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Abstract: Permian and Triassic bedded chert sections of the Northern Chichibu Belt
distributed in eastern Shikoku are examined sedimentary petrographically and geo-
chemically. '

Permian and Triassic bedded cherts lithologically resemble to each other, and mode
of sedimentation and sedimentary environment of both bedded chert are supposed to be
consistent through Permian to Triassic Periods. The "boundary” section between the
Permian and Triassic bedded chert exposed at Tenjinmaru is folded and faulted, and a
part of the upper Permian and the lower Triassic are suspected to be missed. Black
carbonaceous mudstone of the boundary section preserves minute parallel lamination,
which suggests black carbonaceous mudstone deposited under anoxic condition.

The ratios of Ti0./Al,0; and K,0/Al,0; of chert beds are gradually decreased from
Permian to Triassic, while the ratio of Zr/Al,Os is conspicuously decreased from Permian
to Anisian and increased during Ladinian to Rhaetian. Such different stratigraphic
variations of lithogenous elements such as titanium, potassium and zirconium imply
change in the provenance of clayey fraction of chert beds occurred around the Permian
and Triassic boundary.
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Schopf, 1974; Hallam, 1984; Haq et al, 1988;i%
»), HERZHRWTH VA cZBRV—F T IN—7
(1975) SF L HTWB LS ICTEAVHIS N T WS, ¥
7z BIRF v — 1 BB EREAN, FiidBaamis
(RS- T, REHROBELRIKEE M
A, 1973, /NtiZAy, 1974, B E), EHEFORRAKE
(A, 1980), ALAEPEERE(Igo, 1983), BB L/ D
AICEE (Igo, 1989), FHEFEOELEAKAR EEEZ
2, 1979; 1980) 7% ¥ O BT AIRER R =R D 5
VREY L IRBTEETE-> TWS Z M REI T
3, ULy UL (1987) 1 & 0, IMEBEE I 53463 % Parg H
A, BRBFIRCHHT 2 EBIRF v — T Blcsw
T, —BR—EZER[EETHL LI BEMRE S
Nz, fESk P-T BADSRE S 1T & T BRI R AKX
BOLIRBEBHECBEL T, X OEBCHEREL
Fr— B, EEETICE 3 TEED LS RHEOKR
ks, ZBE- =B S - HkE DR
REINTWS LSS, 22T, LHLOFE LB
BIZBWT, ZER L EEROBRF ¥ — Mg, RUWE
DRNCET 5 REERBOHESE, B, (kL
PRES LT, ZORE, BEE3nEEI-EBLEER
F ¥ — b & HOEAYRE X ORI IZFEIC X 2B
RADBSHEEE WD 2 b, BEIREIT anoxic RERE THE
BLIZEEZONSE L, 2B SSBRTHT TR
BEREMOBEN AL LBz o 2k, F28
HEAL =,

Sea of Japan

Pacific Ocean 7L~?4-4,

2, =B - =ERERFy— B

2.1 BF

R T - BRI, HEERRLRER I ST BBk
SRR T BT v — 1+, BERE, EERES,
57 % (Fig.1). ERIHBRAOBRS v — b, BeHie
B 5% B D W T Yamakita (1986) 13, EIR
F v — b2 51k Neohindeodella andrusovi koeves-
kalensis Kozur & Mostler, Neogondolella cf. bul-
garica (Budrov & Stephanov) , Neogondolella foliata
(Budrov), Carinella mungoensis (Diebel) , Misikella
hernsteini (MostlerYZD ./ ¥ %, [KEO—IKFE
TECRIBE D 513 Parahsuum sp., Tricolocapsa sp.,
Sticocapsa sp., Katroma sp.FxRWIEL, BIRF v—
M 1388 Spathian %> &% Norian #» & Rhaetian,
[BREEREREITY 2 TR L L7z, Fiz, REUEEIZ
ThLE DERIKBEERTS v— b, BKEERF»— M2
SHEARE, T v— MNERMES HIKERE, EwiA
KEDHEADEHE PR OBKEABRF v— Mok 3
(Figs.2. 3. 4). Wk (1987) i3 THrDREREEIRF + —
Mo TEEDa ) P, HKERBREERERE,
% Neospathodus dieneri Sweet, N. conservativus
(Muller), N. waageni Sweet D/ ¥ b 2RWE
L, Smithian & L7z, 28, & CiiEERaE-00
[REFEEREH 572 D858 L 0% D A ORE KA
[EREE AR R FER RS LT
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Fig. 1 Index map of the examined outcrops.
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Fig.2 Lithologic column of the Permian to Triassic bedded chert section at Tenjinmaru and

northeast of Mt. Kumosoyama.
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Fig.4 Columnar section of the boundary section. The age is after Yamakita (1987). Numbers left
side of the lithologic column refer to the number of blocks in figure 3. *:samples for
chemical analysis, Ig:light gray, g:gray, dg:dark gray, blk:black.

ZERCORBIRT v — M IZiZRE R E & T A ERBMNT
2B LEREHIZIZEALRSNR, ZOBERBO
ETOERBRF +— N RSN B/NEIISTS - ¥
F4tiz40-50cm TH 5, ZBRBRF ¥ — MNIZE TR
LB EE%Z LT Norian fHEDBOFE 2R ke L
TRBW/IMERRIZA 2V, % MERD Spathian BT +—

b LR FEOEBRAED T CldERII1m O L
TR & VBRI VIR L T B, /MERINZ L 252D
R LU EETT LR : Figs. 2, 48R,

BEREREQREPEL T 5B 20 0K ERR
HERERF LT 2E RN Im, FEER0.5m DIB
T/ MBS FE L, A UBHELMARE R IRL
T3 (Figs. 3, 4).

2.2 BRFv— 1 OBRABLUFv—b -FRAEDEE
NES

BT v — b OEFHKRY, F+— MNE-HRAOEEBD
E 22— OREL, Im BOTEHEOEILE Tz,
BL, BiE»bH28E813% 2 TOFIHERH LT,

ZERERS v — MIRRETH 5, B EEERO
RO TIIRGIKE L 2%, &, ROTTORRER
F v — s OEHFEEIPRE L %% (Fig. 5. Fv¥—1h
[BOE X 3ABEEOS TE Cid—RIBRTH 2 552-3cm
EEST ong, 2O AITiIEE2.5-3.5cm DES
PEL, EROBAMICHEEREIORLIZAOH
7, RAOERIIR TR FEcE EhEL LT
HHERCE DBEETH S, 7O BT T s Bl
FI2 o TOER B DEMIE A 53 1-3mm BE
TH2Y, EEEELT 2HFEOE TOBRS +—
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Fig.5 The thickness variation of Permian chert beds and shale partings (left), and percentage of
argillaceous chert beds to the total number of chert beds (right).

B#1m Ti3F154.6-5.2mm & R E < % 3 (Fig.
5).

ZER-Ya TR0 7 v ay TR O Spath-
ian LI B CHHKED2 . 5cm BEDEE DF v— b
By ol 50S, THRD Anisian fHETRIKE—RIKE%E
8L 4-5cm £EL 25, HEO Ladinian LTS
OEASImMm BT EELLEL, —HF v — VNERKE
T—R108 cm LB B2 28850355, UL, ik
BEZ2-4cm OF v— MEBKC AT B 2 3 TE S, &
ERD Norian *5 Rhaetian i) CIEHKADEEIZHE
WS SHBREFr—1 - HEOBRIERL &R 5,
Ladinian #>5 Rhaetian &2 CTORBRF +— b i2id
#920-100cm FIZH mm £ LPEWKADEENH D,
2-4cm DF v — M EB-FMOF v — MHBOZ L ED
1 cm—>FDE EFVEEy FDOEE D 20-100cm, &
Diel b 3004 —F—DfAEDLE» 5% 5 (Plate
1a).

BADEE R FERIz B TFEI3mm TRRHAD
EAREWD, EEICHE»> THEL 25 (FH1lmm
). &7, R EFEERAOE T Cii—EHEY15mm &
B3, TETR3IBECh> TREtEIcEk Lz
B mm D ro~vS OEESR LN,

FHBEEO —BERBIRF v — M B L U2 ORFI5
5 2 =BRERF ¥ — b TlX Anisian 2»5 Ladinian
TR Ladinian 7> Norian 24 T DFKEEL
WIR—EHRE c REEPET 2N EREEBIKE
Fr—rEELL, HBRRET v — MNIFEFICDTN
(Figs. 2, 6).

ZERORBRS »— MIHIS0m b3, IhE=8ite
D ER TE 2 L (Harland ef al., 1989 & hLiE
Spathian®* & Rhaetianid 34005 &) BRF ¥ — b D

WREREIX2. 3mm/ky L&D, ZHITRE-FB - FRE
#HD b D Kakuwa, 1991a; Matsuda & Isozaki,
1991) L [FkEDER LT,

2.3 HREEEEYRERS S UHTERE

F v — 1 BT 2 BEEAEES & UG
Kakuwa (1991a,b) 32 R « EE - FEE CfTo72 &5
2, EBEECERT SEETM-PEEL, 7 yBTERL
72T % A TR LT,

F v — BRI BREEYERII TER, ZBR
FHECEEERE L L, EREsHIRn» (Fig. 2). 2
i, FHEFEO=ERIIERES R E L L, ZBRIIHE
mEF LT3, LWIFEE (Imoto, 1983) L I3AHET 3,
%7z, ZEICOBIRT ¥ — FETIL7-10mE Iz i
BOENELT HEAT 5,

layering type iZDWTZEiL L =BROBIRF +—
MRENENERT B &, ZBRTIX laminar type ¥
Rohipwi ¥efEE UT layering type OREELD %
W (Figs. 2, 6). EBE « £ - FREFF LIS &, multi
-banded type Z¥EEFESIe L, BEHEBOEL—
DT v — N BOFCEELIHES 2D layer 25
5, Eiz, B mm BOF +— MEBL stylolite tRDHit
EH%ED KT laminar type bIERESICIIR L, W
B> S 2, ZEROBRF v— i multi
-banded type % B8 3 % I 5 & single-, triple
-layered types PSE T 2 E0AMU10-15m T D
EI{EAIDH 5, triple-, single-layered type D&fE
WD BHEE RS &, BEFOTERL-ZBK0BR
Fr—bt & RFv—MBRCOEINS EBR K
D =Bit-Ya7 £ BRFv— b (Kakuwa,
1991a,b) & iZZNZHIELT % (Fig. 6).
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Fig.6 Pie diagrams comparing the layering types of Permian and Triassic chert beds of the
Northern Chichibu Belt, and Triasso-Jurassic chert beds of the Mino (Hisuikyo) and Tamba
(Hozukyo) Belts. Painted inner circle represents the percentage of red chert. Examined
number of samples is shown at the lower right side of each diagram. T:triple-layered type,
S:single-layered type, D:double-layered type, M:multi-banded type, G:graded type, L:laminar

type.

Bioturbation XA F +— M EBLBERE CIIHEL
bORHERTE RPN, L, BTHHRT 5 & 51
FBOIREBREERE ISR R ISR S e,
Y 2 FHLDEEBEYEE TIX bioturbation IZ & 2#85&13%
BZR5N2,

3.ERE

BRUBOBETIINE - FEic X 2R LD D £k
%6 blockiZZ I TR T O T L D ELE T 2 (Figs.

3, 4).

281 block

#950cm DEERE» SR 5, ZBREOBRF v — M2
BB CHEL, RO ZIT T B, —RBBIRIEHN4-5cm
TR BB LR,

EEEE30.5-1mm OEM L REK QOIS 2§
2. EF720.05mm HifEOBEHGER & Bbh s b 0b
1-159%F2REEAEY 5, iz 1-2cm OHHREDIRET v —

M UBEERE RS, ZOPKGREF v — TR
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WEREFRAR @B 4U4SE £98)

stylolite 1RO b DIZHE & M7z 4-5mm FERE D EEHIHSFHE
L, Z153FIC1mm BiteD &k D EWIEE, 525,
B = Bbh R b OB YEHET 5.

%2 block

¥lm OF & UCEERAE» 575, 581 block & 1347
L, @R IET,

BERAIX3-5cm OEEERL, TH51ZiE3-9mm
DEEFHFHEL, Fi20.2-3mm FBED & D ELZEFESE,
55 (Plate 1b). AABAKED2-3mm Rt OEE %
9. BERECIIBEEER L B2 /EL b 0ss
3-5%EAE T B, BHIREIER I I3 L B b b
DIFEEE L D 2PHw», BARECIFH IR
Roehsd, £/ pyrite 5 5% 2B lecm BICET %
ZEnh B, '

253 block

[REBIREEEVRE - B F v — b B fES iRk E
Z-BEOREE, EE370cm. 2 block L IIMET
#5,

HEREX2-dom OBEERL, Fho i3 ImmBE
BEOFEENRETABL - EHDOR SN VEN
b5, BEEHEREEDNDS DRI TERHT, TE
DRWBTIHIZEA LRSI, [REEBRF »— M E2
cm BET, ZIZEREZE S OKERE L HER 2T,
FEHERRIEER R RUBIYEERS WS, HE
PRIBEIIIBEEER IR S kot [REEEE
VB3 3-5cm DEI T, 0.2-2mm FREDREKE & BHK
BEOZEED S 70 3, BAKEIEE I I3 HE S 35%, B
JREZEHIT X D A 5% TBER NS,

#4 block

KEBREEERARE & L, BERE, BKEF v—1
E2HES, Ea#80cm. 54 block L idWECEL, £
BRI FERC X DIRDET,

BEIREBREEE RS 1 2-4cm DES T, MM TE
He lmm BEOIRENFET 5, BEHEMIISGTRE
BUET 5708, —SRICIBE L7355 5, BARaiE1-2
cm G, BrEEEE R R o THREERERE bbb b
DIFT-8UTEERAET %, BEEE L IKEBIREERS &
HRERRET 580 T, KOEEERAEOEES CliE
s L IEIcE I NS, FEIZEAOASER RIS
RS S BERACHTET 5 (Plate 1c). BEIKEE
RF v — MiE3-4ecm DEX T, HEHERESEL, ¥
RS REMICES, 1-2mm OEEOAER ISR
BB WD,

%5, 6 block

KEBREBRAN SR, KEFv— b LFCEO

BEE RS, 72, TER30cm I IFEABEICE IS
BRoND, FHTERYEL TOEBRZNTNLETIE
i21.5, ImBEEBbn2, 54 block & i3WECTHET
%, IEREH TE RS, 554 block & —EFEET 3
LRBbihs,

REBREERS, Fv— M2 X384 block Dd D
LT H 2.

4. 1t 2 # B

SO R O, FEL0RS (Si0» TiOw
Al,O; Fe,0; MnO, MgO, CaO, Na,0O:; K,O,
P,05) I3 B RUR SRR B 23 T O B X AT
ZEE (XRF), Philips PW14042 7z, &7z, TRESK
4 (Ba, Cr, Ni, Rb, Sr, V, Zr, Y)XHEFIEAFT
E®D XRF, Philips PW1404TE 207z, AL TIX
SHHRERD—EIZ DWTELT DS, FNFNDMTHE, &5
EEES L OCBEARSEER 82 0w T TR+
5.

Al O,

ALO;IZF v — M RREECS I ARBENOREY
WHSET %5 (Matsumoto & lijima, 1983, L7, 1983).

TEIRF v — MBERBICMD o T AlO:050HE
T35, BERETI ALO2S20 UEEE A YREEDOHE -
HERfc BB ORI U7 & & 2R T, BER
[Bh 6 ZBHEBIRF v — M D T3 ALO,IREHAIC
BAL, BEFv— M »oia% 5, Ladinian % Nor-
ian fROICP T THUT ALOM UEEIML, B Norian
5 Rhaetian fHEC A EHRCED T3, #LT
¥ 2 FHOBEHRE T ALOIIEMNT % (Fig. 7). =
BRI 5 AL O L, ¥ o 7RSI m
D ALODMENT % L\ S {EAI R R - PR ©
bEBEICAH SNz (Kakuwa, 1988).

TiO,

TiO,1% AL O, & FER I L WHEBE %2R U GERI RS r =
0.934), PeEMEOREMCEEXT 5 LEZ 515 (Mat-
sumoto & lijima, 1983, (L&, 1983).

TiO,/ALOtFIES D& 3 H 2 BIRKDOF v — b
TREL, BREEZESD, ZBROF¥y—1, Y250
TR L RS T3 3 I DAUERAIIC RS I/
%% (Fig. 7). ZO& 5 2MEREIGER ER-FHEHE D=
B S Y 2 FRIEH T TORBRF v— b, HEHRES
ThRohiz (Kakuwa,1988), 7z, BB OT
HERECIX 72V ads, 28D F v— b BRI I T,

© Ti0,/ALOLASEML T 5,
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Fig. 7 Stratigraphical variation of the chemical composition of chert beds and argillaceous rocks.
Filled square:chert beds, open circle:argillaceous rocks, open star:carbonaceous black mud-
stone. S:Spathian, A:Anisian, L:Ladinian, N:Norian, R:Rhaetian.
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K,0

K,0% ALO;E RWHBE 2R LU GHE R =
0.994), REMOFRBEMICERT % %2 515 (Mat-
sumoto & lijima, 1983, (L7, 1983).

K,0/ALO L —EfERF v —t o BEREZ L
C Anisian {5 CERACIRS T2, =80BK
Fr— P TEHRCEDDEBREL LB, 2L T
BREAL TS (Fig. 7).

Zr

Fr— O Zr IR E L 0D N—FH T sh
%, —OIXTENE, BB, =84 Ladinian IGO0
ZrE& w7 )V—7, 5 — D3 =8I Anisian 2 5
Ladinian i TD Zr ORI N—TTh 5,

Zrid Fv—1P DA TR ALO & IXHHEIL 2w 28
(r=—0.081), EEREEZDIRBEEDH (r=0.985),
ZLTFv—)b - REERED S (r=0.981) &£ R\ ifEd
2277 (Fig. 8). ZIZT, Zr/ALOJLORMEE RS
b, ZEROF v — MIEERLD O LHNEL, BRE
WD TP T 2EA%2R T, ZOHEIZEE» 513
ISEGHNCRA T AR TR T, 2B 3 &, Y
POBHIDF v — b ZLTY 2 TR ERRB WS 12D
1 Zr/ ALOJISEFGHNC K & {2 508, ¥ 2 FHOE
HEETREZEREEMOBRF v—1 LD PPEN
(Fig. 7).

5. & =&

5.1 BRFv— DL
VAERER SR T 2 BB OBIR T v — s DHfE
TEISE - R 3 2 BRI B - =BT v —
MO TITITECIL, WO R I3
BEVREROY T EREORERE - BREERER
ERENCHRARD S b RERIERIZEN D EBbh
%, 5L, ZBHOBRF v — N OAB=EBRD b D L
~ layering type DEHEEIMER, %7z, BE-EE-FF
PEO=Bi—Y 2 ZHDBRF v — i3 Fr— O
# - layering type - EERAEVREBOEBEE b L 1C DD
TN~ pd silzd (Kakuwa, 1991a,b), Zhbd
PESEOBRBFIFO &R « ZBHERkFr— &
3 % ¥, multi-banded type 5%\ > THROKEee 7
Yarnksiz RFv— MNERTELST 5205, VRSt
RFEF v — NBIEEEEER 7y a v DE 3 G
F ¥ — MNEFEML, WEOHERIES RO,

5.2 ZER=8RIITLITEHT,

BikF v — b DF v — ME - KHROEABOESDE
i, ZBROBIRF »— b SEREOEARA )
T, BT v — MR 2T 5 2 b, k708K
LHOEENPPEL 552 LEOERAND Y, 77
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Fig.8 Correlation between the content of Al,O; and Zr in chert beds and argillaceous rocks.
Filled circle:Jurassic siliceous mudstone, open cirlce:siliceous mudstone of the boundary
section, filled star:chert beds of the boundary section, filled square:Triassic chert beds,

open square:Permian chert beds.
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A1L,O, DEEEDZILL RIS 5, LeL, Z0OBR
F v — b S EERAENOEHEE TG Y BT, B
BEYIOME B AR R L TSR S
miiedy, H30IEETERLOBRT v— b EEFEOR
E L OMICHBORADD 59, DELSPTHS S,
185 (Sano, 1988) TIEHA—BROERRE (Wb 3
EARITELS 2) OFESE SN TH Y, FHEETY
TEROBRF v— NCBRETTEIBHEEZ SN D
BB HEOEBERACEET 5 (AHEIE», 1992), Zh
5D T L SRANEETIZ Z OB — SR oiREEs
RAIL TWAEREELSE W B 2 6 s, —F, BRED
Hjpaz U COBRIKEEERE L OMIEIETEL T
VB OSBRI IER L TV B, 2 7-ERUB O Smithian
DOBREEIRE & =B 0% Spathian DO IR
F o — b EIXENBIOBETH 525, RER - EE-

Pl COBE LT 5 L, BT v— N cEiBT
BERSHMEMNITRAIL TV B0 LR,

5.3 TEE - =80 - P FRDHRRE

SERET U ZBRROBRS v — MR R E LT
ZHA-REREDT +— MNBLERAOHE» 51D
28, ZDHF6.3km BT AREEPESTEIBR
Fr— MIREEEL, ZORMRIRZBIEIAE shT
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The three-ordered rhythm of thickness of chert beds observed in the Triassic bedded
chert section exposed along the Tsurugisan Super Logging Road to the northeast of Mt.
Kumosoyama.

Hydrofluoric acid-etched surface of the black carbonaceous mudstone showing fine
parallel lamination. scale bar:lcm.

Hydrofluoric acid-etched surface of the gray siliceous mudstone showing lower sharp
and upper gradual boundaries between black carbonaceous mudstone. scale bar:lcm.

— 546 —




