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Abstract

　　　　For　the　purpose　of　understanding　depositional　and　tectonic　settings　of

cherts　around　the　Akiyoshi　1二imestone　Group（Visean　to　Guadalupian），South－

west　Japan，　this　paper　d㏄uments　their　distribution，　relationships　to　other

rock　units，　stratigraphy，　petrography，　and　age．　The　cherts　occur　as　slabs　and

blocks　of　varied　sizes　and　forms，　and　are　complexly　juxtaposed　with　and

enclosed　in　pervasively　sheared　mudstones　and　sandstones．　Geo］ogical　and

paleontoIogical　evidence　suggests　that　the　terrigenous　clastic　rocks　are　of

Iate　Guadalupian　to　probably　posレGuadalupian　age．　The　cherts　and　ass㏄iated

rocks　exhibit　the　following　stratigrapllic　sequence：（1）lower　part（20　m　thick）

composed　mainly　of　reddish　volcaniclastic　rocks　with　thin　chert　interbeds　in

the　upper　part．（2）upper　part（up　to　100　m）consisting　of　bedded　or　massive

cherts．　The　cherts　are　characterized　by　a　copious　amount　of　siliceous　sponge

spicules　and　by　admixture　of　volcanic　detritus　in　varying　degrees，　particularly

hl　the　lower　part．

　　　　The　radiolarian　dating　indicates　that　the　major　part　of　the　cherts　ranges

in　age　from　Wolfcampian　to　Glladalupian．　At　several　levels　of　the　volcani－

clastic　rocks－chert　sequences　there　occur　limestone　Ienses　with　siliceous　lime－

stone　envelopes　which　have　resulted　from　mixing　in　the　unconsolidated　state

of　sponge　spicule－rich　sediments　and　calcitic　skeletal　debris　exogenetically

derived　from　the　Akiyoshi　carbonate　buildup　of　shallow－water　o亘gin．　Those

of　the　Iowest　part　yield　fusulinaceans　of　Visean　age，　thereby　the　volcaniclas－

tics＿chert　sequence　is　deduced　to　be　coeval　with　the　almost　whole　sequence　of

the　Akiyoshi　Limestone　Group．

　　　　All　lines　of　evidence　indicate　that　the　cherts　accumulated　on　the　lower

6ank　and　foot　of　a　volcanic　seamount　capped　by　a　reef　complex，　the　Akiyoshi

Limestone　Group，　and　on　the　surrounding　ocean　600r．　These　rocks　formed　in

arealm　far　removed　from　in6ux　of　terrigenous　detritus．

　　　　Based　on　lithologic　afaliation　and　age，　rocks　of　the　area　are　grouped　into

two　major　tectonostratigraphic　units　of　completely　different　Iithology；the　one

composed　of　rocks　of　oceanic　setting　including　a　greenstone－reef　limestone

complex　and　coeval　deep－water　sediments　represented　by　tlle　spicular　cherts，

both　ranging　in　age　from　Visean　to　Guadalupian，　and　the　other　consisting　of

terrigenous　clastic　rocks　of　late　to　post－Guadalupian　age．　Complex　juxta－

position　of　these　two　units　is　interpreted　most　likely　as　the　result　of　collisional

accretion　of　a　seamount　accompanied　by　a　reef　compIex　and　spicular　cherts

toward　terrigenous　clastic　rocks　that　accumulated　within　a　trench．　Accretionary

proeess　of　these　rocks　prol｝ably　took　place　during　Late　Permian　to　Early

Triassic　times．
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Introduction

　　　　This　paper　describes　results　on　geological，　sedimentologica1，　and　paleontologi－

cal　examinations　of　cherts　adjacent　to　the　Akiyoshi　Umestone　Group　in　Yama－

guchi　Prefecture，　Southwest　Japan，　and　interpretes　their　depositional　setting．

Also七ectonic　setting　of　the　chers　is　presented，　because　they　play　an　important　role

in　the　tectonic　evolution　of　the　Inner　Zone　of　Souhwest　Japan．

　　　　Since　the　first　paleontological　description　by　OzAwA（1923），　the　Akiyoshi

Limestone　Group　has　been　celebrated　mainly　for　Early　Carboniferous（Visean）

to　Iate　Middle　Permian（Guadalupian）fusulinacean　biostratigraphy（OzAwA，

1925；ToRIYAMA，1958；MuRATA，1961；OTA，1977　and　others）．　SedimentologicaI

studies　of　the　limestone　have　also　been　made，　focusing　upon　reconstruction　of　its

depositional　environment（ETo，1967；OTA，1968；NAGAI，1978；HAsHIMoTo，1979
and　others）．　The　group　comprises　basic　volcanic　and　volcaniclastic　rocks　and

an　overlying　thick　pile　of　limestones，　the　latter　being　650　m　thick（OTA，1977）．

It　has　been　generally　interpreted　as　a　geosynclinal　organic　reef　complex　originated

from　the　submarine　volcanic　activity．

　　　　Around　the　Akiyoshi　L，imestone　Group，‘‘non．calcareous　Paleozoic”rocks

widely　occur．　They　consists　principally　of　cherts，　sandstones，　and　mudstones，　and

include　some　small　bodies　of　basic　volcaniclastic　rocks　and　limestones．　Many

workers　have　examined　stratigraphy，　paleρntology，　and　geologic　structure　of

these　rocks（ToRIYAMA，1954；MURATA，1961；KAwAI，1963；1（AwANOθ彦α1．，1963；

OTA，1968；FuJII　and　MIKAMI，1970；FuJII，1972；MIKAMI，1974）．　The　conclu－

sion　by　these　previous　workers　except　I（AwAI（1963）is　summarized　as　follows；

（1）The　cherts，　a　few　tens　to　a　few　hundreds　meters　thick，　depositionally　alter－

nate　with　sandstones　and　mudstones，　and　display　lateral　lithologic　changes　into

terrigenous　clastic　rocks．　In　other　words，　the　cherts　occur　at　several　strati－

graphic　levels，　being　intercalated　within　and　inter6ngered　with　the　terrigenous

clastic　rocks．（2）Age　of　the　noncalcareous　rocks　ranges　from　Early　Carboni－

ferous　to　late　Middle　Permian，　being　coeval　with　the　Akiyoshi五mestone

Group．　This　designation　has　been　l）ased　mainly　on　fusulinaceans　from　limestone

conglomerates　in　the　mudstones　and　cherts．　Thus，　the　Akiyoshi　Limestone

Group　including　greenstones　is　illterpreted　as　having　been　underlain　by　and

also　la七erally　changed　into　the　terrigenous　clastic　rocks　which　contain　cherts，

as　diagrammatically　illustrated　by　OTA　（1968）．　On　the　other　hand，　KAwAI

（1963）mapped　the　cherts　to　have　overthrust　onto　the　terrigenous　clastic　rocks，

and　suggested　that　the　cherts　are　coeval　with　the　Akiyoshi五mestone　Group．

　　　　　The　previous　interpretation　raises　questions　particularly　as　to　the　deposi－

tional　setting　of　the　cherts　and　the　contemporaneity　of　the　non－calcareous

Paleozoic　rocks　with　the　Akiyoshi　Limestone　Group．　These　questions　have

come　from　uncertainties　in　the　precise　age　of　the　cherts　and　terrigenous　clastic

　rocks　and　their　field　relationships．

　　　　　Based　on　investigations　mainly　in　the　northern　and　western　parts　of　the

　Akiyoslli　district，　KANMERA　and　NIsHI（1983）and　KANMERA（1983）gave　a　new

interpretation　to　the　relationships　among　the　Akiyoshi　Limestone　Group，　the

cherts，　and　the　terrigenous　clastic　rocks．　They　assigned　the　Akiyoshi　hmestone
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Group　to　a　reef　complex　resting　upon　an　isolated，　oceanic　volcanic　seamount

pedestal，　the　cher七s　to　the　coeval　pelagic　sediments　accumulated　on　the　flanks

of　the　volcanic　seamount　and　on　the　surrounding　o¢eanic且oor，　and　the　ter－

rigenous　clastic　rocks　to　the　trench－611　sediments．　The　complex　juxtaposition

of　these　different　kinds　of　rocks　was　explained　by　accretion　tectonics．　However，

no　fossils　have　been　found　from　the　cherts　and　terrigenou．s　clastic　rocks．

　　　　In　this　paper，　we　summarize　the　distribution，　lithology，　and　structure　of

the　non－calcareous　Paleozoic　rocks，　detail　the　field　relationships　of　the　cherts

and　adjoining　terrigenous　clastic　rocks，　and　describe　lithostratigraphy，　micro」

scopy，　and　age　of　the　cherts．　The　age　of　the　cherts　Was　newly　con6rmed　by

radiolariall　fossils．

Geologic　Framework

　　　　Rocks　studied　are　lying　south　and　southeast　of　the　Akiyoshi　Limestone

Plateau　（Fig．1）．　Four　geologic　groups　are　recognized　in　the　mapped　area
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Fig．1．　Maps　showing　the　location　of　the　Akiyoshi　district（above），

　　　and　illustrating　the　approximate　distribution　of　pre－Jurassic

　　　rocks　around　the　mapped　area（below）．1．　Late　Triassic　clastic

　　　rocks　of　molasse　facies；2．　nonealcareous　Paleozoic　roeks；

　　　3．Akiyoshi　Limestone　Group；4．　Sangun　metamorphic　rocks．
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（Fig．2）；Akiyoshi　Limestone　Group，　non－calcareous　Paleozoic　rocks，　Sangun

metamorphic　rocks，　and　Late　Cretaceous　volcanic　rocks．　Except　the　last　one，

these　groups　trend　ENE－SWS，　have　a　distinct　lithologic　assemblage　respective・

1y，　and　are　separated　by　faults　from　one　another．　Summary　of　lithologic

characteristics　of　the　former　two　groups　is　as　follows：The　Akiyoshi　Limestone
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Fig．2．　Geological　outline　map　and　generalized　geologic・pro飢e　of　the

　　　Akiyoshi　district．
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Group，　Iying　along　the　northern　margin　of　the　area，　comprises　greenstones　and

aconformably　overlying　thick　sequence　of　limestone．　The　greenstones　include

basalt　How　rocks，　occasionally　pillowed　and　remarkably　vesiculated，　and　volcani－

clastic　rocks．　The　limestone　consists　of　white　to　light－grey　bioclastic　limestone

with　reefal　biolithite　lenses　at　many　levels　in　the　lower　part（OTA，1968，1977；

NAGAI，1978　and　others）．　The　limestolles　exposed　in　the　area　belong　chieHy　to

Early　Carboniferous　in　age．　The　non－calcareous　Paleozoic　rocks　include，　in

order　of　abundance，　mustones，8andstones，　and　cllerts，　being　accompanied　by　a

small　amount　of　basic　volcaniclastic　rocks，　limestones，　and　pebbly　mudstones．

These　rocks　in　the　area　have　been　called　Ota　Group（ToRIYAMA，1954；MuRATA，

1961；KAwANoθZα1．，1963）or　Ota　Formation（FuJII，1972）．　Our　present　in－

vestigations，　however，　revealed　that　these　rocks　are　not　of　a　conformable

sequellce，　but　of　sediments　originally　accumulated　in　different　basins　respective－

Iy　and　of　geologic　bodies　subsequently　juxtaposed　and　in　part　chaotically　mixed

with　one　another　by　accretion　tectonics，　as　described　below．　Therefore　the

overall　revision　of　the　stratigraphy　previously　established　is　required．

　　　　To　the　west，　out　of　the　mapped　area，　these　juxtaposed　non－calcareous

Paleozoic　rocks　are　known　to　be　unconformably　covered　by　the　Late　Triassic

clastic　rocks　of　molasse　facies．

General　Aspects　of　Non・calcareous　Paleozoic　Rocks

　　　　Mudstones　are　most　dominant　among　the　non－calcareous　Paleozoic　rocks　in

the　area．　They　are　dark－grey，　sandy　to　silty，　and　commonly　include　thin　beds

of　sandstone，　usually　3　to　5　cm　thick．　Grading　and　parallel　laminations　are

rarely　found　in　the　sandstone　beds．　In　places，　layers　of　pebbly　mudstone，　up　to

5m　thick，　occur　in　the　mudstones．　The　pebbly　mudstone　contains　rounded

pebbles　and　cobbles　of　chert　and　acidic　igneous　rocks　and　angular　clasts　of

siliceous　marl　in　an　argillaceous　matrix．　The　mudstones　are　pervasively　sheared

and　intensely　contorted　（P1．6，　Figs．1，2）．　The　thin　sandstone　interbeds　are

usually　disrupted，　having　resulted　in　structural　lenses　and　blocks，　and　often

display　northwesterly　dipping　asymmetrical　folds（Pl．6，　Fig．1）．

　　　　Large　slabs　of　sandstone　as　thick　as　up　to　700　to　800mare　enveloped　ill

sheared　mudstones　in　the　northern　and　southern　parts　of　the　area（Fig．2），

while　much　smaller　lenses　and　blocks，　less　than　several　meters　across，　are　dis－

persed　throughout　the　area．　The　sandstones　are　largely　massive　or　thick－

bedded，　and　contain　rare　mudstone　interbeds．　They　are　medium－to　coarse－

grained，　and　rarely　have　crude　parallel　laminations．　Laterally　discrete，　intra－

formational　layers　condensed　with　chert　breccias　are　found　in　the　massive　sand－

stones　at　a　few　places．

　　　　The　cherts　also　occur　as　slabs　or　blocks　of　various　sizes　and　forms．　Large

slabs　lie　in　the　central　part　of　the　area（Fig．2），　and　disrupted，　small　blocks

are　scattered　throughout　the　area　and　tend　to　be　abundant　locally．　These　blocks

consist　almost　exclusively　of　bedded　and　massive　cherts，　but　large　slabs　are

closely　associated　with　volcaniclastic　rocks　and　limestones．　The　cherts，　volcani．

clastic　rocks，　and　Iimestones　represent　a　distinct　Iithologic　assemblage，　and
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Fig．3．　Intensely　sliced　and　faulted　chert　blocks　and　surrounding　terrigenous

　　　clastic　rocks．　Note　that　the　Iow－angled，　imbricated　structure　is　cut　by

　　　high－angled　faults．　Locality　is　shown　as　B　in　Fig．2．

form　a　lithostratigraphic　unit，　as　described　in　the　following　section．　No　ter－

rigenous　rocks　are　intercalated　within　the　chert　blocks　and　slabs．　The　cherts

are　intensely　contorted，　and　often　display　folds　8imilar　in　form　to　those　of

thin　sandstone　beds　in　the　mudstones（Pl．6，　Fig．3）．

　　　　All　of　the　non－calcareous　Paleozoic　rocks　are　exposed　repeatedly　by　strike

faults，　thereby　forming　an　imbricated　structure　steeply　dipping　generally　to

the　northwest（Fig．2）．　Noteworthy　is　that　relatively　low－angled　thrust　faults

are　truncated　by　more　steeply　inclined　faults（Fig．3）．　This　means　that　the

low－angled　thrust　faults　are　primary，　and　essential　to　the　overall　geologic　struc－

ture　of　the　non－calcareous　Paleozoic　rocks，　although　considerably　modified　by

the　high－angled　faults．

Description　of　Cherts

A。Field　relationship　between　cherts　and　terrigenous　rocks
　　　　The　mode　of　occurrence　of　cherts　is　divisible　into　the　following　two　types：

（1）extensive　to　mappable－scale　Iarge　slab8　with　marked　lateral　continuity　and

consisting　of　folded　or　imbricated　beds；（2）laterally　discrete　small　blocks

measuring　on　exposures　less　than　10　m　in　length　and　breadth．　In　both　cases

no　lithologic　gradation　can　be　recognized　at　all　between　the　cherts　and　sur－

rounding　terrigenous　clastic　rocks．

　　　　The　chert　bodies　of　the　former　type　are　bounded　by　adjoining　mudstones

and　sandstones　with　a　distinct　thrust　or　a　high－angled　fault　in　most　cases．　The

high－angled　fault　is　probably　related　to　subsequent　tectonic　disturbance，　because

it　often　cut　the　low－angled　thrust，　as　described　before．　However，　the　southern

boundary　of　the且iranoyama　slab，　one　of　the　largest　chert　slabs　lying　in　the

central　part　of　the　area，　is　worthy　to　note，　where　the　volcaniclastic　rocks　under－

lying　cherts　are　bounded　on　the　south　by　mudstones　which　are　much　less　sheared

than　the　argillaceous　rocks　in　the　area．　The　juncture　between　both　rocks　is　not

marked　by　a　throughgoing　thrust　or　fault，　but　is　represented　by　a　weak　shear

surface．　The　mudstones　in　the　immediate　vicinity　contains　a　few　detached，

irregular－shaped　masses　of　volcaniclastic　rocks　less　than　a　few　meters　across．

These　features　would　be　expected　to　have　resulted　from　gravitational　submarine

sliding　of　the且iranoyama　slab．
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　　　　The　chert　bodies　of　the　latter　type　are　surrounded　by　highly　sheared　mud－

stones　with　a　distinct　shear　surface　contact　in　many　cases（Flig．3）．　However，

unsheared　contact　was　also　recognized　at　several　sites．　It　is　represented　by　a

sharp，　but　uneven　or　irregularly　rugged　surface．　The　bedding　structure　of　the

chert　blocks　is　more　or　less　oblique　to　and　transected　by　the　contact　surface．

These　structures　show　neither　conformable　nor　tectonic　boundary．　The　adjoin－

ing　mudstones　contain　blocks　of　sandstone　and　volcaniclastic　rocks．　On　the　basis

of　these　observations　we　believe　that　the　smal1－scale　chert　blocks　llave　been

primarily　gravitational　allochthonous　masses，　although　the　original　relationship

has　presently　been　largely　modified　by　subsequent　tectonic　disturbance．

B。　Lithostratigraphy　of　cherts
　　　　In　the　mapped　area，　there　is　no　single　slab　or　block　within　which　a

complete　sequence　of　cherts　and　associated　rocks　can　be　measured．　However，

some　Iarge　slabs　in　the　central　and　northern　parts　of　the　area　retain　orderly

sequences　capable　of　piecing　out，　thereby　a　nearly　complete　stratigraphy（Fig．

4）　can　be　reconstructed．

　　　　The　sequellce　begins　with　a　20－m－thick　volcaniclastic　rock　（Figs．4，5），

which　includes　claystone，　siltstone，　and　granule　conglomerate　of　varying　thick一

　m130

1∞
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limestone　lens

MASSIVE　AND
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limeStOne　lenS
VOICaniClaStiCS

BEDDED

CHERT　AND
VOLCANIC　LASTICS

0
VOLCANICLASTICS

Fig．4．　A　composite　columnar　section　i11ustrating　the　stratigraphic

　　　sequence　of　volcaniclastic　rocks，　cherts，　and　limestone　lenses，

　　　pieced　together　from　fault－bounded　outcrops．
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Fig．5．　A　measured　section　showing　the　stratigraphic
　　　details　of　the　basal　part　of　the　volcaniclastics－chert

　　　sequence．　Measured　at　loc．　D　in　Fig．2．

‘

ness．　The　volcanic　sandstone　and　conglomerate　are　dominant　in　the　lower

part　of　the　sequence，　while　the　volcanic　claystone　and　fine－graind　siltstone

dominate　in　the　upper　part．　Thus，　thi8　volcaniclastic　member　shows　a五ning－

upward　sequence．　The　volcaniclastic　rocks　are七ypically　reddish　to　brownish－

red，　and　occasionally　dark－green．　The　volcanic　sandstones　and　siltstones　exhibit

internal　sedimentary　structures　indicative　of　redeposition；parallel，　graded，　and

cross－laminations　and　scour　structures　are　observed．　Slump　beds　of　siliceous

micrite　up　to　a　few　meters　thick　are　present　in　the　lower　part　of　the　sequence

（Fig．5）．　Intercalated　in　the　upper　part　are　beds　of　chert　highly　contaminated

with　volcanic　detritus（Fig．5）．　These　chert　beds　are　commonly　less七han　10　cm

thick，　and　gradually　increase　up　section　in　number　and　thickness．　Thus，　the

sequence　changes　into　interbeds　of　chert　and　clayey　volcaniclastic　rock．

　　　　The　volcaniclastic　unit　is　succeeded　by　a　thick　sequence　of　chert，　that

reaches　in　thickness　100　m　in　places，　typically　70　to　80　m（Fig．4）．　It　com－

prises　bedded　and　massive　cherts　with　a　small　amount　of　limestones　and　volcani－

clastic　rocks．　Thin－bedded　cherts（Pl．6，　Fig．2）are　dominant　in　the　lower　part，

while　the　upper　part　is　dominated　by　massive　to　thick－bedded　chert．　The　chert　is

commonly　greyish－green　to　blueish－green，　occasionally　grey　to　dark－grey．

Although　they　show　a　considerable　variety　in　megascopic　features，　they　are

hard，　dense，　and　have　subvitreous　lusters．　Their　fresh　rocks　break　with　con－

choidal　and　smooth　surfaces．　They　contain　rare　parallel　laminations　condensed

with　volcanic　detritus．　The　thin－bedded　cherts　are　often　interbedded　with　mms
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Fig．6．　Limestone　lenses　embedded　within　spicular　cherts．1．　spicular　chert；

　　　2．siliceous　limestone；3．　bioclastic　limestone　and　calclithite．　Loc．　E　in

　　　Fig．2．

or　thin　layers　of　siliceous　claystone．　Top　and　bottom　bedding　surfaces　of　chert

beds　are　distinct，　but　irregularly　undulated　and　sometimes㎞obby．

　　　　The　limestones　occur　as　lenses　or　irregular－shaped　pods　at　a　few　strati－

graphic　levels　in　the　chert　sequence（Fig．4）．　They　range　in　thic㎞ess　from

afew　centimeters　to　a　few，tens　of　meters，　and　rapidly　thicken　and　thin　out

（Fig．6）．　Their　longer　axis　tend　to　be　oriented　nearly　parallel　with　bedding

surfaces　of　the　surrounding　cherts．　They　are　composed　of　light－grey　massive

Iimes七〇ne　and　siliceous　limestone．　Noteworthy　is　that　the　siliceous　lime8tone

occurs　enveloping　or　underlying　the　Iight－grey　Iimestone（Fig．6）．　The　contact

between　the　limestone　lenses　and　cherts　are　distinct，　but　are　uneven．　The　mode

of　occurrence　of　the　limestones　and　siliceous　limestones　is　the　same　as　that

described　by　I（ANMERA　and　NlsHI（1983）and　KANMERA（1983）from　t｝1e　area

llorth　and　northwest　of　the　Akiyoshi　Limestone　Plateau．

　　　　It　should　be　restated　that　despite　detailed　五eld　observations　and　thin－sec－

tion　examinations　neither　beds　nor　laminae　of　terrigenous　materials　have　been

found　within　the　sequence　of　the　cherts　and　volcaniclastic　rocks．

C．Microscopic　description　of　chert　and　accompanied　limestone

C－1．Chert

　　　　Chert　of　the　area　is　characterized　by　a　copious　amount　of　siliceous　sponge

spicules（P1．7，　Figs．1，2），as　named　siliceous　spiculite　by　FuJII（1972），　and　is

accompallied　by　a　varied　amount　of　volcanic　detritus．　Both　lithologic　components

are　set　in　a　matrix　of　cryptocrystalline　quartz　and　a　small　amount　of　clay

minerals．　Radiolarian　remains　are　sporadic　in　general　or　completely　absent

in　places．

　　　　In　thin－sections，　siliceous　sponge　spicules　are　in　many　cases　as　much　as

more　than　50％of　the　rock．　They　are　largely　of　rod　and　needle　forms　with

100to　800μm　long　and　20　to　300μm　across（P1．7，　Fig．1），but　considerable　morpho－

logical　varieties　are　recognized　in　residues　treated　by　HF：triactines　with　rays

covered　by　annular　swellings，　tetractines　with　pointed　ends，　hexactines　and　triac－

tines　with　forked　ends，　and　the　variety　of　monaxones　occur．　Although　no　in－

dication　of　winnowing　has　been　recognized，　differellces　in　concentration　of　the

spicules　has　resulted　in　rare　laminae　parallel　with　the　bedding　surfaces．　Poor

gradation　in　number　of　spicules　occurs　in　the　upper　border　of　the　spicule－rich

laminae．
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　　　　The　cherts　of　the　lower　part　are　contaminated　with　volcanic　detritus　in

agreater　or　lesser　degree．　The　cherts　that　are　interbedded　with　volcaniclastic

rocks　are　largely　composed　of　a　mixture　of　volcanic　detritus　and　siliceous　sponge

spicules．　Those　with　rhythmically　interlayered　siliceous　claystone　partings　also

contain　some　volcanic　detritus，　in　some　cases　10　to　15％of　the　rock．　In　the

chert　beds　volcanic　detritus　occasionally　form　thin　laminae．　The　volcanic　grains

are，　as　described　by　FuJII（1972），1argely　of　feldspar　and　rock　fragments．　They

are　angular　and　varied　in　size，　larger　ones　ranging　from　several　tens　to　a

few　hundreds　of　microns．　No　distinct　terrigenous　grains　such　as　rounded　quartz

have　been　found　at　all　in　the　chert　and　associated　rocks．

C－2．Limestone　accompanying　chert

　　　　As　described　before，　two　types　of　limestones，　light－grey　limestone　and

siliceous　Iimestone，　are　recognized　within　the　lenses．　The　majority　of　the

former　is　composed　mainly　of　fusulines，　bioclasts　of　corals，　crinoids，　brachio－

pods，　and　clacareous　algae，　and　a　sparry　calcite　cement　or　lime－mud　matrix；the

contained　fossils　and　microfacies　are　the　same　as　those　commonly　found　in　the

Akiyoshi　Limestone　Group．　Associated　with　the　bioclastic　limestones　are　calcli－

thites　consisting　of　angular　limestone　lithoclasts　of　various　lithologies．　Frag－

ments　of　fusulines，　corals，　and　crinoids　and　small　debris　of　spicular　chert　and

basalt　are　also　present．　The　matrix　is　narrow，　and　consists　of　comminuted

bioclasts　and　lithoclasts．　The　siliceous　limestone　is　characterized　by　a　chaotic

mixture　of　calcitic　skeletal　debris　and　siliceous　sponge　spicules，　and　is　occasional－

1y　accompanied　by　lithic　fragments　of　limestone　and　basalt（Pl．7，　Figs．3，4）．

The　contained　sponge　spicules　vary　in　size　and　amount；In　the　case　that　the

spicules　are　domillant，　they　are　tiny，　usually　less　than　50μm　across　and　400μm

Iong，　and　are　set　in　a　cloudy　matrix　of　microcrystaline　calcite　and　quartz，　hence

such　a　rock　type　is　referred　to　as　siliceous　lime－mudstone　or　biomicrite（Pl．

7，Fig．4）．　In　the　case　that　the　limestone　contains　much　abundant　and　larger

calcitic　bioclasts，　the　spicules　are　larger，　attaining　300μm　across　and　800　to

1000μmlong，　and　are　scattered　at　random．　This　type　of　limestone　can　be　as－

siglled　to　sponge　spicule－bearing　siliceous　wackestone　or　packstone（Pl．7，　Fig．

3）．In　these　limestones　the　spicules　are　partly　corroded　or　replaced　by　calcite，　and

the　rocks　have　resulted　in　having　a　microcrystalline　quartz　cement　in　addition　to

alime－mud　matrix．　These　microscopic　properties　indicate　that　the　siliceous

Explanation　of　Plate　6

Fig．1．

Fig．2．

Fig．3．

Fig．4．

Intensely　sheared　mudstone　with　thin　tectonic　lenses　of　sandstone．

Loc．　A　in　Text－Fig．2．

Close－up　of　a　part　of　Fig．1．

Note　strong　disruption　of　sandstone　interbeds．

Typical　bedded　cherts，　displaying　isoclinal　folds，　of　which　axes　are

gently　inclined　to　the　north　（right　side　of　the　photograph）．

Loc．23　in　Text－Fig．2．

Chert　blocks　with　lenticular　and　irregular　forms　embedded　in　intensely

sheared　mudstones．
Loc．　C　in　Text－Fig．2．
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1imestone　represents　a　mixture　of　calcitic　bioclasts’ of　shallow－water　origin　and

siliceous　sponge　spicules．　The　limestone　Ienses　and　pods　within　cherts　are　in－

terpreted　as　displaced　bodies　derived　from　the　shallow．water　environment　into

the　depositional　site　of　the　spicular　chert　by　sediment　gravity　flow，　possibly

debris　flow．　The　occurrence　of　the　mixed　facies　means　that　both　the　spicular

chert　and　limestone　were　unconsolidated　at　the　time　of　diplacement　and　deposi－

tion　of　the　limestone，　and　therefore　the　limestone　lenses　are　coeval　with　the

cherts　at　the　same　stratigraphic　leve1．

D．Age　of　cherts
　　　　Cherts　of　the　area　were　dated　newly　by　radiolarian　fossils．　Among　more

than　250　chert　samples，35　samples　from　ll　sections（Fig．2）yielded　datable

radiolarians，　in　which　10　species　of　3　genera　were　identi丘ed（Table　1）．　These

radiolarian　fossils　indicate　mid－Early　Permian　to　late　Middle　Permian（late

Wolfcampian　to　Guadalupian）in　age，　and　can　be　divided　into　5　assemblage

zones，　according　to　the　radiolarian　zonation　established　by　ISHIGAθ¢α1．（1982a）

Table　1．　List　of　radiolarian　fossils　from　the　cherts　of　the　Akiyoshi　district．

LocaいtTaxa 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 2 4 6 7 9 31 2 33 5

Fb〃∫cσcρ〃us　scんo’a5rたσs　Ormiston＆Babcock ●

o．monacaηrヵS　lshi　a＆lmoto ● ● ● ● ● ● ● ● ●

o、S．A ● ● ● ● ● ● ● ● ● ● ●

σ．S　． ● ● ● ● ● ● ● ●

doa’b∂〃’e〃∂s　．C　of　lshi　a仔f∂’，（1962b） ● ● ● ●

　　　　　　　　　　■．唐．s、aff．ρS．’on’com’s　lshl　a＆lmoto ● ● ● ● ● ● ● ● ● ●

5．’レs∫∫orπ7’5　Holdswαth＆　」ones ● ● ● ●

s．s　．　D　of　lshi　a　仔r　a’．（1982　b） ●

ρ5．s，A ● ● ● ● ● ● ● ●

ρS5． ● ● ● ● ● ● ● ● ● ● ● ●

A’b∂’”e〃aa5　mm■rτ∫ca　lshi　a＆　Imoto o o
．S　． ○

ρs，S．a〈f．ρs．5c∂’ar∂　HddSworth＆Jones ●

sectlon　YGB sect↓on　　Y　G　C

Stratigraphic　distributioll　of　radiolarians　from　Iocs．1to　9

shown　in　sections　YGB　and　YGC　of　Fig．7，　respectively．

and　10　to　22　are

Explanation　of　Plate　7

Fig．1．

Fig．2．

Fig．3．

Fig．4．

Photomicrograph　of　chert　crowded　with　siliceous　sponge　spicules．　The

matrix　is　red　pigmented．　Plane　light．　Perpendicular　to　the　bedding

surface．　Scale　bar＝1mm．　Loc．　F　in　Text－Fig．2．

Scanning　electron　micrograph　of　spicular　chert　etched　by　HF　consisting

dominantly　of　monactines　with　small　amounts　of　triactines　and　tetra－

ctines．　Parallel　with　the　bedding　surface．　Scale　bar＝100μm．　Loc．　E

in　Text－Fig．2．

Siliceous　lime－wackestone．

Note　that　crinoid　oscicles　are　most　abundant，　and　large　siliceous　sponge

spicules　are　also　present．　Plane　light．　Scale　bar＝1mm．　Sampled　from

the　siliceous　limestone　within　a　limestone　lens　shown　in　Text－Fig．6．

LOC．　E．

Siliceous　lime－mudstone　or　biomicrite．

Tiny　spicules　are　disseminated　within　the　cloudy　matrix　comprising
aggregate　of　microcrystalline　calcite　and　quartz．　The　same　locality　as

that　of　P1．7，　Fig．3．
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Fig．7．　Stratigraphie　distribution　of　radiolarian　fossils　along　the

　　　selected　sections．　The　section　YGB（1eft）includes　fossi11㏄alities

　　　numbered　l　to　9　in　Fig．2，　and　the　section　YGC（right）includes

　　　1㏄alities　10　to　22．

Explanation　of　Plate　8

Fig．1．

Fig．2．

Fig．3．

Fig．4．

Figs．5，6．

Fig．7．

Figs．8－10．

Fig．11．

Figs．12，13．

Fig．14．

Fig．15．

Scale　bars＝100μm

．P8θμdoαZbατZZeZ己sp．　aff．．P8．86αZpγαZαHoLDswoRTH＆JoNEs，　loc．26．

∠4Zbα乞ZIθZZαsp．　cf．ノ1．α8〃？η働θ¢γ乞¢αIsHIGA＆IMoTo，　Ioc．29．

／116ατZIθ1乙α　sp．10c．20．

P8θ祝（loαZbα況ZθIZαsp．　C　of　IsHIGAθfα1．（1982b），10c．7．

　　　P8杉μεZoαZbαZZIθZZαsP・aff・P8・Zoη9τ⑳仇τ81sHIGA＆IMoTo，　locs．6and

　　8，respectively．

P8θ履oαZbα棚θZZαアμ8τアoγ↑痂8　HoLDswoRTH＆JoNEs，　loc．7．

　　　P8θ泌oαZ6ατIZθ砺sp．　A，　locs．7，7，　and　6，　respectively．

P8θμ｛loαZbαcilZθZZαsp．　D　of　IsHIGAθZα1．（1982b），10c．6．

　　　　　FolZ抱εωZZμ8　sp．　A，10c．17．

FoZZioμ¢μZ伽8γηoηα6αγ1¢んμ81sHIGA＆IMoTo，10c．28．

F「oZZi6μ6μZZτ偲8cんolα8碗¢τ偲ORMIsToN＆BABcocK，　loc．34．
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in　the　Tamba　district，　central　Japan．　They　are　the　P8θ城oαZbαillθIIαIoη2θη一

施γゼαAssemblage　zone，、4ZbαZZZθ1～αsp．　D　Ass．　zone，　P8．　gZobo8αAss．　zone，　PoZ－

Z‘6τzcμIZμ8　moηα¢απ〃乞μ8　Ass．　zone，　and　Fo．8¢1乞olα8£‘の岱Ass．　zone．　Characteristic

species　of　each　assemblage　zone　are　8hown　in　P1．8．　The　stratigraphic　dis－

tribution　of　these　assemblage　zones　were　con6rmed　in　two　selected，　thick　sec－

tions　of　cherts　（Fig．7）．　Results　of　our　radiolarian　paleonto】ogica】investigatioll

proved　that　the　minimum　age　of　the　cherts　is　coeval　to　the　uppermost　part　of

the　Akiyoshi　Limestone　Group；1ate　Middle　Permian．

　　　　Datable　fusulinacean　fossils，　on　the　other　halld，　have　been　reported　from

the　Iime8tone　lenses　within　cherts　at　8everal　localities　in　the　area（ToRIYAMA，

1954；KAwANOθ¢α1．，1963；FuJII，1972；KANMERA　and　NISHI，1983；KANMERA，
1983）．　These　fusulinacean　fossils　belong　to　the　1ワ08¢α∫θZIαzone，　P8e翻oア祝8μZ‘ηα

zone，　and　2Vθ080んωαgθγ飢αzone．　Based　on　inferred　contemporaneity　of　lime－

stone　lenses　and　cherts，　and　on　the　occurrence　of　the　Early　Carboniferous

fusulinaceans　from　the　limestone　lenses　at　the　Iowest　part　of　the　chert　sequence，

the　age　of　cherts　could　date　back　to　Early　Carboniferous．　All　lines　of　recently

and　previously　reported　paleontological　evidence　suggest　that　the　cherts　range

in　age　from　Early　Carboniferous　to　late　Middle　Permian，　being　coeval　to　the

whole　thickness　of　the　Akiyoshi　Limestone　Group．

Depositional　Setting　of　Cherts

　　　　The　cherts　of　the　area　are　characterized　by　abundance　of　siliceous　8ponge

spicules　instead　of　radiolarian　shells，　association　of　volcaniclastic　rocks　at　the

base　and　admixture　of　volcanic　detritus，　and　occurrence　of　displaced　limestones．

These　properties　signify　a　depositional　environment　different　from　that　of

radiolarian　cherts，　the　most　typical　and　common　deep－water　sediments　in

orogenic　belts　on　land．　Cherts　of　the　same　lithology　and　rock　assemblages　are

widely　distributed　on　the　north　and　llorthwest　sides　of　the　Akiyoslli　Limestone

Plateau　（KANMERA　and　NIsHI，1983；1（ANMERA，1983）except　for　the　area
covered　by　the　Cretaceous　volcanic　rock8011　the　east．　All　these　cherts　are　coeval

with　the　Early　Carboniferous　to　late　Middle　Permian　Akiyoshi　Limestone

Group　of　shallow－water　environment　origin．　The　Akiyoslli　Limestone　Group

lies　on　a　basic　volcanic　pedestal　and　can　be　referred　to　as　an　i801ated

oceanic　seamount（KANMERA　and　NlsHI，1983；KANMERA，1983）．　Throughout
the　sequence　of　cherts　and　underlying　volcaniclastic　rocks，　and　the　Akiyoshi

Umestone　Group　including　the　volcanic　basement　no　terrigenous　clastic　layers

are　contained．

　　　　AII　lines　of　geological，　sedimentological，　and　paleontological　evidence

permit　the　following　interpretation　on　the　origin　and　depositional　environment

of　the　cherts．　First，　the　cherts　are　of　biogenic　origin，　virtually　consisting　of

siliceous　sponge　spicules，　and　the　microcrystalline　quartz　cement　was　derived

mainly　from　dissolution　of　sponge　spicules　through　diagenetic　processes．　Sec－

ond，　the　sponge　spicule－rich　sediments，　hence　spicular　cherts，　accumulated　most

likely　on　the　flank　and　foot　of　a　seamount　capped　by　a　reef　complex　of　the

Akiyoshi　Limestone　Group，　and　on　the　oceanic　basin　around　the　seamount　as
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Fig．8．　A　Model　for　depositional　setting　of　spicular　cherts　around　the　Akiyoshi

　　　Limestone　Group．

　　　a．reef　edge；b．　debris　filow　of　shallow－water　carbonates；c．　calciturbidite；

　　　d．siliceous　sponges　and　their　remains　deposited　in　situ；e．　radiolarians；

　　　f．radiolaria－rich　siliceous　sediment．

suggested　by　I（ANMERA　and　NlsHI（1983）．　The　model　illustrated　on　Fig．8for

depositional　environment　would　most　properly　explain　the　occurrence　of　the

limestone　lenses　and　the　admixture　of　volcanic　detritus　in　the　lower　part　of　the

cllert　sequence；the皿consolidated，　shallow－water　carbonate　sediments，　as　welI

as　volcaniclastic　sediments，　could　have　been　displaced　as　prol）able　debris　flow

into　much　deeper　depositional　sites　where　siliceous　sponges　were　60urished．

Tectonic　Implication　of　Cherts

　　　　Before　discussing　tectonic　implication　of　the　cherts，　the　age　of　the　ter－

rigenous　clastic　rocks　juxtaposed　with　the　cherts　and　the　Akiyoshi　Limestone

Group　sllould　be　mentioned．　Early　and　late　Middle　Permian　fusulinacean　fossils

llave　been　reported　from　the　sandstones　of　the　area（FuJII，1972）．　However，

the　precise　age　of　the　sandstones　can　not　be　indicated　by　these　fusulinacean

fossils，　for　they　occur　as　detrital，　reworked　particles　within　sandstones．　These

fusulinaceans　have　evidently　derived　from　the　Akiyoshi　hmestone　Group．　Oc－

currence　of　Lθp砿o励α仇％1£‘8θp施毒α8ん伽α物θ％8ε80f　late　Middle　Permian　age　in－

dicates　that　the　depositional　age　of　the　sandstones　is　younger　than　that　of　the

Akiyoshi　Limestone　Group，　the　top　of　which　belongs　to　the　Lθp掘oliηα仇硫δ一

8θμα£α8Mゲα伽θη8‘8　zone（TORIYAMA，1954）．The　mudstones　of　the　area　have　not

been　dated　by　any　fossils．且owever，　to　be　mentioned　is　that　the　mudstones　of

the　area　west　of　the　Akiyoshi　Limestone　Plateau　yield　late　Middle　Permian

radiolarian　fossils　（FolκcμのLIZμ8　γ7τoγ2α¢αη¢ん％8　and　Fo．　8¢」励1α8万のz8；　SIJIzu，

1985MS）and　that　they　contain　many　lenticular　bodies　of　limestone－breccia　in

some　stratigraphic　Ievels．　The　breccias　consist　of　angular　clasts　of　limestones

of　various　sizes　up　to　a　few　meters　across　and　of　varying　ages　ranging　from

Middle　Carboniferous　to　late　Middle　Permian．　They　are　all　of　exogenetic　origin

to　the　mudstones　in　which　they　are　contained，　and　the　fusulinacean　and　other



Cherts　around　Akiyoshi 勝

fossils　occurring　from　the　limestone　clasts　clearly　indicate　their　derivation　from

the　Akiyoshi　Limestone　Group　by　its　large　collapse（KANMERA　and　NIsHI，1983；

KANMERA，1983）．　The　mudstones　which　yield　the　late　Middle　Permian　radio－

larians　and　which　contain　limestone－breccias　of　the　same　nature　as　those　men－

tioned　above　are　also　distributed　in　the　northwestern　corner　of　the　mapped

area　and　underlie　the　thick－bedded　sandstones　containinig　detrital　fusulinacean

fragments　mentioned　above．　To　sum　up　the　above　description，　the　terrigenous

clastic　rocks　of　the　area　range　in　age　from　late　Middle　Permian　to　probably

Late　Permian，　and　at　least　a　part　of　the　mudstones　is　equivalent　in　age　to　the

top　of　the　Akiyoshi］二imestone　Group　and　that　of　the　cherts．

　　　　Based　on　lithologic　a伍liation　and　age，　we　recognized　at　least　two　juxtaposed

tectonostratigraphic　units．　One　is　the　Early　Carboniferous　to　late　Middle　Per－

mian　unit　of　open－ocean　setting　that　lay　beyond　reach　of　any　terrigenous

detritus　from　a　continent，　that　is，　an　isolated　oceanic　reef－complex　with　a

basaltic　seamount　pedestal　and　a　volcaniclastics　and　overlying　spicular　chert

sequence　accumulated　on　the　lower　flank　of　the　seamount　and　on　the　surround－

ing　ocean　600r．　The　other　is　the　late　Middle　Permian　terrigenous　clastic　unit

probably　of　continental　margin　setting．　It　is　evident　from　the　aforementioned

lithostratigraphy　and　rock　assemblages　that　these　two　units　formed　in　com－

pletely　different　environments　and　in　largely　difrerent　ages，　althougll　only　the

top　part　of　the　former　and　the　lower　part　of　the　latter　are　equivalent　in　age　t（＞

each　other．

　　　　Within　the　Inner　Zone　of　Southwest　Japan，　the　greenstone－limestone　se－

quences　biostratigraphically　and　also　lithologically　equivalent　to　the　Akiyoshi

hmestone　Group　are　aligned　with　a　trend　of　ENE－WSW　in　the　Taishaku，　Koya－

ma，　Atetsu，　and　Omi　districts（Fig．9）．　Although　the　ages　and　the　relation　be－

tween　the　cherts　and　terrigenous　clastic　rocks　in　those　areas　have　not　been　suf一

負ciently　determined　except　for　6ndings　of　the　Middle　Permian　radiolarians　from
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Fig．9．　Map　i11ustrating　the　approximate　distribution　of　the　greenstone－

　　　1imestone　assemblages　coeval　to　the　Akiyoslli　I．imestone　Group　within

　　　the　Inner　Zone　of　Southwest　Japan．

　　　1．Omi；2．　Atetsu；3．　Koyama；4．　Taishaku；5．　Akiyoshi；6．　Hirao－dai

　　　and　Funaoyama．　A．　Hida　metamorphic　belt；B．　Hida　marginal　belt；

　　　C．Sangun　belt；D．　Maizuru　belt；E．　Tamba　l）elt．　M．T．L．，　Median

　　　Tectonic　I、ine；L－S．T．L．，　Itoigawa－S｝1izuoka　Tectonic　I、ine．
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cherts　and　mudstones　at　a　few　sites　in　the　Taishaku　district（IsOzAKI，1983），

analogous　t㏄tonostratigraphic　status　can　be　also　expected　in　those　districts，　be－

cause　the　Paleozoic　rocks　of　those　districts　are　very　similar　in　overall　distribu－

tion　and　Iithologies　to　those　of　the　Akiyoslli　district．

　　　　Juxtaposition　of　two　tectonostratigraphic　units，　as　defined　in　the　Akiyoshi

district，　is　interpreted　most　likely　as　results　of　collision　of　seamount　capped　by

the　reef　complex　and　accompanied　by　the　coeval　spicular　cherts，　and　by　their

accretion　toward　the　inner　wall　of　a　trench，　which　was　being　mled　by　terrigenous

clastic　sediments，　resulting　in　chaotic　mixing　of　oceanic　and　terrigenous　rocks．

Nature，　timing　and　geologic　setting　of　the　collision　and　accretion　has　not　been

established．且owever，　it　is　evident　that　these　tectonic　events　have　finished　be－

fore　deposition　of七he　L、ate　Triassic　molasse　sediments．　Hence，　the　two

tectonostratigraphic　units　are　r㏄ognized　as　forming　an　allochthonous　terrane

accreted　during　Late　Permian　to　Early　Triassic　times．

Summary　and　Conclusions

　　　　With　regard　to　cherts　and　terrigenous　clastic　rocks　intricately　juxtaposed

with　each　other　in　the　area　southerly　adjacent　to　the　late　Early　Carboniferous

to　late　Middle　Permian　Akiyoshi五mestone　Group，　the　following　summary　can

be　speci6ed．

（1）

（2）

（3）

（4）

〈5）

（6）

are

Cherts，　about　100　m　thick，　are　succeeded　from　a　20－m－thick　volcaniclastic

unit　with　transitional　beds　consisting　of　interbedded　volcaniclastic　clay・・

stone　and　chert．　This　sequence　entirely　lacks　terrigenous　clastic　layers．

Most　of　cherts　are　rich　in　siliceous　sponge　spicules，　thereby　named　spicular

chert．

In　the　upper　half　of　the　chert　sequence飾e　radiolarian　assemblage　zones

which　indicate　middle　Lower　Permian　to　upper　Middle　Permian　were　dis－

criminated．

Umestone　lenses　occurring　at　several　levels　of　the　volcaniclastics－chert

sequence　are　of　skeletal　debris　now　origin　derived　from　the　Akiyoshi　car－

bonate　build－up．　They　are　contemporaneous　with　the　enclosing　beds，　and

those　in　the　lowest　part　indicate　late　Early　Carboniferous　in　age．　Hence，

the　volcalliclastics－chert　sequence　is　deduced　to　be　coeval　with　the　almost

whole　sequence　of　the　Akiyoshi　Limestone　Group．

Terrigenous　clastic　rocks　range　in　age　from　late　Middle　Permian　to　prob－

ably　Late　Permian．　Therefore　they　are　quivalent　in　age　to　tlle　top　of　the

Akiyoshi　Limestone　Group　and　the　volcaniclastics－chert　sequence．

Although　the　terrigenous　clastic　rocks　and　the　volcaniclastics－chert

sequence　are　mostly　in　thrust　or　fault　or　shear　surface　contact　to　each

other，　some　slabs　and　blocks　of　cherts　retain　adherent　contact　with　uneven

surfaces　discordant　to　the　enclosing　terrigenous　clastic　rocks．　This　rela－

tion　suggests　that　tlle　juxtaposition　of　both　rocks　was　primarily　taken

place　while　the　terrigenous　clastic　rocks　were　still　unconsolidated．

Thus，　a　couple　of　tectonostratigraphic　units　completely　different　lithologies

arranged　in　the　Akiyoslli　district：　One　is　of　open－ocean　setting　far　re一
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moved　from　inHux　of　terrigenous　detritus，　namely　the　late　Early　Carboniferous

to　late　Middle　Permian．Akiyoshi　Limestone　Group　consisting　of　a　thick　reef

complex　capped　a　basaltic　pedestal，　thereby　interpreted　as　an　oceanic　seamount，

and　coeval　volcaniclastics－chert　8equence　accumulated　on　the　nank　and　foot　of　the

seamount　and　on　the　surrounding　ocean廿oor．　The　other　is　the　late　Middle

Permian　to　probably　L、ate　Permian　terrigenous　clastic　rocks，　which　are　inferred

to　be　continental　margin　deposits．　The　juxtaposition　of　these　two　units　can　be

best　explained　by　accretion　tectonics　discussed　by　KANMERA　and　NIsHI（1983）．
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