wW3) A« D (1963) Tk, HMMEWIZETIC X 5 HEBMTE O AL 60° L LTS, $c Cloos (1855) 3 BLOKBRETT
o TWwW3,

== 138r=



OB OB & OB R & (25028

4.5 HBOBELEHEELOMRFR

BaRrRLIcL o, eFr0EBEEDROIC Y » THBEORRCA AR DB, DI
HERGVHET L b, 0B bakst L.

EROMELML, 7 ey 70 LAEEY 0. 23mm/min /38 5. 0mm/min ¥ TE2 52 :THELT
w5, Zhick b, BTk 7.7%107%ec™t b 1.7X107%sec t OFBEEME Uk, HEESLHT T
—EOXEWE (25.0mm) ¥HE2 52 LI - THLACERIRDO LS THS (BTH, M4 .

KRR TEECRE LCEANE (BE 1.5am ko) o, EEDENC X 5T
ERNAEDLRS ETRA) . BROAT YL HN, 2OEITH T VEE TRV, bi'n
T, BEET, RoRoMTEAAREDbRS, i, TOWBIL, HEELGIEIEL VELT

|g n
l . ‘ | number
1 B 2|0
| | : é_’_’___ilr/——
b |
2 kB T ?——5
Il L ' 4
! !
[ A——2
0 1
0.23 0.5 1.0 2.0 5.0 100 mM/in

-1 o
-1 0 1 lgr

w7 WK (n) LEMERE (D OBR. (A HANE,
(B) &AM
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Ak FRGHLMERREORE. v 2 MEHUSER ciR Lz BRo&H

Exp. No, 1 ‘ 2 3 4 } 5
Model material Bentonite clay with 84% water
Width of block 10. 0cm (10. Okm)
8
2 Height of uplift 25.0mm ( 2, 5km)
= :
g Thickness of model 5.0cm ( 5. 0km)
o .
Rate of uplift 0. 23 mm/min| 0. 5mm/min | 1. 0mm/min | 2, 0mm/min | 5. 0mm/min
movement (0. 23mm/yr)| (0. 5mm/yr)| (1. omm/yr)| (2. 0mm/yr)| (5. 0omm/yr)
Duration of 6522s€ec 3000sec 1500sec 750sec 300sec
experiment (10. 7mys) (5 mys) (2.5mys) | (1.25mys) | (0.5mys)
Number of
. 12 12 8 12 12
experiments
Strain rate on z,7x10‘5/sec%,7X10“‘/Sec"2.4><10“/sec (%.7X10’3/sec ]6.7><10'a/5t’-c
; 2.5%X107* |(7x107* 1.4X10°% [(2.8X10°% |(5.5X1073
the wing of fold 1yr) /yr) /y1) /yr) /yr)
?) %h_oti1 exp. | steep 100 (%) | 100 (%) | 100 (%) | 100 (%) | 100 (%)
2| oed gentle 100 100 67 62 33
faults normal 42 42 33 38 8
Avextr)age steep 5218 6.6 6.6 Hed 7.0
W | gemile 9.1 3.3 1.9 1.6 0.7
faults normal 2:13 1.2 0.8 1.5 0.08

il ot T RTCORRTHREN AL R (BF45 .
BANBOAR (BE 1.0~25um) i, EREECLZICORWE U LSWTEACHS (7R
B) . bbb, FHNBROWKLE 7 ey 70FEEOREEL T 7, 1 T5 L, RO X 5 iAOHBA
Aodbhn., vk, ZONBOAEERECHTSHBEEL, F4E0X 5, BEETRECHD

THENYD 5.

LEREHCHET ST REA S fow LENBE, Bl T CREHENHI T3 (Fa3 .
DX, BIMCRETSRANELYRL &, TORPOKRBIL, BBOoR-CHBBEY, BEE
iR ey TR e ol (b R

5.

£ =

PR 2B L, TOMBELFNOTELLEL, W orDEEXMLTALS.

5.1

REHEOER OB
Bihc s T s BRSO I, MBRMEOMEEROPEILAMICE L3 T L2350,

Licn

>T, EFALERTHELERICOVTY, & EREMNIOEVICER T Lk, FkbHDH

BThs.
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BAROBEAMCHRENS X oL, EEMCRT2EML, =7 1 hRolERis AL DR
AT LA, RO L5 ied. DiFE A EFARERER (op). DM SRR
BOERE S, @FHEHO e v oI (shoulder). ZOHIITVH LB LK RIS L 5/
I IEWI B H 5 VI IRER Y AR SN, OFEEMNOZAEMRIR (steep limb), = oIz,
WRH RN 5 BAY B REET 5. chik, EFCASMICMEL AT CThAMLT, &4
oo & EIF-EAEMEMBE n2BER D 5. T, COFLOERIL, ZOEMAMNEEHET,
PR B ERNE S OYWE X ER B, Thel s, ZoWEX, Shic AR
NIRRT S Z L AR OBRO b o & bRk ELAME v O (elbow). A FEACHE TR E
BEWRERTHE VDD, @FlcAnmFR (bottom), = DRIMIIIEHITIT 0 PEME L
W Ehs.

TD YO, FREHMOEBEMEDEIMEMED <2~ VIE DT, EHIIEEAHE LTI R
B, ChorTAOBERBELHETS 2 L0l - T, WEBBOBBHEOMELTHZ LANTES.

52 BHTEHRINDIHERLOLER

EEDIX, TORRCER -C, RIIEFROBRBLHLK, MMIBOMBTEITR - (PE - Hin,
1974) . TOfERY, ETONCEBMFEORMENE L TAL 5.

BHCOWMBETICY 5L, CORTIGHORLS 4~ 5 OMBRAENED LS. ThbiT,
T2 D, @FEMBERICTAT 7 (longitudinal) fHis LEOKIER, OFMBEICTET, Tl
&35, WiREOB I NEEOMEE, OFIEE T T, PoflR T, BEEOM ok EE
EALEE LEAYNE, OMlELIAY b (transverse) 123%, MBE OB -IEHE,
@EiMEC TR, HoMWAEE, Th5.

ZhboD 5, BEHEEICIZE P (longitudinal), F7rbhLEERETEICTEE €, HIRNH LV 6
BeRELictBbhs, ©, ©, ©OOWERL, ERERL, RO X O HFLEDODS - LER X
had (B . .

FTOOWRIREANIE T, OB, FMANCELTWRBENE . i, MBORBIILR

100 200m

e HUEHREMCEET 2/ME (0,0, @0FMoAH, ATER)
#1 R0 ABHHIET 5
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V.1 B oP SRS DV UNE < 889K < /NI« SUED
R EW., BACHEEIRGR T, QEMROSERBRTREN VLTS L. Zhbil, %
Bicks»C, EloRMcH B S heSARE L FFHCEULTy5. Tk, FAoKEO L,
BIRPEMIRC L > TRTAZShTWE L0055, ZhE, BE IR IERCETELTWSZE
ZER LT 3FEEBbh, ERTERCHY TS 7 e, 702 5IEE Ll o BEGER & EL
LTw3,

DoMWL, —BITEAET, EEIERAANSE LT THB b2 S . Thidk, FRT,
BRCHR L h-EANECL NS, BACsD 2 2o, S20ColEicd 55L&, #
BEREMOFEANL LM S, Chd, ERERIELDLCEHRTHS.

@OEWE L, HMANRFEBEECR bhs o b, BROFEAIVINE O &, LREBGRIEETH
BT &, MR OB ERTC & EPRET, ERTRL Y 2082 Ed bhhic Ll
METBHEEL RS,

IO Lo, ERROEREL, BABREOBEO—IL, 27 DM LBEor RT3, Ziuk, il
TROMWBIA, E& LTEBOENNEAIC L% bR EHEETS Ric, FREcks b0 L
Bbhs. ok, WAHCEWTUL, CORMCHEMEEELRYTHRY VBB LLBREL S, F
T, EEOWANE L AR ANTE 2 s A—RUBRE CH M IR TATHS. ShbHI20 TR,
EHICHMARTMALZ L, EF AL DCTOSRITMLHIIC L » T, HF LTRRFIERD RN
BB

5.3 KEEMEICL YR & h DB & DOAEIEED BT

R UHIbRNc L S, FHMOMBBRCIL, k&L 2205 4 7H5H5. HF 1L, HiEALHRE
P RN LOEMICY - TERTHEREIMTHB. #2103, COERTI - X o,
FEEALFALHOINCE » TR EhBEMTERTHS. SOk 5, HUERMITALRS
oS, CoB 2 0RBETRIhHEREBEUTAIDOTH 1o, ZhTRIALAE 1O
2L TORMHEL ED L5 RERRD D, EWRHBIHTEBLES S b

O E RO PG oW, TTER bR TS BHTRR ARG L, EXHLOF a1 ER
BREKBELTARS.

SRR THEY, HBCEIRAAMsBERIhS &, B omBREERNELTS. ok
D1IPOWBEEE Y LT roNHEERTE, HIRED X s, TivbbEOEM, 2h
CREETAHBCETR LOREE 5. FMEOE SORLBREX, EBowHizHE (neutral
surface) 2MEU%. ZhX oA TIXBIEE, AN TIEREI ETS. Lieni-T, Sk
FlERMEZ S 20, PIENCIXNE A CE D (B 9RA) -

Thby, EELOKRBRER L LT L. bAth LiciEo FEHOES ML, HTELH LT
S IRBBOLRG. Ln LEHOBLIMC oW TR AUSELIRD LW LA LMTHB L
55,

ZRBRT, BOE S TCHBE T » 2 TS, 28k LT flexural fold %R T5. HE
o » 2 U LiTiug, flexuralslip fold #IUR L, Licihius, flexural-flow fold #f¢%
(RaMsAY, 1967).
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Stretched outer arc

Compressed
inner arc

c finite neutral surface

HoR HEMMONHESM () LMEoRE R
(RAMSAY, 1967)

flexural-flow fold PNHED LM AR TEFEINED L 5cins. FLFAL, X UDBRESEY
Bite B E kB, flexural-slip fold 734 U#5H T4 % (KUENEN and de SiTTER, 1938).

ZHEDEM BB L 5, flexural fold i\ Tit, 2 oOHMEAIEEEINS. 12X, HBK
FHEFEFC, i 1oz hEfT5, ZBHOE UHOBRMtX, WETERNIOFRCgiAmsyinT.
B#AVE U5 LS EALBE T, i nEoEN s & LB TR E, KPEEMOH M LITKE

Original rectilinear markers
distorted to sigmoidal shape

10 flexural fold OPEREST () (Ramsay, 1967) &, TF LERIC
k AWEBORE (5) (KUENEN and de SITTER, 1838).
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V.1 IR O PR T GINE » 8K « NI » SLFD
RAETRR TS, —F, BHiL, fOBBTLELAYAXAEDLL-. WHES, BELfTHE
LTREL, BN ZODIL bRB &, HBHET, HElRv b U5 L, EEOHELA EV,

DX eBMEOFEER Y, EELOT R - ERER LS BNTHRD L, DE¥D X 5 el
BROBDZEDEHINS.

Tiebt, FHRMORBCITFE LEAE (i) HEIHB SRS, flexural fold O
BRI W EBAWEL, BATLERE CHS. FEEAEORE LB, Aok
Wb FETS. Lal, flexural fold DEMAE LB L X bRB &, ThHEBBEIVNEL, &AL
DV AL E LM THS. R, flexural fold nBEIIL, BHAEOWE L LEUR ShD 5,
FTFEH O KRR L FAKE L { b5 L, BHEMPNIW. FREMO v A bl (AR R
HLEHNTRDENE) £ieh. DX, Thbilioi HBHAEELHE LTH5 2 &atbn
BB,

KO HREMHE TR, BMBEOBESEIC W TSP Bicsfch bbhbickiRnd L THEE RS A,
ETHEB LY S, ok 2EWE 0B BT 5 S &, B cREilo x4 FREANT S ET,
BEAHRETIHENTEDLSS.

B RIL, FIOR LB IERBEROKNERCOWTU LD X 5 e LTas L, Thbid
HIFEEMOBBAR LT AEARD bhA. Thul 2 oiRo X BB S ERRTICRAETE
AEOIE F2liE GEAULER - = » 7 208l 72 » 7 X 0 & L Ch28B465%
W) THEHLTHSB. T LTHEFHORT TR bFHEIYTH 5 ER A L2 & LB LB =
DHBFEFLAERED BRI, TP EET B EARRIC OV T, £04% B RAHHL HER
2 & BiFfcisfie A L, chbik, SR LE LERRRICREZT AR L Ricdhb.

6. B & H &

EEoL, ZOERICEWVT, HERMOMBICEE S EMoBEZEL, L QIEhoRicksT
LETRE RN Uic. EROLDOFERINT, FrRMIRCRET 5 BAGIMO 74 X DBE L.

FEHERBRERTEUTO X 510in5.

D EBTry 7R ERATHIEIRID, SO T By 7Ol HIFEEROUTCEOE EaE# R
BEIBHE NS, COBE, BEIENEROBELRT. B, BB (simple shear) 0%
TR ERL, 2O CR VAR ERTEHS Ln5.

2) ZORBOFRIIL, T ey 7 OMHABRE LEAOE $ 7 SHEEEETS. ol
BRERES S T LS, BRNTARBCREETS 0T, HUTHOBENOME - UTR b
MabDThH5. LFEEMFETE, RAFMCHE R ChAR LICEAEOMEE L /5.

3) bEtoMEOFIE, ChEERaTINE AR TS, ChilEd A EKERER YT LY 5
RN E 2 A3 TRET D120, WRHCEAESE, mAMCIMEAURE L 5. L2
R ERPERFRNEE TS 2 LA OBOERTHS. EAMBIC BB E, HEILNEW,

4) FEHROER O e v PO ETCIL, Wb U LK EHEREATE SIS, Cofocii, 5l
RERT CENEIRETS. —J, Afto v v oofHilici, MREVOCPIERBRATR S h o 5,
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PULY =] B M /I

5) EfE3), 4)oMiE, EHEDOR LD FET CREZOEE SN HEL L. ShiexL,
2) OEAMBIIE, £0 L5 BB EAERED bR - 1.

6) ZERO/NI B TOBMPITOER, RO £ 7 41K LTE LR T B IR TIEHTO R
L, WETHER0HS LRl n bR

CHhHORBRIER %, HIUERO BTk CERBE LIS OMERO 24 —v e L
%, BEELBEUEOH S = L BER S .

Fto, KPEMTE LA EINONTEEC VT, TTrMbTWABITBRERE L, 0k
EREE LI E A, EKBHMOBRIC W TL, BEORED Lsiiic BN iER0HS 2 L 1R
IRz EIRD. coEBcEE T, HIUERICR O O NEHEEE, ZoRBRTTR
olek i, BT m , 7OBRICES SO LFHMITHIHAL HZYTH D, KPEMIC LML
HIs o bl ThHs EBRENS.

HITRLL, FBEIRCLER/HEBEE LTHLRTwES, ko k5 icBER o BRLERE & R
i, BRoRMCALRDE LoNBEROFES, HEAHR - P AFGKOFELBEEL T3 EE L
Bhp, & QCHETEEN L WK E SRR L h O EBE T I E L > THREE TS
Hix, Al e A AORE), ERFO T e e A BB LTHEHTINEHRLEDLRS. T DOPEGERER,
EOCMOSE S EF M TER ok 2, BTFKES < SRR L oBEXTH> 52 Th, E
BHERED 1 o Th 5 L Bbha A, ThHiIC oL TORFIINRKCS bicdsd Z it Lz,

L0 X HEROPEIREECET S 3 E S E s, SESEIRMERERENTA 94T,
PREEDRS & LTIERCAD LTBYRETS. 21T, chbrd i, B ClEDRTSID
BTr o 1TSS T 5 PRI E R LCwidhiE, il &3 I eME0 Uy, 2y
EMCTHIENTEBLREASS.

Btkic, x02, 3OBMEMRAERL, SHEOMEL Licw.

1) MBI BT B3 5 IS V735 & B RS & OB oV, & e, FERICIRIRIC AT A0
MBI D 2 # = AA20TiE, 22 TORLEETFAERFIO=FA CHY Lisudicblioeony
5 P
2) WiBOTho « v ADEREIIC DWW T, M7y, WERE S O FIEB R LR

B ¥ k. HEOBEEMERNC X AR (A) &, KEFEMHC L 281 (B)
2L 2R, BEICRET SRRV RS B

— 140 —



V.1 BEEl oM ECDWT ONE « #7K « VI« JLED
THULELRDS.
3) BUMTTEDAG & B OB O TR L ORIy, —EDBEHROBH ZEXMBITHWAER, Zhbd 21
TREICHI L, BEROC BRI TOMNBYRFTE LR ETHS.
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On the Internal Structure of Box-shaped Folds

Kisaburd Kopama, Yasumoto Suzuxi, Ginzo Ocawa
and Yoshiyuki MARUTA

The strain field and hence fracturing for two dimensional box-shaped folding of a plastic
layer have been determined by a series of clay model experiments, The model considered to
be the most representative of natural folds has the following properties : T (thickness of
layer)=65km (5cm), W (width of box fold)=10km (10cm), h (height of upheaval of
basement block)= 2 km ( 2 cm), r(rate of deformation)=0. 23mm/yr to 20, Omm/yr (0. 23mm/
min to 20.0mm/min), ¢ (density of rock) =2, 0g/cm?® (1.0g/cm?), 7 (viscosity) =10%°poise(10*
poise) and 6 (yield strength) = 10°dyn/cm® (10°dyn/cm?), The figures in the parentheses

noted above show corresponding properties of model clay.

When the central part of basement blockshas been raised up to a given height, three types
of faults have been developed along the vertical shear zone of steep flank of box-shaped
fold,

Fractures of the first group are steep normal or reverse faults, At the early stage of
deformation they occur on the edges of rising block, then they gradually grow upward, and
ultimately penetrate the layer, At the surface of the model, they show slight thrusting along
nearly horizontal fault planes,

Fractures of the second group are gently inclined reverse or normal faults, They develop
in echelon pattern along the vertical shear zone. Magnitude of displacement along each
plane is slight, and its sense always shows that the hanging wall slips toward the axis of
box-shaped fold,
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Fractures of the third group consist of small normal faults and extension fractures, They
develop at the shoulder part of the upper surface of the fold.

The present authors analyzed a lot of minor faults corresponding to the three types of
fracturing mentioned above on the steep flank of Higashiyama Anticline, which is the most
representative box-shaped fold in Niigata Oil Tertiary Field (Svzuki, et al,, 1971). Conse-
quently it is concluded that this anticline was formed during the vertical upheaval movement
of basement blocks which are bounded by major faults,
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551. 782 (521.41) : 551, 24,02

VI.2 o MR bE B fF 5 ik B g o
JEAGMEET 5, =B

B ="

E E

IS TER LR L X 51, Hik7 ) — v 7ihifo BRIk, ik #E)
MBI R 2R Tw5 CAREE, 1954 5 dbAf, 1963 5 BEH &, 1966 5 FEH: 6, 1967, 1968, 19697%¢ &).
Co k5 RN, BE - BHEOTIL, EARE KRG SKER BTS2 Tl b, #
R BLE s b S EARN TR & LTEH SR TS, BRTL, ChboMEo 2 7 = X 4 %45
B, WAL Lo EAERNCE 5 EBBR QIR - BB KA HEE Ui, SO
FRE LUL, BISHCRE LS 2H 2 BRER L2 EA L.

HWHEEB D € F A & LTRO X 5 fadef R R5E Uic. Mol i 2 4 5 s IR TEVEIG 7735 0 SR
(30kmx 96km) & U, & oK AL o iR (LT A BB B A 10 Ule —BO A E % 0 & 7o,
WommirEEEh, Mt BdaERITHL. TEHOFM, HH HIROMHET L THMEMLLHHRL,
APEHMEERETS. KEL DT T30 X EIERFHCOCTEE Lis. OOMMERLE 2 -
Be, ONTMEREYLE 2B, @ TFEOHRBELMEFARMOIELE 2 58,

FROBRRO X 5 iniEmnBohic. OLNBISMHEREIC L vEE LTHE SR, WMEER
W 15 TP R b A%, HEREFEANE CKPEEMIE LS. BIBIHREF EbsThh T
DL, FAMEOKE X & LEBRTHSD. @RRTIWNIS B 27 BRI % 7 AT B Bty
KT Hweoh T, MEEABEOPOLEO BT E, FREHEO EJ7 AT B EO A &3
BIEET . @QUEROEMITIGS ey s L, MAERAIEE Ly, MEFEAGEOR
KEEBCEMBIHAL, FREHRC L - TAMBROAR 245,

. 2”&

B EEOTZELENO —2& LT, BEEDAEH LTw 200 LIR30 1R E 5150
o, Efoic E L OBGRAERNCHA LWL &b bhs.

T, Fko 7Y — v & TR AR EBIO R L LT, BMEEBIOIF AN X R kT
W3, Tihobhh, BECHALENRDEBHHOKNE T EOMAC & - THI S Wil CiEK-
ohs. cothfbERN, BE - B0, BLREL KGR S EEAEEYE L T3
CK#R, 19543 4Hi B, 1960 5 Funavama, 1961 5 HI 11, 1960 5 bk, 1963 5 BEFI &, 1966 ; (24450,

EHD, EC BT 2 HES Mo ERETD Y, SHERRK, BENRFRAY S L LTELE LickiE,
ks LAkt a7 18 & BdE 7y LIEAEPE S R oMiZhic X hihEiz 7 = » 27L& h, Thbo 7 e, 2

M
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DOREEEEN, BE, B, BIRE R OB ER BB AR e LT3 EFE 2 (S, 1967,
1968, 1969).

Fiho, COMBMCEBNILRITIRMIE & SEERBGREY L 5T 5 (D, 1968) DT, FLRSEMY
BRD DURGERID 2 » = Ao %5 & LXEETHS. W LEHOFRE LT, 40BN
DRLRTHWSH, —ficit, WEHEOEAFEEEHC IS0 EELLRATWS. Lhl, &0
LolgAdh = XA, BABENLLOX TN INEL, BArEmEIhS - L3I el T
BB ENE.

DER, BABREORRED DA S M HERNZY TH D5 E > pEly Lk b, £0
fodic, WNHEETHEARC, HERIhHREYE L C, HRBL LTS L TR ERNFEL IO
HIEERINFHESDIEE I, TOFE, BAEEL RN I NIRRT TF = » 7 8RB,

—iie, HEBLSULE « DERIN HAE - TWT, FORSLPYRIICAERT S o LkIEThc B
THD. WMIEETD 2 7 = X 2B LTCHREARED & &2 323, JE4E, g & UL
5 ETHEEIEE > T 5.

B. B, Beaoycoe u M, B, T'soBckuit (1964) %, 514 Y4 v EHERAFELIPEL, Ay
FletEmcERT % Ao X 28T (Tonepeunsiit usru6) g3 2 HBi{LEE & =2
fo. DT, BHAREBRNOREEINCIEE, MR EnD, €35V, v v SR
THBHERIR BT e 0. EBRGMA, BEROE, HEOME EEEL ), BB BT
NERWT, FRThOBEOIEIH LT L, BIAREER & LR 2Tk > T 5.

FrRKE S (1969) &, FEoEECEH L, XMk s T2 EZRE2T k. Tiobh, T s5km
DEZARHBIEIkmMD T wy 7D LR XD ETRBHOEITIRELMD IedIc 105 ¥ 55 v o' i
F TR BT - e,

L L, ERFER, SHLPEYE 3 HARSRRN X KB cE5 2, YENGEYTERC
HETHZLIIEETHE L, FhlERC LTHHMLEESCHET IHED b0 ELRS &
ENELEVEWIHENRDS.

—7, BEFENTCE, EREER X OYEER Y LENERC L5 2 23 TES. L, Bk
1oTTC, MERDI I ETHERERRELHS ONEBRTHS. HcbEF BT, ZERics
T AEBEC LT PN b THEMAMBETH b, i v ke F b2 LTh, Bx 55
CEDREETHD. WAHHER TR EThE, [, M, RIBLH»D 2 BiliiRo b0
Lo S e TET, L bERLHFIARCH L D T2 L8380

LAL, ZZ10FEMCRICBE L TELBTIEBE & bic, ARERDEE W SH LG myis
PERIRTECNS. COFHECLBE, BREFOUEPHIHEL TH Y, FEOBR, £80
W ORI RE L Te D D DBh %,

ZOMNRICEW T, CORREREIC X - T, MBOMBMLERO S5 NEIGTT, AR
i Fie oW CEE L,
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V.2 JEAk oHMEHEBIC £E 53l RS T BT 52, S0BE @D
2. HREFRZICOWT
HIRFESKY; (Finite Element Method, W LCF EM B &\ 5) OBEAMESIE, —BO< 11, 2
AREFBRC, TNTOBEHIE « DM Lo #EE# (clement) 0EATH Y, FhOHOERILHL
g (nodal point) THEAIN TR LELBILTHS. Tihbb, MEOHHEEY b OBEYE,
FROHBE Lrb s W BERCHET 500 ERNEX HTHD. cOFERTERERAME, R
RETELINBFHER LS, ChOMERTS L IHEON LR L ORI 552 EMNTES.
ZOREMERRIM < P Y 5 7 A (stiffness matrix) » I A T 5.
HIED X 5 e EG AR 0BG, ERCTEROBITER THBHM, DFD L 3 LR 5 2 &
T, IWEEX B ENTES.
@ HEREEELREOEAR EIIEC L - CHRECER A TH Z &.
(b} BERIX, FOER LB FRMOH IR THEE IR TR D LT 5.
© AERHNOBEMREAHEERLOBHE LT—BNCREINDS X5, —2hkt L 2nho
B ARA AN E T 5.
d LEoX 5B EREE, FERNOVTRRBIRSAECOBFRE LT—ScRES L
5.
€ BREDIENEIOCEEOAFMECD VG- THIACERTHE M T2 ED, stiffness matrix
T, WHEEEMEOMORXERDS.
DER, BAMCEMBERORDT, Bk bV » 2 ADEVHICONTONRTLRS.
T, AUBEEERET S &vic, DE¥DLERIRE L g bin.
1) BERAOEMERTHD L.

IR =HPHEER
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b OH H A B oM E @F2p0-28)

) BT L EROBMTER THB &, Tinhh, HERELMET S b0 Thithidbicw,
(8) ARBIENE, B ofiEfiters L.

@) ZEMBEEY, BOZoBRBE LT, RGO L E s by

AT, ZRETHEEIMBEE LT E, WREE LGRS ERN A=A IER LR,
SAR=MERC L YRR Tc

OFCHIE< Y » 27 ADRDEEBH L LS. F1ND X die—0D =M EEYE DT, 0
fiigigd i, m &L, £HACENT, X, Y N2 BhEaEae, ke X, Y Haeih
BHETS. Thbb, LHECEWTL, X, Y FACENY, Thfh u, vi 1, X, Y Ao
Wix Xy Yi &L, = 20BZENCKTHEME (U), 5% (F] TEbT&

(Ul=(us Vi Wi, Vi, um, Vm)

[F)=[Xy Yi X4 Y4, Xm, Yo o)

ZOBEEOMIME< LY, 7 AR (K] &T5&

[F1=(K]) (U] &/, LT LK] =tV » 7 AL 6 X 6 KROFFFITHDZ EMbhrb. T
DS EAEME XBRSTERE (K] =Y o 7 A%RDD ZEPERLHEE S GE2 X
2 .

XC, T T, FNBEBEESED L BT, MIRORMEHRET S Lavbhns.

u =, +apx--dgy }

(2

@)

vV = ®eX+ gy
@REACT, SEOMWEHREITS (U) 2Rk &
1 x¢ yi 0 0 0 ay
0 0 0 1 =x¢ vyi @y
| 1 x5 y5 0 0 0 27}

[Ul= =[A]-{a} ()
0 0 0 1 =xj vyj (271

1 Xm ym O 0 0 [a %

0 Q 0 1 xm Ym (24
i, (A 2 HERE {a} LV oRERBEOE TELES.
—J, OFTARIL, ex=0u/0x, €;=0v/0y, Tay=0u/0y+0v/0x DL 5B LBERITLIED

\ N - / -
o 7 ¥ 3 N SN N
N \’\\ . 4 7N /2/ f > ><!
Y KN 7% S N N e N ™ v [N
W7 TS S T L WY v S NN N |
¢ %G \\L/ N _/_/_\v TN 2 \‘< e N A BN VL
L]LL DD DR R DEA R DK

| 2R BERAUR
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V.2 ZEl o bR O AR LI OIS AT 2, ZoEBE (D
T, @QREHWT;

[27]
ou i
Thae 2
ea = 01 0 0 0 0
v oy )
v )=y =0 0 0 0 0 1 =[B){a} @
oy
iy fu i 0 0 1 0 1 0
By Tox o
Y
(o7

iy, RiLbh, OFRLERERERKE OB L THEbES.
i, G 0 LU ¢ LOBRIE, FEIEHOBEA

(o 1 v 0 m]
e e P [ r:[m-{e} )
Tay 2 Tzy

(2T, Edvyy 78R, vita7 v vib, o 3silieh, r TuEELR) &b,

BEoXEMC, IGH LB DBEFRERDB & 5
{6}=[D]-{e}=(D]-([B]-{a}]=[D]- (BI-[A1]-[U] (6)

DEABIENLD FIR A 5.

BHRERC2WT, 51 0 LA 0 i X BP0 RBAFELHET 5. HEVTARE e ©F
b e, KREEC X - T3 ha R,

Wi:gv{?}{tf}dV= {ﬁ}TSV ((B)+ (A™))T« (D) (B)- (A 1)dV- (U] @
(Fel2 L, (A9 #f73, TREBTSI0RE)
—J, SFh [F) 2k saEER,
We={a}T.[F) (®)
T, KRB » Tl B IFRERT=FAF—E L b,
Wi=We L7035, Lichis T, A EEW E 0BG,
(Fl= [SV [(B)-[(A=1]T . (D] (B}« [A"1)dV]- (U] )

EERbED,

cee, Cf (BT D)-(B)- (AAVI=(K) &%<&, MR LA~ FY » 7 ALk
B ChLE. —ODEBCBITAMME~ MY L 2 ARSI, FEROMIE<T vV 2 ALER
BELZEICY Y, 2EOEME~ Y » 2 ARRDS ZENTE, BEYEEORMMEHERNE RS,
ch# F=K.-U LFEb+. coRie, fEEMHt:, MELELEATLIC LX), BiieRopb &
MNTE, BAARFNE, WX, OREAWT, FERHAOO TR I VG ERDE Z ENTES.

o8, {FH Lic B Eiiz FACOM 260—20/30 TH 3.
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HOE W OE O R & (E250-2%8)
3. HIREFRICOWT

HHALERD €54 & LT, B MMEIC X 5o mEARED 2 #E U, B0 BB 1T
eoic.

gk A ¥R e R TGEEIG 7B o BT (30kmX 96km) L{REL, TOETRDS < v b2 Liic
HER L YRR & v EES (MATUZAWA, 1964) DRt L, FOLblB»ERTH LB ]
DFRIIER S h T T, WO BT EaEEL T5. FERL, hREc—HImRE EETN,
LHEER L, WhssH5EOWME, YHAOIMREh, x Hcikgmeiiths. - oREER
T o UEREEOSE, HWRIE ) E—BANHEMENH L OMZAhEYL T

KRELDFTIDDHAICONWTELE L. B 1 ISAHERLE LB, F230THERLYE
ZIBE, 31k, WL MM EFABHORLELCBETH Y, ThELhofKHH, LR,
BRI IS IE, BT ED X 5 S RIE T ik BEE L.

B 1 oMM EREE 2 CBE

1) M TFIEIRO PRI sekmiciofe b, — BRI E 20kg/cm? RR|E ST, LHEEMTH 0L
L, TERORMDSEhEh 18km ire b BT O LD ZHE S, FEERIK & HHE 12
kmitHBEE T3 B3 KBR) .

2) MBTFERO PRI, d8kmicirtz b, —HRH ik B 20kg/cm? AEEIFH, EHAEHTH L0
&L, TESOmMN?DEhFh 12kmicht ) BEEMN O AAHE Sh, FEIEMEE AHERH 12km
TEHEEETS GE4, 5XNBRD .

3) MR TE RO bR cokmic e b, —HROAFTE 20kg/cn? ATE T 6, LHAFATH 0L
L, TEROmH:SERER 6 kmichic hBEREAO SR S h, FEEHKE R 12kmi
HoEET2 (&6 KR .

B20NMERYE L BE -

4) 2) DB LBREMTE A LTS M, WERELESO10kg/cmic LIHETHS (B
7TRZH) .

55 3 DHER LRI L DR AE L ABE

|
i

+ X AX XX X —n

—

7*/#"‘#\‘ ™ )(‘\‘

T4
Jii
X

&+ X1,
x%
X+

VAT
FELFT
24

A AR xx £

*x
*X —i—X/r

1

XX R %X Pk Xy

FA

* X

X XX
e e x xx

X%
)(
\)( »

\Mv\XXXXX X4 2()<

e

x%

)(/

\l\\ ‘I\A/\’X/\’

,\4
SR
* x
X*
¥
o

)} xX X\ X
-UL'(.L»X\/\( X#\—X
ﬁﬂr

03 1

#F3R EEHHS X ORABBIS IR (CASEL) (3, 100g/cm?)
— 150 —




X

\'—%4-7[‘7&

V.2 Lo bEER A 53 LR ot BT 5,

=% (D

R X =
D S g %

7L <4 X \
: 5
o
,\"

e

X
P

,/"“‘-{ﬁ‘.__,-,. 4

4

N,

S

\ /
. '
\ ¢
N v
'
i '
b

\
¥ .
\
\ /
4
X

TR

(CASE2)

\

T -

O

FIIR

ka/c
201, I
0

EAR

S RBTWIETIHRZ

(CASE2) (Hi{i, 100g/cm?)

A STy ) G SRR O SN VWAL IR

— 1=

(CASE3) (H{, 100g/cm?)



wOH WK M WG EE5-2R)

= e o a¥
|
b e A SR
+ o~ A X i X%&*%k*%x
S >< 3( +
Fo SRR AR RS r Xk _\,
e WM, R <X x >)§ ><
\1\ e % X X
% R, O XX XX X+
X X X X X —1——
72 S ) X X 3; X
v —\'*I\ WAOKA KR XN X
\/\ X % X 22. ;/Z A/
. x e ~+~
b ~
? xﬁ th‘\'of“ S *Aw;g;\x 0} vl
G_: | L
IR FEIHRE I & ORAHMIG/HE  (CASE4) (i, 100g/cm?)
i = = 2
ol e R WX \sf* Jf)(+><
M = \/\ X X \ A7
- ! Y
s SIS ROR XX X ‘X\Xx%x +
A K XX XX ><
\f\ L x 3‘ \,\
- TR A, Sy R X4+ -
) >< WO % X X -
P e K LI
A AR YOR xx Xk - 4
HPENI 2 W
"’“ XX TRX TR xx %X e
. JF /‘“(Xf\jl* m/_/&xt/;‘/ﬁy‘x—\_‘“l
Kglomt -
20.
o l

R JCTIHRRYS & ORISR (CASES) (Hifil, 100g/cm?)

5) 2) OB EFEL LT3, FHEEARE R A 12 mds b 15kma & IR 734 e i3
%. LicdisT, B TIEMoRRE 4skmic e b —BRA TR E 20kg/cm?® 2B S, LHClERT
3L0L L, TESOMEILLIRER Ikmchic D REEME A X, MEEHRE HREELS
rmLHBEE TS B3 R2R) .

foks, TICIRBHERELAT Y vy LEThTh, 1.25X10"% #4 v/em?, 0.25 L{KRE LA
(BircH et al, 1942 ; KasaHARA, 1957). /B & #30km, |H#ockme LicHdi s LT, BHOKRH
i, F R TONE LORRE TS BIRAEOREMICAE TS & & A—RIE TR T3 (KasaHara,
1957) . #oC, WEHER), EARYS L OREBEAIAREOM AR b8 2 B GUBTHRE KR
¥ ORI 3515 T E X1332~35km (MIKUMO, 1966) THh5 = EXER LT, WOEX %
30bm kUi, ¥f, WEMEAREFHEFAREOLLIEE 2K 1~ 1% 2 & Lok, BRORE
THAFRCART, WEFHREN2ET S LE2 bh, UARHEIEARLEME T e,
SRR RN AR VR R A 5. JKEI OPl7e Ok GHEIF, 1969) Mgl & LM
EORITITFE 2R 1w L 1R 2 OLTHRET 5.

Livl, o CMBE LTwaoik, 30km, 9ekm ks 5k s Tidie <, MAxEMEE L,
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V.2 el oM E T f 5 HE LI oG o mcBY 5=, So%EE GED
FEICTIR, SIBIEIMEO L, ZBNEOBIC DN TEELES ETH53DTHS. =5 LInEWRTIE,
E X %30km, [FAa96kme LoDt b F 0 E®RMH D & & Tlliou.

4. BITHERICOWT

4.1 EEIFEONWT

7, MEOMFRBMMoERAEENECTETHELERT 5 edic, fAD 1), 2), 3) 0%
BRI LTARL 5. BT 3R IROKTNELE LS &, RREIEATHAD 24 — ik,
K URB AT 2 73 iR & 2B oW LIRE 2 7c T 2 wa i, i 5 iR R E i o
Ebinh. ZOWBT BT, FEFABOMMO B L5 o LIkER T3
(B3, 4, 5, 6HER .

DER, MRAEOERVEISIHECRETHE LS L TR o, 2) &£5) LOBG, Tihbb,
T EAE T IO & E iR o MR < 7 » 1o Becd, MERMC BT 3 EGIRO A2 - vERDB L,
ARG TIF I DKl URBER 27 TR & AR b LI e THiR & OWiB iR LidoBe
LT DA TS GE4, 5, 8REM.

R, MREBOERNEENMECRIETHEYE L THRLS. 2) L4) OBFEHBLTAHD L,
COWE, FIETRRD < &~ vk, YARD & &CEH 5 AVELRR DR, Dind L biba
Ptk & 2t & Fci, BCRIEIEOA X SEEEIROEECEEL E L (G4, 5, s HIEH).
4.2 FRRBIMIEAICOWT

RN O AR X ARG HE~OWEB LS, 1), 2), 3) OBALHELT
X 5. WEAMERS, 1), 2), 3) OETRAZOT, UK, BRRENIENBEE LG LTR
7B, L L, Hx0BACOWTHRE LTARS &, MBI 5 R Bl G B EN
MOWBMO EHHETPE Te o ToB. —F, FHEO EHE R TE, HRAED R ATICRAS

1 200
100
wn

2 200
106 -
oy
I 78 waom |

3 200

160 3

fead

T P0 kglom ]

4 200 |

too

(L)

I 1 =
70 kg/om

200

| A
o
[ 26 g omt |

6 12 18 24 30
ke

o Ahoilk
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wOE W & A W E @2s028)

EIGIMEDOR WA D v, FEEH RO AT HBATA X\ EO KRS 31T 5.

DER, MEERCHE?HHB8, Thbb2) £4) L0oBELHB L TRS L, BRWKIGHE
PR LT B,

B, FRKHRZED2) 5) LOBEEHRLTAS L, FcELhBFEL LT, 5)
DFET BT HRAUMISIEL 1) OBE X 0 10BN k5.

R, RABIIGIIMECK LT, WESROBRIC X 5 HERFEHIEREN EXb”i 5.

4.3 EEEICOWT

50o0BEEL, WEEOEMTPL LB il L, EMEHRIIHFELEVWE S THD B9
M),

T, HEOHMBHEIEAECRETHELYHS i, 1), 2), 3) OBATHELTALS
&, BETWEIMRE O » EAME LT LT3,

DER, WEHBEOHE, Tibb, 2) &4) LOoBSLIEE LTH% L, HEREINE LLBGT
X, BrELEHLTWS.

R, FREEOME, Tihobb, 2) £5) LOBAEHIELCRS L, WEMERROWHEH
KL ORI CFE DTN, ERHROARITLRR LD 2 &M bis.

5. REROKRE

HAOHEE L, BaoWEoLEAREBIRTHWS. ok i, WilEEAD (CouLoMsD
B, BRGNS (TRESCAOEER), BIMiOTh=%AF -3, GriFFiTH OB KB 5 (1
FHEDy, 196770 E) . & ORISR & MR U 5 5 B A B & B REIIE IR b & D TE
BLCHRB LTS,

VIR AR 1 B &, AREEB LT, EH () o, ToECE S EELD (o)
W LIRSS (pe0n) 2T %700 ThB EELORB. feiil, # RAMEEREE ikh
BERTHD. Tihobb, thire, ORKELA—EOMICHE Lic & ZPHAIERS & LTwS. Lich
5T, T=Tgtttea, (o RBMTERIE /- iEE N & LiTh3) LEbEhb. 22T, a=tand L3Eb
Eh, EMFAET LT 45° X b ¢/2 BN SERECT - THET 5. BROHE, ¢ OffilX
Bds kL OFAHRENS 30° MitECHB AL, HNIBEE T fob bRTBELRADNEIST] 63 DI 5K
30° AR E B,

Fie, RRHIMTIG B0 L i, 1870428 TrEsCA %, &8 OWMITHATITE LT, HASINIG 14
—EECET D RIS L EL . PO B KRBT BRI 06,2020 LT X, £DORD
BRBIMEIINE T nar=(0:—05)/2 T bh3 (TrEsCcA D). Uicals TRABIMIG IR Tk
61— oy=dg=const, D & XFR EFLIIPEI RSO THS.

ThbDFEd & T, FROBFER LR LTRE 5.

FIEIREOREE D b, MERHECTFHShANEOMELSE LTx5 L, HEEHRO LG
%, EMELRET S - Edvbhd. MEFHROMRBOE LR X b LAl T, Hflo
@B WITNE & AR LAEMEORENTEEINES, 25 LERKT SR oh TRy, Wi

—154—



V.2 Ak o B AR 5k EIE R oSSBT 5 2, 0% (D
EHES L, PBOFRE LCRRELD CEdbans. COEMAL, HEOME, Mg X
- ThE DELeT, WEMEHNORE, FEIHRRORECK EWHEEEE2 Tnb &z 5.

DE, FHRUEICIIRRC D THRE LT L 5.

TrEsca OIEMCHED LT 5 &, EACRES HE 2 T, HEEAHFGTRED & L @it (a s
RV THEAVE U\ 2 & 2l s,

bR — B ESAE FIictsid %, FIETIRR & SR SINTE IR & D FLiE 3 X O BEnoycos
et al. (1964) WX BB a5 2 e R TiCklT % EIEIIHRR & B e IR L o B 2 ik L
ThHL 5. WOTHCE T, MHERKE SEBESRDER-Te52, E#, TabbREMTI
B TRFERMOBEBIIFEFC L LTW. oz &k, I8N bh Ty’ & EHEs UL
& Coz, Oy, tay) OHITELDA, RABHELGT CIHERLERZC Lch 5T, TOHITE
LSe-T B kicks. TE, +v - 7 voRE0 X 5K, Bo—uic iy b%8, o
MBI B TR EB G RE % & 52, NoERA RS Lichi - Ui —tEh Ty
BTk EfTHS,

Lo €, HFRBAEEMECT 5 & ik, A4 M L LTSBEA Y52 086 & —ROMME
HE22HE L CEIRBCE LVWERIBDLRR T AL 5.

DER, B TRITS hCe 2 MBGHEENC & TET 5 BIEIBRROBEBM & LTEAT 1
Co VA EER (Braoycos et al, 1964) %Wﬁ@mm%%(@a,m%,wn)ﬁ%5.:h&
DAEHHALTHD &, ERidlHo B, % h ERMICHY T3 85 ik, 2L LT, RKEM
JEHHTEE A L CERBR A U, B 5 &SR FEMIS e ke K E A 1E & 7 D Sl fE o
FETHMIRE fe B, WIS IR BB <, IEMBKIRE IR IKIRE i a .

Bk, Bl f@dliod: UCuw s %ok, EMEO RET 5 g & e o %3 5 ik & 2P ELY
CHICH AT X, BiFSRRe, BEIERCThERRIE LTS 2 N0 5D Tikb 5 %
Vs,

DEW, 5 Vel E Mo RBATAEIRL, AFFREEC L 2 EMNoEIAE L L ikEfio
WEARIIC F TRET D 2L BER DNED, GEMNEHELD EFAKRBRC L DL, &5 LeBE
W, =T AROEIR, MERORICEY 2 LFKEL RS &, TR D BB RETS
ZEMHE AR T3 (BEaoycos et al., 1964) .

6. T & B

BAE, —BRAMIHEC X » THET 3B LERNC D\ C, %, RAIWGIME, Eekn s
HELE L. ok, HREWHEEO ZRICMERIIEL, chbo@HiFRR L LTRBEREYH
Lo,

1) BB, DmmEREECA & XREh, SANEGEO FF T, FERhoBTh b, B
T HIEMBELERIMO LHCfD - TEBOBL feh. MWHFHEDOR G L - TSP L ¥ hipEx
g, FMMEOR EJWEIBLmERTH 5.

2) BRABIMISHEL, MR 2L ThHBHN, WEONMMBHE I XMERIMAT B2h, &L
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W OE W OE A OR A GR250-28)
SRS AR T 5. HEEHEEO pLIBO L HHE L, FRERO R R HERR ik
YIS AT 5.

3) MiREOEMEL, Dhen/nliiE e L, ENERARTELEVLITHS. Z0BHFLY
ROz LThHs, WREAMBOHK L & bk 5. WEMOLIC X T, Fhrihii
DARHE LS.

BEo~fcz &38R hs.

n¥k, ZOMBELEDBICHI» T, WHEFERT O TectonophysicsZhZEL&DIEREA - SRR « &K
G ONEESHEIOVM COERCIB A0SO YT bb L, FERASEOEH
BB ERAE P 5 e, Bife, RSPFBIC 7 W AT OEMRO T 4, &<
EAEBREL, =3 BELCIIBYR CHE, SREYWELERELOHELHOLTRETHS.
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V.2 S oMb fE 5 LB oG IS MCET 52, So#5E (P

77, P. 243~ 247.
HIEHEARHS - PEEARE— (1967) : HEIHEAM.  256p., HBAHE.

Consideration of the Stress Distributions
in the Upper Crust Caused by the Block Movement

Keizo Fujix

The writer considered that the block movement of the earth crust was caused by the
uniform vertical compressive force exerted under the earth crust.

In order to account for the mechanism of the block movement, the writer analysed the
elastic response of a homogeneous rock layer to two-dimensional distribution of uniform
vertical compressive force applied along its lower boundary by finite element method.

Stress distribution, maximum shearing stress distribution and displacement fields are pres-
ented for five types of different boundary conditions,

The elastic model used is as follows, elastic rectangular plate (96 km in length and 30 km
in thickness) with average crustal rock properties and both ends of the elastic plate are
fixed,

The five types of different boundary conditions are :

(1) Central 36 km exposed to uniform vertical compressive force (20 kg/cm?) and 18km of
both ends vertically restrained at the lower boundary.

(2) Central 48 km exposed to uniform vertical compressive force (20 kg/cm®) and 12 km of
both ends vertically restrained at the lower boundary,

(3) Uniform vertical compressive force (20kg/cm?) is extending over 60 km at the central
part of the lower boundary,

(4) The boundary conditions are similiar to the first case except the amount of compre-
ssive force, in this case compressive force is 10 kg/cm?,

(5) Boundary conditions of compressive force are similiar to the first case, but the restr-
aint parts extend over 15km from the both ends of the lower boundary,

As a result, it is concluded that stress distribution is mainly controlled by the distribution
of compressive force, Near the upper parts of the distribution areas of compressive force,
the fracture pattern is normal fault, but at other parts, the fracture pattern is reverse fault,

Concerning the distribution of maximum shearing stress, large strength area is distributed
near the central and the end parts of the upper portion of the model,
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X o Tl Ehic i bigy,

13X EEALMEET RS HR » BRI O 18
01, O3, O3 (IR EFAL (ER - b, 1566)
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INERCIIEAE Ty 7 N AREER AT B IR0 WEB O IR TIE R KD B 1o bicfT e » Ao E e
DN TDH NS,

FEEBRIOBET F v r A% 5 e TRTEEFARCDWTHET 25 7 = o Z70OIEE, Z0FREES
BEZ T »fc. BRERITIENOREREL0HATHObINE. £OHEE, 7 vy 708R
ISR 7R MG IR 59, BEBOEFBCEWES TER ERFERENAMERT 53, o
AR PEMO B E UrHaRE hic, LA LEDOEAOKPERCIOREZX, 7R, 70
RO EMIC I, BEFOFEREMcl LThaw.

FIETID EA SRR B & hie. £ O EREERO BRI WENIR ERFIRISINC X - T
BRABERELRTL, 2oBA06 Ty 7 OERIICHI HE0 b HBIEE 4 TP wER
Thi.

ZHhBDERDRERIC X » THEHREA L L  Oh 0 RO EME RE S hic. Fhbo
R EMEZOFERBEI R 7oy 70AERIC L5 b0 ThHB L THELTES LSS
LD EFELZLRS.
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Photoelastic Experiments of the Transverse Bending

Yoshihiro KiNnucasa

Photoelastic experiments were made to investigate the stress state in the sedimentary cover,
when the basement block moves upwards or downwards vertically, A mixture of 10% gelatin
and 90% water was chosen as optically active materials,

The trajectories of the axes of principal and shearing stresses, and isochromatic and
isoclinic lines are illustrated in figures, The compressive stress state around the edges of
the basement blocks, the tensile stress state near the top surface and the horizontal compre-
ssive stress state at the shoulders may be clearly observed in the figures,

The area of faulting will be expected in comparing the stress state in the sedimentary
cover to the condition of fracturing, The top surface is the most breakable as being in the
large tensile state, The area around the edge is also easy to break,

The results stated above are compared to the field evidence in Niigata Tertiary basin,

==



551,782 (521.41) : 553. 982 : 543
VI 3 #=® Ab &

VL1 ARHBHE =R O BRI B 5 % 4"
—F & LTRSS b—

E g

AADEWMBER OMTL, “GHLE W, 1962, TichbahoEERFERIC B 5 RILKE
DRF/LFBERILOMEL, AHRFEE oHEC I AL LR TELS, ZhidENRIh DL
EHhD. “AMEE” XoT, RWAHEE LFHEShTOAHAERROBHER, BOAET Y
Vo VT4 BT OTHIRL, 2K RILKSR (migrative oil) OFBRRITCW5 LI hD.

=Yy e BATZ 4 VS AF O R AT 4 Y v, SREBRILEY (v rv) , CPIHE (/
nTAe 25T OBBRILKR O BBRE O MBEREORS) v EoLBHnEL AT,
Jh & A RRIEE OB LR E A RET A L, S0L 2 h, WIEMSE S X O THHYE O
Ao CEMIRITE” & LCE A DR BREL CRD LR,

IR OFRAIEE o B, B eF UBEDERChR Lt E2 2MEARLH B, = 7
AEBLOAFDN «Faz, Vvl iul, XO TROBEENLBEI L tELBRETHS.

A& 0B BT 5550 OBRREE SRR, WBAE, FlRILKFEOBERM, Hilo
Bl S0 HHBT 5 &, AR OZIROE AT B 0 B EUER” Bied b, &I
— RN BSE R AR ORIV O 2o it o “HPEH” X b L Hbh3.

. £ XA MR E

FEOBRTAMRE IR, & oBUEsk, BE MBS =BT 5 AL 2aME L, SR
D= DNTIL, TTEARLTCEA (HA, 1968; 45 - HN - thaK, 1969; H O « 4k «5&
P < fERE, 19705 0 - PeadR - 42 B, 19705 H O « xR, 1971). F0%EENLEIE, db5A,
EEANC T E O IR oA M 2R 2 WS 5 & Liehb b, FAMCHAEOHETEY
L CEER A HOREMBIC b F 5T 5 C L2k VT 5. BEPERER, t0BERTS
LT HOFITICHFELTEWD, b BORMRECET 2 HEERNI R VR L, fRE LTk
PRTECOHFEOE R (HH, 19605 MIT, 1962 ; KuDO » Asakawa « YAGISHITA, 1965) % it
&, TORBINEDILEDICELTWS EARTI . FhE KT 2 EHOMRE, HHE ORI

*ORHIAIZ1ST05 9 B BT CHIM B N EEEACERA LS R ERALSE « v K 09 LGOI (TAGUCHI and SASAKI, 1970) 4
ARO—BEHFTFEL, SORERHOL, MEBEEDLEDOTEHS.
O RHE RS E A R RS (R 6E)
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W OH W OE W ® & @SR
B2 bBAB THALTWS., ChbDMBEHEeTsL, chETBRE—BNCEDLN,
E2bhTETHBLAEOMEHBCET2HR, Bt 0obs b OREOMDFIEXET S &
CHBRDDHLICRLD. ML, EDXILBRND, BEELINLZ VAT, ThHOERI2nT
FLUWER, MESALRELI> L LeLoThs. REROBEHCIBMECH LTHHDVI& T
A4, FEBIS W E LB N, HIE L HHH AR bRV THD.

2. HSKROMBICEET 3 “AaEs" OFENEPNEE

2.1 RABEOEE

BilfEA (source rocks, source beds) DRI, 18654 &\ 5 F - Biiific, WINCHEL (1865) 12X
hEAZh, 18734 NEWBERRY (1873) I X W Shici whbhTnws. TLT, £0l&R, &
¥, P DAXICE » TEHERTWADTHBN, brEC K5 OERKT 58T, &
FTLIBEDTRWE SRS THhEDT, & CKROHEALIEA L TARRCA D b,

81 wHIEE oS, B FORMACESVALOTHY, — LI FETIIRWEWS T
ETHD. Z LIIEET L, BMRLKROERZESEDHEDORR LA RILKRICRD LS &
THA XL, EROGMES OB, FHBRERL®RDD 0L LT, ZhEFELTWS (Ho-
pesoN and HitcHon, 1966). % LT+, AlHAE LIEAMRE & ¥ KT 5 BB —RIEECE -
T, IR TwiEwswoTEL, FHCERMIBLALVIRBICSS. TLAZAIERL -
TXwvonbihinw. kb, ARSI, HoMchmeEE L, A RopRcHsEL
ToEThil, BRETE, Z0EDHE bfELEY b THS. ThICbhrbb THEREY
B, AllifHEE LTO—REELREY L LS LT BhasdohTEle. Thik, 5k LTh
HEEOTHEL D RHEL 9 ETEENILTHD. Lich - THRIEOES L L oEER, BEED
VBB, —EOFEEHCBE LD THS.

Thbb, BEAGCLRTWAAMBEOREREL 5 b0k, “AMBEIEETS” &5 RO
kiioh, & LR S hichHRiRile Uiz, S5 HEOH2EELAMEE L LUNETs 2 &
BBIEESTw5. bBHMARR ST, TOEMEHE, ToREE (BlRE & oRRS WM
BHhhicod Oik, BRENNEMAN and SMITH (1958) OFFIC L ADRB X 5L, BEAERWEWVLLTH
BE TR, & CAREORMRHEOMADBRN R FiLOTHS. FLTERDL S, DR
EIhRMEEC W, ThboREbEMEE e aE L, AilifbaE LTOHEDOR
BhEDi-b o, Puiueel (1957), Hunt and MEINERT (1958) Bt X h#REIh, —RicHwb
RTWB AR OHEEE O THS. TOBRMETH LA, BHEICWE, AMRILAEOR
Rl b B FBWEY X ) £ SATWAHERSEL, ToRBRECHA LTAEBRILKREY X b %<
B L. Thbb, X0 EARRIEKEORRCEIBED LN -1 b DTH B LW ) HEEICIED
bt DTHS.

MERTCE ERD X 5 R E S THhPEORMESE SRS b OOFEM b —IERARS 23, FE
BH& OB FROEARMR AL WX, LA “AMEE OBWEOELKOF= . 7icd ), bHrEORIM
L, FoREEE OB, H5EBHIEENBEREZNERENEI PEBRLIFIEVIZELDS.
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VL1 AT ATHIT O SR AR e B 5% (lm)
KES—20WHC LT RiEa b7 bk, AlEOFEFERHD B L5 2 &k, T Tied
Lshick o, GMBEERNCAS &, TlRILKEEL, HEESBIER LY 5 v b ElicE T2
L ERERRIIRER OV L5 0 Lo pB{ EhTwad 2 &L THA.
2.2 HHEHBEFEZRAMEE & T O
PR k51, A ETR, AR OMRE S 2T AR LR, HFHE=Roh Tk, &
N, BN, AAAT S RE A R B IR A S, RUAMEEE L LTl bR TS Z LB DiE b
TH%. HFEZI D OREHCBT 2L Y, 2o FC XL DEH IR TETW5,
ERBD B, L “AEEEE LToMMN cBHEL 5 FRILSENEE, Thbb, SARKE
B MR R, MHEERYORG s v~ 25 7 - X 2D IR EEFCOWT, E
URREHE DN T E L Db DR 1 BRI O 1, 2K, # 3FREh
2.2.1 HERKRE
AiEEER & Eh s 2B RO MO DL, b - & bIRRITioioh 2 ORI ERO I
ETHB. bREOCTEMBECE ShaFlmEsY, ToRER CGB1E, F1RD) cEISwClEio
SEE Tl & Hls LT A% &, Trasg and PATNODE (1942) (X % U 7 4 4 = v ZAHERIE O
HHL5%Th b, i Honr (1961, 1962) iC X% HEN & OFE « OHLE 2 & O IGH R EILEE 2 36
DEF YT, FREMFFRICESHTHEO FENBRARLYYHT 2 LML 5% 87k, b2AED
GlEEE IS Tha PHRipEL, ot h Ty X5 (=4, 1960 #IT, 1962)
LLEGEITICH S, L LA bRBHC L - TE, FOSFRBICY - TRERS X 51, O
LOLHEELTE D, AMBEEOTBGREO MBI, SFEO L OEHT 5 LD LFEL TS,
Table 1. Total organic matter and carbon contents in each stratigraphic unit, Niigata

and Akita Provinces (in percent of rocks)

(Data from TAGUDHI, 1660 ; YAGISHITA, 1962 ; KuDoO et al., 1965)

Total Organic Matter | Total Organic Carbon

Formation Nugnber at’l
amples | Average Range Average Range

Uonuma Group 11 1.15 0.98—1.27 0. 96 0.82—1.06

Haizume Formation 28 0.91 0.58—1.06 0.76 0.48—0.88

Nishiyama Formation 101 0.98 0456118 0.82 0.46—0. 98

Hamatsuda Member 2 0.98 0.92—1.04 0.82 0.77—0.87

& (Nishiyama F,)
8§ | Shiiya Formation 89 0.93 | 0.49—1.08 | 0.78 | 0.41—0.90
2 § Araya Member 106 0.92 0.60—1.20 | 0.77 | 0.50—1. 00
Zo (Shiiya F.)

Teradomari Formation 58 1453 0.68—2.05 128 | 0s 57171
| Upper Teradomari F, 119 1513 0.78—1.86 0.94 0+65—1./55
| Lower Teradomari F, 56 1.2 0. 94—3.00 1.18 0.78—2.50
| Nanatani Formation 156 1721 0.60—2.21 1.01 0.50—1.84

" g Funakawa Formation 3 2.46 | 2.20—2.84 | 2.05 | 1.83—2.37
%5 Onnagawa Formation 16 | 173 | 0.49—3.31 | 1.44 | 0.41—2.76
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Table 2. Total organic matter and carbon contents in various sediments
(Data from HuNT, J. M. 1961 and 1962)

Distribution of Total Organic

Organic Matter in Various Lithologies Migtipe ler @hialsh 2 Darbodaies

Organic (T)?IZLic Total Organic Matter
Lithology Matter agb i g
Wt. % r Oy -_
— — = 2 R £ O Distribution as
Sandstone (Tensleep, Wyoming) 0.04 0.03 aAgenal SSTERIL OF ot - Tiotal
Sandstone (Amsden, Montana) 0. 05 0.04 ic Matter as % Shal
of Rock ales Carbon-
Red Shale (Chugwater, Colorado) 0. 05 0.04 ates
Green Shale (Ireton, Alberta) 0513 0.11 P [
y i 0.00 — 0.031| 0.1 0.5
Dolomite (Zechstein, Denmark) 0.25 0.21 . A b7 14,
Limestone (Madison, Montana) 0. 56 0.46 O. - O. - 1‘ . lel' g
Pre-Cambrian Shale (Nonesuch, Michigan)| 0.95 0.79 0' 195 0' 55 3' g 32'
Grey Shale (Wilcox, Louisiana) 0.97 | 0.80 0'25 0'50 11'1 19'2
Grey Shale (Fontier, Wyoming) 1.5 1.25 0' s 1' B 22‘ 8 ) §
Pre-Cambrian Shale (Union S. Africa) 3. 2.83 1' q 2' 6 35' 3 ;
Black Shale (Woodford, Oklahoma) L8 4.50 2' i 4' iy 16‘ 6 1‘ ¥
Calcareous Shale (Duvernay, Alberta) Toe 6.58 4' B 8. o 5' g %
Unmetamorphosed Pierre Shale (Colorado)| 1.36 1.13 8‘ 4 16. g 1' g g -
Metamorphosed Pierre Shale (Colorado) | 0.87 0.72 ' ’ j -
16.0 —32.0 1.6 0.0
32.0 —64.0 0.1 0.0
No. of Samples | 791 397
Logarithmic mean| 1.2% 0.17%
Arithmetic mean | 2.1% 0.29%

2.2.2 HHMEERME

HEBETIC & TR ATESD, B4 OHBAEC X v Xh 2 BEEWEN, Whbwwa iRy
LIRS S OT, BN SHBED L ~10% (ER—vv ) Ofllcss. B OFRHE,<VH
W5 s w v (kerogen) LIEIER B A DTHS. LMEHEOFMICE » TEER IR S O, WE, #
HEFEBYETHS. 1 KR Lcb o ERB 2 LB b B & & OFEEO L (Tacuom
and Sasaki, 1970) ‘CH5. 2 Kk, ¥IT (1962), Kuno et al, (1965) DF — 2 e CfERL
fo, BKEH, HBMROTE LT a7 -3l b B 8B o TRy BOFSEOLETHS. ki
MR, HHETEYNS, SoREE7r~ /5 7HRICK DS hcRIEKER (57, v
— 7 7 VRRILKFEHFEERIEKE dREhTw5s. %45 & 5 Paareer (1957) oG R}
B OFME: &L BT 52 TH 5.

MMEFEDEL, TRECL D HORBEEN R - Tnie b, BREBO 1 25 - Tt b,
O OBEE D, R 5REO/ELYEBELK TS 2 4L, ~BRefRThHs. Tl fiolf—
HEEACCTEAR—RBO 7 — 5T, hERBE =27 —RBE Tk, =27 —HBOMBERIENL B
SHEBT—RCAETSONETHS. £ 1KEE 2 Ky ks he, FoREELo—BIOtEILE
PLTwTh, MHEZOLDEEEIDOLEDHBZEBPLLTHS.

—179 —



HWOH O OE BT oW & E2s0-28)

Table 3. Source rock qualifications by Puriepr, G. T. (1957)

Indigenous Hydrocarbon Content

Source-Rock Quality In Parts
Per Million of B
Dry Sediment
Excellent 5000 120
Very Good 1500—5000 35—120
Good 500—1500 12— 35
Fair 150— 500 3 5~ 12
Poor (Marginal Commercial) 50— 150 1.2—3.5
Very Poor (Noncommercial) 0— 50 0—1.2

2T, SLR0X 5 EWHERMO LT, £F — 2o\, PaLieer (1957), Hunt and MEINERT
(1958) BHIc X b NS S -G AR AR L i L TR L 5.

ParLipr1(1957) DIRIG Ui A hAES OFEMIELL, GRS & /e X 115 A 2 S diisopropyl (CH,y)
Thill U7z d D%, “petroleum hydrocarbon” & &ic L, FOSHEEHMEA » —1icfé-T, 6B
BB Lz b D TH B (33K, I UH2KMBR). LR Lickhni B o7 — 21k, wWith d Paruer:
L= Tficb 0 Thhvdz, BERLKZSBHHATER . Poure X3 &,
diisopropyl #hHi#i%, F & LCHBFRERILKEEL 57,4, vBIVF7 57V RRILKELEAT
B0, BECITE 2 BIOR Lich 2 E O “RIKE” & F o KF—AEHTlaen, MliZhslt
PR DM CIRIERER VDD ERL LTIV THS 5. Hont and MEINERT (1958) 1 X % BEAl A
=ik, B2 BIR Lich Bl o b o LISE R ERO “RIGKTE” i ST 5,

2B LM X 5, PaiLieri®e HunT and MEINERT 5 DIEHECHE 5 & o2 B oG AT,
SEHIRC A - 2 - HES - BHIL O AR O b 023 “Fair” A B IFh0E, 12& A FH “Marginal”? Tk
5. HERE, BILEOZEES LT “Fal” 5 v 7 Sha T ¥, L LEROTF— 2%, 27
—EBEEFC L b D ThHD. bhbh I E LTHRRT 2 012, &< oBdhgyry 71T
BD. ErRiHLRD L5, “RACKEE 2, KR TaHEEBYRECHM T % 4 0 & —KE
T B E, RIGKER” ' “Falr” i 5 v & v 7 Eh 556 oA Y Bii3F1000ppm B T H
5%, Chif 1 KomERICHTTDB &, B8 - THIFE « I - M)« JLifEED 2 “Fair”
ELTREBBRDICTE R,

HHAAE 2 RERS L 51, Huont and MEINERT DJEHECRES &, Pamieel o “Fair” 10 fF
TARMEEEE, TXC “Good” L\WwWihllitbw SICABZ LA, InkBEEDI», Hont (1961)
2k Bohe R A SRS TIEOEE, 281 DRIEEEFICE D RIGKKRORE A
T 4 FCRT

2.2.3 HHMEEMOIOR I T7(CL D55

HFIKER 4RHIT (1962) 1 & b T bR I-HRIROME IR =R o filigkE R vt 2

1) #1MoILIBONA “Fair” RADTHS 0, KUIMED § 0ThH%. REMBEOLMECE, »oTRELEL 5ic
(45 » HID - 240K, 1669), EMHTHL S AENTioh, CheBETs L, HHrE, “Fair” ©5 7 EhkbioT
5HbH3.
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Table 4. Ditributions of hydrocarbons in shales and carbonates
(After HUNT, J. M. 1961)

Hydrocarbons
Distribution as % of
Range of HC total
(ppm) - - )
Shales Carbonates
0 —3L 0.0 0.0
Bl—=%+% 043 0.4
6.2—12:5 3.0 3
J246== 5§ 10.3 1043
25 — 50 20.0 14.9
50 — 100 19.4 189
100 — 200 1353 16.7
200 — 400 11.8 18.5
400 — 800 6.4 T8
800 — 1600 52 5.0
1600 — 3200 2.5 2l
3200 — 6400 1:5 0k 7
6400 — 12800 0.0 0.7
No. of samples 791 281
Logarithmic mean 103 ppm 112 ppm
Arithmetic mean 300 ppm 340 ppm

re b /3 7 OEREIRERS. F IR, Bihk2 v~ /7 712k b AP hiciil A B % L
KEE (#5774 v - w7 a5 7, VRIOKFEFEERIOKFE |, B - 5K - e ULs
¥ (O-N-Sib&iE LTtHEbd. 727 >4 VEOLEY) , 714 3 +REOBEY D 3 R BL,
FOMALERLEDOTHY, H4RIE, 743 FREOREMEZR R ORDE, 357 4 v -
v wsT 7, vRRIOKE, FEERLKSE, O-N-SIL&HD 3 RAend, £ ofshiRL
bOTHS. HIRALWHAR L S, HXMCRIKREDS b DIk, LEE ORI ERRIC
H@BLRB. L Lied bitkthicix, RIGKEREOMENTCELDTEVWIDOLREREIhBZ &
i, BT 5 X OCEHTREERL - T 5.

Bray and Evans (1965) i, AfERD s <125 7 4 visnbE B3 CP I {H(Carbon Pre-
ference Index Value) 2MEWE L, FOBEAIMHEINCEWEHIBRETHD 2 LEAD TV,
TOENLBSE, bAEOER - WHIEBOEEE, FEALECP IfE CRIECP 115 %TL
THkh HE, 1968) , FoHEE, SHRIKRRAELDOEEETS L, HHFE=RoHh T,
B TNBBT2EERS - L b JWAMBETHE E—IGHERHIh I .

2.3 FHBEHICETAIFRORIEAFEBELIRIAFICEHTIME

2.3.1 RHEEAOHA

Bl Ut it OFE Mo A G, BliEE B, &4 3h w2 RIWKERE, 22T
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0-N-S COMP RESIDUE ~ O-N-S COMP RESIDUE
XNANATANI F » L(?WER TERADOMARI £ o UPPER TERADOMARI F, * ARAYA M. oSHIYA F °NISHIYAMA F
oSHIIYA F + TERADOMAR|I F XHAIZUME F +UONUMA G,

Fig. 3. Triangle diagrams showing relative amounts of hydrocarbon, O-N-S compounds
and residues on alumina obtained by chromatographic analysis in Niigata Province,

(After Yacisaira, 1962)

P+Cp

Ar 0-N-S
e NANATANI F o LOWER TERADOMARI F COMP Fig, 4. Triangle diagram showing
© UPPER TERADOMARI F.  © TERADOMAR| F+SHIIYA F relative amounts of paraffin-
A ARAYA M. a SHIIYA F cycloparaffins, aromatics and
= NISHIYAMA F + HAIZUME F O-N-5 compounds in Niigata
X UONUMA G. Province,

(Data from Yacismita, 1962)
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VL1 RIDHES =AM o PR EREIC BT 225 (HD)

FEL, MOMMPE~BE LaiRIbKEORERTH D, ThABERCKAI LTS DREND
BENFEL TS, T, HBEEADRMIKERELS LD RTTR, 3R oBRigs
LB LT EF e RKERNRMS LT b %E iy, REN LB FMEShaEBnid s, ik
HAORFEERHEONEC L, —RRLKEESRS TH, AMRILKREROMBOCIL, HERE
LEnd DEFEELTCHIEEThA D5, BEOHE, RAXE 22 EAMPE OB iEl % & ME
KLTWwd ez kS, B0k 5%z LabRMBEOREBCH LT, 22HTRNRM LS
COFENBEEIRT X, =& 21, Trask (1932), Trask and PATNODE (1942) X, HERWb o
HEHOMRBELMD, Thick DEMELYEAL L 5 &% “reduction number”, % % \iX
“Nitrogen-Reduction number” WA % L, ¥l o411, Kaavre and Lours (1955, 1961) & X
by, Reducing power/Total organic carbon contents DM % FA\THIFHELHNL LS 354 T
R L. Paiieen (1957) QRIS CR~cEoik~, & bicpbRRRER,REGEDIE R
Ot (p/r) ofErE SN, AMEESIEE & hilaEE s o R R L. e (1958 a, b,
1960, 1961, 1962) L, AMWMEE~C/N Lx @A T2 LA, THRERFLXENT L el b,
HRZEEVE OIELR, MFRURRE & PRt & O#IE SR L, Ml BIRER SEBRFEEDOL
AT, Al 2 RIWC Al S hie migrative oil, &% Wik iR A E o HAVHEZ#M L
X5 E L. #ITF (1959, 1962) 1k, RALKEREE SFHKERLK “AbE” Lv5AHrs
2BHEEBE, ZOLOBCHEDO L ORI WEMBETHS Z LT Lic, EroMan (1961) iXR{LIK
FE/rrovIREOL (&AL PHLIPPL O p/r EFFR) 2AMMEPE OBANCHEI O L RRE L
WELTE (1965) % i tE B IR R, A BRERIL (R, 1961 b0 & & A LZFB A
BEEOHFINCEETHS & L~

LR o—#EOWRIL, TORAWHRITFEALHELDOL O THBZ ENBRHEITLERS. Tib
B, TOKREHE, EREECEIThIEBEMED S bV B~V MDD ICT Elewilib R Y
RFEET LIZRIGKEREZRICOTT 5 FBIRER, o LITHERE AR K5 (FEB0%0 )
DBy o vREROKEPAWELDICBE RO THS. RIEEETREZ LR, 2hbOWE
ik R oL OEOBEC & ) BIMEEE ORE, b5 0iElis LIFamiE (£02 QRREA
DHD) ERBEEHNLLS LTricTE¥nviliaobnl, ThiZdres YE6T, AthREARD
BAbksE & migrative oil & DFF, Tish bR IMRUEIIEE & ISR & OBAC I BRI TL S
LT BBED2ONBHBET L THD.

brARCE TR, K ORMBERSHIEOPERDRC I b Thd &l o THMBE TR
X5AhzB.

2.3.2 “FAALE” EZOBRICONT

5# 5 B s 5 FH=REB oMMk AN E, " SARRERL, RIGKRE2FRRAR
K, 3 XORILKERER, SAEBREERNTH TR IR TWS. BHEIPIT (1962) OWhd s
CHRIEE” EHTALDTHE. FTEETREC L, FoRIKELTHLAR L Y, B
BB FHOMBHARGE, RIGKRER, mEMEEpE B BRERL, RICOKERE2FBK
FREW, RIGKFERZRESABRARL (OHEE oMk, BERNCATAT L) XAnKnE
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Fig. 5. The ratios of extractable organic matter to total organic carbon

content, hydrocarbon to total organic carbon content and carbon in
hydrocarbon to total organic carbon (‘‘degree of hydrocarboniz-
ation” by YacisHiTA, 1962) in each stratigraphic unit based on the
cored samples, (Data from Yacisuira, 1962 and Kupo et al., 1965)

EhBzLThD. ThbbAMREOHMCIE, FELIFORMUTE 25 biE, BHRTETH
HHEERBYEOERLEFTHEAFNARELRB LR LTWS, Eefebigilioc &z Tth
50, FRWITE, B - Fh - EROEE OF 2D Ao THENTh b O WELTR
LT3, LosLiehis, $2Rablbhik dic, HAEomMUEERYE, RIeKEET, RBE
HTHDFHOLERFEE L b TR ERBEWELRL, i, A, #HAELRABREL Wb,
HBBOPRTh L WAMEE L —BeRD LR TO 3 REAORATE X v bEWHE, RILKEE
FRLTWS. HEE5RcHabhs X o, mllAEYE SARIRARL, Ao ki d ik
FABELR LTS, & LicHAE oM aRYE 2 RKRELT, EbE->THY. ThiE
THOFERb S ADLRT &, HABSRMAEL LTOBWRT Y Y+ ) T4 —%b-Tdhke
BDTHBECHBREGTRFEEFEARVEETHS 5. T OBRRIAEMLEDZIC X 2 FHilEHE OFF
flizs 4 Cle— 2D NG HMETH D & I LT L. LEHOHERT, L H{ Pauerr (1957), HA
(1958 a, b, 1961, 1962) Hic X b #Ef &z migrative oil OMMBAR L MR T2 OBZHTHS D
LLAR (1961 OEHLLL I, MeoRBOf%, HhlEFlYE FRIRREL, 55k
RACKFRE R, AR RBROEE NI Eh Fh7 vy F L, Thb OERER b OfMERRY
BT B0, o tWMABERARRIRE b0 ELLRS. & LR LRk oRE T
HAHHERE L HEAHMB ORI L OMRARES L, BEEHIRZERO B b LB ORILAR <

BE B S HEARHER O b B I it L mmRIEKEA BICREE Lz ) b o (“indigeneous oil”)
T ST, Z OWERERED B A, H3HERERE LichMRICKEE HEAE ~B % 5
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VI.1 A=A E @R AR BT 2 5 (HHD
L, Bll=3A%— 02 A& L b CBEIRFCEOMERICEE Licb 0 LR L.

2.4 FHEERMBOBEMNSHICHTIBER—L LR, DIBEHTIRRHLOVT—
Z OB OWTE, 2hETE2 LR TETHWE DT (TacucHr, 1962 5 TacucH! and SAsakr,
19703 F O « #2 &K, 1971) , EAEBHBCl~<5 LT s. 37 — RS ol i
DREMH T 60 (FH, 1960) &, MBERFHCESWAboMRE 7R (BR - #EAR, 197D ©
FREhB. AE (1960) k. B, 56 KRS h ey RO BER (KT ERERE L

KO T LIc.

CEHEEO By HnT\w, R E 2 S h s kA

WESL, FMBEoLRTRVETL, AHEEoFRI DUTTELIHALTHWS”. KCh
MDEEE D% S HIE LT WA RS, 2o e FHcatir B LTw5 ReHEHL, chb
DHEFEEWEOBIICE S LD THB & Lic. Lot T, AHOFERORECIIVHIS “A
HHLEE” 23 » TEHBEAMORT Vo4 V74 — AT ENTERVWEWIFELROELATHS
EBBRETHAHY. ZOMTE, BB LAk oKk, BEIZOELHCRBETHS. LrLichb,
HbTB Lo, LRoEEY, TNTEHOTETSEECIIBRTELVWLDEELTHEDTD
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Fig, 6. Stratigraphic distribution of extractable

organic matter in the cored samples from
Akita and Niigata Provinces,
(After Ismipa, 1960)
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Fig. 7. Stratigraphic distribution of extractable

organic matter in the surface samples
from Akita and Niigata Provinces,
(After Tacucur and Sasaki, 1971)



" W & O R & Gf2s0-28)
5. KT -1 (1968) bAMADE (6 FD) %5 HL, MLEFEHORGHERD ©— 7 REEERRE
BE—HLTWH I ERBHELTWSA, FHOE L HTBRRoh, Thid, dWchHbERL LD
¥ERETHVEND, AMLEDCEY, ThbbRVWAINREOREEL T3 BIECEEERR NS
BLWS Z EiRon XS hEHETITL.

FZHIEHE (1960) OFEREOBTEL, & ekl - AR ofE R RS TIRBC>WTid, §
S BEBEN BB LD THB - ExTE LT EL (Tacvcn, 1962). £ 6 KL 7 KR
LA FRFB 0 2 S i B ORED T & OB LA25 X 5, =27 -3, ER
BowTFhd s, KEORGAHFALRLTWSZ LiXALHTHS (HA - FEAK, 197D . H7
X C&BiHE OJLHE 0— 0 & RN LKRNE W L5 ei 2 b 0ik, TCREMHLLLISK, $%b
UHTRH O I B DEHZ LS. FEIE, THOEMHE - TR LAV, FeRDX
5 e AR O H T, FHECHHE T 0L OORBITCHLRBA LRy, 2 Kkl RIGKEBT O
3, PRCERTES RO, ANcRERshTohwiolB5. Thbb, LoRBI,
WREFMRERN LT T L0 THD, 2 RNARIKZBEOMEL, HlohlitEayRAR 24
BRFERBRC LB Lo F=y 2 X ORVE VM LE-b 0 EHL D, =7 — Rk, WERBO
EROSMEIAAKRER N 2%, 2o THE EO -4k, 1971) Lk 5k, GHOBEINIL
Bry, BLARBRANAE»CEEAEHL L - TLBb0THS Y. Thibb, AHREHTIR
ORFRANG I AL, Lol - BNTHELE OB #N Y X3 ArnERAScRdbhS. FHOHR
i, BIRNCR LR, W7 e~ 79 700l %, RILKSE, O-N-S{k&¥, 71 3 FRREY
DI EAT7 75 AL RBLERBRABO 7 vy P RENLLAI CENTELD,

3. BURE “RmEE EOREM{EFMEEORE— & (CHROFMRECHELT—

EAREBRDL DY, MEIEANCHE LcBEIRILKR RS, £LTohay fREREL, EA
Tl T, FIRFERBE Licks &\ 5 BIEIL, BoRRGRICE > TROEEL b DO—DIT, F1e8l
DERDHMRSEEZATLBS. BEARBWTE, =4 (1960) & X 3R HOBEIC 2T OBFFEE
%k, RESOFEMBERIL, FOFECEELYEL, T, AHARMCERES h, HEEEREKE
CIORBEIL, BTy ARCEET S LW ELN I RBEER S, Z0X I RFELHELE
B UCRHOBE), SIROTMFIA HHE Ll 4B 0F » Tb. Aok ZIEPER (1964) 1©
X %)\ O A B OBISE, BIF (1964) 1 X B PR O Il 7 A 3613 5 SRR IR
FoesEntzhths.

AEICE, F& UTHEFIR T2 2EhciESwT, Fil: Gihig & ofitbeiicttBox
b, ZhoDMBEC AR, P 2HTTLRES ERS.

3.1 Fh&AALOBMICHONZ R M {EBENEE O

3L b EEURFSL-RILT 1) E8EEE NI/V RLT7 41 b

#5 5% (TacucHl and Sasaki, 1970) iChH EHHEZROFEFINCOWTD = ¥ LB LTS
FON e HEAT L Y VOEREREFDO NV HL 7, ) VAR EIRSG. EnbUIbhk i, TR
TOFEMMS =y e BT 4 Vv, SAFSn e B 74 )V vERIBTHZENTE, £OF—F—
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VI.1 AFEEEE= R OUR AR BT 24 (Hm)
Table 5. Contents of nickel and vanadyl porphyrins (in ppm of oil)

and Ni/V porphyrin ratios of some Japanese petroleum

Ol ¥ild Name Producks | Nielel | Yamn | porpbyrn
Ishinazaka Shibikawa 54.0 54.0 1.00
Yabase Kitaura 13,7 2.0 6.85
Yabase Kitaura 9.1 2.2 4.13
Amarume Funakawa 3.6 1:0 3.60
Amarume Funakawa 7 0.7 3.42

& Chokaizan Funakawa A47.8 16.5 2.89
Yabase Onnagawa 17.5 [P 3.30
Yabase’ Onnagawa 64.3 23.7 2.7
Yabase Onnagawa 253 8.1 3.12
Yabase Onnagawa 95.9 19.7 4.86
Sarukawa Kitaura 3.6 1.7 0.31
Sarukawa Funakawa .0 Bl 1576
Sarukawa Funakawa ‘ 13.5 18.0 0.75
Yabase Onnagawa 8.0 74 0.45

B Yabase Onnagawa ©31.2 11.7 2.67
Yabase Onnagawa 39.9 20.2 1.98
Yabase Onnagawa 82.0 34.7 2.36
Yabase Onnagawa 952 43.0 02l
Yabase Onnagawa 72.6 37.8 1.92

A ; Data from HODGSON et al. (1963)
B ; Data from TAGUCHI and SASAKI (1970)

T#ppm 2 HRL0ppm Khic b, WL THIVEFRE TR,

—HRMBEAC VT IR ETAR (BB B0 - £ £K,1969; B E - 4 2K « &k - #1E, 19705
O fEAK - 45, 1970 ; TacucHr and Sasakr, 1970) LT EXAgd e e dh LB 6EROLEEHT
BB, =, e Rmry )ik, KEOWIE, FBORINEELE&DEh L ) H VB TRT T
BHBREUNTCHY, Aroi« #7419 ik, KEOHEAR, HBOWELUE X bE VBT,
FRBIB R EL T Ch 5. SBRILBAMEOME, HEEOHMILENREOMBELRECER LT
i, HAROREWEMIL, =7, SFUn « 217, U vOSHRBESE D CX, KEOIL
WA, FROMABLEDlrhy b FTHEOMBENLE Uadb D —ERDZ EMRTELS.

Folio Ni/VsL 7, 0 vihERRREOTh R T2 L, EesMoLsh THS. FETIE,
BEEEB D81 %Mo Ni/V OB S b, Lirdthd o okiBo i EE, Wik nE
DHDTHS. B EMHE RIS 061 M FIoFEC %, BB AIMINE, 2 TRINE
KBLTWA, REMATIR46 %8 EHEECSH b, ©IE»IEFCETRATHS. FIB T,
FHARPOITSHEMOBECH Y, MPOXBAITER - FEFCE L, —HiEs - BIECE LT
wh. DERRETHE, Ni/V a7, ) vk b b Tk, FoFREys ok, EAERN
ERE O « BIE, FEOLE  FHBHES L, —Hdtl  ERBeHD LTI

3.1.2 BRIEFHERIAER (RY L)
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Table 6. Stratigraphic distribution of nickel and vanadyl porphyrins in muddy rocks of
Akita and Niigata Provinces

E g Formation Name Onnagawa| Funakawa| Kitaura |Wakimoto|Shibikawa| Katanishi
[P~
Number of Samples 98 50 15 ‘ 6 ’ - -
[ Percent | . [ [ T
. Positive 100 100 100 83 - -
:>" Indications
©& | Average [ppm) | 0.389 0.104 0. 020 0.010 - =
é’ ‘E Range (ppm) | 0.016~ | 0.009~ | 0.003~ | 0.007~
2. 054 0.548 0. 046 0.017
[+ [Bemeent - | e I ms T oo T = I .
s Positive &3 18 0 L - -
2 la A Indications
< E» Average 0.227 0. 003 * * = =
-E_‘ Type Range H = # == - =
3] 7.699 0. 048
. | Percent | .. | .. | .~ | . 1 A
5 Positive 35 74 60 0 - -
5| B Indications
§ Average 0. 009 0.019 0. 012 * = -
Type R
ange ® o~ %~ ® o~ * =3 —
0.290 0. 047 0. 037
?C_: 3 Formation Name Nanatani | Lcrado- Shiiya Nishiya- | p252ume | Uonuma
o .E mari ma
Number of Samples ’ 29 ‘ 34 ‘ 15 ) 15 2 7
[ Percent == o
. Positive 100 100 100 93 0 0
A i Indications
L) Average 0.752 1.234 0.115 0.011 *
é S | Range 0.005~ | 0.011~ | 0.004~ | 0.004~ ® *
B 2.253 5. 451 0. 560 0.028
s Fepn 79 85 47 0 0 0
Eb al A Indications
Z i Average 0.132 0. 070 0. 007 *
'EQ:_. Type Range 3% ~ 3 ~ * o~ *
8 0.522 0.382 0. 022
E: | Percent I 24_— D 1_6; I 20 0 0 0
s Positive
S B Indications
< Average 0.004 0. 004 0. 002
> Type R
ange %~ %~ & i &
0. 030 0. 043 0.019
*: Below detection limits. — : Not determined.

B & Eh 5 SBRABEEROKEEEY vvED (A, 1968) oW Til, BIZETHEREEN
EohTky, BMs Lidvzicns, KEHEOKMEOBEL RT3 GB5RTMBBYT
R HHRBRTE s, —HAMEE TR, B (B -4k, 197D Lk, &0
&, MBI VB HEOIRE A ETXTORB2LHE I h, £ 0EHEIL0.008~1.510ppm
ChtcsTwd., LNE»L LR Eh5 2, HIHEKIT80%, SHFIZ0.001~0.1084 5 EHDTE
WATHSD. LichisTZ OAMcEIT 2R v ¢k, ZIBoRBA, FHied - & bBECHEFREEL
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VIL 1 AHRE= R E O SRR BT %5 (HR)

KANITA
o} CRUDE OILS sob OIL FIELD

40 M

20
0
1
30 GOJONOME F
OlL FIELD
70\~

[
132 14 1

NISHIYAMA and
SINJO 30} HIGASHIYAMA
OlL FIELD OIL FIELDS

w
=]

PERCENT OF SAMPLES

1 8
Ni/VYO PORPHYRIN RATIO

AKITA PROVINCE NIIGATA PROVINCE

KITAURA FORMATION SHIIYA FORMATION Fig, 8. Histograms showing variations in

[0 FUNAKAWA FORMATION TERADOMAR! FORMATION Ni . : :
i/V porphyrins ratio fo

[ ONNEGAWA FORMATION NANATANI FORMATION p'rp Y r crude oils

I NISHKUROSAWA FORMATION TSUGAWA FORMATION and their presumed source rocks,

(After Tacucur and Sasaxr, 1970)

S TVBH L3 HhzD.

3.1.3 CPIf#

I N N=T A DCP IHEB, 1968 a,b) wBLCTh, AEXEOREMCDOWTIL, WEDE S
HERR DI, WETE WA, FMoOCP Y, BEALERVT, BuonE@chdy, 4 LA
AEFMORRTLECP IETHS LHETH &, M (M1, 1968) Lizksic, ZIFoCP I
EOLPEMECP T AR L, MIBR—BCE 0T, 2o&nb L wERL - &b ik B
FrdboTodboE M Ehs.

3.1.4 BREER
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WwoH W & O W E GE250-25)

RDIERE OWINC L v, o eflALBlbhdabihicws, BEOF— Tk, BARER
Ed o A FERBGRAY L ORMAET, IR licz &b, L, sIURIITHHEYE (ZEE
W o RAELH B 0T, BIETES GD) CBRTHERORD, BT i, £5
THHEMETES. Mo ER, LHFcET35RE, TREIS-Th, 207 rA Y 7
4 —MEL, BARE X v Lo, RS L LCERENTHB Lz X ). Lich- TRERY
L OMDOIREAL M BFHZR LML FHMAE & 2T RBIFRINENEL0EELS. 2h
LREHTHHELVAMIISRERTENS.

3.2 EAARRHBIEROERERICDOWNT

BAFMT OEREEL, HACRT3b-3F V0L LTabh, ToEEE, WREEcky
GBS H B, KEHOMIETERSD 2 a3 hCns. L c—8oPasE CRIR,
1964) 4, =4 (1960) DFE2ZHEEAL, o, BFEFE (R |, B (ERE
D) 2EETELOLELTWS., LaLidn, BoENLWULM LI S, BEEM
HDEME, =9 r A B 7, 0v, AFSa e BT, )y disdppme b5 EHEHELRL,
Niy/V Ba7, ) vl TH5, TTRER LI S, BAREEYEL 9 FeEP» b, =,
B BT 4 VY, AFUA e BAT ) VRS LTRIIAT, BB LY EEA B, Wk
ST E SR Teigee.

FEOZ Eb, BAKEE OB, Wi &b EEmEE L RN oM 2 RS & Lich 0Tk
i, BELL, BEFHE, ALBLZoREEETREL, ot THEPLBEILTEL DEE
ZBDHPELETHH 5.

4. HEBEOEBZEESHERDEOABMRILKRERFEN O K fch BREOR MR LK DR
P2 E ORI RO B BT 5 BB B oMk owWTik, TTr=+E (1960), HH (1960),
HJE (1963) FOMDOA xic k b HEREENEL bR Tw5. fF (1963) AiERLAL ST, bt
E MBI AR b O hRT, MIETH Y, HHEEOHOEILAH L, Il OERtc
S LWOT, EEEChH 3 SN TOREBIIELE . X2 CAETIX, REMELAL LT, &
MR, MEEOBR, FRHBEORELL XD ERD - OMEYERS LTHiz .

4.1 HESFHRELTRELFHGE, WEERZOXTT 1 v LRHE

MO 1 KBENC DWW TEE A0k, WMEICH 5 ERKIE (compaction current) TH 2 Z LI
il £ TET, MEOMEBERELIEERLEOBERERFLTR LS.

Aty (1930), Hepserc (1936), DickinsoN (1953), AR (1961), Mk (1963), Ehy (1965 5
X b, Yok = 7 - RBICE S REE OILBERE BRI MRS, TTCRA 2Tk, YV F R
5, #A7a—At, bAEOWALKCO>WTELLRTWS GE9, 10D . 9 Mot i,
MINBLHR LW REREYHEBC LTELRICLOTHS. HI0KE, B (1965 X h 52
B AR O HREEIE — LR MR T H B, XD RO B Ok, FHE O S ir o R
BLTwhZliekbcB8ELTWwS.

X, EOF — 2CE SR LCAL 5. KEME GEYF, 19645 M, 1968) st 2%
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Fig. 9. Porosity-Depth curves of Neogene Tertiary in Akita Province

by Hosor (1963).
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Fig. 10. Depth-Porosity curves in several
40 (&) areas by Mivazakr (1965).
. (Miocene, Gulf Coast (Diciknson,1953)
304 0 ) (2)Eocene-Miocene, Venezuela (Heppere
1936), (3)Pennsylvanian-Permian, North-
204 2 Central Oklahoma (Arwuy,1930), 4)Plioce-
3) ne, Niigata (Marsusawa,1961), (5)Miocene
- —~Pliocene, Akita (Mivazaxi, 1965).
0 T T —
DEPTH (M.) 1000 2000 3000
Table 7. Observed and initial thicknesses of Neogene Tertiary in Akita oil field
|
Observed Depth .
Observed of Burial at the go;rosuyf ab thg Initial
Formation Thickness top of each Fa = a?' neac Thickness
(m.) Formatin . (;) (m)
(m.) 0)
Wakimoto 200 150 52 250+
Kitaura 350 350 42 470+
(Tentokuiji)
Funakawa 500 700 31 820+
Onnagawa 800 1200 1.9:5 1160=%
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- WwoOE O & BT O# f (R250-28)
g & v B oBWRBOREORE, SFRLEMOMBIRES, E1ROESFL I 4K, ThbLDF— %
ST, B (1965) @ 75 7 X bR BHED AR OFLR, AE O T HIE o &
ENREF A I AETREIRTHWE, UL, BiF (1965 OFBEICIESTHE Lz, LB S
NEAHERT 2 % CORRRE LI OHERHE TR IS IS 5 FIE KO BEIE (Lad->T, 20l ET
DEFhOHEHOEE) , KEMOIBRIE s MR EhT 5. W - dciifga, Lorrk

h, ThERI0OmICET S & = A0S (EEl, 1968) ShTW3B0T, ZORES, KT hHibig
CH L Ba O S —Em Lic. ¥k, kT 5 X5, Ll TioghaMilic LTw50
T, FKEHE ST, &N, fs3 X2 200m HERE LB L, omodtiiEx v
LR OFHEMED R L.

LR E BERE OBRICOWTIL, BB O X 5 ielEIC W TOTIRME S -2, JREE D
TOPERD . REER, BEAERLY, ZoIBROBA L, BEEVE VOB TH S
ZhBOREBRT DL, BiliES OB oWT, BCREE O IRED L LI 5 = &k,
B DERTHDH, whdn “AIMEHE” (protopetroleum LFRLTH LWTHAH) ik, —icH
Kikad o> Th b, /DI WIBITH LSBT HEELLRL0T, P Ed, IWRERE
X, ChETOLAEOMMILER HHM LT, SLEERISHUT &—IEais LTH#fa D 5.

BeRNBUL I X 5, TIEHHER LK - i AT, Z0XREMOAREKR, 32%=ThY,
= DI, Hepsere (1936), WELLER (1959) D\+5 ‘“‘dewatering stage” {4 L, 7o BHKD
BENTWBREBTH D, bz \vwbds “BilE” 24 C, EhmilscEl LisBr—iaEL

Table 8. Depth of burial and porosity at the bottom of the Neogene Tertiary format;-
ons of Akita oil field in the depositional time of the top of each formation

~
N

e Geologlc age MIOCENE PLIOCENE
(Stage) B |
Depth \ e 1 -
of bur1a1 ONNA- FUNA- SHIBI-
& porosity of \ GAWA | Kawa | KITAURA WAKIMOTO KAWA
each formation ™./ J B o
N a1 210me
Shibikawa P.(%) ; ! 50 59
= — , B —
D.(m) | 250 250% 250%% 420 420%%*
Wakimoto P (%) ] | 56 56 56 49 49
; D, (m) 470 470% 1160%%| 620 620% 1290%%| 780 1420%**
Kitaura p (o) 48 48 33 | 43 43 29 | 39 28
D.(m) 820 1200% 1020 1500% 2170%% 1120 1620¥ 2290"% — —
Funakawa p ‘(g 39 29| 837 28 17 | 33 22 15 | — —
D, (m) 1160 . | 1660 2100% 1820 2300% 2900%¥ 1920 2420% 3090%* — —
Onnagawa p () 32 | 24 18| 22 15 <10 20 14 <10 | — —

D ; Depth of burial at the bottom of each formation.
P ; Porosity at the bottom of each formation.

— ; Not calculated.
*; Case where the present thickness of Funakawa Formation is calculated as 1000m.

** » Case where the present thickness of Fuakawa and Kitaura Formations are calculated as 1000 m res-

pectively.
*#% s Case where the present thickness of Kitaura Formation is calculated as 1000m.
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NRETHAD.

Mgt (1963) DI X - Th, FEEMNEA Kk (Tacuam and SAsakt, 1970) LicAt, & 9 K2
LW BT & S, BECKHT 2 ILER OB RAMINCE < 72 b, MIERP~LHESHC,
M—Z IR EC, “FHEEDE” + 5 7OFEEMELRS. Lk L' s, BRSNS
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TER (1968) 1%, KA (1936) @ “HIWEH” #HRBTH L L bic, ZOERNL, HHEMELE»
e BEIES) T, BRI S 5 Tkt A OHURATFRHEICIA £ 0, RESFH ORI CufiE T
WU O FHEBIET D -7 b DE LTwA., L TERLIANLHELME LT, &
EL, CoBEPEIL, 6L, BHEBTHRC NI » Y ERTw B AMOBEMERICIIR h &7 ok
MofedbDEEL TS, L Liends, Bll—g BRI, T oRERER T “ifE”
DR LM E T, MI—Ehced s ERoE - EE ~RHEBE»O—B O “AiliEmE”
DLEYH LETRBIC L, 36—, LE HBRomc, 3Cic, ILBMEIERC S » 7&
o, AL OEATHRIEREEL LBHERI L0 EELBRS.

FEL, BT B L5 RESHE LR ofMiK, sLotht v LvBonigmke, b
LEbTN—MNBOoGHMEIRO—H Lk, TORHRHE BcT5L0EELTHBDTHSL. 2D
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4.2 HTHREND KA ABEEEMOR BR{LAFEGIR ORI & B MIKROTK

ABELSON (1964) 1}, DRI S BNZEWFHEN S, 50°C ORETH 100775 &\ 5
BB, HEYPOFBWE A VA o ER R R L, AR EEETD LN TEBELT
Wh. BKHEMEC ST A TIRER, SEs (KRR 7 Agh%E4S, 1969) kX5 £1000mT70°C, 1500
mT90°C, AfEHE O THERIT 100 mic 2T 4.2~6°C HEEAPICHE D, FEMERI L
FEEZRLTWS. LinL, OncucH et al. (1970) DORIOWFRIC L% &, #KHEFAD “‘Coastal
Region” Cikdh - LK<, 2.0~4.0°C/100mDHFHICH H , 2.5°C £ FHETH 5.

SEOCHEBDOT —~ 2% L 5T, FH5°C/100m OMTHBRIILHE (RESFED #EcbE
FELTwicdbD L REL, FeXogiy, Tavar and Huzioka (1967) O 2 HHM LT, 3k
REZ PR 5°CELETETH L, 50°C OREF 00mDBEETHLIhD I LD, HiEfiTh~
e bRk S, ALEBOEM OHRIRIC 31T 5 900m OWWEET, MEHE T, B
NBERoTFTHRMALCiE L, JLfEomcENE 2 AT, 826 <, JLHETHMADsET S
ThHhHY. Lomh, BETHIENTES X R BALKROTBICIL, S5 100755 0K
IS S i

A (1971) X BFAOHAEE=RE, Brow (1969) & OMHRET, Foxkom T, £
HEFCEE Lo, B 238074, M)A 370074%, JLfifE23 230 42 CH B . LA - Bl
(1971) %, SHiNEO and MArvA (1969), SArTo (1963), Brow (1969) I & % Bl AL RO % H,
wRT LR, BBEOCE HIBEFE=SREE S Brow (1969) K Xa0wEoxtkamL, @l
JEA, 131§ Brow @© N.11~N.14ZHYT5Z L2RADTED, TOHTE, Ml Q7)) bk -
Bl (1971) 5 EDORMOMNL, RENRVESICALS. FIT, ~GHARE GF 93D it i
LROFEBEM VL Z L b, i, bR - BHsE, sERRES ~OBREe R LA ET TR D,
L b 60510 Lic Nopa (1966) ORILEAENGHE T &, &€ 0 {HERRRED ~OX I
DOVTIL, WERE LY BB L0 L Ebhb.

ST, M@ Q97D D F— 2 M5 &, B, HESh BRI AMERER, ThTh 10077
S E)lBR210m, #IEH 135m, JLREHK 150mTHS. Lichdio T, ALififE LMoRER Lk
BEK, TOBE LB RMPLKRRAER IR T T BRI, 900miZEs X Z100/74R Y5
LEREOMIEOES % 75 A LIc1100mATHRORE, Tbb, OGWEHRRATE, —RcHIITHE
X b3 T6, OB CE L AT, 5 UCRETHEEAGRICIhDBETH .

3 L, OHguant et al,(1970) @ 7 — iy, F52,5°C/100m D THER LM T5 &, 50°C
CET AHWEREEL, Fl800mDFEIEL, FH3°C/100m & LTh, 1500m DEET, ZDIF
BV, dbidE BRI, Mo )lgh~ i AiS T 5, ALl - IIEA 2R £ h1000mic
AFETZLO%, WENL DCELSFELTCWAMIRNTDO L, EROEEL, MIETHcETs 2 &
BTED. Tiebs, ERoEE, WFhEe LT RBEHERI TR, Ll ORI S ,
BELES X5 mAMRIKEOREYIET5 2 L0l S /R LTED, Lihi- T i@k
B CREESFREERIE e oFBEIERR DS - e &35 HHEBH (B, 1968) ik b, JiHlEo
AHOEELHNTS - Lo S FRABCR LTS,
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il 4 Table 9. Absolute chronology of Neogene
______ 15 J Tertiary in Akita Oil Field
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ER Uz EnbWbnk X 3, ILHEEROMRERICK T, 188 & LTRLDTEKEDSE
BORNLDARTIL , AHRILARBHOK»S b, LEEEEYL, AlgROBROSHE LT
LWL DTHD, WIETHATOWEBOLA, MTHEROHBNE WL ZATOAR, FRET
HolebDd LTHETEL0THS. b L, Oncucur et al, (1970) ©F — 2> & WL, A
HRIEREHRD B bk, LB LR, M —) IR AR T X 2 g RO Bk i ine
H#eE7ch, #1LTC, Oscuaar & (1970) D F— #RELwETHE, B3 X5 hbrEORM
SLIRT BRI LET RIS T DRI IR E N L EL BB IkBDTHS.

e LT 5 RENAMERKIEER LT &l Z s b Wb L 5, ZhETERED
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Some Considerations on the Time of Formation of Petroleum
Deposits in the Neogene Tertiary Basins, Northeastern Japan
——Principally from the Organo-geochemical Point of View——

Kazuo Tacucul

‘Degree of hydrocarbonization” (YAcisHITA, 1962), which utilizes the ratio of hydrocarbon
carbon to total organic carbon in the presumed source rocks to identify the source rock of
petroleum, has been used, in general, by the Japanese petroleum geologists. The present
author, however, has suggested that the too high ratio mentioned above can not be considered
as the only indication of the source rock potential owing to the facts that the ratio of the
Shiiya Formation is higher than that of the Teradomari Formation which consists of black
mudstone considered as good source rocks,and the Araya Formation, which consists of fine-
grained mudstone formed simultaneously with the Shiiya Formation, has lower ratio than the
Shiiya which consists of coarser-grained rocks. Such an anomalously high ratio of ‘‘degree
of hydrocarbonization” as seen in the Shilya Formation and the Araya Formation will be
indicative of the migratory oil.

At present, specific chemical properties such as the ratio of Ni/V porphyrins, concentration
of polycyclic aromatics and CPI values of the crude oils appear more simillar to those of
the extracts from the presumed source rocks of the Onnagawa Formation than to the other
formations, A consideration that the Ishinazaka petroleum of Yamagata Prefecture might be
derived from the source sediments correspond to the Shibikawa or the Wakimoto Formation,
which deposited contemporaneously with the reservoir rocks, as has been insisted by some
Japanese geologists, is no longer accepted because of the difference of nickel and vanadyl
porphyrin contents between the Ishinazaka petroleum and its presumed source sediments,

Judging from the data of the depth-porosity curves and the geothermal gradients of the
Japanese oil-producing basin and the time for generation of sufficient hydrocarbons capable
of migration, it seems that the optimum conditions for the accumulation of commercial oil
have been formed principally by the Shibikawa orogenesis of late Pliocene and secondarily
by the Dewa disturbance of late Miocene,
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7 3 BN B B b E BRI BEY B, SEEESER LR
WBTHLS. Lnl, BEHEEHSAT I /B2 U T aEENE OF - IBREEDETE
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Study on Amino Acids in Sediments of Japan

Yuuko ITIHARA

The principal results obtained from a series of studies on amino acids in the sediments of
Japan are summarized in this paper. The samples for this study were mainly collected from
the Cenozoic sediments distributed in the Osaka area, the Boso Peninsula, the Niigata area
and the Joban area. The results are as follows.

The concentration of amino acids in sediments shows a decreasing trend with increasing
duration of burial. The values ranged from 1800~900 #g/g in the Holocene sediments, 520
~20 #g/g in the Pleistocene sediments, 35~ 3 #g/g in the Pliocene sediments and 15~ 4 #g/g
in the Miocene sediments, From two samples of the Oligocene sediments, no amino acids
were detected. Furthermore, the amino acid concentration decreases exponentially from
Holocene to Pleistocene,

The Pleistocene sediments of the Osaka area show a higher level of amino acid concent-
ration compared with that of the Boso Peninsula. While, in the Miocene and Pliocene sediments,
difference in sedimentary environments is not recognized on amino acid concentration, i, €.
uniform level of the concentration is observed in the sediments of the Osaka area, Boso
Peninsula and the Niigata arca.

19 kinds of amino acids are identified from the samples examined. 17 kinds of amino acids
among them are a-amino acids, and the other two are y-aminobutyric acid and S-alanine.
Throughout all of the samples, significant changes are not found on amino acids spectra.
This fact shows that the above-mentioned 19 kinds of amino acids decrease, at a definite
rate, independent of each own decomposition rate in a free state. This phenomenon suggests
that amino acids in sediments are incorporated in nonproteinaceous polymers so-called humin
or kerogen. y-aminobutyric acid and fB-alanine are not diagenetic products from a-amino
acids, but may be biogenetic matter produced by micro-organisms, It is also suggested that
amino sugars may widely be distributed in the Cenozoic sediments of Japan.
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551,782 (521,41) : 552.5 : 543.6
VI.3 WHEBE=RCRT 5RESEDILFHR”
H v

E B

FREHI O H AL 5 FET 2 SHIBTIC W ie I B 18 5 R e B O JRE A Bhe oW»W g,
G OEESHET ey, Ch B2V TET OMBRESENER L RAR .

TR Y LIF A OIS, —ie, Crark, F. W (1920) 23R 7cEHE O FHERED
EH#BE LT ALO,, N2,0 %X 7% C g%, Fe,0; CaO X KO 23 Lo,

Z OHIF QYRS OB KEME OREFE (ERB) & XoYIBRRE oFRRE (E8UB) + o0l
BB 2L ER E BT 5 L KDL 5 TH S,

Si0, FB=REFES I OHRE

HO(+) s#E % L OHAE <KEHEs L OFRE

AR, KBS L ORBESRAESE S L OREE

TiO, KRR <FB<ERRE

HO(—) HIRE <FB <K

Z OBGUIHERS OB P R OBBERCERSh 5 L IO EhoBELEL bhb.
C& SIIEETT 5. MEcR S & nEhBERROH WIS fnd. HsFHAEIRC, SEbic
%<, TOME ORI, EEBYAERTE LWL OfKIEEAME S hio & LBRD
5LELLRS.

Fey0,/FeO i X D3 HBEOHE &, ERNFRIC X HHEBREOEE L3 X —FKT 5.

L £FANMRE

Z OREIL, FELHEEN SR LT & iR s 5 REEHOLBEROHE" Gz,
1970) H[E > DWTEME L, “FibRiBEEE AR, L QTR cBET 2 AALIRY &
2 T3, ZOBMORIKEES L OEBEOWEL, $hoTEBNTHY, BEELENRES - T
VWAHRLPh LT, bBREREWTERNZ L. Lk, ZhETHEEIRCOWBEEITORE
AEEERE (R, 1961132 Eioudk, B Ok, 19681340 AR ISR TWT, A, B
RicE OXHEERBTH 2EZREBRW LI Y |- ALBEA XD, KAV ATE FBiEh4
%, 19627 E) , Mit@WRE (R - /K, 195978) O—BE LTREIATWIEE AW, X
Wb\, AHHEH =R OMEBERNPIREO L LT, AR, ABRE T THE & L iciEso
DRBERIRT B LR TER. ThLRBO, BRI EAH LiciRy o 2 ciET 5.

* 197242 AR
oo o
E1) ZEEuE(1950) : MpR{LEE. p.277, AEH HFIA
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W OB M OE B & & 250-28)

SRR Lok om B, Milligs 24 (1971 & X % “HiBHERAH I o T - SF o
EOHEFGRBRICOWT”, 3 X OhilE X O MERA 7 A B RBEERSRES (1969 2R L.
F VBRI EREITER, TOBEEROTESMELEM Lic. £0HEDBIFLONTeL
< LA EEH Lic.

ZOPREFEET HCY ST, REHRR LMl S o4, BEEXR - =3 & - BT EEK
< BILHR - AR - PEEZMOARE, FULAREEIEEHER 0—#l#E, ¥C, N,
HAOWEE bbb LEBENE FRE R ECHE2ET 5.

2. REHERMEESD L OREORE

FUBHREUL, FBEPH OWRRCT - iR, T 7cb bETET O EIECAE T 5 AT T
o ZHIRCIT 7nbiue. BBHA R LB, Trab3paE (6, AR (3@, BEEE
(3 @), RIUB (28 $LO0RERE (9 <, RFAoRKL 28 ETHS. ol oodictt
L7=alkhk, Ao (1972) ®iiE (1972) LF—OEAT TR LD THBZ LaBHih LTHL.

SEnCHE Licakhit, MRl #20~30cmifi b k2 L, TEARIFHEL Bbh 5B LHETL,
REP TR, BECI - TR L ord bk, Abtofcil, RIREOLEARLR, Bk
CHERKC L » CBb S hicéELbhbbo (U-8, U-2, U-1, H-2, H-1, $-3, $-2,
T-3) db&Ehd. TfFER, RECEH R AcECR (H-3, H-2, §-3, §-2,
S-1) Aot

3. 0 H
FUSHE R ML O REHERF 258 1 Fornd.
BRI U HIRic vy, FEILTHE esh il in &4 oA E LTS, Ebi, Lok,
SR 2 B K TR o BT A B SEET RN 23 1 C OB oA 5 5. B IEFHEE 0T H

FI1R FRESREESE O FBHRIRALER
Sampling locality of Muddy rocks from Tertiary
formations in the Niigata oil%field, Central Japan

=371 8=



VI.3 MES=Rcisit 2IREE oMK D

)]
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Sampling locality on Yokoyamasawa route
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Sampling locality on Gomoto-Inohana route
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VI.3 HEE=RICIT BIREE OSSR O
HZEABEEDTHIB - HEBOIBIERL, WhakERO ¥ A0 ERIIKNBIZZTH X
ATW5.

FEEE, KBEOEETHVERE OBMRE LB OB C, A4 R E WA DRI &
Bt EloZ OMBIEERERY EELOh TR ), EEIYC L » THENILIh T LY, EiE
BSER L e PRSIBREORED THEB L EL bR T3,

HERBIL, P~ & s L 0EB T, LA BNECDE . ¥ -EliEETime X
S>THERTEY, b LOEBFEWLMCT L ENEETH S L OMRE.

REBIL, BRABEBCRESRABLEOTRCHSWE, BEOEBORET RIS OLHT
bbH. ZOBOMBITEE, RAELD, BEIMC I - TilEhTwvw3, hRREBU/ OBFEUBIIH
ROBHRIKEDIES BB, FEHOIRERLHRIR Uied - 1.

RIER, WERAC X »TREIh, ARKERAREYESR, RIHLAET LT, FHcRWERE
ToHER LT 5.

BEET, WA RE - BEEREMLEREIh, —HEEREHRATHWS, oIzl
BRI IR A ATV AR, BB OBREENERTH 1o Tz ORITLIER
R LRI Licb D &%z oh, KRR WA NS oRET, LB ORI ER L
B Th -1 b EL bR T A, HERYIIEEF» LRI ERYENETH B,

4. (L3P AE GLEBAERERE,. FUREREOTEMIEER, 1969

4.1 H0(-) - sl (EED

el s EETMoBS AL YR (Bisnl) KERCIMND & D, ERESESERY L BT 105
~110°C C2REMIE®R L, ThEF v r— 2 —FhCAEREHIEr D, SO IREERL, HEs
20.5mg kB EFTHRYEL T, Z OmEEEYHLO(-) & L.

EHRZOBBE A A —F—TCRARBHALLE, 1000°C i THBIERIPRCAR, 1HH
mEh, WMoH L, 1REF Yy — 2 B THEE, 320, SHIC1EHENE, AH, BFREETRVE
BEEnR0.5mgl b ETHRYELT. CORBEYEREEL L.

4.2 HO(+) (v 74 —~NFE

B LIeRv 74— FER LEL S KESCHRE LicDb, TOERBRINS. 2OV 7 4 —2
FEDERBICER e — F #HWT, XF0.58 0RBEAR, BEERIEIND, LOELEPET 5.
REOSWRBOBEIL0.58 D&Y 7AFVEF MY v 2 2RETS. BKTER LA THPRELE
A, EREEKFEERE, WS BREREL, o rAsi—F—CERBLHMCHL, Rl
FEHT, 1HF 5 5RmMBEET %, BELTwaEHEL Y FIEEREACTINT5. YL
BT B R T AR RIED, PREOKAHRRE S EfD, BERECTHSTS. B MEIRD
B¥, BLAafiTEb)OBSESL. TARPETLTI»-0b, EREKLESRA TR, &K
BRI D, BEROREYSE HO & L, HO(-) &7 |wT HO(H+) & Li.

4.3 Si0, - ALO, (EEH)

20,5 8 YEREMOEEL v £ (25mD) ERRIEN YIRS, 600~700° CRefic®TH 2ERLF
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wOE M OAE BT OR OE GE250-28)
FCAEMBL, chEFvyr—2—rhTHRETS. SEBREBF ) VAL REEL Y v 2% 15
1 DEEREECREEHI3 e i, AR TRABEEEE, EbED kil 8 DRRAAIZ ML,
900~950° CIfi 7o T H S BEUPFICT 30~40 S HImE L, AT 5. BABErEELr Y KL L
HiciRKkE AN A300ml) € —» —RTHE L, BRLAS&L Y REWH I Y, ERE (1+1) 2Kk~
winx Bt 5. A& v RS LiciiBis, YEOER (1+1) THEMEL, ¥—»—FoER
KM ML TR Y A TEWH L0 b, 300ml ORIMERMCTE L, Bt LT, BRERETS. &
B (1+1) 10ml iz sicfcORBEE Licob, # 7 ABORREMTC Licb o TREY LT
hoLL, SHEBBLETL~2RRMEAL, SK7 A BREBKLTIEE 7 1BRERL, BOEER

(1+41) 10mlzimz CmE Lt s 23 BT ik e g, i bic PR no. 6 TFBEL,
olER (2% , DFCRKCERS + v ORUGHEL 5 ETRAEEH LD D, & oWBil
FELIREB-EEEASA Y RARARGEET 5. SR LeERICKEME > + Y 7 a5 (1 %)
sml #ii%, HBHETINELRs s NESECFERISTERr 1 BAB#ises. ZhickolF
CTELFREB L, SloicCEE, PROBEYRIELT. PR ALO, nEERCRFET 5.
Z BB R Ees Y RRARGRIF LT WICRBRES L, B L TR CEB LA BIK L
DY, BEETCKEL, 1000~1100°C il TH 5 BRUFH T 30~60 S ML, Fvr—5—F
GRS HRIEA D, ISR HRBL, ERE B ETHRIRLT. Z0EEY2 LT3 th
AR (1+1) OEETE LD, 10ml 0.5 ~(LKREEEINL, BB ECHESER LindsE L
Fofh, Ay P AA—F—TISHMERE L, BAEIEIN S, & OERERREN 0. 5mgA T/ s FTHED
Exd. coEEXbLETS. (a—b) OFEEYEKr A BoREE LTHER L.

A BEYSHELCBRICELT v e = v A5 (10%) 20ml, 8EE (1+41) ez, BT
B, BOMERL, BEELLEAL, EELTHETIERNL T V£ =7KED LI LTH
T D, EHRIEERET v E=7KLBHICME TEHRTS. BRCLESHEBEL, thB ik L
fo L ERHECEET 5. WIINREWMEMT v == v o (2 %) THEIFREE, Tov-s—E-RL,
sk (1+1) 10ml #hnz CHIREMRL, MMOBMELRVELT. WBEVFRE & LCERRLOBK
By A AR, B, KELiob, 1,000~1,100°C R THHELRFHT LKERSAL, 7
v — g —iT LEERSH®IEN S, WEP0.3mg ATl s ¢ 0@REVRYELT. 22 TEb
NEWEEN L ICER LBbE =gk, Bbr 2y, Bib~vry, ALY v & ZLF[WwT ALO,
oeEYEM L.

4.4 PO, (VvE) IFVBET vVE= Y LK)

0.58 ORPIFIEMRICES L 7 £ (25mD) ik & v, PEOKTEL, WEL10m], %5 LK
sml 2L, BEHTLMEEE, DB ECRACIBNRL, AREHET 5. WEsmlemz, &
For- OZERERE L, WAWIBEICS ECmsT 5. Mk 10ml v, Bl Tsick LT, B
CMBEMET 5. KT ST®», 300ml O HEM E—» - FBL, BAKCHETS. FR7vE=
7K QD) AR AL, HTFNCKBRIEHOWBMNE Ul b o i Rn 5, DX CHmE LB %
BTAETHL, LGB SmiNz 5. ChME7 v e=v 45 8¥ML, KTEELI50mI i
5435, Chu#e0°CIRMEL, H5h LHie0°CemB Lty 77 vB7 v e=v a5K (£
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VI.3 JHESE=RCIsE 5IREE ObSER O

V7TV T v E =Y 540 8 BEIKI00mlE L VT v E = 7K80mLIC MR L, BHBLESO BT
B (141D 600mlHuic e HEMT %) 30~50ml %, FMCIRD T80 Bh, 50~60°CD
R I RERER, LARET 3. ChEEXEFKno 6 TFAL, Y- —k X OB LR
B (2-4100) CHROWEHEL, 2¥WmE (2410,000) CrY—»—%# 3E, EEAHI10E kST 5.
VBRIFRLE & HI30mlo=A7 5 2 2B L, 50ml OKE 7=/~ 7 2 L4 VK3~ ATEEm
ZActh, N/1OKERMES bV v ABRREROR L LBRIC A TR L, FRZASCHER: LIt b, K
50ml & hn%z, N/10 NEEEEBRKE CHRE DMK TS FTHEL, N/IOKEEF b Y v AEERKEEN
/1OTHIEEHE S O A B 02D HHE M L. 1ml=0.000309g P.O;

4.5 FeO GR=vrwvEh vV EEs)

0.5g DREBIFIEMICALL YA Q5mD) idnb &b, g (1-+1) 5ml, &{EKHKEE 10ml
YL, 7 8% LT, REX AKED TR WT10~1520 FR B 8%, %7K 300ml & i3 5 B
BRImMl F ARl E—F—cA&r Y R EAR, IR FREANLN/20E~ v # Vs Y 7 A5EEERE
WEREML, 1HCXAMIarBI EERLTWA LSkt ¥ b - THEDKL LT 5.
N/20f~v v Bn ) v 2 BB oA EN LEH Lz, 1ml=0.003593g FeO

4.6 TiO, (O IR, HEERGLIZ 24, 1956)

0.2¢ OB EMHCHE L 7 K (25ml) iy &o, PEOKTEL, Gifg4ml (14+1) L5
SALKEEELIOmIZ %, AEMTEIS & ¢, DB ECTRACHBSBL, BBoRErHARL 5
FCHRRBBET . HIE, WEE (1+ 1) 3mlikKismlEing, S7cfcOnE, ERGLERT 5.
FEC T T B H100ml D 2 A7 5 A ahieB L, KT100ml &35, Zhiksoml Sorfl, —k
CHiEE (14-1) 10mlER&mnzl00mle UVCHBKET S, 5 —FHkbkM (1 +1) 10ml 2@k
AKX (10%) 1mlds X 07K ML T 100ml & LCTHRIEE L, FREEBLREEH T, 7 .04 % —J& 420
my FRWTERKEERRE L, FIEEH0. 01~3.00% TiO, DREHREH S - TIE-TEE, Thib
BERRD.

4.7 8 (BEHE, HREEEHFE950

ig ORBIEHESA Y E (25m]) CEMICIINb &), 52 OEKREBF Y 7 4k LU0.58 DY
Bia Y vakilz, AEMTIL 225, BRPHcAh, RAcBErY EA S, 900~950°C T30

gee W OE R EH F #

Optimum condition for determination of sodium, potassium, magnesium, calcium,

manganese and iron

Na K Mg Ca Mn Fe
Wavelength (A) 5890 7665 2852 4227 2795 2483
3302
Lamp current (mA) 25 25 8 8 10 15
Slit width (mm) 0.18 1.0 0.18 0.18 0.18 0.18
Height of light beam above burner (mm) 5 5 15 15 15 15
Pressure and flow-rate of acetylene 0.5kg/cm?, 31/min

5 > } all elements
Pressure and flow-rate of air 1. 8kg/cm?, 13//min
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$3K FERXCPTIRES

Major constituents in rocks versus

1/\/\/

T.oz/ A|2 0% FeO/ MnO% Mg0% Ca0% No0% |
8t T T T T T T
I
u~gf—
u-e2f—
U=
U=daf—
=g
U=3
u-if—
HZ-2— "
i & }’ /) I |
5 Bk = 2 ’
€ H
En-2ob-
=M-I‘7 ,‘
5"
8.
& ) |
& s~ < : E
il |

~AVRIRRT 5. REBE SIO; % XU ALO; DERICE VT OB FREER L, Si0, ALO; %R
WiFECHRE Y P ARREONFEAR, HEE (14+1) %V P ARBRESRECES TTNL
5. = OBREHRKICCCIINE L, HWIL-Av » alw (10%) #20mlpng, #igH, 128MEEL, 5
B3V v ADWEYERT 5. B Y v AOWBITFERIL, BUKTHERA + vl ks ETHEL,
BEIMOMBAL Y XFlkE & dbicAh, BRSRETER, RIELCDOD, 00°CRICDIETHD
BEIEDPIC 1 BEARRRA LD, Fvr— % —hC LRFHRSHEE» D, BEH0.3mgbl Tieins
T OBREREIELT. &2 TEORAHE-Y v L 0B, SHELEM L. BaSO,X0.1373
=8

4.8 MgO, Ca0, Na,0, K0, total Fe,0,, MnO (FFEHHE, F&, 1970)

0.1g DRBXERICES L ¥ £ (25mD) gy &b, PROKTS 23 Lictk, BERE10mIE
o {LKFEERIOMIE D%, W ECAREETS. ZhickomlE iz ESR BRI % ¥ TR
5. bR Q1) smbyinzmELl, NADEERCERT 5. BH%, 10mloAx7F5 2=
AR, Kiimz100ml & U, MnOD#y &3 5. MnO (offifl Uiy, 10ml& D, 100mlo) £ A
75 Aakc AR, HEE (1+1) 4mlz R b vy sy ABK kA e+ 74 76,18 %K 500ml
c¥ELi=b o) 8ml #jn%z 100ml & L, MgO, CaO, Na;0, K0, total Fe,0, g s Liz. EH
LB B 3 207BUE TRV TH 5. WERME 2 RemT.

4.9 C, H, N (R, K, ERETDAHNERC LS, EHNET, 197D

SEEIHIABMT —5008 2 A Lie. BBHES 54 Lbs0°C TL S BRI TaHbHELL. CEN
HERFhERE, 2KKREL), 2BRYRT.

BE2) LKEE LF60°CTHEMRL T b B UAWAKS (H20E) RoOH:, HgyhoH:, lEpied th v sH FO2ET
B3

R



VI3, WHEHE=RCIT HIREEOLEMR 5D

K,0% P0s% H0:% HOM% S% C% N% H% fg-loss %

O T o g e G A 0 S e 0 U T

oft MK LB oBR

geologic horizons of Niigata

5. AMBERGIUER

RS OIVHRERE 3 RO, ErHB L CFEROBIR LS 3 HICRT

5.1 EHOTHMIESER & DL I

%f-i%ﬁhli@i}ﬁﬁ%‘o{b?ﬁﬂza, Crarge, F. W, (1920) &k BEE O R Y BT B2
HAREF- . ZORp LB BEHITROEY THD.

Si0, i%, 55.51% (FHET—2) 25 62.20% (RBBU—7) sk vt, CLarke X BFHAD
P A TFEBEEE WD) D58.10%

TiO; i, 0.56% (REMU—4, RHREH—3) »50.79% (BEEU—1) whibh, TBED
0.65 2%\,

ALO, 1%, 15.80% GREBH—3) »518.95% (ABEU—6—2) T, FHEDIS.54% L b,
1~2 %BENED S DA,

Fe0p if, 1.44% (FHET—1) »54.71% (REBU—3) ¥TELTS. Lo, Ffct
FHBE D Ticte®d, HEYEUHTROFELZTTHRBEDLENRRLIE OEHEL b dD
L3, FHMEDL 02% & » bIFHEITE.

FeOix, 4.70% (HFHET—2) OFSMERER T, 1.09% (REBU—8) »52.49% (FFHET
—4) C, FIHED2.45% X 9 EWED L DRSS,

MnO X, 0.02% (REEU—8) »50.15% GHEBT—2) oMich ), SFEORLIIIFFIC
REW.

MgO 1%, 1.16% (FHBT—4) 752.58% (RREBH—2) T, FHED2 471D bEL.

CaOix, 0.82% (FEET—1—2) »52.12% GHEET—3) T, FHEDI. L1LIE~THE
al|: A AN
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Analytical deta of major constituents

o ‘ 2 O |(Fe,0,9| @@ | @ | B | OB
gwu—s | wEm ZRKG  NEYUBR |59 14 0.68) 18.79  4.23 0.02 1.43 L4z 1.01
nU—7 | v [ 62.20| 0.64 16.90  4.80 0.07 1.33 2.06 1.76
" U—6 no RGBS " 59.08 0.66 18.55  5.18 0.07 1.40] 1.74/ 1.53
n U-6-2 " %%{gkg " 60.24| 0.64 18.95  5.38 0.07 1.38 1.37] 1.54
n U—5 no [#REY L " 61.61) 0.66 17.66|  4.36| 0.07 1.34 1.67 1.64
" U—4 " " " 59,42/ 0.56/ 17.57]  5.00, 0.07| 1.27] 1.82 1.56
n U—2 no K@ " 59.51| 0.71] 18.14|  3.95 0.05| 1.44 1.84 1.58
n U—3 no R E b " 56.56| 0.67| 17.53  6.15/ 0.07 1.70 1.49 1.29
" U—1 no Rty b " 58.73| 0.79 17.15| 4.25 0.03 1.59 1.57 1.21
nHZ—2| KIVE " " 58.44| 0.67 18.20  5.08 0.05 2.25 1.69 1.38
nHZ—1| n " " 59,18 0.66/ 16.71  5.08 0.05| 1.74 1.72 1.59
n H—3 | ®ER I i A—Ik 57.93| 0.56| 15.80 4.73) 0.07, 2.03 1.32 1.43
" H—2 " " " 57.95 0.70] 17.68] 4.78 0.07 2.58 1.52 1.49
n H—1 " " " 56.43 0.67] 17.02  5.38 0.07 2.42 1.32 1.26
n S—3 | HRME " " 56,73 0.66 16.000  5.09 0.07] 2.55 1.92 2.13
" S—2 " " " 58.83 0.58 16.03  4.35 0.05 2.09 1.79 1.50
n s—1 " " " 57.74| 0.60] 16.15  4.87] 0.08 2.16 1.80 1.47
v T—4 | WoR | Eoert [T | 5606 0.75( 16,71  5.24 0.1 1.16 1.37 1.58
n T—3 " " " 59.45 0.72) 16.06|  4.78 0.07] 1.57 2.12 1.48
" T—2 " " " 55.51 0.66 16.15  6.77 0.15 2.27 1.49 1.64
nT-1-2 | » " " 60.31] 0.60| 18.46]  3.36/ 0.03| 1.58 0.82 2.49
" T—1 " " " 58.96) 0.65 18.58  3.40 0.03 1.64 0.93 1.97
" T—0 " " " 62.15 0.65 16.41|  3.75/ 0.03 1.52 0.91 2.59
¥ 3 fE 58.83| 0.66| 17.27|  4.78 0.06/ 1.76 1.55 1.61

Na,0 ix, 1.01% (REBU—8) %kihfl.21% (RBERU—1) 752.59% GFHABT—0) T
FHEDL30% % D B DORE. '

KOit, 1.16% (REBH—2) 7»53.30% EAES —3) Oflichy, FHEDS. 24% L h K
(A NYAE AR

POsi%, 0.07% (RBBU—6—2) »50.25% GFHABT—2) KbicpELe T34, £OfEk
FIHEDC 17% 2RI LTE > T 5.

HO (+) 1%, 2.87% GRaBT—2) »55.17% (EREH—1) offlich b, FHED5.00% X
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in muddy rocks from Niigata area

VI.3 MES=RicHT 2REEbEER D

K,O | PO, | Ig+loss | Total H,OHH,0 S C N H |Fe;0;| FeO |Fe,0; |Na,O |CaO
%) | (% (%) (%) % | @ | @ | @ | @ | & | @ | @ | /FeO] /KO /MgO
2.09 0.17] 10.19| 99.17| 4.84] 4.88] 0.06/ 0.44] 0.05 0.65 3.02 1.09] 2.77] 0.48 0.99
1.94 0.13  8.32 100.15| 3.84 3.48 0.03 0.60, 0.05 0.51] 2.58] 2.00 1.29 0.91 1.55
2,14/ 0.09]  9.33 99.77 4.68/ 3.90 0.05/ 0.48 0.04/ 0.60 3.07 1.90 1.62 0.71 1.24
1.96/ 0.07  9.35 100.95 4.77 3.79 0.06] 0.41 0.04{ 0.66 3.61 1.59 2.27 0.79 0.99
2.23 0.12)  7.78 99.14| 3.53 3.06| 0.06/ 0.59| 0.04| 0.51f 2.70| 1.49] 1.81] 0.74 1.25
1.86 0.11) 10.08 99.32 4.64 4.03 0.03 0.77) 0.04] 0.66| 3.28 1.55 2.12 0.84 1.43
2.18) 0.16f  9.50, 99.06| 4.15 3.99] 0.04| 0.64] 0.06 0.61 2.06 1.70 1.21] 0.76 1.28
1.98 0.13 12,08 99.65 5.07 4.59 1.39 0.84 0.07 0.68 4.71 1.30 3.63] 0.65 0.88
2.18 0.14] 11.71 99.35 4.71] 4.40/ 0.71] 0.94] 0.06| 0.61] 1.68 2.31| 0.73 0.56 0.99
2.51] 0.18/ 10.15 100.60| 4.93 4.18 0.13| 0.76 0.11] 0.66| 3.44 1.48 2.32 0.55 0.75
2.34) 0.14] 10.57| '99.78 3.98 4.45 0.60 0.91] 0.07 0.59] 3.25 1.65 1.97 0.68 0.99
2.45 0.11) 13.41] 99.86 4.71 5.90, 0.72| 1.00, 0.10, 0.69 2.86 1.68 1.70/ 0.58 0.66
1.16] 0.14) 11.11| 99.18 4.42 4.59 0.43 0.78 0.07 — | 2.51) 2.04 1.23 1.28 0.59
1.18] 0.11 13.17] 99.03 5.17 5.30 1.00, 0.74/ 0.07 0.70 3.47 1.72 2.02 1.07| 0.55
3.30] 0.18 10.65, 99.23| 3.92] 4.85 0.38 0.82 0.07] 0.65 2.67| 2.18 1.22 0.65 0.75
2.26/ 0.11f 11.49 99.08 4.09 5.45 0.47| 0.76] 0.05 0.75| 2.79 1.47 1.99] 0.66/ 0.86
2.37) 0.13] 12,27 99.64/ 3.8 6.11) 0.69| 0.94 0.06) — | 2.78 1.88 1.48 0.62 0.83
3.17) 0.21] 11.82 99.08| 3.26 3.32 1.61 2.64 0.28 0.69 2.47 2.49 0.99 0.50 1.18
3.08 0.12 10.34] 99.79| 3.10, 3.18 1.43 1.83 0.20] 0.31| 2.48 2.07] 1.20| 0.48 1.35
2.45 0.25 12.13| 99.47| 2.87 3.26| 1.11] 2.49 0.18 0.59 1.55 4.70, 0.33 0.67] 0.66
3.02 0.08  9.56 100.31 3.38 4.14/ 0.80 0.95 0.14/ 0.55 1.98 1.24 1.60 0.82 0.52
2,77 0.11] 10.54| 99.58 3.42] 4.11] 0.68 1.39 0.17) — | 1.44 1.76/ 0.82 0.7l 0.57
2.65 0.12)  8.60, 99.38 2.95 3.54/ 0.87 0.92 0.12 0.51| 2.02 1.56 1.29 0.98 0.60
2.32 0.13 10.62 4.10| 4.28 0.59] 0.98 0.09 0.61 2.71 1.86

H HEVWED B DAL,
HO (=) %, 3.06% (BMBEU—s5) 2nb6.11% (HMABS—1) oilich 5.

AFEROE(LOIE0. 086~0.451% O » #:)I1, 1970) X b iz B mic kK E .

NiX, 0.04% (BBBU—6, U—6—2, U—4) 5:50.28% (FHBT—4) OfFchd 5.
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Sk, 0.03% (REEU—7) 251.61% (FFEET—4) kKbics TELT 5. LoRLoEX,

Cix, 0.41% (RBRBU—6—2) »b2.64% FHABT—4) hbich, BLAKkEL, o
FHED0. 8% P LIIRIA A LT w5,
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Figure showing the range chart and average value of each major constituent of
muddy rocks from Niigata area and the average shale composition given by CLArk

HiX, 0.31% GREBT—3) 750.75% (HESES—2) Ollicdh 5.

HUEoX 5ic, CLarke 23R 1-HE OFHILAERICHE LT, FgtiRoREE L, ALO, Na0
BLO CrER, Fe0, CaO 5108 KO wZ Lv. Fh, SOSFEMUBIY > TKELEL
L, FFEHECR L 2l 5388 b 52 LIXEH SR 5.

5.2 ERE, JBREOREEEOSE:

CCHIB Db 5 HE M OVREEIC OV T OE Y, KEBRIME O R-145H0 585
NIEHOREFEO vV VEF (27 -) eBIT5b0Ths (KE, 1955) . ¥l REAMEORE
HOERE LT, dEEIBERE ORI 25 TR b n KRB RRBO 2 7T 54 0
b, W0l L (FEL, 1962) . #5 ks hd okikiRi.

Si0p, HO(+) TiZ, EEED Si0;, #AE, FHRD HO(+) APinnEnidRKuEHEE, HR
B, FEtRo&B L LENFED LRy, —kic, BEHicIT . detrital material X LCHFT5 &
WhhTws (Keitd and DEGENs, 1951) TiO; 1%, REXFE, HFEMROLRE, HFLEOIECE 7
2. HO (=) ik, #REFE1SL, FIERo%BE, FRBOMc e ies. ¥/ MgO i1,
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7 anE

N ®RAE

B ERE
OxsE

B $0E

B $ERE 2 -
B ®amsE H.0H) = e
E 558 ]

ISy

W
e

) -

Mg0,Ca0,H.0(x) %

)

3

73

n

L
o

S RKHEVME, SURREOIREE & Ol
Comparison of abundance of major constituent among the muddy rocks from Akita
0il Field, Kushiro Coal Field and Niigata area

FRE L FBMIROAETE D twvdl, REFE T e /x5, CaOk, RIEFRE, FRE, PR
DEBOIRC S 5.

TiO, Of b, FEMIKOZEL, REFE X b LB W OBBEE N b OB L 5 FENHEL,
BRBID AW -2 2202 b, BEBCHEESNNEZLEETRTVBE LB AT,
C O G IRBENKE W (R, 1962) 0T, H0 (—) DSWKEFBCHLEHOENEL,
FERB S EXHEECES. T, FERKoEEIEhbOBohMid s LitEshb. #
BEE IOCFEBOHO (+) My, cofE2E2TA5E, chboBiliEr0RicEz LT
KO %% &0 Lickd<. Tiobhy, KEBETBHEEMIRM 54 + LEHRETH 5 (KH, 1966)
DT, EEAECE Eh T itgmoEoE 2 HO(+) oXr b TERFETHA I LA

HhBED . L L ow TSk, g LB EREEAGhe R £ /e Tk bd
AAN

5.3 MERERIE&(EBMER

531 CEH LS

CLSLoBIRER 5L, BBEETCOoL VoML, IE0HEBEBGRCHS. HBHICRS L,
CRIUVS EhicmmE, WIE, BAE, BEE, FHBole, ssiERRolwHes k-
TOLBDOIBERD B L THS. Fi, FEE EHOFEEELTC, SEbFHIcE L 2T, =
ORNFGRERY ©H v, BEEHYSER L EVWELFESNESE Cho et bbhTnio & ¥

E3) KESES X oFiEo aBE, KR, BEERIZT LT V074 b0%5L, 454 b, 7034 Fagklirdinn.

HEHE, SHBREVE o4 bBETHEM, 454 b, 7854 MEHBRRSG L 38EMRS 3 (HEF, 1561).
H4) CRERERTHS.
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WigAs, 1970 &b, HEBURF, HWO ST L » TESKEBREIMED S hi- LR, 220k
LK 7 7Y 7 OB X - C, WKhOMMIELRT L, ffbkFErRE e (FeeLy and
Kure, 1957), EHMED R WEEREDH LT\ L2395 hdtbhs. 3bic, ABEEO—IK S
BIHILZVER (U—3) 255, chiZ>TWERBOTH L sm froffoRBCH Y, 2o Th
BEME SHBIE LT3 Z LA 5.

5.3.2 HBERSWT D Fe,0y/FeO DOfE

B3EnD, HHELFe0,/FeODLnEOBIFEARILT S &, B 7 icis. FEEIR0. 33~1. 60
EANEL, MRB, EBIRL 22~2.022 k&, RINBIZL 90~2,32& X hic k¥ . ABEI0.73
~3.63LMBDIRHMHER LT 5.
FRUEOAFORBRIELY RS &, THOFHBCREIHERETHS. Lo LM OHRE, L
B, FEE oK >SIERHIOMB TS 5. 2L EEORNECE—BRIELIER, R
WEIET TR T tbh e B2 bhTuwa. Tihobb, FHEENS LAOBICAL T, BRI
Bt o BRIEOEBD ~ L E > T b, Z OBEOE(LE Fe,0y/FeO L ltilid s &, BUBHEMY
LI BIC Lizhis T, FeyOy/FeO DML TWAHE LA B. AR IE BHRR O F MY ©,
AR IR B & 5 fod, EWITRER b 5 5%, B LA OEENTHS. Xbic
ORI, Mo REYETRKBHERYICI > TwbE EwhhTwb. BBEEO Fe0,/FeO 7%,
2D LT, 0.73~3. 63 LIBIEL 21T 50 %, & OHEBMBEICKE LB D » ol & 2Rk
THLOLEbLRS.

S%
)
a

O #RE (Vonume F)
A A JLITIE (Haizuma F)
O & BB (Homotsuda F)
X M58 (shiya'E)
= % o FHE (Teradomarl F)
o
%
o
A
00g 04
[e) | 5 3 ' ' It | ) ' I 1 1 ! R {
. O’F\ R — : 05 20 25
C %

6 KR LHREOBR

Carbon versus sulfur
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VI. 3 SHEEE=RICIST 2R ok O

-Fez03/Fe0
o s : - l-? : - : . 2? - T T T 3|0 T T T T
I3 E [
{Uonuma F) 073 883
g [ +]
(Haizume F} ,_32
(Hamatsuda F) i 502
#5R
(Shiiya ) 57 )
T8 ] +
(Teradomari F) oF T80 + Tigl
(mean value)

# 7R FesOs/FeO L HiEDBER

Fe,03/FeO versus geologic horizon

= D FeyOy/FeO 1ok BBIEHEE 0PI, VBT bhTis b (GErASIMOVSKIIL, 1958), toAiE
Th (FEDH, 1962) JIBRETIWEREZE-0T, HHIh 3.

Z DU O THE LickiBtiRoRES L, BERTHL D, —foRhcifBEaO L
0B THTRICE 2BEAEL B, ILCHBPEEWEH 510D Fe,0,/Fe0 ZRD B2
CIEAT LY LWEBEOSHHENATH S LiTv2icnic bbb T, MESND OHEEHERRE &
HERILEE A HEE MR X L BT DR Th - 7o 21X, 5 H 0 HREELE» 5 TR,
Fe,0,/FeO /e & DHERILEM 4T £ — 2 —RELSET - EEZ BR B,

6. H &L M E

AR - Al - KRA ALES  OBFEWEIREIEN LT\ 2B oM EREENIE L U, BB
THEERLDOL DTS EE D BT, (LESFTET oot TOEEBE XU TiO, C, S, Fe04
/FeO 7, FBHIRO F=RO Ao CHFBELHEE L. TORBR, BEbIERNTERC
X B HEEHEREBREE, HEEN LY LI N HEERERE L L v —FER L.

L L, Si0; ALO; CaO, MgO, Na,O s X O KO /o KFERy OB E 1o i) & &R
ELTHLR2EDI2AEL RS, ik, HiFhOERE0RIL Lk 5%k, Bty
EREh AHOSHE LB, X OHBEOBRBIERICL 2ELTHDH, Thb3207 5 7 2—n
EDL S RBEERELTor 2P oM T 5 EREEBD C ENTERh . SHROVEREEL LT
W ORBUE 8, HBUh OB - IREA S - HOHRNRELE UTE UABADERS oMK%
Hoh T 52 Eixb e Xy, Bt@gWiEs UeBBEY, BMETHRE2Ebe TR BT, 20
BB & - C, FERDOHMELIBOTHHBEERT 5 ENEREhZEELLND. BiRE
S b ORI E R Wi W Th B,
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Chemical Composition of Muddy Rocks from Tertiary Formations
in Niigata Oil Field, Central Japan

Takeshi Koma

The geochemical studies using major elements of the marine muddy rocks from Niigata
Oil Field, one of the big oil and gas producing areas in Japan, have been conducted,

The rock samples were collected from the coastal area extending from Teradomari-machi
to Izumozaki-machi, along Japan Sea.

Generally, the chemical compositions of rocks from the area have higher contents of
ALO,; and carbon, and lower contents of Fe,O; CaO and K,O, compared with the average
shale composition given by F. W, Crark in 1920.

The stratigraphy of the area is shown below.

Uonuma Formation

N

£ | Haizume F.
;>; %” Hamatsuda F, (Nishiyama Stage)
8 & | Shiiya F.
52 Teradomari F,

From a comparison of the chemical compositions of the rocks with those of the following
formations, the writer noticed the characteristics as shown below.
rocks from
5i0, Niigata = Tentokuji Formation (marine)
in Akita Oil Field
= Harutori F. (fresh water)
in Kushiro Coal Field, Hokkaido

H,O (+) Teradomari F, Tentokuji F,
and < and

Shiiya F. Harutori F.

Hamatsuda F,

Haizume F, = Tentokuji F.

and . and

Uonuma F, Harutori F.
TiO, Tentokuji F. < Niigata < Harutori F.
H,O (—) Harutori F, = Niigata < Tentokuji F.

These characteristics might be caused by the geological condition of background area at
the depositional time, and by the clay mineral constituents in the sedimentary rocks.

The amounts of carbon and sulfur in the rocks show positive correlation, and generally,
these elements are abundant in the older rocks according to the stratigraphic succession,
Concerning these elements, especially in the rocks of Teradomari Formation, both carbon
and sulfur are abundant, and it is suggested that these geochemical characteristics might
be caused by the strong anaerobic condition at the depositional time,

The deduced depositional environments of sedimentary rocks by Fe,O;/FeO ratio are well
coincident with those deduced by geologic methods.

=20






551,782 (521.41) : 553.982

At EFROFRE L SROFERS A

gk RxTFez=3 Bl BxT
ETREX - BEH BXY - NEE=/

E B
Al EFEORR ORI N LPEREC DT, BT ORI e .

1. Ah#EFORE

il RRER 7 AR OB RN R PERER, KEL o0 BreodbhadThsrd. Tivbb,
WoOMBEBOMEThHS. HOMEL, AHPERRY ANEENCE OMBENLIE Lon. ZTh
LIXED L 5 Il E b » Tliedr. ThbikED X 5 nEEOWE & K6 LTEENELEZ 51sh,
BN ELIRE LTEB S hicdy, 2EELTHS. ChIMEENREOBWATThHS.
—TTBORER, 0L 5 LTaMPRA Y AJRE AT 2B ARE Lich. & OXRE
Wik E D k5 il BN, FAEEBNAREREY L - loh. BCEHSRA VW AGKEIT
WA pHE RS, 0k i, ERBERAER LS - TSRk, 2L LTHRIFTET
BB, Tichb, BECKRTAGKREEUHRELLGOEBLHLIMC LT, Thd QIR
Eh5BOFNELHERECTS. 20ksk, ZoNFIYENAEOMIETHS.
ZHhOMOEOMRORER L LOBAICL » T, BMPRA /Y AT 22, ek
BET3, £ELD. ZhoMBOSEOFEELAEOHMREORBRT M 2WT, AENCEL TAH
gk

2 HomMmE

2.1 FHORRICETSME
S5 ¥ Thicl, AHEKIBR Ihdedicit, EFE#NREE Lshudhbig. LR T,
At ORWE - FEEOMBEL, RIEFNRBEEMEL VLS THSS. RCALRATWEIOK, 20D
I OWT, HL<hbEL OBMAH S, FEC OMBICOWTIL, 5 - RLFEORRIC L b
Ty HLOBEALLMENRESh, MEASIKCh->TETWS. HELRL bR TSR
L, Kokseddshtns (EA, 1972).
SRR ( £ RACKRE SRR
{ﬁ%mﬁﬁ FihRAGKSER AR CGoeR /e A 30D

R R R BRI EF AR 3
R, COXIRWALATAMOBEBRNH IR T 5R, AilAEE A LT COERSPIET

R OR R
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b O & (25028
BT e AMWEIRE, BEALLTHE VEE L THRWIR, Bk LERHERES 0FETS
HRBHICHFET B2 L0 0, BMIEBMcEkT S, LELBONELTHAH. L oflic, ek
ML 2WEOFET Do L, BREPL~I vEFES LT AR 7, V)V vE&IcC LT, AL
XEFTH (=4, 1965 . e, AEROZMEORET S 7)) — v & 7L, HEEH OXMH,
FBRRR T ARRET 2HENREREAL b wEEBL W LIEHEEOBERM LD RT, Thd
FLIR O IE = Reb DF IR D LB h 2 b,

Licdis T, AL ThsHBY 0N L L oBM BRI THLMCEhiThillleb i
WTHH Y. IRERE, HENALEOEREYELIRTELLOTHY, HEWIITHELTE
Bt Licicgbin. Licdia T, AEM2EIMNcEbT53 0L LTEL 2 Ao, HE
REEOEWFEN, BRI R LT bbb th s 5. ok, AMFE OBROMEIEH O
HIEDicdic, MELRCLHLELELOEL, BRT bRV RIRWTHSH .

Bl ORI ORI, BEBORLKENBDLR TS, Thbik, Al T 5 RIEK
REFEOAR D RICLTWS, Lvbh T, AMAEEREMCERENLLOTHB T LA
b, AWMz 0L 5 RRIEREFBERLTE Cieb D, FLbhsd, LicdoT, 20X 5 kBitD
HEY OB, AHOERCET 2MELEL 2BA R, FHI 5L T RIFNARFRICL B
TThsb i, FRYOERELBCONLTLLRBRNCIRE L EHT, ERIC TR AE(L
ERT, AMEDOLOEEHEIHILETE TR, EseRALThbhB EAEELWTH
55 (B, 1949).

2.2 EASKERMRORME

FIMGERATE S h B oo i, ERIhichlrA S 5BEN EH o, BIIL, —EOBITCERL
AR b, & ORMNEL B OGN, BAEERA LA bR B BB OMBOFEERI L,
HWELSIIE & ORI L > T S 2 &N TE D, EELOMROEEATH HH FHEFAMIL, M
MR BE=RERAMOP TR b LRI hMIRTH Y, LrdbFE—RoMlBELERL
TWAHIK T H 5. = OEKRN L, AMILKYROWRICE > THRLHALH, L0253 THSI.

WBREHOBHTEMA LTI L 2WER, LOX5EBEL, RENCIRELTESL
fom e 5 ML, HERAH OEBLY ST HREEHEENITE, FEEoRERR LY LM
THHRBENHE L, FORTORMOBEMER LY LT 2B LENTREOBRANTRCL bh
ERBLIWTHAD., Thick - TABEROVRELNHEH b ShD, HiC F /08 LR R
DRFV Y )T 4 —EF L TCOGKRBROELTFRTEE ENTEXDLILRDITHAS.

3. B oMHE
3.1 mERIENY ZERYDEE
FEDIT, OIS FREBZOMRCHE LTEL. £ LT, = OHREH O dERZE
BOHRET OB - Bl O ESTh S O£ 2 WT, H5BEORB LY L.
FEWEZHIT, WbW¥5 7Y — v 2 7HAFPICALET 5~ o0 B TH B, = oA LR
BT A& HERBANE, ThERDOMEERY L - T w5, Lok T, FBERan clHLMreShi-i¥EE
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FHlHEFORE LS RORBRTE GR 28 - iU BT « BE < /N
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FIAERIET T, HEREELHIERICEN T L b SDREIN AR X b RERDEWwE i,
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Program for Study of Petroleum Geology in Future

Yasumoto Svzuxkl, Takashi MirsuNasui, Kunio KAGEYAMA
Michio Mivasurra, Tadao SmmmapA and Kisaburé Kopama

It might be the most important problems in petroleum geology to determine where oil
fields develop in a basin and which geologic structures are suitable for the reservoirs,
The subjects should be pursued by analysing the composition of sedimentary rocks, their
areal distribution, reconstructing the geologic development and studying the mechanisms
of geologic structures,

The exploration in offshore areas around the Japanese islands and foreign countries is
now in progress, but it should be done based on the knowledge which is accumulated eno-
rmously in the oil fields of our own country.
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