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Pyrite in the Permian Toyoma Formation
of the Southern Kitakami Mountains, Japan
By
Yuji Enpo, Masato Katapa and Akira Sasak:
Abstract

The microscopic pyrite in the upper Permian Toyoma Formation of the southern
Kitakami mountains has been examined on its mode of occurrence, morphological features
and sulphur isotopic compositions. Samples used in the study were mainly collected from the
areas near Toyoma-machi, Miyagi Prefecture, the type locality of this formation.

The Toyoma Formation is mostly composed of black-colored, fine-grained mudstones
with slaty cleavages. Small amounts of calcareous sandstones and impure limestones are also
seen. Pyrite can be seen in almost any of these rock facies, though its content is normally less than
59, in volume.

From microscopic examinations of thin and polished sections, the pyrite is classified
morphologically into the following four types: (a) larger cubes from 10 to 100 g in diameter,
(b) minute cubes less than 1 y scattered around framboids, (c) spherical aggregates of minute
crystals—the so-called framboidal pyrite, and (d) irregular-shaped aggregates such as vienlets,
lenses, replaced micro-organism, etc. The morphology of pyrite appears to be correlated with
the type of host rocks as shown in Table 1. The type (¢) pyrite may further be divided into
three sub-types with respect to its mode of aggregation, i.e., homogeneous framboids, con-
centric framboids and framboidal framboids. SEM observation of these framboidal pyrites
reveals that the first sub-type may be the basic form, and that concentric zonal bands in the
second sub-type represent the differences in packing density of constituent crystals, while the
third is a simple spherical aggregate of the first type framboids.

Sulphur isotopic data (§°4S) obtained for eight pyrite-bearing rock specimens from the
formation show a wide range of variation, —6.8 to —32.2 per mil, strongly indicating a biogenic

sedimentary origin of these pyrites.

LIzBkBLV 5 DX, 2L ULTEEASHEWTI L,
b EBEKMOBEETHY, LihoTHA - 2 -
HERA L b, A HEIC b 5 BEE Th o 2.
LA LEDOBROFEIRL D L, Dix &b EIREBRET

1. #

T OWIOHIL, BEEAL LU0 ZERE EAEE
KREBIET D, BHEEOEREEO A4 v RAARICET

i

BEHETHB.

BRIE T 3 TEN A ENEERE T TR SR
TWaH, ZOHRTHFE - FHEL (1968) 1, BHXKEIC
BEGRSIELTELLEL RV ERTWS . #0OEKRE

g R
o 'R

o HEREET « BRERRT OBERIRCRB R T, Sk oRE
PEEHTHY, WBILL - CIRENEWEETH 2
T EMbhol. I THENL, BEESLOERN HENL
RO EICE T, BHEKRITIRRICRIT 26%F
DT, TOERBEEFELIHE LRV,
L0, HERERIOEAFNL R A

1—(113)




WEHBREFRAR

2, EESROT BRI 2 EHEN, A 4 v BN
B EEARRERFRBEY L.

ZORXEELDHIITHIY, EREERCHBH
TR e TERFZOFREE—REL, R4V
RLARE DRI A T\ T 78 T R L R ZHE SR T ZET
MEATBELCRBHOBELRTS.

s, WA - BHER EANTN EEEE offflic, &
HEo—HRAeEEEABREEOHEICL o7z,

2. 1 =

BRETILR O BKE L, FER ORI LRSS &, K
flohERFHEEERE XS ENTEHTS. —&
iz N40—50°E OEh & mREMOBAEELZTRL T
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R OBCHEGT N AL LD TH D, =) R
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c. BIRERK : vwbw3 7T A F A4 F IR M8k

(framboidal pyrite) LFEFH 2 L DT, HEEESLIRE DS
BRIZEE b D THS. BRBROZ7 7551 PR
WERGIE, WER— (E) CBE ol BRRE (o
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n5.

BLHBIIL T 5 ARA FTHB L ieonT, 204
AEORES LEENMIESAMILICL b0 RE
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Fig. 1 Frequency diagrams of size distribution of framboidal pyrite in the Toyoma
formation under the ore microscope
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bbb o = BRBERETOHEKE (HE- AH - E4K)

Table 1. The relation between morphology of pyrite and host rocks
Morphology a b c d
of pyrite (larger cube) (minute cube) (framboid) (irregular)
mudstone X O © O
sandstone © X X X
impure limestone O O O X

© dominant

SHMEROESRTH S . BEEEO BHEE, 2P0
Ik & - 72 S UHER (cubo-octahedron) Th 3 Z L%
<, A (cube) I BV iZAHEHA (octahedron) D3
AD—F OEPFEICERCBEL TV 2HALH 5.
WERIZL TS, O EDDOREDOFTOREMEI—EL
TV5. Fiz, 1R MSOBE XECREH CEToZER
HLdondh, Pirl & bE4ORREOH TIE—E
LTEY, 0.5¢4 BEOERENLLDLORRLE.
WEERIUAE D E D I, RRicEEMEE2 b oBA L H D
DBy, KESEE 7TV F AT, HxORfidmszL
TRV, RO AH (penetrating) (kin\, #
i eSO 2 ) 248 (cementing material) 733 %
BIRCPEH LA TIRACVY, ERIERER AT OB
MR RDBR A LD NDZ ERH 5.

¢ (BRHESK)  WEEROFEN LT L oy BIL
SR TH S, KEHEMET TIERLAROBERED
BHESNHEDBND. TNEEEBETTAD L,
Bz L 72 2 >0 zone DORICIIRERESS DEAREE I
BHLTERLNS. Thbb, KEEMETTLVH
225\ zone (TR BABEICEE Y, X DEFY zone T
BEZ VM. Z OESTER TRBAR O REE
LLTHLNEDTHS.

¢, INERDBIREERWE) - 2EOHREEERT 2H
& DINERIE, HEBBREER—HETH Y, ThERRM
WEROT v FAERETH S, PMROKE S, kiR
ORI Y, o BIEEFLT, Lal->T ¢ BHIH
oo BINERRICEE LD EEZTI .,

PUED XS BBEERE, @ BIO ¢ B o BX
DRET, LI 3 Bl o BloFEORES R
ZERBEBRLT, BRBPOT T ARA FIRESG D4
BABRRICE, o BlOWREE, FRICE]EFEL o Bind
DEFNV=RRE (¢ BEK) BV o BOKIRES
(cs TR REDEBRD -z LRELOND. T
bbb, ¢ BT o MERKL L CABOMBERIEES

O general

X rare

LR E->THRENZLDTHY, FELMRORHHE
BERZDOE S BEIN~RRESIFHREL TiTrbhizZ

EERLTVAR, ¥ flid ¢ BINEE-TIYRE
BIRRGBEER L DL EbRS.
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BINTYD, BaEoBEiie Lk, HEEoRETR
A4 B HoS REROPICHEE L Fet 1V KL
THESE DR LSR5 > Ui iron-monosulphide {Z3FV 4l
ROGHED L UTHEEL, % O iron-disulphide 471
PHEHGED CE DD L Vb TS, &< FeS i
5 FeSy ~I{ld 5 IR DB T ik, Berner(1970) 13 S°
(elemental sulphur) OEELAGRXOERT H 5 = L
%, ERHB LORROE T ORI SHTIZRIc &S
TEEL TS, FEYofdifit, ¢k a0 ET
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CRE SN g s h, HREOHBRET BT
S TFe L LTHEELZEELLR TS, iz, ¥
tgEph > Febt plifgk o> Mgt o1 F v & OEBTIE
TR EN, FeSy L LTEHESNZ LT2E2F b 55
(DRrEVER, 1971). —J5, H,S F721% S° DR IX, Desul-
Sovibrio B ¥ OERIEA T T Y T OIEBNC LV, HiKkE
OIOKBIEFICZENS SO~ A F v DBTHHEL
Te, Wi B AR (biogenic) Db D & B % B 0 —iE
ThHs.

BHTBIC R 1T 5 EGILO AR D & 5 Lic— kg7 7 m
YR EAEHICEDL S LI AERCTHSH . 2L,
BaoHao Fet @RIBEOSIy ek 1E
BTHIZENHESID. BATOHEESHEEDS
Fid HHT, ASBBUGE < O HBHIEFTICHER L 7 ibek
EETWERBY, SLER L L CRERORMOE I BE)
D)

& 21F hydro-troilite (FeS),
greigite (FesSs) 72X 235 %.
Iron-disulphide izi% pyrite (Offic marcasite H3%H 5%, =
TR EOEIMEC L

mackinowite (Fe1i+z S),

7E2)
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HEEFERL TORCOT, SEMIEEHEOBRTH
fRL, Bl Feit 4 v & LT BRI L T iz
DTHS5. ATTOEKRD £72, EOFMAMER
) poBHLIERY K, EMESICEETILOLE
ZTHFELIR . REEAPHRKEEOFICE, Z0oRE
DOL>EHES NS EMEES, FiRa, REY, %
BREET EIRENTHEAEL T 5 (Plate 6-3).
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BEOEEC» DY 2L, #EOBCEE L7 Fe*t o
FERAsFY TESICHERT S HS B S LK
FieX > THEFRLEZbDE V2D, H#EBLEFOPIRE
FNDEGHOWE L OBICIE S 2BOMEENH B
LiRifnis. LaLkas, 20X nEmEER
ELTWVRBZLETH-T, | ECTERCHEBR O+ —
F—Tik, A OWREOEGKGENBERE LB LY
FNTER. 25 LEER, FLL5REHETTH
CARBE TRBL L L Bbh 2 5Bekas8, —F Tk
7T ARA PRESEREFR L, —FH TRANEEOAH
B E LTRET S M & CICHEER S 5.

77 hARA WIRESRGEIT, BRBO X 5 el OHTE
EFREHRD TR, BIRE, BRRCBERRE 5%
LI LEAWIEEN D, RITTHE, ggshickilAi
#H (Love 5,1969) ST OERILEY (GEIE, 197D
PoHb EOEEMEE ST, BRBEN-TETV3.
L7zidoT, ZOTEF IOV TLE L M BEL OHhE
BIEERTE., ChETORERE AT E, B
REEEBLLICHT B LRTES, WRRORRES
BEVv 5 Z OEEGEEOT R RIS LT, BiFR
WAL 72 LB AR A Bkl TR &S e R s &
U, BRERTH = v« REEHA O F VIRIEB ORE R
REBBALTYE, LaLads, BIHESWT, &
LD 7 T DR A TRABRRA SR I BT & B
L 23 &2z /s b (BerneR, 1969; FarraND, 1970; Suna-
Gawa o, 1971), HHEYHBROFAEI AR R DERTIX
VB holz. 77, Sunacawa 5T, ARRIEBR
DOFERD D, TuAf FEREZEZ L&D EMRRE» S
OFEFMRRE L LTI ORMBESEOEEZHATE S L X
RL. 28D, fEROFEN - MEFOVFR L,
BP0 L BENRRE LV L 2D v ATHHA
LESELDizw LT, Sunacawa & 3 ffEsR o 5iH
SERREABHERE VI —EHDO I rE R LTEL LS
ELImDTHB.

BRBFORGILOBE, EROFHIIHZE, 7

(B 2a% 8 3 B)

7 ARA FIREGELIMLA 2R L2 b 0T, AEE
B OEERER Lo b DV IT LIk BT
HHH. LhLEelRRXdic, HBETEHENEE
CHET BRI EESIEARER R L OTIRAR L, BE, £
EBEOEE,LVALLRL ST, HMEA L
IO R O N, SRR EL B LT
L, 77 ARA R LEBREER L 0L TR EE
5., LiehioT, BAAREME LTI, Sick~z
BT & o TR U2 B8 dss, —75 T o
BRI & > TR ORNHEERRICEY, —F TR
POVER (REREICE T 5 RHYIEE I OW R’ £ 0
DEDODFEETHB) Kk o THRU LcHETER
{7 o TR B, RERGIRIBOHER D T Db 3
IRIRE M R O REES /2 & OWEERIC X o T
ROESEEBR LI ENEL NS, BB
ERLCIIRIRESEN S VDR E LT OEFRE
BizXoTHEESTONEZ LT, BEHEORFERED
AT LE OB REE OWE (L LTRERR)
BELTCVBEZLERTLOTHA .

4.6 4 F DR

HRATICE TN AP EREO A VICL b
< BRIz ONEPOHRICIE, TEA A T DR
BERNT A HERLELAVORTYS. RI7TFYTIC
L3 S0 — HS OBTILBVT, A4 U NEERE
HyTEI AR (kinetic isotope effect) &3 LIXEL
HyEH &R (THODE 5, 1951) 2%, ZOFRITAY
F U 7 OREEE (metabolic rate) [ZXELE N, BE -
RBE DR F DMOBREICELD THETH 5
T ic, B AEHEE TTICBR U T AT B RIS RN
{BRELUL MR 2§ 5 (Harrson - Trobr,
1958). 2 DfEE, Z0 X 5 BAREOAF VITX > T2
 bRIHERERR b, —MRICHER O A A Vit
SR ERARICE T F, 13IE R ICEM ORERE T I
ERENZLDOTY, TORMEHRICELWEEO L
BT L T H B (] 21X, THoDE, 1963; JENSEN,
1965). 22 CZ ZICFEE#EH LB KEOBEGSL Iz o T
b, TOAF Y RNARRE TENICRET L TH.
AEHIEMSBRORE, HRNEEOHREIHED
Bh3bms= (2R EBALE. AFoHELE, &
REEE L TOEMEN S LD THERDT, (4 70Ol
BN ERBI OB L 7. Thbb, £hFE
N7 S OBERREERBE ML ZRERIC XL VB E
THHEL, SEh 3R 47 EB{LL Th SRS
VY ALELTCEELE. ROTINODHEAY v aE
Trope & (1961) OHE LI VEFUE T L THLE
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Table 2. Sulphur isotopic composition of pyrite in the Toyoma Formation

Specimen . Formation . Morphology Sulphur isotope ratio
Locality Rock facies .
No. (Member) of pyrite 3318 (%) *
Kawabukuro, Iriva M
K T104 Toyoma-machi r(l}’?%l }% ) Sandstone a>c —6.8
(B R ET B2
Kitazawa, .
142A Toyoma-machi ” Claystone ; c —95.6
(B kAT ILR)
Kitazawa M.
[10A ” (EwRE) Sandstone a | —9.9
110G-1 ” ” Silty claystone c>a —9.93
110C-2 ” ” ” c —98.4
143 A ” ” - ” c>b>a —98.4
Natari, ' '
276 A Utazu-machi — i ” c —392.9
(s )
276 & ” — Impure | c¢c>b>a —17.7
limestone 1

(84—S/823)X

* 5848 (700):{(845—/3.2-5)S—T— 1 }x 1000, where X means specimen and ST means stadard.

(848/828) p=0.,045005 (for troilite sulphur in Canon Diablo meteorite)

(Ag,S) &L, Bz Sakar- Yamamoro (1966) [z4gv>
R - BREAKKF TR 1,200°C i, BESFO
7o DR N A (SO,) ZFARL 72,

[RILHR Fe D W 12 13 1L oK R SR B FET 0 MeKinney
TUEBSHE (EHA S, 1970) 2 AV, JBIEMEE Cafion
Diablo [EFH o troilite 44 ¥ % EHIC L 7= & D
S8 D TFmE, Thbb 6%8% (S—3In)
THEHE L. BohiEREE2RICE LD, RA—F
ARE DMK UERRD RO IZRAESTREE QUEED
M) 134 0.5% Th -7z,

SENRE L 722K B OB TR b AD 6 %S E
ERLTVS. TROLHMIROEE A4 VITEEEL
1% Cafion Diablo ¥ 1 4 712 < &30k & L IE
VAT (28) ITEA TS, IR T 8
ITHBITH b b, 2 DEIE—6.8%70 H—32.2%
LIFIFBHDETELL TS, THRBERROS &
EELFEEREDO A4 TRICORA TS %S ok
TENMEINIZIE 100% T» 5 (Teope, 1963) Z ki
T, PRYKRELEHTHI L2 L5, B4 die, &
2RIGRENBIBRIVFIL, ThbaA 704
BERRICENTHS. BZbZhbEHEE < o7
A4 U OEBEREREFIL, HEREAZ 7Y T OEE Rk
WHERES I O RIZE Eh Twie SO” A4 0%
TR bEC HS 8hotz, EFHLTEIVTh A

HED,
2l LTHRGEORKEOHERBIRN, »oTHE
Z 6Tz (KosavasHr, 19415 &, 1944) 12 X128
TS D L IXH SRR DOV T Tl s h
Tv5 (AR - iR, 1968 7 5, 1969). LA L,
2L b TR BESRILO B L BPNRE R 7 T Y
T DIEBNCIHFMA LM TR BhRE ¢, 2hiEs
Z 5 HEORERHEBRMORBEMETH > L Bb
hs.
FRIEEORED T — % 2 bIIFIBENERIC -
XU EOBREED DI LIIEHEN LY. 2L A
HRRE O, B, WS OB BN & & FfE
F—Z LOBIM o OBERD B 1L H o Th
AHTHS. LhrLisk, BNEHNT -2 2Elcsb
KEHELYY A Y v 7 &2fTh 203, A4 v B
BARIZ b &5 SRR O T HITRSER - (A RBRSRE
BERADLLHIEETRIC LI bahi.
4.7 ZQHpHEE

SE TOERITHEHBEBERI LV, BB, T T

13) 2EOMFMIEC X Vi Shied A7 0TS THRH (B
GEE) A AT THBL o TIvDE She-0\wCidRIENR L
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2 BRBCFHRIEKICZ L v ZL TE v (Hl 2 13 TwHobs,
1963) »C, EOBULYA v OFAGBHERIZZ ZicBbhi
ELXVLEHIELRY, ZORRTIASIBELR.
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HOohd 2 o0DFEEEMILD.

) RO L S KBREOREE T ALV — MELTE
Y, AL—MERERARAILIEEL TS, FLTIOD
AL — MEDBRICEF 75 & OWBGRR 3 EiES & L
CAELE T CHIIR T H 5. BBHOFEE, 77 AR
A FREAS D FFic pressure shadow (Spry (1969) jz
E AT pressure fringe) DIZET BHA £\, Shadow
D OHFILEEE S TE/AL T, Ar—HERD
FRELWTWENE, ZOMEBEALY—MEBIZEELT
BRENILDOTH D Z LiIZEE Vv, Shadow OFf
SRRBRER L - TED b T % (Plate 3-2).

) THALEIEROL ST, BRBEREEZEOD THE
LR ERZFRT V. ET CHEL TH B &, HEREIE
B TL LK RBBLYTL, MBREDEETS
Z oL VEEIZ X > TRREN TV 24035 (Plate
5-4). BREREMERE 5172 LEEE O fptE: B
BN, ZOEIXBRGEIOBILDOZDTHS.

I BT BRKIBHRIC A DR B BRSOV T,
ZoElR, WRERG, (U RMEHERL bbh
7z, BEGLOFWEITIZ VL 2h0BR LY, Th A
DEFE OIS ZBOMEMEDD D Z LRV EEh
Jo. Eiz, A3V ORPHRMEROEEN S, ThE T
{REEZBZ BN Tz AZ U OABENPEIES Az, &
No0ES, FIEORERNDL, BERBOEROELZD
BT OBREHOEREEIC OV TETOZERRL LN
7z.

SENE, BRBOBEXHIcR T 3RBICENER-
2N, BABEWEERD L, BEGLOL VIS LD VER
oy BERGELSL DEREEIN B B B RSy & B DI VER
DEEBDY, B L > TESKSEOERBEL - T
B, LIz oT, S8 LV IEEFHORKEIZOVWT,
BT — Z RS LELCY 7Y U ERTR,
HPGLOR - THHE - BEfE T35 Y it o THIEE L,
ZRICHIE Lo A & U LR ORIE S 72 S B LB
555, TNOOFERN G, BAKEOHIRRMOHEREM
OHIRZE, & 5IIIBRHERA OF RN « HARY
BRI LCMANL b SN DREEREH A 5.
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Ptomi“crgph of typial slat (stlty clayo) berig c;-type pyrite in thin
section. Open polars. x50

v L £ b * . :
- o : e i ; _ . £ . L

2. igher magnification photomicroéraph of a part of the above. Presure shadows
(fulfilled with chlorite) are clearly seen. Open polars. X 500




1. Photomicrograph of calcareous sandstone bearing

a-type pyrite in thin section. Open polars.

3. Reflection photomicrograph of a-type (larger

pyrite.

x 50

cubic)
X 60

B Lol & e o

2. Photomicrograph of impure limestone in thin section.

Open polars. % 100

4, Reflection photomicrograph of a crowd of b-type (minute
cubic) pyrite coexisting with framboids. % 320

G ‘104 “uvdof ‘aing 1039 ‘png
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I. Reflection photomicrograph of c;-type (homogeneous
framboid) pyrite. x 1800

3. Reflection photomicrograph of cs-type (framboidal
framboid) pyrite. X 600

o

2. Reflection photomicrograph of c,-type (concentric

framboid) pyrite. x 1000

4. Reflection photdomicrograph of framboidal pyrite replaced with

goethite. Gray is goethite and white is residual pyrite.

x 300

FZ 104 “uvgo[ aing 1095 ‘1ng
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1. Scanning electron photomicrograph of typical 2. Scanning electron photomicrograph of constituent
framboidal pyrite. x 1500 crystals in framboidal pyrite. x 10,000

L o . . 4. Higher magnification photomicrograph of a part of the g
3. Reflection photomicrograph of an example of an organic remain left. White is pyrite, lighter gray is graphitic carbonaceous ;

replaced with pyrite, calcite and carbonaceous matter. X 60 matter and darker gray is calcite. % 1000






