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Transgression of the Japan Sea in the Middle Miocene as shown

by stratigraphic variations of total organic carbon and sulfur

concentrations of mudstones near the boundary of Koura and
Josoji Formations, eastern Shimane Peninsula, Japan.

Noritaka Kogane, Yusaku Imaoka, Yasuhiro Ueda, Yoshikazu Sampei

and Noriyuki Suzuki

Abstract

Total organic carbon (TOC) and total sulfur concentrations of 147 mudstones adjacent to the
boundary of the Koura and Josoji (K/J) Formations (16 to 16.5Ma) have been analyzed in order
to reveal the characteristics of the Japan Sea transgression in the Middle Miocene. The
samples were collected at Kitaura and Houda, eastern Shimane Peninsula, where the K/J
boundary section is well exposed.

TOC concentrations of mudstones from the lower to middle Koura Formation are generally
less than 0.3%, and their TOC to total sulfur (C/S) ratios are more than 5. The upper Koura
mudstones (Shichirui Member) have comparatively high sulfur concentrations of about 1% and
low C/S ratios of less than 5, which show a significant variation.These results indicate that
most of the Koura Formation was deposited in freshwater, but the depositional environment of
the upper Koura Formation fluctuated between fresh to brackish and marine conditions.

The lowermost Josoji mudstones close to the K/] boundary are characterized by higher sulfur
concentrations of more than 4%. However, the sulfur concentrations of Josoji mudstones
stratigraphically higher than 100m above the K/J boundary drastically decrease to about 1%
which is similar to the average sulfur concentration of open marine mudstones. This suggests
that the depositional environment of the lower Josoji Formation was highly reducing, due to the
abrupt invasion of sea water into the terrestrial environment where the ferric iron is abundant.
An open marine environment was subsequently formed in a geologically short time due to the
rapid transgression of the Japan Sea. The Middle Miocene transgression in this area is not only
due to eustatic sea level rise, but is also controlled by regional tectonic subsidence of the
basement.

Key words : Josoji Formation, Koura Formation, Middle Miocene, Shimane Peninsula, total
organic carbon, total sulfur, transgression of the Japan Sea,
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I, 1952 1 \m&IEHy, 1992). —7, difERL O H:EEE
CAREREEYILADRRE IR TR Y, HEMRNC
FRAKBEIRENBRPEA L TELZ EAREBIATY
% (LUPEA, 1980). HifE - BUAHFBER B OHRE
Ri216~16.5Maiz Bz b (FRIFH, 1992), itttz
F 5\ 5 HAREEEDHBR I BELELTW5. L
BLUISH D, RHIBIZ 10 % AL YL H A4 Uik
WRKED ERIZ LB LD Dh, HBHH 5\ IZIER
M7 EEENCES D THBDH, 5D LT AP HH
TR, W, BAREEEIRC TS - B SEE 05
RS HBCEN LW A2HIBAER I TS (UK
5, 1980). O XS IERAT CTORRBBREL B+
LABRTHZ LItk 5T, HiliE - RHAFBER O
DOHEERERS X DI 5 Z LA IS,
RETCEEThDABKEROA 4+ v BEIIHERREE
TRBOT 2 EEIOHIRILENIEETH S . WEER -
HAEWFRERNC N L, FERFEE - 1+ v EEL
ETHI LTI, WREEOEE»ODELEFHE LK
Bz EATES (Berner, 1979 ; 34, 1992). A4

T, ERYEHIRIC BT 5 bt o A A2 B3
o, HiHE - RAFESERBIEE 147308 O 4 5
RERE - 24 A TREXPE LS. TORKE, &
LWCHIRZES Z LR TERLDOTUTCHRET .

A B R AE

B AR EEE RO I HEER ESEF D Fir
BTHBRMEEOERBABETES (LAED,
1980). & < I HBHE IS X OHE FH DY T 1 7 0 B R 5
PHEMCEE LTS, AT EEEBR T o%E O
BEB IO EHEYRARAOENERS» bt s x #
MRWCER LY (Bl1NKa). ¥-sRBIUAEAY (1K
b), Ll —TFEMEHIK E 1K c), FHTHE
PO LRI ERIRL TS, Fi, R LA OBEM
FHIAE X B 2 KOFRRICR Lic. #khE, &)@
M HIAME, BHFE S03EERR L.
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B B B T8 = R BT D HERE A ¥ X OV K
EEMREL LTHA LTS, BREYEEDFRFHIZ O
TOMBEFHFAEI I E THL{fTbhTW5,(EH
-, 1938 %, 1952, 1953, 1955 ; #u(ll, 1629 ;
paRESEA, 1967, 1969, 1970 ; hnikE, 1969 ; (LIPiZ2s,
1979, 1980 ; FEEF - &M, 1984, 1985 ; kS, 1986). B
BEESFH TR EMEIHARERE LR BLRCER L
TROWHH (16.5~22 Ma) & L OVJIIEH# (16~16.5
Ma) DRI B b GERIEAH, 1992), BRAKKDHEREY
LEZBRTWA U, 1980 ; E2i3ds, 1992).
HHBIRAKERCAXEHL, BKEOHEENTEA
TS T & o b~V DTEFE I KILTEB) DT
WERBRE CTERIh I LELZ DR S,

IPEs (1979, 1980) X iEHiE %R 4 DD H @Y
LTkbh, MMinbFHTRE - sRILME - BETE -
WEILEE LA TV B SEIIEILSE Y O£ < 3iHE
PHRBIERR L. HHBRFCHFBREBELEL LR
TW5h, FEREMEHCER LTWARE B0
Mg hs 513 Corbicura sp., Ostrea sp. BNEHLTED,
FO—IITEARB L IR TW5 (LURIEDH, 1980). (1

gy (1980) 1%, AHUKIC BT 5 BRAHFE & &g o
BIRE RS L LTW52, B - HH (1980 kM
DR EAL LTS, B - FH (1980 i
WEEREFEFBTREO7 4 vy a v 5y 78RR
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i & A ERRIRBESA W EE 2 DR S . BMF
B EREIETE E A b SIRET T 2 coRRVIZ, T
D EME THEBPUICBEH L TR, THHHE
WEIESE S BEVRS - BAJes - —eLIlE
BXILEEY SUBYE ISR - B KREEYES B
BIRADIHTER S . BEER RO EBE R Tl
HWE (EEEE k65 X5 CRAFRE FEHo R
ERDAAL TS, BHESEEL DI RO RE YR
KB LA AARILAREHR LTS (URIED,
1980 ; EF#$iz >, 1984)
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L., HiBEOEBKEREREZ0.01~2.70% Dz = L
Tk FEHEI120.32% (0=0.39) TH5. BHEFED
ERIRFIREX0.14~1.44% D% 7~ LFE120.51%
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DA A v AR A0.03~1.19% DExX R LT
D EWEI120.29% (0=0.37) T, FDMOEIHIE
DEAFVREIIAT Vv ITBHERL £0.15%~6.82% D
fE% R LT D FHHEIZ2.69% (0=1.97) TH5.
HpRE DRAFER FDOA T v 7HEHO L1 + v
BEIBEEERRALT~0.34% DfE% R LT H FHSfEiL
0.04% (0=0.10) TH 5.

HHELSREFEE TOLS A v BEOE (LA 3
B cwmRLi. HEF - TEIX0.3% KT, M
& & DBFREAET 1 MR ERT 5. TR
HEIBTALALTREAEN 2 B EL, BRI,
LEth D> TETL 1 YBRECLS.

BN L7calhit, BERE, FKGaRE, 25 v 74
BWTHBL, A7V THEYHOROIRETIIE 4
BESBHERLIT~0.34% &l BAHERE B ale s &
HBELTELIERETH .



BARCEE TG - BB R RIRE O A RIRE - RERED S i A AR E

61
1R BRESRTOILHE-TFHR, SRIURY, LERY, BRLETTOFTHIRL »RRLE
AR OEE BRI OWTIE | KEBR, BECOWTRE2NYEBR) LOMEE (—) il
ST [F1 327 v IR, (k] ZRED LA+ v BEN0.2% L FokdEHeS)

Aokt H =] % =} iz C% | S% | C/S FREH AR
H-157 BAEFRE (BHERE) BaRs 0.33 | 0.99 | 0.33 |[HI1RKar—12
H-151 " " 1.02 | 0.49 | 2.09 "
H-15H Z " 0.37 | 0.76 | 0.48 "
H-15G " " 0.54 | 0.81 | 0.66 "
H-15F " " 0.51 | 1.21 | 0.43 "
H-15E " " 0.46 | 0.78 | 0.59 "

101615 BRARSERE (RRILRELL " 0.51 | 4.14 | 0.12 #HIRD
H-15D BAHEE (EHERE) " 0.46 | 3.31 | 0.14 |H1RKar—+t2
H-15C 7 " 0.33 | 3.81 | 0.09 7

101614 BAESFRE (REILRI " 0.72 | 0.98 | 0.74 #1XDb
H-15B BASEE (BHBRE) " 0.54 | 0.17 | 3.19 |HI1Rar—1 2
101613 BAESER (ERILAL " 0.72 | 0.15 | 4.95 HIND
1-160 BARSERE (REmRs) " 0.47 | 1.42 | 0.33 |BI1Mbr—1 1
1-16G " " 0.31 | 3.07 | 0.10 7

101612 BAEERE (RRILREZL " 0.83 | 2.73 | 0.30 #IRD
I-16F BHFE EEEat " 0.37 | 0.33 | 1.12 |#B1Rbr—+} 1
1-16B 7 " 0.26 | 3.97 | 0.27 "

1-157 " 7 0.40 | 4.44 | 0.09 7

I1-151 " 7 0.30 | 4.53 | 0.07 "
I1-15H " " 0.30 | 4.40 | 0.07 7
I1-15G " " 0.39 | 5.02 | 0.08 7

I-15F " 7 0.36 | 2.82 | 0.13 7

I1-15D " 7 0.27 | 3.09 | 0.09 "

I-15C 7 7 0.31 | 3.07 | 0.10 7

I1-15B 7 " 0.31 | 3.20 | 0.10 "
I-15A z 7 0.31 | 4.26 | 0.07 "
H-11G R (BERE (BHEEAs " 0.32 | 0.04 | 8.90 |H1I1Kar—1 2
H-11F " 7 0.36 | 0.93 | 0.38 7
H-11D 7 " 0.34 | 1.15 | 0.29 "
H-11C " 7 0.31 | 1.15 | 0.27 "
H-11A 1 " 0.26 | 0.83 | 0.31 7
H-10C 1 " 0.33 | 0.99 | 0.33 "
H-10B 7 " 0.27 | 0.58 | 0.46 7

H-9 " HEoar s | 0013 | 1.24 * "

H-8 & BEajEs 0.25 | 0.98 | 0.26 7

H-6 HHE (BERB (EHERE RaRs 0.11 | 0.24 ¥ |HBIRasr—12
H-2 " EEVRE 0.17 | 1.04 * Z

H-1 " " 0.15 1.18 X "

1-13D HHE (BERE (BHEARE BaRs 0.36 | 1.34 | 0.27 |H1RKar—11
1-13C 7 " 0.29 | 1.44 | 0.20 7

1-13B " I 0.36 | 1.49 | 0.24 "
I-13A 7 " 0.28 | 1.05 | 0.26 "

1-10 " SR/ 0.35 | 1.48 | 0.24 "

101610 HEE (LERB (RRILUELD i SR r = 0.61 | 0.60 | 1.01 #E1KDb
1-9 HEE (BEEB (BHEBAE BEfRE 0.68 | 1.00 | 0.67 |HB1RKanr—11
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2okt Ho & % =] biE| C% S% | C/S B
I1-8 wHE (EERR EHBARES) les 0.07 | 0.84 ¥ | BlRar—11
101609 HHERE (CESERE (BRILUED Beks 0.28 | 0.14 | 1.96 F£1XDb
I-TA wERE (LETE GHEBRA) ROV 0.03 | 0.79 * | F1Ranr—11
I-6A " ABjes 0.22 0.99 0.22 "
I-5 " ARy 0.45 0.97 0.47 "
1-4 " REJES 0.45 0.97 0.47 "
1-2 " vv MBS 0.07 0.20 b3 "
I-1 " " 0.06 0.22 % "
101601 | HHELERILEE & T3 & RERILEZD Vs 0.39 0.02 | 16.74 £1KDb
101604 " " 0.04 0.03 % "
101301 | &8 (FHEE (FE)]) (ERILED HKEJES 0.16 | 0.05 * "
101606 " " 0.13 0.03 % "
10021 " " 0.11 0.03 % "
10022 " " 0.15 0.11 % "
10023 " " 0.63 0.02 | 35.06 "
10024 " " 0.19 0.01 * "
10025 " " 0.26 0.03 | 10.08 "
10026 " " 0.26 0.03 9.85 "
10027 " " 0.03 0.02 k "
10028 " " 0.19 0.03 % "
10029 " " 0.68 0.02 | 33.85 "
101608 " " 0.13 0.03 % "
100210 " " 0.47 0.01 | 33.36 "
100211 " " 2.70 — — "
101618 " " 0.73 0.06 | 12.08 "
101617 " " 0.01 0.09 % "
101616 " " 0.58 0.04 | 14.53 "
10031 " " 0.43 0.05 8.71 "
10032 " " 0.25 0.02 | 10.33 #F1MDb
10033 " " 0.06 0.04 %k "
10034 " " 0.39 0.01 | 32.17 "
10035 " " 0.10 | — | — "
10036 " " 0.32 0.02 | 28.82 "
10037 " " 0.10 0.02 % "
10039 " " 0.10 0.01 %k "
100310 " " 0.07 — — "
10038 " " 0.03 - _ 1
100505 " " 0.70 0.01 |100.00 "
100506 " " 0.41 0.01 | 68.67 "
61602 " " 0.27 0.04 6.43 "
100502 | & (FHEE (FED ] (ERILAL et =] 0.17 | — | — 1
61405 HHE(FHEE RTH KERILED " 0.85 | 0.04 | 21.77 "
100503 " " 0.01 — — "
100504 " " 0.39 0.06 6.43 "
100507 " " 2.67 — — "
No. 1 BARERE ALifsbis) " 0.84 0.05 | 16.19 FIXc
No. 2 " " 0.51 0.21 2.36 "




ERCE B p BT 18 - U< SE R R DA BIR R - BIEREE S D A e F A YGHGHE 63
Ak H & &4 =] # C% S% | C/S BRI A
No. 3 BAHSFRE (Abiisbig) ez 0.57 | 0.49 | 1.10 F1Xc
No. 4 " " 0.67 | 0.63 | 1.07 "
No. 5 " " 0.60 | 0.04 | 15.00 "
No. 6 " " 0.92 | 0.11 | 8.63 "
No. 7 " " 1.44 | 0.08 | 17.50 "
Ne. 8 " " 0.61 | 0.18 | 3.30 "
No. 9 z " 0.43 | 0.05 | 8.58 "
No.10 " " 0.68 | 0.04 | 15.74 "
Noll " " 0.68 | 0.07 | 9.94 "
No12 " " 0.54 | 0.06 | 8.63 "
Nel3 " " 0.14 | 0.03 * "
No.14 " " 0.49 | 1.06 | 0.46 "
No.15 " " 0.58 | 1.19 | 0.48 "
No.16 BRSNS S Y MVBIRE | 0.21 | 0.19 | 1.12 "
Nol7 " Z 0.12 | 0.07 * "
No.18 " " 0.05 | 0.02 X "
No19 " " 0.21 | 0.10 | 2.06 "
No.20 " " 0.34 | 0.05 | 6.59 "
Ne21 " " 0.37 | 0.02 | 16.13 "
No.22 " " 0.36 | 0.01 | 59.50 "
No23 " " 0.47 | 0.04 | 10.70 "
No.24 " " 0.35 | 0.16 | 2.25 "
No.25 " " 0.10 | 0.05 * "
No.26 " " 0.07 | 0.04 * "
No.27 " " 0.40 | — | — "
No28 " z 0.35 | 0.03 | 10.88 "
No29 " " 012 | — | — "
No.30 " " 052 | — | — "
No31 " " 020 | — | — )
No.32 " " 0.31 _ ] — "
No33 " " 0.06 | — | — "
No.34 " " 0199 | — | — "
No.35 " " 0.13 | 0.14 * Z
No.36 " " 0.14 | — | — "
No.37 " " 0.14 | — | — "
No.38 " " 0.22 | — | — "
Ne.39 " " 0.10 | — | — "
No.40 " " 0.08 | — | — "
No51 iR PR " 0.21 | 0.13 | 1.53 - H T EF
No.52 " " 0.19 | — | — "
No.63 " " 0.19 | — | — "
No.54 " " 0.23 | — | —— 1
No.55 " " 0.32 | 0.06 | 5.40 "
H-15A BARSFE EmERE* Reles 0.57 | 0.34 | 1.65 | 1Kar—12
H-14D " " 0.52 | 0.04 | 13.99 "
H-14A " " 1.24 | 0.02 | 56.01 "
H-13D " " 083 | — | — "
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okt H B % = b C% S% | C/S B S
H-13C BAEFE EHERE* 2ERE 0.32 0.02 | 13.95 |1 Kar—12
H-13A " " 0.42 | — | — "
H-12A " " 0.38 | 0.02 | 21.36 "
H-12C " " 0.46 | — | — "
H-12D " " 0.28 | — | — "
H-12E " " 0.42 | — | — "
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FAN HEHBRUBAEFE LRI LICRAERE (BE, kl, BRI o1 + v EBECHT 5 E8R
FRBREOEELOHE S
o . PRI, BRKFPOL 7 3HBYHCEEINS.
o T, WAKBIREE X 0 LYEREREE, A CERRE T
1. AXA7EBELHEBERE OB TEA A VEBDRER EEBRYOA + Vi

REEFDOEA A VEEIBROSE S T0.3%~
3.0%, KB TI0.3% U FTHAEEL S\ L2
LR TB (¥, 1974, 1978, 1992 ; JHi3 »s,
1983 ; Rk 2, 1977 ; F B3,
1984). TDX 5T ENDEA A TEEIZER « K
BUEBEHEEY DHEREFECHAWOh TV 52, BRIRE
MY OHETH, BILETREOEVVC L > TEEER
DEILS>TWS. KETIRAA7iER SO LT
FHELTVARBRAKERE L THEKIZLED SO %4
ATV, L OBERTHSHEEDFERE, %< 0 SO 2
HBETA 77V 7OFEBCIVELEH, B0 H,
S2AEREIN S, H, S ik Fe ERBITHEOD XL

1981 ; Berner,

EixE < s b (Berner, 1970, 1984 ; 1, 1992).
ChbDZ EEBMEFRE - HHBECHTID D EHH
B - THMETRES A YBRERVIXERMTH h kK
BRERBE AW TES. L LEHBEREBETIILS 4+
TBREIZIZEAEN0.3% F L TR D IR F 712K
BIBEARDZENTE, TTROHEBEE LT TIEKD
EARD-TcLE2ORD. BFMEFE CIZIbftR O
AR A 5 v SHRYLSIER, Fhis
D BRITCRE F TR IR R THHEEZD
n5. ERiEh (1992) 12 X5 & mERBELs g
B ~NEH ) sifo BB chH 5. EMREINT
HEHOEHBOK LA 5 Corbicura sp., Ostrea sp. A3
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BEHTHZ X v ESMAITIRS 4 0K DA S
BoltbDEHEINR TS (IUIZA, 1980). 47
J& T % BARFR SR~ AT (el %
BE<T, EEf~hirREoBREL R TREEILA (
Portlandia sp., Acesta 7c &) RBHRILFAMNER LT
Wa CHUAEAs, 1980 5 BFftizAs, 1984). BEFRHEH (
1984) \XIRAKBEREE S HIBREREE~NOELIZEW T, &
HBLOMCLARESRAD RV E LT, ok
QIR DR BHICHEK E AN - fc D Tidis
WA ERRTW B,
2. C/SHIc&3HBRBEBEORET
WA I C/SH (EEH) 5 X h/h &<, K
BHEWIZC/SHEAL I h KEWEAA S S (Berner,
1984). BAMNCC/SH (EEN DHES firE L.
C/Stbatifc, RAROBELRECL >ThHD.
L, BEREEBEL A A YEENAELIEVELIC
ik, RIEBENC/SHOBRAEZSEETIOT, A
PR TIE, RBERED0.2%L EDHDIZDOWTDHC/
SkxRDI. HHEF - THEILZOK A5 IV E
WMER &5 TWB. [/ UEHTHETHBMEERE E 0B R
FHE DX & 0 B khE 1 BB EBRT 5 X v & E
LoTwd., ZORMIBMFEBAS v BOETD
BERLIOBEMLALDTHS. ZOIS5KIFEAED
HHBEVEA L, WBCHRAKRDOHEBIC )M T 52, —%
BEBROMEER LTS, ¥, £0 L8, & M
SFRE L OBERMIE T, BROBEYRTLOMEEAE
TH5H. BMFBIILDOKNYENS KMDELR & 5 AL
MR TR Ih -0 LA RIS v
B CREIRE) 325 XL hE W EdRLE. A5V
FREDAA & v PEEPRIIRR LI F~0.34% LBV & &
b, ZOHBEWL, HE VBT TRWERE» HBE
Licicd 5D EZAEZTS. ¥, ZOAS VS
B2 59 2SR MRIR, Btz rs ., 712
o T1I~BaKOBREEZHCThEHD01%0 -
o, fo T, MRICELE, RILDPIBIEINBH LT
1A TERENBA Lical e b E 2 Dhb.
C/SHEMAVBREDRERELL LB LTHRS L,
HiEES - FTEHE TR A YEEIR0.3% RIETH H
KEBE AR LT 5B0, LABRRBEE LE D,
ZTOHRDO—PIC/SETEHBLEBRERLT—HLT
Wi DL BB, L LahbEiEs LR
FURBEITIZEAEN3%EBL TR, ¥/C/Sk
HIZEAEMNSULETHES. 20T LR (=
RN AR & DR BB ES O
RETCTHERINICZ E2RLTWA, dClHiR & OV
HAURD A 7 v FHBEY > R < &L BEFBIESE X421 A

VEREEA30.16~T7.50% L FEH I, ¥4 C/SHkb 5
AGTH Y, FECETHLIRERE T TR IR
ERIRLTWS., Lal, Jbiliiscit, &4+ e
130.03~1.19%, C/Sti30.46~17.50& Kk & 7clg ©%F
BjLTkh (B1E-HRNo 1 ~Nol5), WAHFEB T
WAKBERE 2 RET5 b DR btz 5 - TR
DAL HUIE TIXRAK B UL, D5\ I3 F DM DZEL
PEECRE TR DA, i, BEResL
THEOVHIPA T VRIS THE Lici-dh, H5 0
W, HUREY e IR SR B A R LICBI S LT
ZERRBEL TS,

¥, A7 VITHEWI, ETRARET, FOMo
BAFREER UAMATH > I LBb 5T, & HEKE
BRE - 244V BELLThER0.28~1.24% CF¥HfE
1X0.51%) - BRHRELLTF~0.34% CEH{EI20.04%)
LB ZRIZ, BB L X 5 IC A5 v THEY S, B
WOHEDRERTLHTHRVEITHLOBE L TEHbDTH
LAREMR BB, TOBEIRGTHAHEAIL, BEW
B TIZIS .

3. HHE - RAEFEERBTETOLERKREK - 21
A REE{LDEH

HHIRIADIRE CREARRE L &1 + v EE LN
RELEHL TR, HHHKRHO-BHEETB A ~K
K & RAIAD BB 0 BT HERBE TR S hicd
DEEZLND T LRI, FO#%, HIEE - HEE
BRI, BHEEEA~»T CREE OL A + Vi
BREMLTnws GE3NC). BMFEE FElMALD
BOREIIAVYBELXD EERL, TRCRST 4+
TEERYRTLDOLESh. — BT cHERIREED A
FURESETE 3R UTTHBHZ L A, 1992) &2
D LEPRMFRE THESEOA A v BEREZELIE .
BEPDOAE7IZFE LT FeSih KDk & LTH
ELTW% (Berner, 1970). (LAY 7cERIREE T —HT
iDL F VIKEATWAHZ ERHLATVAS, ZD
X5 IS E R K S B A LE TN
TRolcbE2 B L, BRERREILA 2 7V 7 OIFEICE%
BOURIHPEH I N D Z ERATFHINS . BMHFE
BN DO2A 4 7 IRE O Z ORI RERRE
KPBHECTHEA LI L RET 5. HEOERE
2:5100miz & B ORAMFRBIRE TIZ, 14+ v iEEIX
1 %t % 7~ LAMFBREE TR S i BB SAE D F 1Y
TefA A v RE (BFlxE, A, 1992) L KEiw. Th
v, RIS e R I BRI D A B % ) T s
WCHHEBRIEAN LB L Z E R RB LT W5,

—Ji, ThoORBOEHRFREL0.5% LT %R
TLOBREALET, BEE LTREVEERKEZEEC



66 dR sl - SMHBE - LHEE - SRR - SR

I o TEHESTLRATWAS (B3Kb). REFEHRT
EAHE TR e BB R & A ERD ST, HEHERE
BYOKBEENEZE LS Er oL ZE ORI, &
BYORRNENBEE bbb DETHE, EET
DET L 5B DODBNELL DD, BB
i, AU TR SFI RN D Hg AL oD SRR A EE VA
BWHE s e 2 E R RB LTS, ARMOIKE, B
B, EBYEHE T, BECHEVCAERICE L BAR
BRI TS, FREOIZ O HARYEHIER &
T5&, BECRT 2HEBMCZ LS DIEBUIA
HIRKDOKE M THS. 5%, FLHBICKT 5HE
OB DR EABREER LR THZ L
X b, AAREETHIRC BT 5 HARERRE DG
LIS Z LRSS,

& & 8

BRI oA A B =R F O I & R
M OVRE T OWT, FIKRH DR DFEE B H AL
TEHRDEEBKBREEROEA F VEEDOHFT T -
7o, TORER, HHEHRRE, THBoREIR U TS
* v EEEF0.3% LT, ¥4, C/SEEHIZSLLED
EWMEERR L. L Liedss, HHER BSO8R
JE DYEEE 1 BT D LR W21 A VIREL 5T
DEWC/SEERC I > THHSTHh, T, £D
EHHdAE . THEHIHBIIR U THRAKRERE TR
Shichs, REPNCIZBAR, AR~ TR ERE I HEC
BOERLTWARZEXRLTWS., BMHFEERE THOUR
BT, A% EBzHENEMFVEBENHIEI .
Thit, HEPOBERRECERKPBHCEAL, BT
HICRBR I e Z E MR T5. Fhe, MEOE
AL D100mizE N ORAFBRED £ 4+ v iBE
1 BEECRBL TR D, BRIREOEENfE & K
Eiw., ZhbDZ b, HFHRIIC T ERNTREe
DITRHEED B > T2 h, I EFET, BAHFRBICAS LE
BURBIC B e KD IS FE L WipEnsd b,
IR AR L Lz e EXL bR D, LH
BE ALK T, BERE - 21 AV REOELICE
TOMENED b, WHREREA~DE(LICE L A #iifky)
HESRE IR, Lo LAns, Wik e a8
AN LB LicZ &, B, JBEDEA + Vg
NE—FEC ST HIBERRT L L2 EZD
&, RHUIBIC B3 B EtE R I g K ¥ED R ST T
e, MBEE X b DEEZLLDORZMUTHA
5.

&t &
AP EEHED BT HI D, BRAFHWEFHEDRH

MBHEBICIT, ASt@BRr LTWRREE, KIABE L
Twiciivnic, FILABEREICE, BEN R HK
DHBEIZ DV THRWE R, KRSUERICE L THE
RCERY VIV o., AAERPBIERICITIAR LD
FRCELTEREIBERY W W, ¥, KRR
Wik, PR FE BB KNI RE (RERA—
) D—EEFEHIETE V. ZLTELMALEEL
FFET. - "

Berner, R. A, 1970 : Sedimentary pyrite formation.
Am. J. Sci., 268, 1-23.

Berner, R. A.,, 1984 : Sedimentary pyrite formation :
An update. Geochim. Cosmochim. Acta, 48,405-615.

FEE B -m R BRAR - BEER - AN F,
1977 & JbdgE AL S BT 81 5 HEE = RIEEE OL¥
M. HiFA A, 28, 57-67.

BEEFRIE - HHEH, 1984 1 BREG - HEFHE=RD
BOHER EEDOFEE. HFHHR, 35, 159-170.

. , 1985 IR OIS, HhlkihE
ProeddE (57750 1 XE), HEFHER, 36P.

IEERRE], 1969 @ BAREETEIOREF . MK FEEYE
MprsEER S, HEY, 10, 31-49.

AR, 1974 HHEB=RC BT 5 REE OL¥M
. MY, 250-2, 211-227.

, 1978 I B=ACHERDS DRUE S B & HERREIL

W RIS BN A BEE, 43, 128-136.

. 1992 1 HERUCE DILERIC X B HERBRE OB

R-BICMESHERC X 535 —. #FAHA®, 43-8,

473-548.

SRR F W R, 1983 1 KBUR T HIR
BT 5 LEHAFHESE OLME L HERERSE. il
H#. 34, 279-293.

PEILIE =, 1962 @ SEP8LI L OHUE & SR . HELKBREN
B, HgiL L HEMFE=R, 8-12, HAHE¥S
OV EEHEMBTRAS.

EPRHR, 1986 @ BB REBPFHOME 2D 1
BT —. HEM, 92, 405-420.

- EHERE - BEAE, 1984 1 BRY BB
F=RrboFARLA. #HFFAR, 35, 261-268.
SHRF - ST - SARHELT, 1991 @ ZRMRBEC X B
reyasvAFvREOHE. BIRKXFHBESXRE

%, 10, 75-80.

%IFFAR, 1952 @ BREEFRIBXOBR & i — SR
FEB=ROMELNHR (0 1) —. HEH. 12,
573-583.

, 1953 1 BREERRMX OB LS (k)




BRCEEHH A HE - BUHFRER RS OABIKER - FREBRED D Al A ARG 67

—BREEBHE=ROMBEFNIIE (0 2) —. WA BEEEEE, 1967 MRUVEERERESREE, e
#t, 59, 407-420. HiK. 26P .
, 1955 ¢ HTLRE OB AW 2RI — Bl , 1969 | MERMASEEINKAAREE, JLEE
FEHE=ROMEFHRE (XD 3) —. HHH, 61, . 23p.
407-420. ,
RERT - IURHES - T - SRR=ER - AAAERE - . 29p.
EPRERS - MEPEY - REIEGL - (UASE - 588 IUABE - =30 5 - IIRPE—EF, 1980 BR¥E O
E, 1992 Lz OhFER & H B, HEY R Bt HARMBEARBTFRIFR AERITENS,

1970 - B2 BN SFRE RS E, LERT

£ 37, 97-116. 1-39.
FE W MEE=-AER=, 1981 hE - MERS < UARE—ER - NEEE, 1979 @ BAREEFER
DIREEFDORFE LG - HFA AW, 32, 167-181. DHRFHOBRE & L. HAMBEYSH6ESM AL

EH £ WHRE, 1938 1 LT L O FFHIZ O TR, 133.
T. #WE#M, 45, 529-532.





