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Abstract

　　　Abundant　micro－pyrite　granules　of　various　shapes　occur　in　the　hard　black

shales　of　the　Aishiro　alternatio・n　member　of　the　Miocene　Furue　Formation　in

Shimane　Peninsula，　Southwest　Japan．　These　granules　are　composed　of　micro－

pyrite　crystals，　micro－pyrite　spherules，　and　diatoms　Teplaced　with　pyrite．

　　　The　mechanism　of　replacement　and　the　origin　of　pyrite　aエe　discussed　in

relation　to　the　micro－pyrite　spherules　and　diatoms．　The　results　of　these　studies

seem　to　support　the　interpretation　that　sulfur　bacteria　and　sulfate　reducing

bacteria　work　as　a　catalizer　during　the　precipitation　of　sedimentary　pyrites．

Ageneral　description　of　the　geology　and　paleontolo・gy　of　the　area　is　also　given．

Introduction

　　　　Throughout　the　last　ten　years　or　so　there　has　been　a　great　deal　of　informa－

tions　published　concerning　the　origins　of　sedimentary　pyrites．　Unfortunately

not　a　single　report　on　this　subject　can　be　found　in　the　numerous　volumes　of

Japanese　geology　although　pyrite　spherules　with　framboidal　texture　have　been

reported　from　several　Iocalities　of　various　formations　in　Japan．

　　　　Recent　contributions　on　sedimentary　pyrites　and七heir　origins　by　L．　G．　LovE

（1957），J．　R．　VALLENTYNE（1963）and　so　on　show　wide　differellces　of　opinions．

LovE　made　an　excellent　contribution　with　the　descriptions　and　genetical　notes　to

the　study　of　the　sedimentary　pyrites．　He　pointed　out七he　existence　of　the　pyrite

spherules　with　framboidal　texture　and　concluded　that　they　were　some　organisms

replaced　by　pyrite．　VALLENTYNE　was　especially　conspicuous，　supPorting　BAAs

BEcKING’s（1956）and　BERNER’s（1962）interpretations　that　some　of　the　fram－

boidal　pyrite　was　inorganic　products．

　　　　Field　and　laboratory　studies　were　started　in　the　summer　on　1964　to　see　if

pyrites　from　the　Aishiro　alternation　member　could　possibly　illuminate　or　confirm

one　of　the　already　proposed　theories．

　　　　The　result　suppor七s　the　interpretation　tha七sulfur　bacteria　and　sulfa七e　reduc－

ing　bacteria　work　as　a　catalizer　during　the　precipitation　of　sedimentary　pyrite．
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Geologic　Note　of　Shimane　Peninsula

　　　　Shimane　Peninsula　is　situated　with　an　E－W　direction　in　the　cen七ral　par七〇f

Southwest　Japan　facing　the　Sea　of　Japan．　Although　the　Neogene　formations

are　somewhat　limited　in　distribution　in　Southwest　Japan，七hey　are　extensively

developed　in　Shimane　Peninsula　with　a　thickness　of　more　than　2，000　m．　The

basemen七rock，　although　unexposed　in　Shimane　Peninsula，　is　presumed七〇be　the

Cretaceous　granitic　rocks　which　are　widely　distributed　in　Chugoku　province　of

Southwest　Japan　around　the　Neogene　basin．

　　　　The　geologic　sequence　in　Shimane　Pellinsula　is　as　follows　in　ascending　order：

　　　　　　Koura　Formation　　　Chigo　tu荏member

　　　　　　　　　　　　　　　　　　　　　　　　　　　Koura　shale　member

　　　　　　Ushigiri　Formation　　Josoji　salldstone　member

　　　　　　　　　　　　　　　　　　　　　　　　　　Ushigiri　alternation　member

　　　　　　Furue　Formation　　　Aishiro　alternation　member

　　　　　　　　　　　　　　　　　　　　　　　　　　　Furue　mudstone　member

　　　　　　Matsue　Formation

1【bμrα瓦θrη2ατjoη：The　Koura　Formation　consists　of　two　members：七he　lower，

the　Chigo　tuff　member；and　the　upper，　the　Koura　shale　member．　The　Chigo　tuff

member，　about　100　m　thick，　is　composed　of　s七rat姐ed　coarse　black　tuffs　with

the　intercalation　of　several　thin　basaltic　lavas．　Its　Iower　Iimi七is　not　exposed．

No　fossils　are　known　to　be　in　this　member．　The　Koura　shale　member　is　in

contact　wi七h七he　Chigo　tufE　member　by　faults　and　is　composed　of　alternation　of

siliceous　fine　greenish　sandstones　and　shales　at　the　lower　part　and　hard　black

shales　a七the　upper．　The　thickness　is　100　m．　The　following　fossils　have　been

found　in　this　formation：αηηα物o仇μ働8cんμcれθγZ　HEER，　Co伽μo励αηαμ伽α協i

（NATHoRsT），　Gらμ08加obμ8　¢微oPαθμ8　（BRoNGNIART），　Lαμw8　ρ㌍o励gθη飢8

UNGER，　MθZα8θ4％o汐ブα忽o励oα（ENDO），」PZαηθγα秘ηgrθ冗ETTINGSHAUSEN，　Qμθγ6％8

9Zα勿oαTHuNBERG，　Sα1㌘sp．，　UZ勿祝8　sp．（plants）；Ooゆ‘6zzJαsp．，0勿8彦αγZα仰zμγo元

e60γπoθη8‘8　SuzuKI，0μπθoP8τ8　sp．，17〃ηoP8‘8　sp．，　Lα7ηργo診％1α　8α〃α商　SuzuKI，

L．8万7ηαηθη8Z8　SuzuKI，　Pαγγθび8ταη⑳poηθη8τs　SuzuKI，8θ蹴ゼs偏co8餌γαsp．，γ初乞一

pαγμ8sp．（molluscs）．　The　fossil　assemblage　clearly　indicates　that　the　I（oura

Formation　was　deposited　in　a　fresh　water．

ぴ乃jgjrj　Fbr7ηα勧η：　The　Ushigiri　Formation　overlies　the　Koura　Formation

conformably，　and　is　composed　of　two　members：the　lower，七he　Josoji　sandstone

member；and　the　upper，　the　Ushigiri　alternation　member．　The　lower　par七〇f　the
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Josoji　sandstone　member　consists　of　loose　conglomera七e　cemented　by　coarse

tuffaceous　sand．　The　pebbles　of　conglomerate　range　in　size　from　pebbles　to

cobbles．　The　middle　part　consists　of　greenish　coarse　sandstones，　and　the　upper

part　comprises　hard　black　shales　and　massive　thick　green　tuf［s．　The　thickness　of

this　member　is　500　m．　Although　some　fossils　have　been　reported　from　the　Josoji

sandstone　member　by　the　previous　workers，　the　author　doub七s　whether　the

horizon　from　which　the　fossils　came　actually　belongs　to　the　Josoji　salldstone

member　or　not．　The　Ushigiri　alternation　member　attaining　a　thickness　of　1，500　m

is　composed　of　hard　black　shales　and　green　tufEs．　Known　fossils　are　as　follows：

Bα仇μα阻μ88乞祐肌sp．，　Dθ1θc加Pθcεe％pec瓦れα糀Z　GABB，　Meg靱o乙（況αsp．，　Nτル梛1α％αsp．，

Pγoρθα物μ8s拠糀　鋤θ物αZ（MAKIYAMA），　Solθ働暫αsp．，　Yo磁αsp．（molluscs）；

Bη850ρ8乞8sp．（echinoid）．　The　nature　of　the　environment　of　the　Josoji　sandstone

member　at　the　time　of　the　deposition　is　not　clear　because　of　lack　of　necessary　data．

The　Ushigiri　alternation　member　is　clearly　marine　sediments．

FμrμθFoηηατjoπ：The　Furue　Formation　overlies　the　Ushigiri　Formation　con－

formably，　and　is　composed　of七wo　members：the　lower，　the　Aishiro　alternation

member；and　the　upper，　the　Furue　mudstone　member．　The　Aishiro　alternation

member　is　composed　of　boulder　collglomerate　cemented　by　tuffaceous　material　at

the　lower　part，　and　alternation　of　fine　to　medium　compact　sandstones　and　hard

black　shales　at　the　upper．　The　thickness　is　600　m．　The　following　fossils　came

from　this　member：0αγ硫α8ん乞06αγθη8乞8　YoKoYAMA，　CαγdW働sp．，　Z）θ1θc亡o忽θ6¢θη

忽θc左1λαηz乞GABB，刀θ批α1乞μ物sP°，　Do8仇ZαsP’，17％ZgoγαγZαsP’，　G勿μoα物μ83乞％糀sP’，

Acθ8tαgoI乞α仇　（SowERBY），　Nα砿W8　Z訊阻oθη8乞8　YOKoYAMA，　Nθρ仇ηθα肋γomo－

9α②oαηαNoMuRA，　Os亡γ¢αsp．，　Pα亡飢oPθc亡e％厄祝μγαZμgoeηs乞8　HATAI＆NIslYAMA，

Pん08sp．，81↓τ6ん仇θ乞α暫oんo∬αmαZ（NOMURA＆HATAI），欽的αs乞γα　（Co％c1Locθle）

％勿po励6αYABE＆NoMuRA，　T．　sp．，　yoldづα（Yo協α）1α励αb砺8　YoKoYAMA（mol－

luscs）；　Coμ06〃〃弼8　sp．　（brachiopod）；　GZoboγo亡α乙乞α　∫oん8Z　∫oん8Z　CusHMAN　＆

E江・IsoR，　G．施仇緬α（BRADY），0γb祝1仇ατ〃z励θγ8αD’ORBIGNY，0．8庇μγα1τ8　BRoNNI－

MANN（planktonic　foraminifers）．　The　samples　of　pyrite　treated　in　the　present

paper　were　found　in　this　member．

　　　　The　Furue　mudstone　member　is　composed　of　massive　grey　mudstone．　The

thickness　is　600　m．　The　fossils　occurring　in　this　member　are　as　follows：Ac乞Zα

sp．，1）θ1θ6£o忽θo£θ7z忽θ6〃んαηzZ　GABB，　Lz↓6仇αsp．，　Lμ6τ7zoηzααのL¢τmτθα施働CoNRAD，

2Vz↓cz吻ηαsp．，08加θαsp．，80Zθ勿yα舌o肋ηα9ατYoKoYAMA，丁吻α8Zγα（Coηcん06θZθ）

碗8θcZα（CoNRAD）　（molluscs）；αoboγo鋤τα％んo勿αθ（AIsENsTAT），αob匁θγ仇α

ρα¢ん〆θγ仇α（EHRENBERG）（planktonic　foraminifers）．　The　fossil　assemblage　and

sedimentary　feature　of　the　Furue　Formation　show　that　the　Aishiro　alternation

member　was　deposited　in　a　shallow　brackish　environment　and　the　Furue　mudstone

member　under　a　pure　marine　condition，　although　the　depth　was　not　too　great．

％ατ8μe矛brmαε元oη：　The　Furue　Formation　grades　up　into　the　Matsue　Forma七ion

conformably．　The　latter　in　turn　is　covered　with　the　Pleistocene　lacustrine　sedi－

ments　unconformably　and　composed　of　loose　yellowish　fine　to　medium　sandstones

with　an　intercalation　of　shales　and　lignites　at　some　horizons　at　the　upper　part．

The七hickness　is　300　m．1（nown　fossils　are　as　follows：Aηα∂αγαogαωαZ（MAKI－

YAMA），　Cα減れ物ηz出αγZ　CoNRAD，　Cθγ党ん拠勿　sp．，　Cん1α勿ys　co8訪θη8乞8　（YoKo一
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YAMA），C．8ωZ∫κθ¢¢んθgo仇Z（ANDERsoN），C．　sp．，　Cμ1£¢1伽8　Z梛伽oθη8乞8　YoKoYAMA，

Do8奄ηZα　（Pんα6080γηα）　グαpoηZcα　7↓o？ημγα葱OTuKA，　Gらcγ？ηθγ乞8　cZ8sんμθη8乞8　］MAI（1－

YAMA，　G．　sp．，　L％c飢oγzαα梛捌仇¢αεμ糀CoNRAD，08¢？万θαsp．，　Pπαγ“oZ（MAKI－

YAMA），　PγocoPθ¢¢θηαんτ〃o¢η8‘8　MATSuMoTO，　Pγ060抗θωτα¢θ伽αZ（］MAKIYAMA），

SoZθ仇yατoんμηα9αZ　YoKoYAMA，　TθoZoηα㌘αゴα％抗08εo仇α（DEsHAYEs），　T々α8かα

（Oo％o〃06θZθ）bZ88c渉α　（CoNRAD）　（molluscs）．　These　fossils　indicate　that　the

Matsue　Formation　was　deposited　in　a　shallow　sea．

　　　　The　I（oura　shale　member　is　correlated　with　the　Daijima　Formation　in　Oga

Peninsula　which　is　the　type－locality　of　the　lower］Miocene　in　Japan，　because

λfθ亡α8θ卿o乞αグαpoη，乞cα（ENDo），　Co仇μoMαηαμ仇αη励（NATHoRsT）and　others　in

the　Koura　shale　member　comprise　the　Co阻μo励α一L勾励∂α仇bαγassociation，　the

so－called‘‘Daijima－Hora，’．α060γ06α1τα∫o〃8ゼ∫o〃8Z　CusHMAN＆E肌IsoR　occurs　in

the　upper　part　of　the　Ushigiri　Formation　together　with　G．九働∂α（BRADY）．　The

known　ra皿ge　of　the　combination　ofσ．∫oんs乞∫oん8Z　and　G．枷斑ぬis　ollly　very

short，　being　restric七ed　to　the　uppermost　part　of　G．∫oん8Z∫o〃8乞zone．　Accordingly

there　is　no　doubt　tha七the　upper　part　of　the　Ushigiri　Formation　is　included　in

the　uppermost　of　G．アoん8Z∫oん8乞zone．　G．励肋砂αθ（AIsENsTAT），七he　index　species

of　the　next　higher　zone　in　Japan，　occur　in　the　Iower　part　of　the　Aishiro　alterna－

tion　member．

　　　　Above　mentioned　facts　lead　to　the　conclusion　that　the　Koura，　the　Ushigiri，

the　Furue，　and　the　Matsue　Formation　are　correlated　respectively　to七he　Aqui－

tanian，　the　lower　Burdigarian，　the　upper　Burdigarian　to　the　Helve七ian，　and七he

Sarmatian．

HO

Fig．1．　Index　map　showing　the　locality　of　framboidal　pyrite　in　Japan．

　　KY．　Kyushu　island，　SH．　Shikoku　island，　HO．　Hokkaido　island．

　　1．Ariake　bay，2．　Miike　coal　field，3．　Gojo　mirle．
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Occurrence　of　Pyrite　in　the　Aishiro　Alternation　Member

　　　　The　pyrite　granules　dealt　with　in　the　present　paper　were　obtained　from七he

shales　in　the　upPer　part　of　the　Aishiro　alternation　member．　The　Iower　part　of

the　Aishiro　alternation　member　is　composed　of　boulder　conglomerate　consis七ing

of　granitic　rocks　and　andesites．　The　upper　part　is　composed　of　6ne　to　medium

compact　sands七〇nes　and　hard　black　shales，七he　former　of　which　consists　of　clean

and　well　sorted　sand　while　the　latter　is　remarkably　rich　in　the　organic　ma七ter

such　as　a　high　percentage　of　wood　fragments．　Some　fossils　deposited　in　a　shallow

brackish　water　occur　in　the　Aishiro　alternation　member．　Besides，七he　overlying

Furue　mudstone　member　and　the　underlying　Ushigiri　alternation　member，　bo七h

of　which　are　in　contact　with　the　Aishiro　conformab］y，　are　pure　marine　sediments

although　their　facies　are　not　so　deep．　It　is　presumed　that　the　Aishiro　alterna七ion

member　which　was　once　deposited　in　a　shallow　brackish　environment　might　have

been　redeposited　on　the　Ushigiri　alternation　member　by　turbidity　curren七s．

Considering　the　distribution　of　the　Aishro　alternation　member，　it　is　probable

that　they　originally　had　a　lenticular　form　as　a　whole　thinning　out　towards七he

eastern　part　of　Shimane　Peninsula，　where　the　Furue　mudstone　member　overlies

directly　on　the　Ushigiri　alternation　member　without　any　stra七igraphical　gap．

However，　the　original　stratigraphical　rela七ion　is　not　clear　in　the　western　part

because　of　the　intense　intrusion　of　igneous　rocks．　Although　it　is　very　difncult　to

presume　a　sedimentary　environment　for　the　Aishiro　alternation　member　in　details，

it　is，　at　Ieast，　reasonable　to　suppose　that　the　shales　were　deposited　in　an　anaerobic

environment　with　a　high　content　of　organic　mat七er．

　　　　Two　kinds　of　pyrite　occur　in　side　by　side．　The　pyrite　granules，　on　one　hand，

occur　in　the　shales　in　the　form　of　laminar　bands　without　any　sigll　of　scattered

distribution．　On　the　other　hand，　there　is　another　form　of　pyrite，　impregnated

veinlets．　Various　shapes　of　pyrite　granules　are　readily　distinguished　among　the

pyrites　in　the　Iaminar　bands．　The　pyrite　granules　were　carefully　treated　to　avoid

the　mixing　of　materials　from　the　bands　and　veinlets．　Groups　l　and　20f　the　four

groups　discussed　later　are　considered　to　be　especially　important　in　the　regard　of

their　origin，　and　a　discussion　on　the　origin　of　sedimentary　pyrite　is　given　here

in　some　detail．　Group　1（Pl．15，　Figs．1－18）is　diatoms　replaced　by　pyrite．　Pl．16，

Figs．17　and　28－38　show　diatoms　imperfectly　replaced　by　pyrite　also　belonging

to　group　1．　Group　2　is　framboidal　pyrites．　They　show　the　different　stages　of

aggregation．　The　specimens，　illustrated　in　PI．16，　Figs．1－16，　are　single　fram－

boidal　pyrites，　and　those　shown　in　Figs．18－27　are　aggregated　framboidal　pyrites．

Very　interesting　is　the　inner　casts　of　diatoms　showing　neither　the　framboidal

aggregation　nor　the　ornamental　feature　of　the　outer　surface　of　diatom七es七s．

They　clearly　indicate　the　last　stages　of　replenishment　by　framboidal　pyrite　in七he

bivalves　of　the　diatoms．　The　above　mentioned　fac七s　indicate　that　the　pyrite　under

consideration　must　originate　in　the　framboidal　pyrite．
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Isolation　of】Pyrite

　　　　AIarge　number　of　pyrite　granules　with　various　shapes　were　found　unex－

pectedly　by　the　au七hor　during七he　preliminary　heavy　mineral　analysis　of七he

shales　from　the　Aishiro　alternation　member．　Then七he　author　sys七ematically

sampled　the　shales　from　the　same　locality　for　collecting　more　pyrites．　There　are

two　kinds　of　pyrite，　each　showing　a　different　occurrence．　One　occurs　as　Iaminar

bands　in　strata，　while　the　other　occurs　as　veinlets　which　cut　across七he　strata　as

mentioned　in　the　preceding　article．　On　sampling，七he　author　took　care七〇avoid

the　mixing　of　bo七h，　and　collected　only　the　shales　having　the　banded　parts．

　　　　The　shale　samples　were　treated　by　the　following　procedure：The　shale　was

crushed　by　jaw－crusher　until　the　grains　would　pass　through七he　80－mesh　sieve；

the　grains　were　washed　off七he　mud　particles　by　water　in　a　glass　beaker，　and

gently　boiled　in　50％HCI七〇extract　CaCO30n　a　waterbath　for　about　15　minutes；

then　heavy　minerals　were　concentrated　by　THouLET，s　solution，　and　cleaned　by　the

ultrasonic　generator（Son　Blastor）to七ake　away　the　surface　pigments　of　grains；

in　order　to　separate　pyrite　graIIuIes　from　them，　a　liquid　of　iodide　methylene　was

further　used　by　means　of　centrifuging；the　residues　were　mounted　in　slide－glasses

with　geratine．　Observation　was　made　under　the　microscope　under　a　high

magnification．

Description　of　Pyrite

The　pyri七e　granules　comprise　the　following　four　groups　of　various　form

　　　　　　　all

　　　　　　　of

EHRENBERG，
replaced　by　pyrite．

Figs．17　alld　28－38　are　also　diatoms

microspheres

other　than　diatoms　ranging　in　size　from　2　to　200μ，　al七hough　they　can　not　be

classi6ed七axonomically　because　of　imperfect　replenishment．　Group　2　is七he

microspheres　which　RusT（1935）named“Framboidal　pyrite，，．　They　occur　as

single　framboidal　pyrites　ranging　from　2　to　50μor　as　aggregated　forms　includ－

ing　different　stages　of　aggrega七ion．　All　the　single　framboidal　pyrites　show

practically　spherical　form　with　uneven　surface．　Examination　under　the　micro－

scope　under　a　high　magni且cation　with　oil　immersion　reveals七hat　the　surface

ornamentation　consis七s　of　innumerous　minute　pyrite　crys七als．　LOVE　（1962）

divided　the　pyrite　spherules　into　a　few　groups　based　on　their　form　and　size．

且owever，　his　division　seems　to　be　unreasonable，　for　it　considers　all　of　these

　　　　　1．

　　　　　2．

　　　　　3．

　　　　　4．

Almos七
　　　ロspecles

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　：

Micro－organisms　replaced　by　pyrite

Microspheres

MiCrOCryStalS

Irregular　shapes．

the　micro－organisms　of　group　l　belong　to　diatoms　comprising　4

2　genera，　Co8ci7zo（IZ8側8　sp．　cf．σ．αゲ9・μ8　EHRENBERG，　C・1仇θα伽8

　　C．8τθIIαがs　RopER，　and　A¢舌飢06び61μ8　sp．　aff．　A．‘？zgθη8　RATTRAY，

　　　　　　　　They　are　showed　in　Pl．15．　The　specimens　shown　in　Pl．16，

　　　　　　　　　　　　　　　　　　　　　　，which　are　imperfectly　replenished　by　many

　　　of　pyrite．　The　other　members　of　group　l　are　micro－organisms
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pyrite　spherules　to　be　of七he　same　origin，七he　difference　lying　only　in　form

and　size．

　　　　Group　3　is　single　or　aggregated　minute　crystals　like　group　2．　Their　size

ranges　from　5　to　50μ．　The　crystal　habits　include　cubic，　pyritohedron　and

octahedron．　Group　4　is　comprised　of　all　the　specimens　which　are　excluded　from

the　three　groups　mentioned　above．　Nearly　all　of　them　do　not　show　regular

shapes，　especially　of　framboida1七ex七ure，　nor　regular　size．　It　is　not　clear　whe七her

they　were　originally　the　framboidal　pyrite　and　melted　la七er　or　they　are　qui七e

differen七from七he　framboidal　pyrite　ill　origin．　The　group　3　and　4　are　omit七ed

from　the　subjec七〇f　the　present　paper，　because　the　scope　of　this　paper　is七〇

examine　the　framboidal　pyrite．

Historical　Review

　　　　NAuMANN（1919）studied　the　pyrite　spherules　in　the　fresh　wa七er　deposits

and　reported　wide－spread　distribution　of　the　pyrite　spherules　in七he　deposi七s・

He　also　reported七heir　occurrence　within　microfossils．　THIEssEN　（1920）ob－

served　pyrite　spherules　with　diameters　of　30　to　40μassociated　with　the　wood

fragments　in　peat．　They　were　powdery　spherules　which　apPeared　pyritous，

varied　from　light　yellow七he　black　opaque　in　color，　were　easily　s七ained　and　gave

the　apPearance　of　micro－organisms．　In　a　single　prepara七ion　all　the　intermedia七e

stages　were　seen　and　the　spherules　were　regarded　as　bacteria　replaced　by　pyrite．

SAwJALow　（1922）described　the　A¢f仇o物びcθs－bearing　grains　of　black　sul丘de

within　the　radiating　mycerial　maments．　ScHNEIDERH6HN　（1923）reported

spherical　pyrite　bodies　of　diameter　5　to　20μfrom　the　Mansfeld　Kupferschiefer

in　Germany．　He　classified七he　spherules　into　four　different七ypes　on　the　basis

of　size，　surface　feature　and　mineralogical　character．　He　considered　the　spher－

ules　七〇　be　fossilized　bacteria，　each　spherule　corresponding　to　a　single　large

bacterium，　and　concluded　that　the　spherules　were　formed　synchronously　to　the

deposition　as　a　result　of　bacterial　action．　BERGH（1928）reached　a　similar

conclusion　concerning　the　origin　of　the　pyrite　spherules　in　the　Swedish　alumina

shale．　IssAcHENKO　（1929）

individual　cells　of　bacteria．

result　of　biological　activity．

spherules　as　a　non－biologicaI

crystallization　of　globules　of　FeS2－gel．

ture，　for　the　texture　of　the　surface　of　the　smaller　spherules，　and　concluded　that

the　framboidal　texture　was　due　to　simultaneous　crys七alliza七ion　in　a　gel－s七ruc七ure．

ScHouTEN（1937；1946a，　b，　c）was　also　strongly　oPPosed七〇the　sulfur　bacteria

theory　in　relation　to　the　formation　of　pyri七e　spherules　in　the　I（upferschiefer，

and　concluded　that　the　framboidal　spherules　were　at七ributable　to七he　recrysta1－

lization　of　iron－sumde　gel，　but　admitted七he　activity　of七he　sulfur　bacteria　for

the　origin　of　the　gels．　NEuHAus（1940）classified　the　spherules　in　two　types，

which　are　modi血cations　of　ScHNEIDERH6HN’s　four－folded　classi丘cation．　They

are　K‘θ8磁gθZ6んθηand　1ζZθ8〃屍仇p¢んθη，七he　former　of　which　is　5　to　20μin

described　the　formation　of　pyrite　withln　the

He　assumed　tha七the　pyrite　was　produced　as　a

RusT（1935）regarded　the　formation　of　pyrite

process，七hat　is，　it　resulted　from　metacolloidal

　　　　　　　　　He　in七roduced　a　term，　framboidal　tex一
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diameter　with　the　typical　framboidal　texture，　while　the　la七ter　is　Iarger　in　size

with　coarser　crys七als　on　the　surface．　He　concluded　that　the　pyrite　spherules

were　produced　through　the　action　of　metal．bearing　water　and　sulfur　grains

originated　from　the　sulfur　bacteria．　BAsTIN（1950）reached　a　similar　conclusion

to　that　of　RusT．　RAMDoHL　（1950，1953）considered　framboidal　pyrite　as

mineralized　bacteria．　DEANs　and　EAGER（in　EAGER，1952）noted　the　occurrence

of　framboidal　pyrite　spherules　in　the　various　kind　of　rocks，　and　suggested　that

they　were　formed　under　marine　condi七ions，　although　he　did　no七imply　any

particular　mode　of　origin．　HIGAsHIMoTo　（1956）reported　sulfide　minerals

having　colloidal七extures　from　the　Gojo　mine　ill　Nara　Prefecture，　Japan．

FABRIcIus（1961）concluded　that七he　framboidal　pyrite　represen七ed　individual

bacteria．　KANNo（1962）found　diatoms　which　were　replenished　by　black　FeS

mineral　in　recent　sedimen七s　from　the　Ariake　Bay　in　North　Kyushu．　NAKA－

YANAGI（1964）also　found　pyri七e　spherules　of　framboidal　texture　from　the　Miike

coal　field．

Genesis　of　Pyrite

　　　　The　origin　of　framboidal　pyrite　has　been　discussed　l）y　many　investigators

as　mentioned　above．　These　discussions　can　be　classi6ed　in　three　groups：　a）

Framboidal　pyrites　are　replaced　fossil　organisms（ex．　SAwJALow，1922　and

LovE，1957）；b）framboidal　pyrite　is　formed　of　inorganic　gel（ex．　RusT，1935

and　VALLENTYNE，1963）；and　c）the　so－called‘‘bacteria　theory，，，　that　is　to　say，

bacteria　work　as　a　catalizer　during　the　process　in　which　the　framboidal　pyrite

is　formed（ex．　THIEssEN，1920　and　NEuHAus，1940）．　Each　of　the　hypotheses

has　merit　but　no　one　is　conclusive．

　　　　1）τ86膨88ioγτ：　a）　In　his　hypothesis　I・ovE　（1957）　stressed　the　fact　七hat　the

framboidal　pyrite　Ieft　some　organic　residues　after　being七reated　with　nitric

acid．　It　may　appear　reasonable　that　the　organic　material　exists　in　some　of七he

framboidal　pyrites　because　NAKAYANAGI（1964）also　reported　similar　result　as

LovE’s．　However，　it　does　not　mean　that　all　of　the　framboidal　pyrites　always

contain　the　organic　material　in　them，　as　VALLENTYNE（1963）mentioned．　It

seems　to　be　a　more　reasonable　conclusion　that　only　part　of　the　framboidal　pyrites

colltains　the　organic　material．　Furthermore　the　framboidal　pyrite　with　organic

material　does　not　necessarily　Iead　to　a　single　conclusion　as　to　its　origin．　This

has　led，　NAKAYANAGI　and　the　present　author，　who　found　the　organic　residue　in

the　framboidal　pyrite，七〇disagreemen七wi七h　LovE’s　interpretation．

　　　　LovE　proposed　generic　and　specific　names　for　some　of　the　framboidal　pyri七es，

Pダ伽8批αθγαbαγbαγZαand　1）びγ屹IIαpol〃go％硫8．　The　former　is　smaller　and

the　Iatter　is　Iarger．　It　is　premature　to　give　the　generic　and　specific　names　to

the　framboidal　pyrite　for　the　sole　reason　that　the　organic　material　was　retained

in　them　because　the　organic　material　is　not　necessarily　the　organism　i七self．

Moreover，　the　organisms　which　correspond　to　the　framboidal　pyri七es　have　not

been　found　anywhere　in　spite　of　common　occurrence　of　the　fram『boidal　pyrite

in　recent　sediments．　If　the　organisms　which　LovE　described　were　to　be　found
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in　recent　sedimen七s，　his　conclusion　would　have　a　concrete　basis．

b）　VALLENTYNE　men七ioned七hat七he　framboidal　pyrite　was　formed　of　inorganic

gel，　referring　to　BAAS　BEcKING’s　and　BERNER，s　opinions．　He　concluded　that　the

organic　material　which　LovE　described　should　be　the　result　of　con七amina七ion

during　the　processes　of　the　chemical　trea七ing　of　the　pyri七e　sample，　yet　NAKA－

YANAGI　extracted　the　organic　material　from　the　framboidal　pyrite．　The　author

also　reached　substantially七he　same　result　as　they，　af七er　carefully　avoiding

contamination　during　all　the　processes　for　detecting七he　organic　material　from

the　framboidal　pyri七e．　From　the　evidences　above　men七ioned，　no　one　will　deny

that　the　organic　material　exists　in　a　part　of　the　framboidal　pyrite．

　　　　The‘‘inorganic　theory，，　may　be　apparently　the　most　reasonable　interpreta－

tion　about　the　origin　of　framboidal　pyrite　without　organic　material．　However，

it　can　not　interpre七七he　origin　of七he　framboidal　pyrite　wi七h　organic　material．

Tha七is七〇say，　it　can　not　give　a　satisfactory　in七erpretation　concerning　how　the
　　　　　　　　　　　　　　　　　　　　　　　　
organic　material　is　taken　in　inorganic　gel　and，　moreover，　why七he　framboidal

pyrite　was　replenished　in　the　cells　of七he　organisms　selectively．

c）　Although　some　revision　must　be　given　to七he　formation　of　the　framboidal

pyrite，　the　author　supports　the　third　interpretation　in　the　sense　that　（i）　七he

organic　material　exists，　at　least，　in　a　part　of七he　framboidal　pyrites，（ii）七he

environmellt　of　recent　sediments　and　sedimentary　rocks　with　the　framboidal

pyrite　is　restricted　in　foul　condition　and（iii）the　framboidal　pyrite　replenishes

the　cell　of　certain　kind　of　organisms　selectively．

　　　　Flurther，　LovE　men七ioned七ha七the　framboidal　pyri七e　was　produced　under

an　anaerobic　condition．　Cer七ainly　all　of　the　sediments　and　sedimentary　rocks

with　framboidal　pyri七e　have　a　more　or　less　intimate　relation　to　a　foul　environ－

men七during七he　deposition　and　the　diagenesis．　For七he　iron－su愉de　gel　the

supply　of　H？S　is　indispensable　even　when　sulfur　bac七eria　and　sulfate　reducing

bacteria　work　as　a　ca七alizer．　If　H2S　is　supplied　freely，　an　anaerobic　condition

is　not　necessarily　needed　for七he　formation　of七he　iron－sul6de　gel　because　the

bacteria　do　not　need　the　foul　environmen七but　H2S　for　the　vigorous　breeding．

Long　lasting　foul　environmen七，　of　course，　has　some　importance　to七he　genera七ion

of　H2S　and　is　not　necessitated　the　supply　of　inorganic　H2S．　In　Japan　almos七

all　of　beds　with　framboidal　pyrite　are　associated　with　the　mines　of　sufide

minerals．　Flor　example七he　Aishiro　al七ernation　member　seems　to　have　been

infiuenced　rather　by　the　sulfuric　spring　or　sul6de　gas　l）y　volcanic　activity七han

by　the　foul　environmen七in　its　dense　concentration　of　framboidal　pyrite．　1七

seems　to　be　impossible七〇form　the　abundan七framboidal　pyrite　from　H2S　which

is　generated　only　in　the　foul　envirollmen七．　Flurthermore，　in　the　Aishiro　alterna一

七ion　member　in　which　the　dense　concentratioll　of　the　framboidal　pyrites　are

found，　the　rapid　reaction　of　Fle　and　S　should　be　required．　H2S　supplied　from　the

anaerobic　environment　seems　to　be　insumcien七to　form　necessary　amoun七〇f

FeS2－gel．　Because　the　maximum　volume　of　dissolved　H2S　and　Fle＋＋in　wa七er　is

constant，　something　must　work　as　a　catalizer　to　utilize　H2S　as　much　as　possible．

　　　　Selective　replenishing　of　framboidal　pyrite　in　diatom七ests　should　not　be

inevitable，　if　the　framl）oidal　pyrite　was　formed　by　inorganic　gel．　As　shown
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in　Pl．2，　Figs．17　and　28－38，　however，　it　is　clear　that　the　replenishmen七〇f　the

framboidal　pyrite　s七arts　inside　the　bivalves　of　the　diatoms．　If　the　framboidal

pyrite　was　formed　of　inorganic　gel，　it　should　be　precipitated　on　the　outer　surface

of　the　valves．　Many　examples　of　pyrite　which　fill　up　the　inside　of　organisms

have　been　reported　by　various　investigators．　The　question　of　why　FeS2－gel　is

replenished　within　the　cell　of　organisms　is　a　critical　problem．　It　may　be

solved　by　supPosition七hat　sulfur　bacteria　and　sulfate　reducing　bacteria　worked

as　a　catalizer．

　　　　Even　supPosing　that　sulfur　bac七eria　and　sulfate　reducing　bacteria　work　as

acatalizer，　the　chemical　process　of　the　formation　of　FeS2－gel　should　be　clari丘ed・

To　date，七he　previous　investigators　who　treated七he　framboidal　pyri七e　seems　to

have　been　misled　by　idea　that　mere　co－existence　of　Fe＋＋and且2S　resul七ed　in　the

formation　of　FeS2．　After七he　experimen七〇n　the　reaction　of　Fe＋＋and　H2S　under

七he　same　condition　of　sea　wa七er，　BAAs　BEcKING（1961）recognized七ha七the

precipitation　from　that　solution　was　not　FeS2　but　FeS．　While　he（1956）sup－

posed　that　the　hypothe七ical　material　with　the　molecular　formula　of　Fe（SH）2

is　formed　as　the　transitional　substance　before　FeS2　is　ul七ima七ely　formed　during

the　reaction　of　Fle＋＋and　H2S，　this　is　very　doubtful．　Even　if　Fe（SH）2is　formed，

it　should　be　resolved　immediately　following　the　equation　given　below：

　　　　　Fe（SH）2→FleS十且2S

Accordingly　there　is　no　chance　to　ob七ain　FeS2　as　purely　a　chemical　precipitate．

BERNER（1962）proposed　the　following　formula　as　a　normal　reaction：

　　　　　FeS＋S・→FeS2

The　reaction　of　the　solid　S　with　any　other　element，　however，　is　impossible　at

room　temperature　with　low　pressure．　These　facts　lead　to七he　hypothesis　that

Fe＋＋and　S－－react　directly　to　form　FeS2　under七he　above　mentioned　condi七ion・

　　　　GARRELs　（1956）stated　that　S　could　not　be　ionized　through　any　inorganic

process　under　the　condition　men七ioned　above，　no　ma七ter　what　kind　of　material　S

origina七ed　from．　The　following　fact，　however，七hrows　ligh七〇n　the　formation

of　S－一；he　found　also　a　minute　quantity　of　S－－in　recent　sedimen七s，　and　supPosed

that　S－－might　have　been　ionized　by　the　activity　of　the　organism．　FeS2　has

never　been　synthesized　from　Fe＋＋and　H2S．　S一一also　has　never　ionized　from　S

through　any　inorganic　process　at　room　temperature　with　low　pressure．　How－

ever，　both　FeS2　and　S－－actually　exist　in　recen七sedimen七s．　These　facts　seems　to

contradict　each　other．　The　problem，　however，　may　be　solved　through七he　intro－

duction　of　the　recent　knowledge　on七he　ac七ion　of　sulfur　bacteria　and　sulfate

reducing　bacteria．

　　　　As　pointed　ou七by　BAAs　BEcl（ING，　he　could　not　succeed　to　syn七hesize　FeS2

from　Fe＋＋and　H2S　in　his　experiment　even　under　the　influence　of　sulfur　bacteria．

It　seems　that　the　reaction　of　Fe＋＋alld　H2S　proceeded　before　S－－was　formed　by

the　bacteria　in　BAAs　BEcKING’s　experiment．　Moreover七he　observation　concern－

ing　the　activity　of　sulfur　bacteria　which　ionized　S　to　S－－has　never　been　reported．

Although　this　data　seems　to　be　disadvantageous　for　the　bacteria　theory，　this　is

not　collclusive．　He　might　have　avoided　his　failure，　if　he　had　used七he　colony　of

both　sulfur　bacteria　and　sulfate　reducing　bacteria，　It　is　actually　observed　that
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both　sulfur　bacteria　and　sulfate　reducing　bacteria　are　symbiotic　and　make　up

acolony．

　　　　GALLIHER（1933）pointed　out　that　a　sulfur　cycle　may　be　realized七hrough

the　serial　activities　of　the　colony．　The　author　supPorts　this　in七erpretation七hat

there　is　a　possibility　of　ionizing　S　to　S－－in　the　organic　sulfur　cycle，　even　if　S

is　supPlied　as　正12S　or　H2SO4，　irrespective　of　their　organic　or　inorganic　origin・

If　the　condition　is　such　that　H2SO4　is　supPlied　contillually，七he　formation　of

pyrite　is　obstructed　because　Fe＋＋reacts　much　more　readily　to　SO4－－than　to

S－一．　FeSO4　is　hardly　preserved　in　sedimen七ary　rocks　l）ecause　of　its　low

stability　at　room七emperature　with　Iow　pressure．　If　S－－is　formed　in　the　colony

of　the　bacteria，　it　may　react　with　Fe＋＋directly　to　form　the　gel　of　FeS2　which　is

more　stable　than　FeS　at　room　temperature　with　Iow　pressure．　The　process　in

which　the　FleS2－gel　transforms　to　the　framboidal　form　can　be　explained七hrough

applica七ion　of　colloidal　chemistry．

　　　　In　the　process　of　crystallization　of　the　FeS2－gel，　whether　it　becomes　pyrite

or　marcasite　depends　on　the　physico－chemical　condi七ion　through七he　diagenesis．

Under　an　acidic　condition　FeS2－gel　is　crystallized　as　marcasite　which　has　Iow

stability　compared　with　pyrite　at　room　temperature　with　low　pressure，　and　is

scarcely　preserved　in　sedimen七ary　rocks　which　are　in　many　cases　neu七ral　or

weak　alkaline．　This　is　the　reason　why　pyrite　is　much　more　than　marcasite　in

sedimentary　rocks．

Summary

　　　　1．　Alarge　number　of　framboidal　pyrites　which　replenish　the　cells　of

diatoms　were　found　from　the　Aishiro　alternation　member　of　the　Miocene　Furue

Formation　in　Shimane　Peninsula，　Southwest　Japan．

　　　　These　diatoms，　Co8c仇o碗86τ68　sp．　cf．　C．αγgz↓8　EHRENBERG，　C．1仇θα劫s

E正【RENBERG，0．8£θIIαγ乞8　RoPER，　and　Ac勧zo¢y』61z↓8　sp．　aff．　A．飢9θηs　RATTRAY　are

described　systematically　il1七he　present　paper．

　　　　2．To　date，　several　interpretations　concerning　the　origin　of　the　sedimen－

tary　pyrite　have　been　given　by　many　investigators．

　　　　3．However，　all　of　these　interpre七ations　seem　to　have　been　based　on　the

misunderstanding　that　pyri七e　is　formed　in　normal　sedimentary　condition　merely

by　the　co－existence　of　Fe＋＋　and　H2S．

　　　　The　precipi七ation　by　the　purely　chemical　reaction　of　Fe＋＋and　H2S　at　room

temperature　with　low　pressure　is　not　FeS2　bu七FeS．

　　　　4．Ionized　sulfur（S－一）and　iron（Fe＋＋）may　react　directly　with　each　other

to　form　FeS2－gel．

　　　　5．Although　the　latest　knowledge　of　chemistry　teaches　that　sulfur　is　never

ionized七〇S－一七hrough　any　inorganic　process　at　room七emperature　with　low

pressure，　S－－is　actually　found　in　recent　organic　sediments．

　　　　6．　It　is　generally　believed　that　sulfur　bacteria　and　sulfate　reducing　bac－

teria　are　symbiotic　and　build　up　a　colony，　and　that　a　sulfur　cycle　is　realized　in

the　colony．
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　　　　7．　The　sulfur　bacteria　and　sulfate　reducing　bacteria

catalizer　for　the　formation　of　FeS2．

seem　to　work　as　a

Systematic　Description　of　Diatom

　　　　　　　　　　Class　Bacillariophyta

　　　　　　Order　Centrales　ScHUTT，1896

　　　　　　Family　Discaceae　ScHUTT，1896

Subfamily　Conscinodiscoideae　ScHUTT，1896

　　　　Tribe　Coscinodisceae　ScHUTT，1896

　　Genus　Co8¢τ？zo椛8¢〃8　EHRENBERG，1838

Co8c碗o〔》‘8c〃8　sp．　cf．　C．αγgzε8　EHRENBERG

　　　　　　　　　P1．15，　Figs．1，2，3，4．

1840．

1929．

1941．

1957．

1959．

Oo86仇o（ττ86祝8αγ9視8　EHRENBERG，1κ．∠【1Cα∂．ア四88．　Bθγ抗z，　Pんμ8．／1　bん．，1938，

p．129　（inaccessible）．

Co86カω（ガ86z‘sαγg視8，　HusTEDT，　Kτθ8杉Zαlgθη，　Teil　1，　p．422，6g．226．

Co8c仇od！τ80zL8αγ9τ£8，　LOHMAN，σ．S．　Gθol．　Sτεγ㊤．　Pγo∫．　PαPθγ8196－B，　P．70，

pl．13，丘gs．1，3．

C・80仇・傭C祝8αγ9祝8，KANAYA，　SCτ．　RθP．　r・η・〃τ¢仇τ砂．2∂8θγ．（σθolo9び），

vo1．28，　p．84，　pl．4，6gs．1a，1b，2a，2b，3．

Co8c仇od！τ8の也8αγg祝8，］KANAYA，肪掘．，　vol．30，　p．73，　p1．3，　fig．4．

　　　　Spθc伽θηηo．－GKW　4001－a，　b，　c，　d（Slide）．

　　　Hoγ勧ηα嬬Io6αIZ勿．－Middle　Miocene，　the　Aishiro　alternation　member；a

quarry　about　100　m　north　of　Aishiro－iriguchi，　Hirata　City，　Shimane　Peninsula．

　　　　Dθ8cγ⑳ττ鋤．－The　valve　is　almost　flat　or　slightly　concave　without　the　rosette．

The　areolation　is　complete；each　areole　is　hexagonal　and　enlarges　the　size　from

center（3－4　in　10μ）toward　margin（5－6　in　10μ）．　The　radial　and　secondary

spiral　rows　of　areoles　are　clear．

　　　　DZ86γ‘6μZ加η．－LoHMAN（1941）mentioned　tha七七his　species　had　its　heyday　in

the　geologic　past，　but　it　is　still　living　in　the　neritic　environment　as　a‘‘distinct

warm　water　marine　species”．　This　species　has　been　found　from　the　following

Iocalities：　The　upper　Eocene．lower　Oligocene　formation　of　Barbados　Island

［DE　ToNI，1894　and　ScHMIDT，1878（cited　from　KANAYA，1957）］，七he　upPer

Eocene　Oamaru　deposit　of　New　Zealand［DE　ToNI，1894（cited　from　KANAYA，

1957）］，Monterey　shale　of　California（HANNA，1928），the　upper　Miocene　Megeri

Formation（REINHoLD，1937），七he　middle　Calvert　Formation？of］Maryland［DE

ToNI，1894（cited　from　I（ANAYA，1957）］，　North　Atlantic　deep－sea　cores，　Pleisto－

cene（LoHMAN，1941），　the　Pacific，　Atlalltic　and　Indian　Oceans　equatorial　deep－

sea　cores　（KoLBE，1957），　the　Miocene　formation　of　Oga　Peninsula，　Japan

（KANAYA，1959）．

　　　　Reηαγ〃8．－All　of　the　specimens　are　replaced　by　pyrite．　The　sculpture　on　the

valve　is　well　preserved，　but　it　can　not　be　observed　whether　the　hyaline　area　is

present　or　not．　Neither　marginal　processes　nor　apiculi　is　present．

　　　　S㌘γαηgθo∫勿θα8μγθ∂8pθc碗θη8．－60－150μin　diameter．
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Co86飢o（IZ86μ8　Z仇θα¢μ8　EHRENBERG

　　　　　　　PI．15，　Figs．5，6，7．

1840．

1928．

1941．

1955．

1959．

1960．

COS¢仇0（ガ8Cμ8　ZZγτθα加8　EHRENBERG，　K．　Aんα（1．｝17i88．　Bθパ仇，　Pん〃8．　Abん．，

1838，p．129　（inaccessible）．

Co8c仇o（況sのτ8　ZZ？τθαε祝8，　HusTEDT，　Kτθ8θZαZgθγz，　Tei11，　p．392，　fig．204．

Co86τγzo（ガ8梛8　Z仇θα飢8，1・OHMAN，σ．　S．　GθoZ．　Sμγu．1）γo∫．1）α匁θγ8196－B，

p．68，pl．12，丘g．10．

Co8c仇o（ガ8c祝8　Zτγzθα伽8，　KoKuBo，　PZαγz1沈07z（況αεo仇8，　p．77，　fig．58．

Co86仇o砺8梛8励θα伽8，　KANAYA，　Scτ．　RθP．　roれo瓦視ση初．，2励8θγ．（Gθ一

〇lo9〃），vol．30，　P1．4，69．3．

Co8c仇o砺86μ8吻θα枷8，　IcHIKAwA，　Scτ．　RθP．　Kαηα2αωαση初．，　vol．5，　no．1，

pl．2，丘gs．17，18．

　　　Spθ6拠θηηo．－GK－W　4002－a，　b，　c（Slide）．

　　　Hoγ伽ηα励Io¢αIW．－Same　as　GK－W　4001．

　　　D杉8cγ鋤乞o％．－The　valve　is　disc－shaped　with　almost　6at　surface．　Its　margin

is　slightly　thin　with　radial　striae　and　marginal　spinules　are　present　there．　The

areolation　is　perfect．　The　areoles　are　hexagonal　and　arranged　on　the　straight

Iines　while　those　of　the　many　genera　are　arranged　on　the　curved　line，　similar

in　size　（6　in　10μ）　over　the　surface　of　valves．

　　　Dτ8抗b励ゼoη．－According　to　LoHMAN（1941），this　cosmopolitan　species　has　a

world－wide　distribution　as　the　oceallic　and　neritic　plankton　of　temperate　and

subtropical　seas，　and　occurs　from　the　Late　Cretaceous七〇Recent．　This　species

has　been　known　from　the　following　localities：　The　upper　Cretaceous］Moreno

shale（HANNA，1934），　the　middle　Miocene　Sharktooth　Hill　deposits（HANNA，

1932and　KANAYA，1957），　the　Miocene　of　the　Maria　Madre　Island，　the　West

Coast　of　Mexico　（HANNA　and　GRANT，1926），　the　Pliocene　San　Joaquin　and

Etchegoin　Formations　at　Kettleman　Hills，　California（LoHMAN，1938），the　upPer

Miocene　and　the　Pliocene　strata　in　eas七ern　Java（REINHoLD，1937），the　Miocene

formation　of　Japan（OKuNo，1952），　the　Miocene　formation　of　Oga　Peninsula

（KANAYA，1959），　and　No七〇Penillsula　（Ic且IKAwA，1960），七he　North　Atlantic

deep－sea　cores，　Pleistocene　and　Recent（LoHMAN，1941），　the　equatorial　cores　of

the　Pacific，　Atlantic　and　Indian　Oceans（KoLBE，1957）．

　　　　Rθ阻αγん8．－All　the　specimens　at　halld　are　replaced　by　pyrite　and　not　perfect　in

preservation，　and　the　detailed　observation　can　not　be　carried　out．　The　girdle

part，　however，　is　generally　preserved　very　well　and　enables　the　concrete　com－

parison　with　other　genera　and　species．

　　　　S㌘γαηgθo∫仇θα8μγθ∂8pθ6乞ηθη8．－50－90μin　diameter．

Co86仇o〔Z‘86μ88¢θ況αγZ8　ROPER

　　PL　15，　Figs．8，9，10，11，12．

1858．

1905．

1928．

1941．

Co8c伽o（混scμ88£elZαγτs　RoPER，　Q祝α弼．　Joμγ．」協αγ．　S砿，　vol．6，　P．21，　pL　3，

69．3　（inaccessible）．

Co8c仇o砺8cμ88εθZIαγτ8，　J6RGENsEN，　Bθ？・9θγ↓81匠μ8．　Sん仇∫¢θγ⑳，，voL　7，　P・196・

Co8c仇o（江8cμ88£θZZαγi8，　HusTEDT，」臨θ8θ1αZgθγτ，　Teil　1，　p．396．

Co86仇o（漉w88ZθIZαγi8，　LoHMA．N，σ．　S．σθoZ．　SzLγu．　Pγo∫．　Pα匁θγ8196－B，

pp．68－69，　p1．13，6g．2．
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　　　　8pθ6乞働θηηo．－GK－W　4003－a，　b，　c，　d，　e（Slide）．

　　　　Hoγ伽％α励Io¢α1吻．－Same　as　GK－W4001．

　　　　1）θ8¢γ⑳抗oη．－The　valve　is　convex．　The　sculpture　on　valves　is　delicate．　The

areola七ion　is　perfect　and　the　radial　and　secondary　rows　appear　sharply．　Each

areole　is　small　and　hexagonal．　The　6－81arge　dots　sca七ter　in　the　central　part．

The　areoles　arrange　on　10－12　in　10μ．

　　　　1）Z8£γ‘b励τo％．－This　species　is　said　to　range　from　Tertiary　to　Recent．　There　is

some　doubt　concerning　its　specific　iden七mcation　in　the　previous　works．　The

detailed　description　regarding　localities　can　not　be　given．

　　　　Rθ仇α触8．－Although　the　specimens　are　replaced　by　pyrite，　the　sculpture　is

well　preserved．　Co86碗o応cμ88¢θIIαγ乞8　RoPER　and　C．8古θZIαγ乞8　var．8卿功olo批oγα

（GRuN．）J6RG．　closely　resemble　each　other　in　the　general　features．　The　former，

however，　can　be　distinguished　from　the　latter　by　having　much　finer　sculpture．

Many　specimens　have　been　reported　as　Co8c仇o砺86μ88τθ1伽Z8　RoPER　from　the

various　Iocalities　of　the　world．　A　considerable　number　of　the　mentioned　species，

however，　should　be　referred　to　O．8舌θIZαγτ8　var．8び物boloP1↓oγα　（GRuN．）J6RG．

While　MANN（1907）s七ated　that　there　were　so　many　intermediate　forms　between

Co80Zγzo（1乞8c刎88亡θIIαγZ8　RoPER　and　C．8彦θZIαγZ8　var．8びηzboloPんoγα（GRuN．）J6RG．，

therefore　the　distinction　be七ween　the七wo　is　not　practical．　So　far　as　the　speci－
　　　　　　　　　　　　　　
mens　treated　in　the　presen七paper　are　concerned，　the　former　and　the　latter，

however，　can　be　distinguished　clearly．　This　fact　suggests　a　strong　possibility

that　Oo8¢乞γzo（1‘8c祝8　8¢θIIαγZ8　var．8〃ηzl）oloPんoγ・α　is　revised　七〇　C．8εθIIαγZ8　subsp．

8〃働bolo帥oγα，　but　the　conclusion　should　be　suspended　until　enough　specimens

shall　be　examined．　In　Japan，　IcHIKAwA（1960，　P．186－187，　pl．1，　fig．12a，　pl．2，

6g．12b）reported　Co86乞ηo∂乞scμ88εθIIαγZ8　RopER　from七he　Miocene　formation　of

Noto　Peninsula　and　his　identi6cation　has　been　accep七ed　by　some　Japanese

authors．　However，　the　author　considers　that　IcHIKAwA’s　specimens　really

belollg　to　C．8¢θIIαγZ8　var．8〃物bolopんoγα（GRuN．）J6RG．　This　discrepancy　must

be　answered　by　a　close　examination　of　two　forms．

　　　　8㌘γα％gθo∫仇θα8μγθ∂8pθcZ仇θη8．－80420μin　diameter．

Subfamily　Eupodiscoideae　ScHUTT，1896

　　　Tribe　Eupodisceae　ScHUTT，1896

　Genus　Ac励zo6びolz↓8　EHRENBERG，1838

AcZ仇oc〃cZz↓8　sp．　aff．　A．仇gθη8　RATTRAY

　　　　P1．15，　Figs．13，14，15，16，17，18．

1890．

1959．

1960．

．Ac伽06yぬ8迦θη8　RATTRAY，　Q祝θ〃θ琵1匠ぜcγ．　CZμ6．　Jo祝γ’・，2掘8θγ．　vo1．4，

p．149，pl．11，丘g．7　（inaccessil）1e）．

∠1C励0卿ぬ8仇9θη8，　KANAYA，　S6i．丑θP．　Toん0〃μσm”．，2閲8θγ．（Gθ0膓09〃），

voL　30，　p．97，　pl．7，　figs．6－9，　p1．8，丘gs．1－4．

A6¢仇06yc抗8仇9θπ8，　IcHIKAwA，　ScZ．　RθP．　Kαηαzαz〃αση初．，　vol．7，　no．1，

p．185，pl．1，6gs．11a－d．

8pθ6ぜ抗θηηo．－GK－W　4004－a，　b，　c，　d，　e，　f．

Hoγ勧πα励Io6αIW．－Same　as　GK－W　4001．
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　　　　Dθ8cγ勿）翻07z．－The　valve　is　disc－shaped，　and　the　surface　undula七es　concen－

trically　and　rises　gradually　from　center　to　about　2／30f　radius　and　slopes　down

outwardly．　The　sculpture　is　coarse．　The　areoles　are　round七〇subangular　and

arranged　ill　radial　rows．　Their　size　changes　from　center　to　the　submarginal

zone（6　in　10μ）through　the　highest　zone（4　in　10μ），　where　the　areoles　are

largest．

　　　　D乞8舌γ乞bz↓万oη．－KANAYA（1959）stated　that　the　geologic　age　was　unknown，

though　most　of　the　localities　were　probably　of　the　Miocene．　This　species　has　been

reported　from　the　following　localities：Brunn　Tegel，　Moravia，　Santa　Monica，

Los　AngeIes，　Monterey［RATTRAY，1890（cited　from　KANAYA，1959）］，　the　Miocene

formation　of　Oga　Peninsula，　Japan　（KANAYA，1959），　and　Noto　Peninsula

（ICHIKAWA，1960）．

　　　　Rθ仇α祐8．－All　of　the　specimens　are　replaced　by　pyrite．　The　hyaline　area　can

no七be　discriminated，　therefore，　it　can　not　be　concluded　whether　the　do七s　are

Originally　preSent　in　it　Or　nO七．

　　　　8㌘γαηgθo∫仇θαs耽θ∂8pθci仇θηs．－40－75μin　diameter．
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Biogenic　Pyrite　from　a　Miocene　Florma七ion　of

　　　　Shimane　Peninsula，　Southwest　Japan

　　　　　　　　　　　　　　Plates　15＾〆17



Plate　15



Explanation　of　Plate　15

Figs．1－4．　Co8c仇o（1τ8c祝8　sp．　cf．0．αγgr祝s　EHRENBERG．．．．．．．．．．．．．．．．Page　324

　　　1，GK－W　4001－a（Slide）；2，　GK－W　4001－b（Slide）；3，　GK－W　4001－c（Slide）；

　　　4，GK－W　4001－d（Slide）．

Figs．5－7．　Oo？z86‘？zod％86μ8抗τθαεzε8　EHRENBERG．．．．．．．．．．．．．．．．．．．．・Page　325

　　　5，GK－W　4002－a（Slide）；6，　GK－W　4002－b（Slide）；7，　GK－W　4002－c（Slide）．

Figs．8－12．　Co86Z？zo砺86μ88診θZZαγi8　RoPER．．．．．．．．．．．．．．．．．．．．．．．．．．Page　325

　　8，GK－W　4003－a（Slide）；9，　GK－W　4003－b（Slide）；10，　GK－W　4003－c（Slide）；

　　　11，GK－W　4003－d（Slide）；12，　GK－W　4003－e（Slide）．

Figs．13－18．　∠4c抗zoc〃o勧8　sp．　aff．　A．仇9θη8（GRuN．）J6RG．．．．．．．．．．．Page　326

　　　13，GK－W　4004－a（Slide）；14，　GK－W　4004－b（Slide）；　15，　GK－W　4004－c

　　　（Slide）；16，　GK－W　4004－d（Slide）；17，　GK－W　4004－e（Slide）；18，　GK－

　　W4004－f（Slide）．

All　figures　are　in　the　same　magni6cation（×400），　and　all　the　specimens　came

from　one　and　the　same　locality（a　quarry　at　Aishiro－machi，　Hirata－city）．
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Plate　16



Explanation　of　Plate　16

Figs．1－16．　Single　framboidal　pyrite．．．．．．．．．．．．．．．，．．．．．．．．．．．．．．Page　318

　　　1－7and　9－16，×1000；　8，×400．

Figs．18－27．　Aggregated　framboidal　pyrite．．．．．．．．．．．．．．．．．．．．．．．．Page　318

　　　21，×1000；　18－20，22，25and　27，×400；　23，24　and　26，×250．

Figs．17，28－38．　Framboidal　pyrite　replenished　in　diatom．．．，．．．．．．．Page　318

　　　17，28，29and　31－38，×400；　30，×250．

AII　the　specimens　came　from　one　and　the
machi，　Hirata－city．

same　locality，　a　quarry　at　Aishiro一
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Plate　17



　　　　　　　　　　　　　　　　　　　　　　Explanation　of　Plate　17

Figss．1－9，16　and　17．　］M【icrocrysta1．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．Page　319

　　　1and　7－9，×400，　Single　crysta1：2－6，×400；16　and　17，×250，　Aggregated

　　　crystal．

Figs．10－15．　Framboidal　pyrite　replenished　in　micro．organism．．．．．．．Page　318

　　　10－15，　×400．

Figs．18－25，29　and　30．　Irregular　type　pyrite．．．．．．．．．．．．．．．．．．．．．．Page　319・

　　　18－25，29and　30，×400．

Figs．26，27，32－35．　Side　view　of　diatom　replaced　by　pyrite．．．．．．．．．．Page　318

　　　26，27，33and　34，×400；32　and　35，×250．

Figs．36，37　and　40．　Smaller　framboidal　pyrite　replenished　in　daitom．　Page　318

　　　36and　40，×400；37，×250．

Fig．38．　Frambo‘idal　pyrite　and　irregular　pyrite　replellished　in　diatom．　Page　318

　　　38，　×400．

All　the　specimens　came　from　one　and　the　same　locality，　a　quarry　at　Aishiro－

machi，　Hirata－city．
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