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Abstract

　　　　This　paper　contains　a　result　of　a　sedimentological　study　of　the　Sakamoto－

zawa　Formation，　the　type　sequence　for　the　Lower　Permian　Sakamotozawa
Series　of　Japan，　giving　precise　descriptiolls　of　limestolles　and　sandstones　of

the　formation．

　　　　The　Sakamo．tozawa　Limestone　is　petrographically　classified　into　twelve

lithologic－types．　The　cyclic　features　of　the　limestone　display　a　gradual　change

of　depositional　environments　from　a　shaUow　sea　of　a　restricted　water（prob－

ably　a　lagoo．nal　one），with　an　intermittent　desiccation　of　water　at　time，　to　a

slightly　deepened　somewhat　off－shore　sea．　The　cyclic　pattern　of　the　Sakamoto－

zawa　Limestone　is　of　a　reversed　order　as　compared　with　that　of　a　typical

cyclic　sequence　from　a　transgressive　phase　to　regressive　one　in　the　sediments

on　the　stable　shelf．　The　peculiar　pattern　of　the　cycle　may　be　related　to　a　mode

of　a　provincial　tectonic　movemen七．

　　　　Sandstone　belongs　to　arenite　with　a　small　amount　of　matrix，　and　is

divided　into　four　types．　With　regard　to　major　framework　constituents　of
sandstones　a　serial　change　is　recognized　twice　in　the　entire　sequence，　one　from

basal　to　upper　Sa　and　the　other　from　Sc－Sd　to　the　Kanokura．　The　rock　frag－

ments　and　heavy　mineral　assemblages　of　all　the　sandstone　types　indicate

sources　which　were　mainly　composed　of　chert　and　shale　on　one　hand　and
andesite　and　dacite　on　the　other．

　　　　Concluding　remarks　are　given　on　the　sedimentary　environments　and　the

tectonic　signi6cance　of　the　sediments．　The　sediments　have　not　the　characters

of‘‘molasses，，　and　had　no七been　derived　from　the　backgrounds　which　were

rapidly　rising　by　the　orogenic　movement．　They　have　the　cllaracters　of　the

sediments　deposited　on　the　island　shelf．
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Introduction

　　　　Since　the　pioneer　work　of　ONuKI（1937，1938），who　established　fundamentals

in　geology　of　the　Kesen　area　of　the　south　Kitakami　mountains　and　named　the

Sakamotozawa　Formation，　stratigraphical　study　of　the　Sakamotozawa　Formation

has　been　carried　on　by　many　geologists，　of　whom　ONuKI（1956）and　MINATo　and

his　coworkers（1954，1959）have　made　outstanding　contributions．　A　fairly　large

number　of　fossils　have　also　been　described　or　listed　to　occur　from　the　formation

（且ANzAWA，1938，』1939；TORIYAMA，1952；MORIKAWA，1953；ENDO，1951，1952；

NAKAMuRA，1959，1960）．　From　a　standpoint　of　the　geologic　structure，　KANo

（1955）systematically　measured　the　directions　and　plunges　of　linear　structures

of　the　s七rata，　and　gave　some　remarks　on　structural　relations　between　the　Saka－

motozawa　Formation　and　other　units．　MINATo（1966）delivered　his　opinion　on

the　palaeotectonic　history　of　the　Palaeozoic　time，　summarizing　the　results　of　his

investigations　on　the　stratigraphy，　palaeontology　and　geological　structure　of　the

Palaeozoic　sediments　in　the　Kesen　area．

　　　　As　a　result　of　geological　studies　by　a　number　of　persons，　an　outline　of　the

lithostratigraphy，　as　well　as　the　approximate　geological　age，　of七he　formation

has　been　made　clear．　However，七here　has　been　no　at七empt　of　petrographical　and

sedimentological　studies　of　the　formation，　which　are　indispensable　for　the　precise

discussion　of　the　tectonic　history．

　　　　The　writer　has　been　ellgaged　in　biostratigraphical　and　sedimentological

studies　of　the　Sakamotozawa　Formation　of　the　type　area　and　adjoining　Nagaiwa

area　since　1962．　The　result8・of　his　research　on　the　stratigraphic　sequence，　zonal

succession，　and　general　sedimentary　features　of　the　formation，　have　already　been

published　in　parts（MIKAMI，1965；KANMERA　and　MIKAMI，1965a，1965b）．　The

purpose　of　the　present　paper　is・to　describe　the　petrographical　and　sedimentologicaI

characters　of　limestones　and　sandstones　and　to　give　some　comments　on　the　mode

of　sedimentation　and，　furthermore，　on　the　rela七ion　between　sedimentation　and

tectonics　in　the　Lower　Permian　Epoch　in　the　southern　I（itakami　region．
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Notes　on　the　stratigraphy　of　the　Sakamotozawa　Formation

　　　　The　Sakamotozawa　Formation，　the　type　sequence　for　the　Lower　Permian

Sakamotozawa　Series　of　Japan，　rests　on　the　lower　and　middle　Upper　Carbon－

iferous　Nagaiwa　Formation　with　a　remarkable　unconformity　as　clarified　by

MINATo（1941）and　others，　and　is　conformably　overlain　by　the　Middle　Permian

Fig．1．　Map　showing　the　studied　area　with　an　index　map

　　　of　northeast　Japan．

　　　T．Tokyo；　S．　Sendai；　a．　Sakari－station；　b．　Ofunato－

　　　station；　c．　Sakamotozawa；　d．　Yubanosawa；e．　Shi－

　　　ratorizawa；　　f．　Tashiroyashiki；　　g．　Tashiroyama；

　　　h．Nagaiwa；i．　Higashiyama　quarry　of　the　Nagaiwa

　　　mine；　j．　Nishiyama　quarry　of　the　Nagaiwa　mine；

　　　k．Setamai－machi；1．　Kacchizawa．
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Kanokura　Formation．　It　is　about　270　m．　thick　in　the　type　area（Sakamotozawa－

Nagaiwa　area）and　is　lithologically　divided　into　two　subformations　separated

l）yadisconformity（MIKAMI，1965；KANMERA　and　MIKAMI，1965a）．

　　　　Fig．3shows　a　generalized　stratigraphic　section　compiled　from七he　sections

at　Shiratorizawa，　Tashiroyama　and　the　Nagaiwa　mine　of　the　Onoda　Cement　Co．

Ltd．，　where　almost　continuous　exposures　are　seen．　The　distribution　of　the　sub－

divided　units　is　shown　in　the　accompanying　geological　map（Fig．2）．

　　　　The　following　is　a　summarized　description　of　the　stratigraphy　of七he　Saka－

motozawa　Formation　in　ascending　order．

A、Lower　Subformation
　　　　1．Member　Sa（35－55　m．　thick）：This　basal　member　consists　primarily

of　conglomerate，　sandstone　and　black　shale苦．

　　　　The　lower　part　is　made　up　of　a　thick　bed　of　conglomerate　which　has　been

called　the　Sakamotozawa　conglomerate（MINATo，1941，1942；ONuKI，1956；
YAMADA，1959）．　It　is　moderately　well　sorted　and　contains　subangular　to　sub－

rounded　pebbles　and　granules　mainly　of　shale　and　chert　and　subordinately　of

porphyrite，　but　no　pebbles　of　granitic　rocks　are　found．　Thin　beds　of　lithic

sandstone，　which　is　mainly　composed　of　grains　of　chert　and　shale，　are　inter－

calated　at　a　few　horizons．

　　　　The　succeeding　middle　part　is　made　up　primarily　of　medium－to　coarse－，　and

subordinately　of　fine－grained，　light　greenish　grey，　fairly　massive　feldspathic

arenite．　Afew　lenticular　beds　of　conglomera七e　and　black　shale　are　locally

interbedded．

　　　　Some　beds　of　silty　to　fine－grained　sandstone　are　locally　fossiliferous　with

remains　of　molluscs，　brachiopods　and　corals．　Another　nne－grained　8andstone　bed

is　rich　in　fusuline　remains．

　　　　The　upper　part　of　this　member　consists　mainly　of　massive　black　mudstone

wi七h　some　thin　beds　of　fine－to　medium－grained，　brachiopod－bearing　calcareous

sandstone　at　the七〇P．

　　　　2．Member　Sb1（30－35　m．　thick）：This　member　is　best　exposed　in　Saka－

mo七〇zawa　and　at　the　Nishiyama　quarry　of　the　Nagaiwa　mine．　The　lower　half

of　the　member　is　made　up　of　alternating　beds　of　algal　biomicrudite　and　black

shale．　The　algal　bed　is　thin－bedded（mostly　10　to　30　cm．，　rarely　up　to　50　cm．

thick），　dark　grey　and　characterized　by　nodular　to　biscuit－shaped　stroma七〇1ites，

七hat　is，　oncolites（see　Pl．5，　Figs．1－3）．　The　black　shale　is　thin－bedded　and　com－

monly　contains　crinoid　fragments．　The　upper　part　of　this　member　consists

mainly　of　thick－bedded（50　cm．　to　l　m．　thick），dark－grey　biomicrudite，　containing

aIarge　number　of　fragmentary　oncolites．　Thin　beds　of　crinoidal　biomicrite　and

biosparite　are　occasionally　intercalated　at　some　horizons．　Fusulines・occur　in

abundance　at　several　horizons　as　shown　in　Fig．4．

　　　　3．Member　Sb2（55－80　m．　thick）：　This　member　is　composed　mainly　of

bedded　or　partly　massive，　grey　to　light　grey　biomicrudite　or　biomicrite，　showing

four　cycles　of　sedimentation（see　Chapter　IIIB）．

＊Shale　and　mudstone　of　the　Sakamotozawa　Formation　are　all　converted　to　slate．
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Fig．3．　Generalized　stratigraphic　section　of　the　Sakamotozawa　Formation　of
the　Sakamotozawa－Nagaiwa　area，　showing　the　stratigraphic　position　of　the
sandstone　samples．

1．Nagaiwa　Formation；2．　conglomerate；3．　sandstone；4．　shale；5．　thin－
1）edded　limestone；　6．　thick－bedded　limestone；　　7．　oncolitic　limestolle；
8．crinoidal　limestone；9．　iron　beds；10．　red　limy　clay；11．　unconformity；

12．disconformity．
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　　　　Brachiopods・occur　abundantly　in　thin－bedded　dark－grey　l）iomicrite　with

reddish－purple　limy　clay　partings．　Fusulines　are　found　at　several　horizons　and

their　mode　of　occurrence　is　mentiolled　in　Chapter　IIIB．

　　　　Member　Sb2　in　the　Sakamo七〇zawa　area　also　shows　cyclic　sedimentation

comparable七〇tha七in　the　Nagaiwa　area．

　　　　4．Member　Sb3（35－55　m．　thick）：This　consists　mostly　of七hin－bedded　to

massive，　grey　to　light　grey　crinoidal　biopseudosparudite，　but　in七he　lower　and

upper　parts　thin　beds（mostly　30－50　cm．）of　shale　are　intercalated　in　the　Naga－

iwa　area．　Organic　constituen七s　are　almost　exClusively　crinoid　columnals　and

plates　that　are　generally　3七〇5cm．　alld　sometimes　as　long　as　10　cm．　They　are

very　poorly　sorted　at　the　Higashiyama　quarry　of　the　Nagaiwa　mine　where　this

member　is　best　exposed．　In　the　Sakamotozawa　area，　however，七hey　become

smaller　grains（mostly　l　cm．）and　be七ter　sorted．　The　upper　part　of七his　member

exposed　in　the　Sakamotozawa　area，　besides　lithic　sands七〇ne　and　black　shale，

comprises　conglomera七ic　sandstone　con七aining　predominant　pebbles　of　various

sedimentary　rocks，　such　as　chert，　shale　and　limestone．

　　　　Fusulines　are　occasionally　found　in　the　lower　part　at　the且igashiyama　quarry

of　the　Nagaiwa　mine　and　Shira七〇rizawa，　but　most　of　them　are七〇〇fragmentary

and　too　much　deformed　for　the　identi6cation　of　species．

B．Upper　Subformation
　　　　This　overlies　unconformably　the　lower　subformation　and　is．　divided　into　two

members，　Sc　and　Sd．

　　　　1．Member　Sc（55－60　m．七hick）：This　is　best　exposed　in　the且igashiyama

quarry　of　the　Nagaiwa　mine．　Its　basal　par七begins　with　conglomerate　con七aining

very　angular　granules　and　pebbles　of　limestone．　The七hickness　of　this　conglome－

rate　varies　laterally，　but　does　not　exceed　l　m．　The　succeeding　unit　is　a　sequence

of　bedded（20－50　cm．　thick），grey　biomicrite，　containing　gastropods　and　fusulines．

At　the　top　of　this　unit　the　biomicrite　is　intercalated　by　a　reddish－purple　limy　clay

bed（10－20　cm．）．

　　　　The　middle　part　of　this　member　consists　of　thin－bedded（5－15　cm．），　black

biomicrudite　in　the　main　part　and　three　thick　beds（each　1．5　m．）of　dark－grey

biomicrudite，　containing　biscuit－shaped　algal　nodules，　in　the　upper　portion．　The

middle　part　is　the　most　fossiliferous　in　the　Sakamotozawa　Forma七ion．　Its　thin－

bedded　biomicrudite　is　crowed　with　well－preserved　dasycladacea　algae（mainly

ハZ㌘乞α），gastropods，　simple　corals，　tabulate　corals（mainly　1協cんθ1鋤α），fusulines

and　small　foraminifers．

　　　　The　upPer　part　of　this　member　consists・of　bedded（10　to　20　cm．七hick），dark－

grey　algal　biomicrite　with　some　reddish－purple　limy　clay　partings　in　the　lower

portion，　bedded（20　to　40　cm．　thick），　dark－grey　biomicrite　in　the　middle，　and

thick　bedded（1七〇1．5　m．　thick），　grey　biomicrite　and　thin－bedded　biomicri七e　in

the　upper．　This　part　is　less　fossiliferous　and　better　sorted　than　the　lower　and

middle　parts　of　this　member．

　　　　In　the　Sakamotozawa　area，　this　member　is　composed　of　bedded（5　to　30　cm．

thick），black　biomicrudite　in　the　main　part　and　alternating　black　shale　and　sand一
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stone　（about　10　m．）in　the　upper　part．

　　　　2．　Member　Sd（30－40　m．　thick）：As　this　member　in　poorly　exposed　in　the

surveyed　area，　its　lithology　and　succession　cannot　be　known　so　precisely　as　in

underlying　members．　As　far　as　the　available　data　are　concerned，　it　is　composed

mainly　of　alternating　shale　and　6ne－to　medium－grained　sandstone．　Some　lenticu－

Iar　bodies　or　thin　beds　of　limestone　are　intercalated　in　the　lower　part．　The

lenticular　body　of　limestone，2－5　m．　in　length　and　1－2　m．　in　thickness，　is　mostly

biomicrudite　with　many　fusulines　and　is　partly　conglomeratic　with　fine－grained

terrigenous　substance　in　the　matrix．　The　thin－bedded　limestone　which　alter－

nates　with　black　shale　and　calcareous　sandstone　is　also　mainly　biosparudite　with

terrigenous　sand．　The　sandstone　in　the　upper　part　of　the　member　is　thin－bedded

and　intercalated　with　shale　in　the　Nagaiwa　area，　but　is　more　or　les8　argillaceous

and　thick　bedded　in　the　Sakamotozawa　area．

　　　　In　the　6ne－to　medium－grained　lithic　arenites　in　the　basal　part　of　this　mem－

ber　occur　lenticular　to　nodular　bodies，　each　5　to　50　cm．七hick，　of　ferruginous

rock．

C。Disconformity　between　the　Lower　and　Upper　Subformation

　　　　Member　Sb3　and　Member　Sc　are　separated　by　a　distinc七disconformity，　which

is　persis七ent　in　the　surveyed　area．　The　disconformity　is　shown　not　only　on

exposures　but　also　by　clear　difference　between　two　members　in　lithology　and

faunal　assemblage．　It　corresponds　to　the　boundary　between　the　major　sedimen－

tary　cycles　A　and　B　mentioned　in　Chapter　IIIB，　and　indica七es　the　uplift　accom－

panied　by　slight　folding　and　erosion．

　　　　This　disconformi七y　is　best　exposed　at　the　Higashiyama　quarry　of　Nagaiwa

mine　where　the　following　details　are　recognized．

　　　　Structural　relation　between　Member　Sb3　and　Member　Sc：At七he　Higashi－

yama　quarry　the　basal　limestone－conglomerate（about　l　m．）of　Member　Sc　is

horizontally　followed　over　30　m．　This　conglomerate　is　mainly　composed　of

granule－to　pebble－size　Iimestone　and　res七s　with　an　eroded　surface　on　Member

Sb3，　showing　a　crosscut　relation　of　20－30　degrees　in　strike　and　about　10　degrees

in　dip．　As　the　limestone－conglomerate　commonly　contains　detrital　quartz　sand

and　silt　in　the　matrix，　it　exhibits　light　brownish　grey　in　colour．　On　the　other

hand　the　Iimestone　of　Member　Sb3　is　white　to　light　grey．　Accordingly，　the

boundary　between　the　two　members　is　clearly　shown．

　　　　Another　exposure　of　similar　limestone－conglomerate　is　seen　in　a　trench　cut－

tillg　the　eastern　slope　about　100　m．　north　of　the　Nishiyama　quarry．　In　the

Tashiroyama　the　basal　part　of　Member　Sc　is　composed　of　conglomerate　containing

pebbles　and　granules　of　quartz，　chert，　shale　and　limestone．　In　all　of　these　ex－

posures　the　unconformity　is　recognized　below　the　P8θ掘o∫μ8μ1仇α捌lgαγ乞8　zone．

　　　　口thology　of　limestone　and　faunal　assemblage：Member　Sb3　consists　of

white　to　light　grey，　massive　or七hick－bedded　limestone．　Its　constituent　is　almost

exclusively　crinoid　fragments　with　a　micritic　lime－mud　matrix，　except　for　a　small

amount　of　fusulines　occurring　in　its　lower　part．　On　the　other　hand，　the　lower

part　of　Member　Sc　is　commonly　composed　of　thick－bedded，　dark－grey　micritic
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limestone　with　a　small　amount　of　organic　debris，　ill　which　crinoid　fragments　are

extremely　rare．　The　middle　and　upper　parts　of　Member　Sc　consist　of　black　to

dark－grey，　thin－to　thick－bedded　biomicrite　or　biomicrudite．　This　limestone　con－

tains　abundantly　remains　of　fusulines，　gastropods，　pelecypods，　simple　corals，

tabulate　corals　and　algae　throughout　the　sequence．　These　differences　in　lithology

and　organic　contents　indicate　the　change　of　depositional　environment．

　　　　The　change　of　fusuline　assemblage　at　the　disconformity　between　Member　Sc

and　the］二〇wer　Subformation　is　very　clear　as　mentioned　in　the　previous　paper

（KANMERA　and　MIKAMI，1965a，　P．268，　fig．1）．　Most　species　of七he　Lower　Sub－

forma七ion　do　not　range　up　to　Member　Sc，　while　several　large　species　of　P8θμ∂o一

μ8祝1仇αappear　in　Sc　and　Sd．　Only　a　few　species，　such　as　l↓f仇o∫仰αηθZIαθloη一

9α亡α，2VαγzんZηθIIα〃α初αdlα‘，　and　P8θμ（los¢ん・μ，α9θγ‘ηα　（jRobμ8¢086〃τoα9θがγτα）　80んθII一

励θ励，extend　from　Sb（or　Sa）to　the　Upper　Subformation．　Most　species　of

1）8θ踊086んψαgθγ仇α　and　Pαγα86力初αgθγ乞ηα　（s．1．）　are　confined　to　the］二〇wer

Subformation．

　　　　As　is　mentioned　in　the　succeeding　paragraph（Fig．3）the　zone　of　N⑳poM一

亡θIIαθ卿li¢ατα一1140η，o砺θ出o∂仇αZαηg80ηθη8i8　is　recognized　in　Sb，　while　that　of

P8θ履oμ8％1仇α拠lgαγZ8（s．1．）in　Sc．　To　sum　up　the　disconformity　bears　im－

portant　significance七〇the　stratigraphic　division　of　the　Lower　Permian　in七he

south　Kitakami　region．

D．Correlattion　and　geological　age　of　the　Sakamotozawa　Formation

　　　　The　zonation　of　the　type　Sakamotozawa　Formation，　with　necessary　systema－

tic　description　of　the　fusulines，　has　already　been　given　precisely（KANMERA　and

MIKAMI，1965b）．　To　cite　from　it　the　Sakamotozawa　Formation　is　de丘ned　by

successive　five　zones　as　shown　in　Fig．3．　In　a　major　scheme　the　zone　of　ZθIIZα

？z伽τ08杉乞　and　that　of　2∬o？zo（況θωo（1‘7τα　Zαηg807zθη8乞8－N乞3）poη祝θIIα　θαハ3）屍cαεα　of　the

Lower　Subformation　may　be　grouped　as　the　stage　of　P8θ励086んμ）αgθγ飢α，　while

the　zone　of　P8θμd！o∫μ8zLI乞？zα　勿τLlgαγ乞8　（s．1．），　that　of　1）．∫μ8乞∫oγγη28　and　that　of

P．α物玩g鋤of　the　Upper　Subformation　may　be　referred　to　the　stage　of　Psθ励o一

ア鵬視1仇α．The　zonal　indices　and　the　species　assemblage　of　the　6ve　zones　indica七e

that　the　Sakamotozawa　Formation　is　correlated　as　a　whole　with　the野砺6舵8

8Z勿plぴzone　to　P．α仇b‘gμαzone　in七he　sequence　of　calcareous　sediments　of

southwest　Japan．　The　age　is　as　a　whole　Early　Permian　in　the　tripartite　scheme

of　the　period．

Sedimentology　of　the　Sakamotozawa　Umestone

A．

●

1

the　carbonate

HAM　and　PRAY（1962）and　CHILINGAR　et　al．（1967）

serve　to　illustrate　the　carbonate　classi6cation　and　terminology　used　in　this　paper．

　　　　In　the　up－to－date　classification　of　carbonate　rocks　compositional　elements　and

Petrographic　descriptions

CIα88乞ガcα励ηα励ηo仇θη6Zα施γθoμ伽θ8加ηθ

The　wri七er　would　not　attempt　to　give　a　historical　review　on　the　studies　of

　　　　　　　　　sediments，　since　critical　comments　have　recently　been　given　by

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　．The　following　remarks　may
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七extural　properties　are　generally　selected　as　the　fundamental　parameters．　The

former　in七he　common　usage　is　the　constituen七s　which　are　expressed　according

to　the　kind　of　grains（fossils，06ids，　pellets　and　limeclasts）and七he　mineralogical

charac七ers　of　the　matrix（sparry　calcite，　micrite　and　dolomite）．　The　latter　in－

volves　the　textural　maturity　（sorting　and　roundness）and　grain　size．　The

classi6caion　and　nomenclature　of　the　carbonate　rocks　are，　however，　more　com－

plica七ed　than　those　of　the　terrigenous　rocks，　because　the　carbonate　rocks　not　only

include　inheren七properties，　which　are　produced　by　interbasinal　or飢8i仇physico－

chemical　processes　and　organic　or　biochemical　activities，　but　also　are　often　sub－

ject　to　extensive　syngenetic，　diagenetic　and　epigenetic　altera七ions．

　　　　For　the　purely　descriptive　purpose　the　writer，　adapting　FoLK’s　scheme（1959，

1962）with　some　modification，　designates　the　following　properties　as　classification

parameters．　A．　Constituents（1．　limeclasts・，2．　fossils，3．06ids，4．　pellets，5．　mixed

bioclasts，6．　biolithites，7．七errigenous　material），　B．　Matrix　（8．　sparry　calcite

and／or‘‘pseudosparite”，9．　micrite），　C．　Grain　size苦（rudite，　arenite　and　lutite）．

The　term　of　a　rock七ype　is　expressed　by　the　combination　of　the　predominant

constituents，　the　kind　of　the　matrix　and　the　grain　size，　such　asμs襯ηθ碗o励6γμ一

碗θ，6γ仇o況αIbτ08pαγ屹andαlgαI　pθIIθ¢bZo励oが£θ．　If　the　rock　contains　more

than　10　per　cent　of　dolomite　or　certain　kinds　of七errigenous　material，　the　pre6x
‘‘

dolomitic”，‘‘quartz’，，‘‘feldspar，，　and‘‘silty，，　is　added　to　the　head　of　each　rock－

11ame　such　as∂olo勿翫6τμ8刎ZηθbZo8pαγw砺加orσμαγZz　6γ仇o況苗08pαγZfθ．．　If七he

originally　micri七ic　matrix　is　recrystallized　to　sparry　calcite，　the　term‘‘pseudo－

sparite’，　is　used．　Furthermore，　if　a　Iimestone　consists　predominantly　of　three　or

more　kinds　of　organic　debris，　each　of　which　exceeds　20　per　cent，　the　term‘‘mixed

bioclasts”is　used．　Chemical　composition，　textural　fabric　and　diagenetic　modi且ca－

tions　which　are　very　important　factors　for　interpretation　of　depositional　environ－

ments　and　paragenesis　of　the　carbonate　sediments　are　excluded　from　the　para－

meters　of　the　classi6cation．　Syngenetic　to　epigenetic　features　are，　however，

discussed　to　some　extent　in　the　description　of　each　rock－types．

　　2．刀θ86吻‡乞oη80μんθ8α〃α伽ZozαωαL伽θ8¢oπθ

　　　　About　600　samples　have　been　collected　from　various　stratigraphic　levels　of

the　Sakamotozawa　Umestone．　They　have　been　microscopically　examined　through

thin－sections．　The　limestone　is　as　a　whole　composed　of　fragmentary　and　non－

fragmentary　skeletal　grains　and　is　petrographically　classified　into　twelve

lithologic－types　as　follows：

ロ

　
　
　
　
　
コ
　
　
　
　
　
　
　
　
コ
　
　
　
　
　
の

1
2
3
4
5
6
7
8

oncolite　biopseudosparrudite

algal　pellet　biomicrite

algal　biOmiCrite

algal　biomicrudite

fusulille　biomicrudite

gastropod　biomicrudite

feldspar　crinoid　biomicrudite

algal　biosparite

＊Grain　size　scale　is　de6ned　in　accordance　with　PETTIJoHN，s（1957）scheme　as　follows：

rudite＝2mm．　over，　arenite＝2　to　O．062　mm．，1utite＜0．062　mm．
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9．

10．

11．

12．

algal　biosparrudite

fusuline　biosparrudite

algal　o6id　biosparrudite

crinoidal　biomicrudite

Oncolite　biopseudosparrudite
（ex．　PI．47，　Fig．3；Pl．50，　Fig．3）

　　　　This　limestone　consists　mainly　of　stromatoIitic　algal　nodules　called　oncolite．

This　type　of　algal　bodies　has　been　variously　called　by　authors，　such　as‘‘algal

oncolite，，，‘‘algal　ball”，‘‘algal　nodule，’，‘‘algal　biscuit，’and‘‘algal　stromatolite’，．

The　oncoli七e　has　recently　been　rede6ned　by　WoLF（1965a）as“una七tached，　i．e．，

allochthonous，　components　that　have　been　either　encrus七ed，　circumcrusted　or

collcentrically　laminated　by　algal　Iayer’，．　In　the　present　paper，　however，　oncolite

is　used　according七〇the　original　definition　of　YouNG（1935，　quoted　in　GINsBuRG，

1960）for　unattached　form　of　lamina七ed　algal　stroma七〇1ites　as　a　descriptive　term．

The　small，　spherical　to　subspherical　bodies　composed　of　thin　algal　layers　or　fila－

ments　comple七ely　encrus七ing　a　bioclastic　or　li七hic　fragment　are　no七included　in　the

oncolite．　They　are　referred　to‘‘algal　o6id，，．

　　　　These　oncolites　are　elongate　ellipsoidal　or　spherical　in　shape　and　rela七ively

smooth　on　the　surface，　ranging　mostly　from　l　to　4　cm．　in　longer　diameter　and

from　O．5　to　l　cm．　in　shorter　diameter（i，e．　thickness）。　Their　internal　and　surface

struc七ures　show　that　they　were　not　abraded　during　and　af七er　their　growth．　They

are　arranged　with　a　longer　axis　parallel　to　the　bedding　plane．　They　commonly

have　a　shelly　or　other　organic　detrital　core，　but　some　of　them　have　a　nucleus　of

aterrigenous　sand　grain　or　a　lithic　fragment．　In　general，　Hattened　ellipsoidal

oncolites　have　a　subcylindrical　core，　but　spherical　ones　have　a　more　rounded

spherical　core．

　　　　Individual　oncoli七e　is　made　up　of　alternating　layers　of　grey　cryptocrystalline

calcite　and　darker　ones．，　which　surround　a　core．　Each　of　the　alternating　layers

ranges　mostly　from　O．2　to　l　mm．（rarely　over　1．5　mm．）in　thickness．　These　layers

are　in　general　concentrically　stacked，　but　sometimes　are　thicker　to　the　top　side

than　to　the　bot七〇m　side　of　a　stratum．　This　feature　is　useful　to　the　top　and

bottom．　determination　of　a　s七ra七um　as　already　noticed　by　CLouD（1942，　p．373）．

Secondary　growths．　of　minute　quartz　crys七als，　mostly　between　O．01　and　O．03　mm．

in　size，　are　recognized　in七he　dark－grey　or　black　layers，　but　are　few　in　the　greyish

ones．　In　the　dark－grey　layers　silty　to　finer－grained　feldspar，　quartz　and　other

detrital　grains　are　sometimes　contained．　These　features　well　illdicate　the

formation　mechanism　of　laminated　algal　layers　which　grow　by　the　alternating

adhesion　of　fine－grained　sediments　on　an　algal　mament　as　already　men七ioned

by　I・oGAN，　REzAK　and　GINsBuRG（1964）and　BATHuRsT（1967）．

　　　　The　matrix　of　this　limestone　is　originally　a　micritic　lime－mud，　but　its　larger

part　is　altered　to　fine－grained　mosaic　sparry　calcite（pseudosparite）．　Fine－

grained（commonly　O．4　mm．）detrial　quartz，　feldspar　and　rock　fragments　are

contained　in　some　parts．
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　　　　The　term‘‘stromatolites”has　been　referred　not　only　to　rocks　with　lamina七ed

algal　bodies　bu七also　to　rocks　with　other　organic　or　inorganic　laminated　structures，

since　KALKowsKI（1908，　quo七ed　in　LoGAN　et　al．，1964，　p．68）originally　de丘ned．

Recently　the　morphology　and　genesis　of　recent　algal　stromatolites　have　been

intensively　studied　and　the　environmental　conditions　in　which　they　are　formed

have　become　very　clear．

　　　　LoGAN　et　al．（1964）gave　a　classification　of　algal　stroma七〇lites　and　some

information　about　the　environmen七al　conditions　of七heir　growths．　They　sub－

divided　oncolitic　stromatolites　of　the‘‘8p．んθγoτ∂α18亡w6施γθ”　（SS）into七hree

modes：Zη〃θγ£θ（1，8τα6〃θd！んθγ）z68PんθγoZd！8　（SS－1），γαγz（lo？7zlZゾ8τα6〃θd！んθγη‘8Pんθγoτ（18

（SS－R）and¢oη．6θ励商¢αII〃8加¢〃θ∂8pんθγo‘∂8（SS－C）．　They　s七ated　that　the　prime

requisite　for　the　growth　of　SS　type　of　stromatolites　is　movement　of　the　stromato－

Iitic　body，　and　considered　that　the　difference　of　the　external　and　internal　structure

among　the七ree　types（SS－1，　SS－R，　SS－C）is　controlled　by　the　degree　and　mode　of

agitation　of　water．　They　concluded七hat　the　SS－I　type　of　stromatolites　is　formed

in　the　shallow　waters　which　are　not　greatly　agita七ed，　the　SS－C七ype　with　con－

centric　layers　indicates七he　condi七ion　of　continual　motion　of　water　and七he　SS－R

type　indicates　periodical　agitation．　Other　described　examples　of　recent　oncolite

growth8・are　those　in　the　mou七h　of　the　River　Murray　in　the　Victorian　border，

South　Australia　（MAwsoN，1929）and　in　the　Florida　Bay　（GINsBuRG壬，1955，

1956，1960）．These　and　some　other　studies（BATHuRsT，1967；McMAsTER　et　al．，

1966）clari丘ed　the　environmental　condition　of　oncolite　formation　and　the　rela－

tionship　of　it　to　the　external　and　internal　structures　of　oncolites．　It　is　generally

recognized　that　oncolitic　algae　are　predominantly　formed　in　the　shallow　waters

such　as　those　on　the　submerged　shoals，七he　intertidal　zone　and　coastal　mud　flats

of　lagoons　which　are　periodical］y　exposed　and　f【ooded．

　　　　Oncolites　of　the　Sakamotozawa　Limestone　are　composed　of　the　concentrically

stacked　layers　or　the　slightly　crenulated　layers．　The　internal　structure　of　these

oncolites　resembles　that　of　SS－C　type　of　LoGANθ君α1．（1964），　but　the　external

form（an　elongate　ellipsoid）is　closely　similar　to　that　of　SS－I　type．　Most　of　the

nuclei　are　perfectly　enclosed　by　concentrically　stacked　alternating　layers　and　the

oncolites　were　undoubtedly　formed　on　free－grains　either　of　bioclasts　or　lithic

fragments　which　were　on　the　bottom．　The　external　form　is　concordant　with　the

shape　of　Iluclei　as　already　mentioned．　There　are　no　spheroidal　algal　bodies　which

have　an　elongate　core　as　far　as　the　writer　has　observed．　These　features　suggest

that七he　nuclei　and　algal　bodies　were　gently　rolling　in　water　at　right　angles　with

their　longer　diameter　by　the　wave．　The　wave　action　must　have　been　sufnciently

conti皿ous　to　keep　oncolitic　bodies　spherical　but　not　so　strong　as　to　destroy　them．

　　　　Ancient　stromatolitic　algal　nodules　have　been　reported　by　GuRIcH（1906，

quoted　by　GINsBuRG，1960）and　JoHNsoN（1964）from　the　Lower　Permian　of

Kansas　and　GEoRGE（1960）from　the　Lower　Carboniferous　of　County　Wexford，

eastern　Ireland．　In　Japan，　KoNlsHI（1959）reported　algal　stromatolites　of　the

oncolitic　type　from　the　Permian　Nabeyama　Limestone　at　Kuzu．　The　algal　lime一

＊GINsBuRG　（1960，　p．29，　table　1）reported　that　oncoli七ic　algae　occur　at　the　depth　of

15cm．－1．4　m．　in　the　shallow　bay　or　intertidal　zone　in　Florida　Bay．
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stone　described　by　GEoRGE（1960）is　very　similar　in　shape　to七hat　of　the　Saka・・

motozawa　Limestone，　although　the　algal　remains　are　those　of　Codiaceae．　He

（1960，p．356）considered　that　these　algae　were　formed　in　a　Iagoonal　shallow　sea

of　intertidal　condition　with　intermittent　desiccation．　Recent　stromatolites　de－

scribed　by　BLAcK，　M．（1933，　quoted　by　GINsBuRG，1960）occur　on　the　mud　Hats

which　show　evidence　of　periodic　desiccation　and　erosion，　e．g．　mud　cracks　and

de8iccation　breccias．　GINsBuRG（1960，　p．27）also　stated　that　similar　features

are　commonly　recognized　in　some　ancient　attached　stromatolite　Iimestones．

　　　　The　oncolite　biopseudosparrudite　of七he　Sakamotozawa　Limestone　are　char－

acteristically　followed　by　a　thin　bed　of　reddish－purple　limy　clay　as　already　de－

scribed　in　a　previous　paper（KANMERA　and　MIKAMI，1965a）．　The　bed　shows

evidence　of　penecontemporaneous　desiccation，　which　suggests　a　very　shallow　con－

dition　of　oncolite　sediments．　To　sum　up，　it　can　be　concluded七ha七〇ncolite

biopseudosparrudite　of　the　Sakamotozawa　Limestone　was　formed　in　the　intertidaI

zone　of　a　kind　of　lagoon　where　gentle　wave　was　prevailing．

Algal　pellet　biomicrite

　　（ex．　Pl．46，　Fig．3）

　　　　This　is　a　moderately　well－sorted　Iimestone　which　consists　mainly　of且ne－to

medium－grained（mostly　from　O．1　to　O．5　mm．　in　size）de七ritus　and　subordinately

of　debris　of　crinoids　and　shells　of　uncertain　afnliation　and　some　small　foramin－

ifers．1レfoηo砺θ灘o∂仇α（、Fθγ9α城θ8）1αη980ηθη8乞80ccurs　in　this　limestone．　Sub－

angular　to　subrounded　detrital　quartz　grains　are　also　contained．　The　detritus

are　commonly　grumous，　subangular　to　rounded，　and　consist　of　microcrystalline

calci七e．　They　are　sometimes　encrusted　by　Iighter　layers　of　microcrystalline　cal－

ci七e　which　show　a　texture　similar七〇七hat　of　algae－encrusted　body．　This　type　of

pellet　has　been　called“algal　pellet”and　distinguished　from　fecal　pellets　by　WoLF

（1965d）．　He　considered　that　algal　pellets　could　be　produced　by　the　extr，eme

abrasion　of　the　ancient　and／or　penecontemporaneous　algal　bodies．

　　　　Algal　pellets　are　also　almost　always　contained　in　algal　limestones　such　as

oncolite　biopseudosparrudite　and　algal　o6id　biosparrudite　as　accessory　consti－

tuents．　But　algal　pellet　biomicrudite，　which　characteristically　occurs　in　the

middle　to　upper　part　of　cyclic　units　1－3，　is　no　longer　with　the　oncolitic　algal

nodules．　In　general，　algal　pellets　increase　in　volume　as　the　stratigraphic

sequence　of　a　cycle　is　followed　upwards，　and　vice　versa　the　oncolite　and　dasy－

cladaceae　algae．

　　　　Although　associated　organic　fragments　are　relatively　well－rounded　and　mod－

erately　well－sorted，　the　matrix　consists　of　lime－silt　which　has　been　frequently

recrystallized　to五ne－grained　sparry　calcite．

　　　　　　　　　Algal　biomicrite

（ex．　Pl．46，　Figs．4，5；P1．47，　Figs．5，6）

　　　　This　limestone　consists　mainly　of　micritic　lime－mud　and－silt，　and　6ne－to

medium－grained　debris　of　dasycladacean　algae　and　crinoid　with　some　algal　pellets．
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The　micritic　lime－mud　is　composed　of　dense　microcrystalline　calcite．　WoLF

（1965b）discriminated　two　principal七ypes　of　micrite馨，　orthomicri七e　formed　by

primary　sedimentary　processes　and　pseudo－micrite　formed　by　disintegration　of

large　calcium　carbonate　grains．　An　exact　discrimination　of　the　two　types　may

be　dif丘cult．　The　abundance　of　the　fine－grained　debris　of　dasycladacean　algae

suggests　that　the　micrite　under　consideration　may　have　been　derived　from

mechanical　disintegration　of　algal　debris．

　　　　The　algal　biomicrite，七〇gether　with　algal　biomicrudite，　is　the　main　compo－

nent　of　the　upper　part　of　each　cycle　in　the　Sakamotozawa　Limestone．

　　　　　　　　　　　　Algal　biomicrudite

（ex．　P1．47，　Fig．1；P1．48，　Fig．5；Pl．49，　Figs．1－4）

　　　　There　are　two　types　in　this　limestone，　dasycladacean　algal　biomicrudite　and

fragmentary　algal　biomicrudite．　The　former　consists　of　relatively　well－preserved

dasycladacean　and　codiacean　algae，　with　some　algal　debris・，　simple　corals　and

fragmentary　oncolites．　The　consti七uents　range　mostly　from　2　to　4　mm．，　and

rarely　attain　6　mm．　Oncolitic　algal　fragments　sometimes　include　rhombohedral

quartz．　The　quartz　crystals　were　probably　formed　by　the　grain－growth　of　detritaI

quartz　grains　which　adhered　on　the　algal　layers　in　process　of　their　formation．

　　　　This　limestone　is　very　poorly－sorted，　and　the　con七ained　organic　constituents

do　not　seem　to　have　been　washed　by　current　ac七ion．　Some　organic　debris　are

encrusted　by　thin　algal　layers　（ex．　P1．50，　Fig．1），　alld　their　marginal　par七is

commonly　destroyed　by　algal　corrosion．

　　　　Abiomicrudite　of七he　middle　part　of　the　cyclic　unit　8　which　is　composed　of

fine－grained（mostly　from　O．02　to　O．15　mm．）pseudosparite　abundantly　contains

ghosts・ofλf伽iα勿θ1θ砂伽ηα（from　O．5　to　1．O　mm．　in　size）．　Thalli　of　1∬吻Zα

勿θ1θ庇¢αηαare　recrystallized　to　Iarger　crystals　than　the　matrix．

　　　　The　matrix　of　algal　biomicrudite　consists　of　a　relatively　homogeneous　lime

mud．　It　is　dark－grey　and　lacks　transparency．　Probably　it　is　derived　mainly

from　algal－slime．

　　　　This　type　of　Iimestone　is　predominant　in　the　middle　part　of　the　cyclic　units　1

（ex．　Pl．50，　Fig．1），2，3，4　（ex．　Pl．47，　Fig．3）and　8　（ex．　Pl．47，　Fig．1；PI．50，

Fig．2）．

　　　　The　latter（ex．　P1．47，　Fig．2）is　compo8ed　of　poorly　rounded　and　poorly

sorted　debris　of　oncolite，　codiacean　and　dasycladacean　algae　and　crinoids．　The

oncolitic　fragments（pseudostromata）are　the　most　common　component　of　this

limestone．　These　consti七uents　may　have　been　formed　by　the　mechanical　dis－

integration　of　the　algal　growths．

　　　　The　matrix　is　composed　of　a　dark－grey　micritic　Iime－mud　and丘ne－grained

algal　debris，　some　of　which　can　be　called“algal　pellets”．

　　　　This　limestone　predominantly　occurs　in七he　upper　part　of　every　cyclic

sequence，　except　in　the　sixth．

＊“Algal　dust”by　WooD（1941）is　synonymous　to　micrite．　CARozzl（1960）has　made
clear　optical　character　of　algal　dust．
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Fusuline　biomicrudite
　　（ex．　P1．48，　Fig．6）

　　　　This　type　of　Iimestone　consists　of　abundant　fusuline　tests　with　a　lime－silt

and－mud　matrix，　and　it　can　be　subdivided　into　two　types　with　respect　to　the

七exture　and　original　character　of　the　matrix．

　　　　The　first　type　of七he　fusuline　biomicrudite　is　characterized　by　a　simple　as－

semblage　of　contained　fusulines　which　are　few　in　species　but　very　abundant　in

individuals　and　has　a　black　to　dark－grey，　lime－sil七and　lime－mud　matrix．　The

contained　fusulines　are　P8θμ（lo∫τL8μκηαr〃μlgαγZ8，　P．∫μ8i∫oγγη乞8，　P．　aff．∫αPoγτi¢α，

P8θ％（lo8cんωα9θγ仇α（Robμ8τ086んωα9θγ仇α）861↓θ1膓ωZθ励and　IV⑳po励¢θIIαθ⑳1葱6αカα．

The　matrix　consists　of　some　fine－grained，　poorly－sorted　algal　debris　and　indeter－

minable　ones．　Besides　it　contains　intermixed　silty　and　clayey　minerals　which

are　stained　to　light　brown　colour　under七he　microscope，　and　some　opaque　minerals・

（ranging　mostly　from　O．05　to　O．1　mm．）．　This　feature　is　most　typically　seen　in

the　N⑳po厄¢θIIαbiomicrudi七e．　The　lime－mud　seems　to　have　origina七ed　mainly

from　algal　dust．

　　　　The　texture　of　this　limestone　indicates　a　quiet　environment　of　deposition．

This　is　also　supported　by　the　presence　of　very　well－preserved　shells　of　IV乞仰o励τθIZα

which　have　a　flaring　uncoiled　outer　volution．　The　other　fusuline　species　men－

tioned　above　are　also　well－preserved．

　　　　This　Iimestone　occurs　in　the　middle　part　of　cyclic　units　2，3，4and　8．

　　　　The　second　type　of　fusulille　biomicrudite　has　a　better　sorted　matrix　than

that　of　the　first　type，　and　contains　P8θμ（lo86んψαgθγ仇α　（zθz励）　？梛η08θi，　Qμα8Z－

∫祝8μ励αZoηgZ88伽α，1匪oηo∂伽o∂仇α（、Pθγ9α？z伽8）1αηgsoηθ砲8　and　Rμgo80一

アμ8μ励ααlp仇α．　The　matrix　consists　of　lime－mud　and　poorly－rounded　debris　of

dasycladacean　and　codiacean　algae　and　oncolites．　Amount　and　size　of　these　debris

vary　remarkably　from　a　specimen　to　another．　Open　spaces　of　various　shape

and　size　are　frequen七ly　seen　in　this　biomicrudite．　They　are　611ed　up　by　mosaic

sparry　calcite，　which　is　considered　to　be　of　diagenetic　origin．

　　　　The　matrix　of　this　type　of　limestone　seems・to　have　originated　from　so－called
‘‘

algal　grain”with　a　small　amount　of　algal　dus七．

　　　　This　limestone　occurs　mainly　in　the　lower　to　middle　part　of　cyclic　units

1，2，3and　4．

　　Gastropod　biomicrudite
（ex．　Pl．47，　Fig．2；P1．49，　Fig．3）

　　　　Well－preserved　gastropods　are七he　main　framework　constituents　of　this

limestone．　Fragments　of　brachiopod　shells，　bryozoas　and　small　foraminifers　are

also　contained　as　accessory　components．　The　matrix　is　composed　of　a　mixture

of　dark－grey　micritic　Iime－mud　and　fine－grained　orgallic　debris　of　varied　shape．

Amajority　of　the　debris　consis七s　of　dark－grey　or　light－grey，　grumous　micro－

crystalline　calcite，　and　the　remailling　part　retains　the　dasycladacean　algal　struc－

tures．　The　microcrystalline　calcite　debris　were　probably　formed　by　grain－diminu－

tion（WoLF，1965b）and　the　lime－mud　may　be　6ner　grains　of　algae．
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　　　　The　matrix　commonly　shows　a　weak且owage　fabric　so　as七〇wrap　around

the　framework　collstituents　according　to　their　con且guration．

　　　　Internal　cavities　of　gastropod　shells　are　partially　or　completely　filled　by

dark－grey　micritic　lime－mud．　The　remaining　spaces　are　filled　up　by　coarse－

grained　sparry　calcite　which　has　grown　with　the　longer　axes　roughly　normal

to　the　shell　wall．　The　calcite　crystals　increase　in　size　away　from　the　wall　and

form　a　mosaic　structure．　In　some　cases　the　central　part　of　the　cavity　is　occupied

by　quartz　crystals，　which　filled　up　irregularly　the　in七erspace　of　the　sparry　calcite

crystals．　It　is　clear　that　the　quartz　crystals　were　diagenetically　formed　after

the　precipitation　of　the　sparry　calcite．　The　sparry　calcite　is　also　of　diagenetic

origin，　and　i七s　primary　fabric　has　been　retained．

　　　　The　occurrence　of　the　limestone　is　restricted　to　the　middle　part　of　cyclic

unit　80f　the　Nagaiwa　mine．

Feldspar　crinoid　biomicrudi七e

　　　　　　（ex．　Pl．47，　Fig．3）

　　　　This　limestone　consists　mainly　of　crinoid　debris　and　subordinately　sub－

angular　to　subrounded　grains　of　feldspar　（about　15％）　and　quartz　（about　10％）

with　some　volcanic　rock　fragments．　Crinoid　ossicles　range　mostly　from　O．4　to

2．5mm．，　and　feldspar　and　quartz　grains　are　less　than　O．4　mm．

　　　　The　matrix　is　very　narrow．　It　consists　of　detrital　lime－silt　and－clay　and

calcite　cement．　The　calcite　cement　occurs　as　an　overgrowth　of　sparry　calcite

on　crinoid　grains　with　an　optical　continuity（syntaxial　rim　by　BATHuRsT，1958）．

There　are　some　stylolites，　along　which　brownish　clay　minerals　occur．

　　　　This　type　of　limestone　occurs　as　thin　beds　at　the　l）asal　part　of　cyclic　uni七

20f　the　Nagaiwa　mine　and　occupies　the　main　part　of　cyclic　unit　60f　the　Saka－

motozawa　area．　That　of　cyclic　unit　6　represents　a　marginal　facies　of七he

crinoid　biopseudosparrudite，　as　is　observable　in　the　Nagaiwa　mine．

　　Algal　biosparite

（ex．　Pl．46，　Figs．1，2）

　　　　The　main　constituents　of　this　limestone　are　debris　of　dasycladacean　algae

and　oncolite．　Crinoid　ossicles　and　brachiopod　shells　are　sparsely　contained．

Organic　fragments　have　a　moderately　rounded　surface，　and　range　mostly　from

O．5to　1．5　mm．　in　length　and　from　O．2　to　O．8　mm．　in　width，　and　are　disposed　with

the　Ionger　axis　in　the　same　direction．　Some　of　them　are　coated　by　dark－grey，

thin　algal　films．

　　　　The　matrix　of　this　Iimestone　is　recrystallized　to　some　extent，　but　is　originally

血ne－grained（mostly　O．1　mm．　in　size）mosaic　sparry　calcite．

　　　　This　limestone　occurs　in　the　middle　to　upper　part　of　cyclic　uni七s　2，3and　4，

and　the　lower　part　of　cyclic　unit　1．

Algal　biosparrudite

（ex．　P1．48，　Figs．3，4）
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　　　　This・limestone　is　moderately　well　sorted，　and　its　framework　constituents

are　nearly　the　same　as　those　of　algal　biosparite，　consisting　of　fragments・of

oncolites，　crinoids，　dasycladacean　algae　and　fusulines．

　　　　The　matrix　is　relatively　wider　than　tha七〇f　other　rock－types　of　the　Sakamoto－

zawa　Limestone，　and　consists　of　a　sparry　calcite．

　　　　This・Iimestone　occurs　in　the　middle　to　the　upper　part　of　cyclic　units　2，3，4，

5and　9，　and　is　locally　interbedded　with　algal　biopseudosparrudite　in　the　lower

part　of　cyclic　unit　1．

Fusuline　biosparrudite

　（ex．　Pl．48，　Figs．1，2）

　　　　This　limestone　consists　of　fusulines，　mainly　Nαgα加θZIα批ηαfoねnd　P8θ掘o－

∫祝8μ励ααれ碗gμα，with　a　small　amount　of　dasycladacean　algal　debris．

　　　　The　matrix　is　largely　recrystallized　to　a　sparry　calcite　which　is　O．2　to　O．6　mm．

across．　But　it　retains　in　part　the　original七exture　of　elongate　sparry　calcite

which　has　grown　perpendicular七〇the　walls　of　the　framework　constituents．

　　　　Secondary　rhombohedral　dolomite　crystals　are　sometimes　seen　in　the　matrix

and　the　fusuline　shells．

　　　　The　occurrence　of　this　type　of　limestone　is　restricted　to　Member　Sd．

Crinoidal　biomicrudi七e

　　（ex．　Pl．50，　Fig．3）

　　　　The　constituents　are　almost　exclusively　crinoid　columnals　and　plates．　They

are　contained　as　much　as　50％，　not　uncommonly　80％of　the　total　constituents

of　the　limestone，　Other　kinds　of　fossil　and　their　debris　are　extremely　rare，

although　a　small　amoun七〇f　fusulines・and　small　foraminifers　are　occasionally

contained．　The　matrix　consists　primarily　of　micritic　lime－mud，　but　is　in　patches

recrystallized　to　6ne－grained（mostly　under　O．01　mm．）pseudosparite．　Especially，

this　limestone　along　fault　zones　in　the　Higashiyama　quarry　has　a　matrix　of

almost　completely　recrystallized　coarse　spari七e，　but　retains　relicts　of　a　lime－mud

matrix　in　some　part　such　as　in　canals　of　crinoid　columnals　or　unstrained　narrow

spaces　enveloped　grain－supported　frame－works．

　　　　The　lime－mud　matrix　is　distorted，　showing　a　flow　fabric．　Consequently

recrystallization　is　taken　place　in　strain－free　areas　adjacent　to　crinoid　debris　to

form　a　grain－growth　rim（BATHuRsT，1958）．　It　consists　mostly　of　6ne－grained

mosaic　calcite，　but　sometimes　it　forms　a　large　syntaxial　overgrowth　in　Iattice

continuity　with　a　host．　Some　terrigenous　muds　and　silts　are　also　contained

in　the　ma七rix，　where　6ne　graines（mostly　be七ween　O．03　and　O．05　mm．）of　opaque

minerals　are　recognized．

　　　　The　crinoid　fragments　sometimes　have　a　grain－growth　rim，　which，　in　turn，

grades　into　fine－grained　pseudosparite，　decreasing　the　grain　size，　and　further

into　the　lime－mud　matrix　with　a　hazy　boundary．

　　　　Afew　open　spaces，　mostly　from　2　to　4　mm．　across，　are　observed　in　one　slide．
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They　occur　in　a　lime－mud　matrix，　and　are　subrounded　patchy－or　tortuous　tube－

8haped　in　section　with　a　sharp　boundary　to　the　matrix．　One　of　the　cavities　has

internal　sediments　of　lime－mud　and　6ne－grained（commonly　from　O．2　to　O．8mm．，

rarely　over　l　mm．）organic　debris　which　partially　mled　the　bottom　side　of　the

cavity　before　the　diagenetic　inmling　of　sparry　calcite．　Others　are　completely

飢ed　up　with　sparry　calcite，　that　is　drusy　mosaics　of　BATHuRsT（1958），　which

show　preferred　orienta七ion　of　the　longest　grain　axis　normal　to　the　wall　of　the

lime－mud　matrix　and　increases　in　size　away　from　the　wall　toward　the　center　of

the　cavity，　where　it　attaills　l　mm．

　　　　Many　works　have　been　made　with　regard　to　the　genesis　of　open－spaces　or

voids　and　the　process　of　internal　mling　and　sedimentation（W旺F，1965d；

PERKINs，1963；FoLK，1959；CHILINGER，　BIssEL　and　WoLF，1967　and　others）．

More　sufncien七ma七erial　is　necessary　to　determine　the　origin　and　paragenesis

of　the　open－space　structures　under　consideration，　but　they　are　probably　bore－

tubes　made　by　burrowing　animals．

　　　　Crinoid　os8icles　occur　in　various　rock－types　of　limestone，　but　associated

biogenic　constituents　demonstrate　that　Upper　Palaeozoic　crinoid　colonies　pre－

dominantly　flourished　in　neritic　environments．　It　is　also　suggested　from　their

living　organic　structures　that　the　conditions　most　suitable　for　the　growth　of

crinoid　colonies　must　have　been　below　the　wave　base　and　in　moderate　currents

of　clear　water　which　would　have　brought　sufncient　nutritious　material　for　them．

GEoRGE（1958）considered　that　the　crinoidal　limestone　of　the　Upper　Oα励ητα

zone　in　south　Wales　was　formed　in　shallow　and　clear　waters　of七he　open　sea．

　　　　Thin－bedded　argillaceous　algal　micrite　with　intercalated　reddish－purple

partings　of　limy　clay　is　overlain　with　gradual　transition　by　the　crinoidal　bio－

micrudite，　which，　in　turn，　is　almost　devoid　of　algal　remains．　This　sequence　seems

to　indicate　the　deepening　of　the　sedimentary　environment．　The　lime－mud　matrix

also　indicates　sedimentation　in　a　calm　environment　not　affected　by　strong　wave

ac七ion．

　　　　It　is　generally　considered　that　crinoid　skeletons　are　easily　disjointed　into

individual　segments　by　wave　and　current　actioll　after　death．　The　contained

crinoid　columnals　are，　however，　rarely　as　long　as　10　cm．，　very　poorly　sorted，

and　many　of七hem　do　not　show　a　distinct　sign　of　abrasion．　These　features　suggest

that　they　deposited　in　and　near　their　Iiving　si七es．　The　crinoid　biomicrudite　of

the　cyclic　unit　6　attains　55　m．　in　thickness．　Such　a　thick　accumulation　exclusively

of　crinoid　ossicles　implies　a　remarkably　dense　and　continual　growth　of　crinoids

in　the　form　of‘‘crinoid　forest，’．

　　　　The　crinoid　biomicrudite　occurs　typically　in　the　cyclic　unit　60f　the　Nagaiwa

mine．　The　coeval　beds　ill　the　Sakamotozawa　area　are　represented　by　crinoid　bio－

micrudite　and　arenaceous　crinoid　biomicrudite　with　some　debris　of　algae　and

fusulines．　The　contained　crinoid　ossicles　are　much　more　fragmentary　and

abraded　than　those　of　the　Nagaiwa　area，　and　seldom　exceed　l　cm．　in　size．

Algal　pseudo6id　biosparrudite

　　　　（ex．　P1．46，　Figs．6，7）
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　　　　The　term　algal　pseudo6id　is　used　here　for　a　small，　spherical　to　subspherical，

circumcrusted　algal　body　on　an　organic　or　inorganic　core．　The　limestone　referred

七〇algal　pseudo6id　biosparrudite　consists　predominantly　of　algal　pseudo6ids　wi七h

some　oncolites，　fusulines，　and　debris　of　dasycladacean　algae，　gastropods，　bryozoas

and　small　foraminifers．　The　algal　pseudo6ids　are　of皿iform　size　ranging　mostly

from　O．6七〇1．2　mm．　and　occasionally　up　to　2．5　mm．　in　diameter．　They　have

uniformly　concentric　encrusting　Iayers　concordant　to　the　core－shape　and　a　rela－

tively　smooth　outer　surface（ex．　Pl．46，　Fig．6）．　The　algal　crust　is　composed　of

multiple，　extremely　thin　lamillae　of　grey　to　dark－grey，　dense　cryptocrystalline

calcite，　being　usually　thinner　than　a　diameter　of　a　detrital　core．　Compared　with

the　algal　crus七s　of　the　associated　oncoli七es　i七is　lighter　in　colour，　composed　of

much　thinner　laminae，　and　more　uniform　in七exture　without　spongy　fabrics

nor　other　incorporated　allogenic　impurities　which　are　very　common　in　the　on－

colitic　algal　crusts．　The　core　consists　of　bioclasts　mentioned　above．　In　some

cases　algal　pellet　is　also　common　as　a　core．　The　core　of　the　algal　pseudo6id　is

also　of　fairly　regular　size，　mo8tly　ranging　from．0．4　to　l　mm．　in　diameter．　It　is

interesting　tha七the　associated　fine－grained　bioclasts　smaller　than　O．2　mm．　have

no　algal　crusts．　The　matrix　is　composed　of　sparry　calci七e．

　　　　The　algal　pseudo6ids　of　the　Sakamotozawa　Limestone　are　morphologically

similar　to　circumcrusts，　algal　o61ites　and　pisolites　of　the　Lower　Devonian　algal

reef　complex　of　New　South　Wales　described　by　W旺F（1965a，　b　and　c）．　He

referred　them　as　subtypes　to　oncolites　and　considered　them　allochthonous　in

origin　in　the　sense　that　they　can　be　moved　by　currents　and　waves．　The　algal

pseudo6ids　under　consideration，　however，　are　uniform　in　size　and　shape，　and　their

crusts　have　a　uniform　thickness　and　continuation，　without　a　truncated　structure．

These　features　suggest　an　autochthonous　origin　of　algal　pseudo6ids，　which　were

formed　by　the　growth　of　algal　maments　on　bioclas七s　in　the　place　of　deposition．

On　the　other　hand，　the　associated　oncolites　are　variable　in　size（mostly　much

larger　than　algal　o6ids）　and　shape，　and　have　thicker　algal　crusts　of　different

fabric，　as　mentioned　above．

　　　　The　above　described　textural　and　compositional　features　of　algal　pseudo6id

biosparrudi七e　indica七e　a　uniform　and　continual　agitation　of　water　during　the

deposition．　This　limestone　occurs　in　the　basal　part　of　cyclic　unit　l　at　the且igashi－

yama　quarry・

B．Cyclic　sedimentation　of　the　Sakamotozawa　Limestone

　　　　The　Sakamotozawa　Forma七ion　displays　a　sedimentary　cycle　which　begins

with　the　basal　unit　of　conglomerate，　Iithic　and　feldspathic　arenite　and　l）lack　shale，

and　is　succeeded　by　calcareous　sediments　in　the　main　part　and　completed　wi七h

sandstone　and　shale．　This　sequence　is　regarded　as　probably　reflecting　a　change

from　a　transgressive　phase（called　the“Sakamotozawa　transgression”）through

inundation　phases　to　a　regressive　one．　The　cyclic　sedimentation　is　also　welI

recognized　in　minor　order　in　the　main　part　of　the　sequence，　that　is　the　Sakamoto－

zawa　Limestone（see　Flig．4）．　The　pat七ern　of　a　cycle　is　characterized　by　a　gradual

change　of　depositional　environment　from　a　shallow　lagoonal　sea　to　a　slig11七
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deepened　open　sea　and　by　a　hasty　change　of　environmen七from　an　open　sea　to　a

shallow　Iagoonal　sea．　The　principal　features　that　demonstra七e　the　cyclic　sedi－

mentation　of　the　Iimestone　are　as　follows：

　　1．Change　in　thickness　of　a　single　stratum

　　　　In　each　cyclic　unit，　the　thickness　of　a　single　stratum　gradually　increases

upwards　ranging　from　5－10　cm．　in　the　basal　part　to　about　l　m．　a七the　top．

　　2．　Colour　of　Iimestone

　　　　In　each　cyclic　unit，　the　limestone　of　the　lower　part　is　black七〇dark－grey　in

colour，　but　as　the　succession　is　followed　upwards　the　limestone　becomes　gradually

Table　1．　Relationship　between　the　size－sorting　and　cementation

　　　　　　　　　　　　of　the　matrix　of　detrital　Iimestones
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lighter　in　colour．　The　massive　limestolle　of　the　upper　par七is　mostly　grey　to

Iigh七一grey．　That　of　Member　Sb3　which　is　primarily　composed　of　crinoid　frag－

ments　is　white七〇light－grey．

　　3．Reddish－purple　limy　clay

　　　　In　many　cases七hin　beds　of　reddish－purple　limy　clay　are　interbedded　with

oncoli七e　biopseudosparrudite　of　the　basal　part　of　each　cyclic　unit．　The　thickness

of　each　bed　is　in　most　cases　less　than　10cm．　and　occasionally　attains　30cm．

Each　bed　shows　a　gradual　change　from　the　lower　dark－grey　limestone七〇the

upper　reddish－purple　clayey　part，　and　its　very　top　has　a　distinc七boundary　with

七he　overlying　dark－grey　limestolle．　Besides，　in　some　cases，　the　uppermost　part

llas　been　more　or　less　s七ained　into　reddish－purple　colour．　The　Iimy　clay　is　con－

sidered　to　have　been　produced　by　the　contemporaneous　weathering　of　Iimes七〇ne．

　　4．　Matrix　of　limestone

　　　　It　is　one　of　the　important　fea七ures　of　the　Sakamotozawa　Limestone　that　the

matrix　of　Iimestone　is　primarily　made　up　of　micritic　lime－mud　almost　throughout

the　sequence　as　shown　in　Fig．5．　However，　thin　beds　of　limestone　with　a　sparry

calcite　matrix　are　intercalated　at　several　horizons．　Organic　de七ritus　con七ained

in　the　limestone　with　a　sparry　calcite　matrix　are　better　sorted　than　those　of　the

limestones　with　a　lime－mud　matrix．　Grain－size　analysis　of　the　organic　debris

for　selected　29　specimens　is　shown　in　Table　1．　The　standard　deviation　value（σθ）

of　biomicrite　and　biomicrudite　ranges　from　1．01　to　1．44，　averaging　1．25（poorly

sorted）．　There　are　no　samples　that　have　theσθvalues　smaller　than　1．0．　But

theσθvalues　of　biosparite　and　biosparrudite　range　from　O．45　to　1．20，　averaging

O．87（moderately　sorted）for　18　specimens．　This　fact　indicates　that　the　limes七〇ne

with　a　sparite　matrix　was　formed　in　a　sedimentary　environment　where　the　cur－

rent　action　or　agitation　of　water　were　conspicuous　and　accordingly　the　sediments

were　better　sorted．

　　5．　　Microbiofacies

　　　　As　is　illustrated　in　Fig．4，　the　biogenic　con8tituen七s　of　the　Sakamotozawa

Limestone　show　a　fairly　regular　change　in　their　assemblage，　quan七ity　and　mode

of　occurrence　within　each　cyclic　unit．

　　　　Oncolites　are　crowded　in　the　lowest　and／or　lower　part　of　a　cyclic　unit，　being

typically　developed　in　the　lower　part　of　cyclic　units　1，2，3and　7．　Examples　from

the　cyclic　unit　l　are　shown　in　Fig．30n　Plate　47　and　Figs．1－30n　Plate　50．　The

matrix　of　the　limestone　with　oncolites　is　pseudosparite　and　micritic　lime－mud，　and

contains　small　organic　debris　and　terrigenous　sand　grains．　The　depositionaI

environment　of　oncolite　biopseudosparrudite　is　discussed　in　Chapter　III－A．　Onco－

lites　decrease　in　size　and　quantity　gradually　upwards　in　a　cyclic　ullit，　and　those

of　the　middle　part　are　often　fragmentary　or　apparently　abraded．　Algal　o61ites

also　occur　in七he　middle　part．　In　the　upper　part　encrusted　algal　bodies　or　algal

o61ites　are　rarely　found，　and　very　fragmentary丘ne－grained　algal　debris　pre－

dominate．

　　　　Dasycladacean　and　codiacean　algae　and　their　debris．　occur　almost　throughout

the　sequence　of　the　Sakamotozawa　Limestone，　and　generally　are　abundant　at　the

level　succeeding　to　the　oncoli七e　limestone　mentioned　above．　The　most　typical
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variation　of　main　constituents　of　the　Sakamotozawa

＊2：thin　bedded（5－20　cm）；　＊3：thin－bedded

bedded（50－100　cm）；　＊5：massive（ove．r　l　m）．

（20－50cm）； ＊4：thick一

example　is　seen　in　the　middle　part　of　the　cyclic　unit　8，　where　nearly　complete

specimens　of　M概Zα勿θ1θbπαηαScHuBERT　occur　abundantly　in　a　dark－grey　pseudo－

sparite　matrix．　The　associated　organic　remains　such　as　small　simple　corals　and

fusulines　are　also　almost　complete．　However，　in　other　cyclic　unit　they　are　gen－

erally　fragmentary　and　accompanied　by　algal　o61ites　and　incomplete　oncolites

mentioned　above．　WoLF（1965c）attempted　to　subdivide　calcareous　alga】sedi－

ments　and　considered　that　the　algae　are　gradationally　disintegrated　into　frag一



ASedimentological　Study　of　the　Lower　Permian　Sakamoltozawa　Formation 353

ments　of　various　grades　of　fineness　and　s七ructure．　In　case　of　the　Sakamotozawa

五mestone　it　is　noticed　that，　as　the　sequence　of　a　cyclic　unit　is　followed　upwards，

oncolites　and　well－preserved　dasycladacean　algal　thalli　decrease　and　fine－grained

algal　debris　and　micritic　lime－mud　gradually　increase．

　　　　Brachiopods　occur　abundantly　in　the　l）iomicrite　and　biomicri七e　beds　wi七h　a

reddish－purple　limy　clay　parting　of　the　lower　part　of　the　cyclic　unit　l　and　in　the

biomicrudite　of　the　middle　par七〇f　the　cyclic　unit　2．　They　are　also　found　in　the

biosparrudite　bed　at　the　Iower　part　of　the　cyclic　unit　l　and　of　the　middle　to　upper

part　of　the　cyclic　unit　2．

　　　　Throughout七he　Sakamotozawa　Umestone，　crinoid　fragments　are　an　impor－

tant　constituent　of　Iimes七〇ne　next七〇calcareous　algae．　The　crinoidal　limestone

beds　are　bes七in　the　cyclic　unit　6　and　also　in七ercalated　in　the　middle　to　upper

part　of　the　cyclic　uni七s　1，2and　3．

　　　　Fusulines　occur　at　many　horizons　in　the　Sakamotozawa　Limestone，　and　are

in　general　very　common　or　abundant　in　the　middle　part　of　each　cyclic　uni七．　In

many　of　these　beds　the　colltained　fusulines　are　few　in　number　of　species　bu七are

commonly　very　abundant　in　individuals．　The　shape　of七heir　shells　corresponds・

fairly　distinctly　to　the　lithology　of　limestone　in　which　they　occur．

　　　　An　elongate　subcylindrical　species　of　1匪oπo砺θκo∂‘ηα（Fθγ9α硫θ8）1αηg80ηθη一

8Z80ccurs　commonly　in　biomicrite　or　sometimes　biomicrudi七e　beds　of　the　middle

to　upper　part　of　the　cyclic　units・2and　3．　They　are　often　concentrated　in　particu－

lar　laminae　keeping　a　constant　direction　of　shells．　The　limestone　in　which　they

occur　contains　fairly　we11－sorted　fragments　of　crinoids　and　calcareous　algae　and

has　a　narrow　lime－mud　matrix．　It　sometimes　contains　terrigenous　quartz　sands

and　silts．　The　above　lithological　characters　may　suggest　an　environmen七under

some　agitation　of　water　currents　or　wave　agitation，　but　the　contained　fusulines

are　rather　complete．　Rμgo80∫μ8μ1仇ααlp仇αwhich　has　a　relatively　thin－walled，

elonga七e　shell　is　commonly　found　in　homogeneous　fine一七〇　medium－grained

biomicrites．

　　　　］Many　casts　of　long，　subcylindrical，　unidentified　fusuline　shells　are　contained

in丘ne－grained　sandstones　of　Member　Sa．　They　are　disposed　mostly　in　the　same

direction．　A　similar　mode　of　occurrence　of　elongate　fusulines　in　sandstone　is

also　well　known　as‘‘Matsubaishi，，（pine－needle　stone　in　Japanese；1↓foηo碗θ¢o－

∂飢α阻α亡8励ατ8碗FUJIMOTO，1956）in　the　Kanokura　Formation．

　　　　　Large　globose　species　such　as．　ZθIIZαη祝η08θ乞HANzAwA　and　P8θ砿08cんψα一

9θγ仇α（Ro加8¢086んωα9θγ碗α）HANzAWA　are　common　in　biomicrite　or　biomicru－

dite　beds　which　contain　oncolites　and　a　small　amoun七〇f　angular，　poorly－sor七ed

organic　fragments．　Although　these　species　occur　in　a　lime－mud　matrix，　the　ou七er

one　or　two　volutions　of　their　shells．　are　commonly　abraded．　As　a　spherical　shape

is　most　Iiable　to　transpor七ation　by　currents，　probably　they　must　have　been　trans－

ported　with　some　other　organic　fragments　from　their　living　site　for　some

　distance．

　　　　　Thick　fusiform　species　such　as　P8θ踊oア％8μ1仇αwlgαγτ8（s．1．）is　most

abundant　in　the　Iimestone　with　a　micri七ic　lime－mud　matrix　and　poorly－sorted

organic　debris　at　the　middle　part　of　the　cyclic　uni七8．　Their　shells　are　almost
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completely　preserved．　Large　fusiform　to　in且ated　fusiform　species　of　Pα㌍α一

86んωα9θ冗γτα　（A6θγ勿086んωα9θγ‘？zα）　and　IZ％go80∫τ偲τLμ？τα　etc．　occur　sporadically

not　only　in　thin－bedded　biomicrites　but　also　in　relatively　massive　ones．　Associated

organic　constituents　are　mainly　algal　fragments，　showing　very　poor　sorting．

　　　　NZ仰oγzπθZZα　θωpl葱¢α¢α，　an　uncoiled　al）errant　species，　is．　in　most　cases　con一

七ained　in　homogeneous　biomicrites　consisting　mainly　of　fine－grained　debris　of

calcareous　algae　and　crinoids．　It　also　occurs　occasionally　in　6ne－grained　bio－

spari七es．　Despite　its　delicate　and　thin－walled　shell　it　is　almost　comple七e．

　　　　Corals　are　rather　rare　except　in　the　middle　part　of　the　cyclic　unit　80f　the

Nagaiwa　area　where　small　simple　corals　are　fairly　common．　Small　colonies　of

M66んθ励Zαare　also　found　from　the　same　par七．

　　　　Gastropods　occur　in　the　middle　to　upper　part　of　each　cyclic　unit．　The　lime－

stone　in　which　they　occur　has　a　lime－mud　matrix．　Several　species　are　found

most　commonly　in　the　middle　part　of　the　cyclic　unit　80f　the　Nishiyama　quarry

and　the　eastern　slope　of　Tashiroyama．

　　　　To　sum　up，　in　each　cyclic　unit　the　lower　part　is　characterized　by七he　develop－

men七〇f　oncolitic　calcareous　algae．　Dasycladacean　and　codiacean　algae　and

elongate　subcylindrical　or七hick　fusiform　fusuline　species　occur　most　abulldantly

in　the　middle　part．　Organic　constituents，　particularly　debris　of　calcareous　algae，

of　rudite　size　gradually　decrease　upwards　in　each　cyclic　uni七，　and　the　limestone

of　the　upPer　part　consists　of　bioclasts・of　areni七e　size　with　a　rather　large　amount

of　lime－mud　matrix．　The　lime－mud　seems　to　have　been　derived　Iargely　from

calcareous　algae　and　subordina七ely　from　other　kinds　of　organisms，　such　as

gastropods，　brachiopods　and　crinoid　fragments．．　The　vertical　variation　of　the

main　constituents　in　the　described　sequence　is　shown　in　Fig．4．

　　　　From　the　above　described　vertical　change　of　bio－and　litho－facies　the　follow－

ing　conclusion　may　be　led．　The　Sakamotozawa五mestone　consists　of　ten　units，

each　of　which　represents　a　minor　cycle　of　sedimentation　as　indicated　in　Fig．3．

The　cyclic　unit　is　most　typically　displayed　by　Member　Sb2　exposed　on　the　Nishi－

yama　quarry．　It　begins　with　thin－bedded（5－10　cm．）oncolite　biopseudosparrudite

beds　with　thin　partings　of　the　reddish－purple　limy　clay，　is　succeeded　by　bedded

（15－30cm．），　dark－grey　biomicrite　beds　frequently　with　dasycladacean　biornicru－

dite，　and　ends　with　thick－bedded（50　cm－1　m．）to　massive（over　l　m．）algal

biomicrudite　and　biomicrite　beds　with　occasional　bands　of　algal　biosparite，

－biosparrudite，　and　crinoidal　biomicrite　and　calcarenite．　Thin　beds　of　black　cal－

careous　shale　and　fine－grained　lithic　arenite　are　sometimes　intercalated　in　the

lower　part　of　each　cyclic　unit．

　　　　The　cyclic　unit　in　the　Sakamotozawa　Limestone　is　regarded　as　representing

aserial　change　of　the　sedimentary　environment．　Namely，　it　begins　wi七h　the

sediments　which　were　formed　under　a　very　shallow　intertidal　condition　of　a

probably　res七ricted　water（possibly　a　lagoon），　with　an　intermittent　desiccation

of　water　at　times，　followed　by　those　of　a　slightly　deepened　near－shore　to　a　some－

what　offshore　environment　of　open　neritic　sea　where　washing　of　sediments　was

taken　place　by　agitating　wa七er　or　currents　of　moderate　intensity，　and　ends　with

thin　transitional　part　wllich　is　succeeded　by　the　next　cyclic　unit．
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　　　　Columnar　sections　of　　　　　　　　　　　　　　　　　along　the　seven

selected　routes　in　the　Sakamotozawa－Nagaiwa　area，　showing　ten　sedimen七ary

cycles．

a．thickness　in　m．；　b．　member；　c．　major　cycles；　d．　minor　cycles；

e．columnar　section；　f．　Psθ掘o∫μ8㏄1仇α側lgαγi8；　9．　Psθ励080ん初α9θγ仇α

（ZθZI鋤η祝η08θτ；h．　conglomerate；i．　sandstone；j．　shale；k．　thin－bedded

limestone（5－20　cm）；1．　thin－bedded　limestone（20－50　cm）；m．　thick－bedded

limestone；n．　oncolitic　limestone；o．　crinoidal　limestone；p．　conglomeratic

limestone；q．　red　limy　clay；r．　iron　bed；s．　dike　rock；t．　unexposed；

一一一．correlation　of　cyclic　units；　……．　correlation　of　fossils．

C．　Discussion

　　　　The　Lower　Permian　Sakamotozawa　Formation　has　considerable　peculiarities

not　only　in　lithofacies　but　also　in　sedimentological　characters，　as　compared　with

the　Late　Palaeozoic　sediments　of　other　areas　of　Japan．

　　　　The　Sakamotozawa　Limestone　is　well　stratified　as　mentioned　before．　No

such　well－bedded　limestones　are　present　in　other　regions　of　Japan，　where　the

limestone　is　massive，　as　is　well　exemplified　by　the　Akiyoshi，　the　Atetsu，七he

Akasaka　and　the　Ibukiyama　Limes七〇ne．　It　has　thin　intercalations　of　shale，

sandstone　and　granule－to　pebble－conglomerate，　but　is　not　associated　with　chert

alld　submarine　volcanic　sediments．　In　this　respect　it　differs　from　the　limestones

of　the　Upper　Carboniferous－Lower　Permian　Tobiishi　Group　and　its　equivalents

and　of　Permo－Triassic　Sambosan　Group　in　the　Outer　Zone　of　southwest　Japan．

Twelve　lithologic　types　of　the　Sakamotozawa　Limestone，　which　mostly　have　a

micritic　matrix，　can　be　summarized　into　four　groups，　i．e．　algal　limestone，　crinoidal

limestone，　fusuline　limestone　and　gastropod　Iimestone，　on　the　basis　of　the　main

constituents．　Of　these　the　algal　limestone　is　most　predominant．　It　is　composed

not　only　of　blue　green　algae　but　also　of　dasycladacean　and　codiacean　algae，
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although　their　quantity，　mode　of　occurrence　and　kinds　of　species　change　vertically

and　horizontally．　Especially　oncolite　is　characteristic　of七his　limestone．　So　far

as　has　been　known，　it　is　very　rare　in　the　Palaeozic　carbonate　sediments　in　Japan．

The　presence　of　oncolite　can　be　used　as　good　evidence　for　that　a　restricted，　very

shallow，　calm　environment　of　sea－waters　had　prevailed　during　the　deposition．

　　　　The　cyclic　sedimentation　is　another　outstanding　character　of　the　Sakamoto－

zawa　Limes七〇ne，　as　has　been　described　in　de七ail　in　Chapter　III－B．　This

phenomenoll　has　not　been　noticed　in　the　Late　Palaeozoic　Iimestone　sequence

in　Japan．

　　　　The　cyclic　feature　of　the　marine　limestone　sequence　has　been　described

from　several　regions　outside　Japan．　DIxoN　and　VAuGHAN　（1911，　quoted　in

DUFF　et　al．，1967）discriminated七wo　phases　of　a　cycle，　standard　phase　and　a

Iagoonal　phase，　in七he　Lower　Carboniferous　Iimestone　of　the　Gower　Peninsula，

South　Wales．　The　former　is　characterized　by　crinoidal　and　o61itic　limestone，

indicating　shallow　but　open　sea　sediments．　The　lat七er　is　represented　by　fine－

grained　and　less　fossiliferous　limestones　with　a　few　species　of　bivalves　and

algal　growths，　suggesting　extremely　shallow　wa七ers　effec七ively　isolated　from

the　open　sea．

　　　　PIRLET　（1963，　quoted　in　DuFF　et　al．，1967）described　a　cyclic　calcareous

sequence　of　the　Upper　Visean　of　Belgium．　It　consists　of　skeletal　calcareni七e

with　an　erosion　or　scour　surface　at　its　basal　part　and　of　poorly　fossiliferous

calcilu七ite　and　stromatolitic　limestone　in　the　upPer．　He　considered　that　the

lower　part　was　accumulated　in　an　open　sea，　and七he　upper　on　an　extremely

shallow　lagoonal　platform．

　　　　These　two　examples　of　cyclic　sediments　are　of　stable　shelf　area．　In　these

examples　the　sedimen七ary　environment　of　the　limestone　containing　stromatolitic

algae　may　be　comparable　with　tha七〇f　the　oncolite　biopseudosparrudite　of　the

Sakamotozawa　Limestone．　However，　the　pattern　of　the　cyclic　sedimentation

of　the　Sakamotozawa五mestone　which　is　represented　by　a　change　of　environ－

mental　condition　from　a　lagoonal　sea　to　an　open　one　shows　a　reversed　order

to　that　of　two　examples　as　melltioned　above．

　　　　As　other　types　of　cyclic　shelf　sediments　which　contain　carbonate　rocks

such　successions　as　limestone－dolomite，　limestone－argillaceous，　clay－sandstone－

limestone　and　sandstone－shale－limestone－shale　etc．　have　been　recognized　in　the

Pe皿sylvanian　and　Lower　Permian　of　Kansas　and　adjacent　areas．　These　cycles

also　have　an　order　from　a　transgressive　phase　to　a　regressive　one，　that　is，　a

change　of　environmental　condi七ion　from　an　ofF－shore　sea七〇anear－shore　and

lagoonal　one（MooRE，1959）．

　　　　Another　example　of　a　cyclic　sequence　of　limestone　which　has　some　ter－

rigenous　illtercalations　is　that　of　the　Lower　Pennsylvanian　Moleen　Formation

in　the　Cordilleran　geosyncline（DoTT，1958；BIssEL，1964）．　According　to　DoTT

（1958），each　cycle，　which　is　10－20　m．　in七hickness，　begins　with　a　diastem　pro－

duced　by　submarine　scouring，　and　consists　of　the　following　four　units　in　as－

cending　order：（1）non－carbonate　sediments　（sil七，　sand　and　conglomerate），

（2）fossil　hash　calcarenite，（3）coqquinite　or　coquinoid　limestone，　and（4）fine
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and　cherty　Iimestone．　He　explains　that　the　cause　of　such　a　cyclic　sedimentation

can　be　a七tributed　to　alternations　of　agitated　and　quiet　bottom　conditions　which

have　taken　place　in　relation　to　the　tectonic　movemen七〇f　geosynclinal　period．

He　also　stated　that　the　clastic　sediments　were　mainly　supplied　from　a　island

belt　produced　by　orogeny　in　eugeosyncline，　and　some　of　them　came　from　up－

warps　and　platforms　within　the　miogeosyncline　itself　and　partly　from　a　craton

in　the　east．

　　　　The　cyclic　change　of　environmental　conditions　of　the　Sakamotozawa　Lime－

stone　resembles　that　in　the　stable　shelf　or　miogeosyncline，　as　described　by

DIxoN　and　VAuGHAN，　PIRLET　and　DoTT．　It　is　noteworthy，　however，　that　the

cyclic　pattern　of　the　Sakamotozawa　Umestone　shows．　a　reversed　order　to　that

of　the　other　areas　outside　Japan．

　　　　The　cause　of　the　cyclic　sedimentation　is　not　de6nitely　known，　but　two　main

controlling　factors　have　been　discussed　by　au七hors．　One　is　the　periodic　change

of七he　sea　level　caused　by　glaciation　and　the　other　is　the　tilting　and　minor

crustal　warping　caused　by　tectonic　movement．　The　change　of　the　sea　level　by

glaciation　would　present　the　worldwide　effect，　so　it　should　give　rise　to　a　cyclic

sedimenta七ion　not　only　in　the　epicontinental　regions　but　also　in七he　mobile　belts．

Actually　cyclic　patterns　differ　from　place七〇place，　and　in　some　regions　no

distinct　cyclic　sediments　can　be　seen　at　all．　This　fact　may　be　partly　due　to七he

local　difference　of　the　geographical　and　environmental　conditions．　Furthermore，

it　should　not　be　neglected　that　the　cyclic　movement　caused　by　eustatic　pulsation

throughout　the　broad　area　would　be　modified　or　obliterated　by七he　oscillation

caused　by　local　tec七〇nism　in　the　mobile　belts．1七is　accordingly　considered　tha七

the　mode　of　the　cyclic　sedimentation　in　the　mobile　belts　should　have　a　local

peculiarity　caused　by　duplication　of　the　two　controlled　factors．

　　　　In　Japan　located　in　the　circum－Pacinc　mobile　belt，　tectonic　movements　had

already　occurred　in　the　Carboniferous　period　in　the　southern　Kitakami　and

certain　other　regions．　Geosynclinal　sedimen七ation　was　in　progress　in　northern

Kitakami　and　o七her　regions　in　the　same　period．　In　such　tectonically　unstable

regions，　it　is　difHcult　to　make　clear　how　the　eustatic　movement　by　glaciation

affected七he　cyclic　sedimentation．　However，　as七he　cyclic　sedimentation　is・not

recognized　widely　in　the　limestone　complexes　and　the　associated　non－calcareous

sediments　in　other　tec七〇nic　provinces　of　southwest　Japan，　it　seems　probable

that　a　provincial　tectonic　movement　played　the　most　impor七ant　role　in　tlle

cyclic　sedimentation　of　the　Sakamotozawa　Formation．　Furthermore，　i七is　con－

sidered　that七he　peculiar　cyclic　pattern　of　the　formation　is　attributed七〇amode

of　a　tectonic　movement　particular　to　the　southern　Kitakami．　Bu七，　for　a　precise

interpretation　of　the　cause　and　significance　of　the　cyclic　feature，　it　is　required

to　investigate　a　lateral　change　of　the　cyclic　pattern．
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Sedimentology　of　the　sandstones　of　the　Sakamotozawa

　　　　　　　　　　　　　　and　Kanokura　Formation

A．　Petrology

　　　　1．Pθ伽9γαP輪8α卿1θ8αη∂伽θ仇o∂o∫8仇吻

　　　　The　localities　where　the　examined　specimens　of　sandstone　were　collected

and　their　stratigraphic　positions　in　the　Sakamotozawa　Forma七ion　are　shown　in

Figs．2and　3，　respectively．　In　addition，　sandstone　specimens　from　Member

Ka　of七he　Kanokura　Formation　in　the　Nagaiwa－Sakamotozawa　area，　and　from

the　I（acchizawa］Member　in　the　type　area　of　the　Kanokura　Formation　have　also

been　examined（Fig．3）．

　　　　The　relative　amount　of　major　constituents　of　sandstone　i8　measured　by

the　use　of　a　microintegrator　through　thin　sections　under　a　microscope．　Types

of　sandstone　are　classified　according　to　OKADA’s　scheme（1968）．　The　roundness

of　grains　is　determined　by　PowERs’silhouette　scale（1953）under　the　microscope．

　　　　The　size　analysis　is　carried　out　by　the　measurement　of　the　larges七diameter

of　every　kind　of　grains，　because　the　quartz　conten七is　extremely　variable　alld

sometimes　very　scanty．　Especially，　specimens，　in　which　plastic　deformation　of

sand　grains　is　negligible，　are　selected　for　the　size　analysis．　Some　statistic

parameters　are　calculated　from　a　cumulative　curve　drawn　on　the　probability

paper　in　accordance　with　the　formula　of　FoLK　and　WARD（1957）．

　　　　The　sandstones　of　the　Sakamotozawa　and　Kanokura　Formations　wholly

belong　to　the　arenite　of　OKADA’s　classi6cation．　Two　main　types　are　recognized

ill　the　arenite　and　each　of　the　main　types　is　further　subdivided　into　two　sub－

types，　when　kinds　of　minerals　and　rock　fragments　are　taken　into　consideration．

The　stratigraphic　position　of　the　four　types　of　sandstone　is　shown　in　Fig．3．

　　　　2．2▼卯θ80∫8α願8亡oηθα城勿o∂θoμんθ㌘oc6脚γθη6θ・

　　　　　　a．　L党M¢αγθ励£θ（Type　Ia；Pl．51，　Figs．1－3）：The　sandstone　of　this　type

is　characterized　by　a　high　content　of　rock　fragments，　which　occupy　50　to　85

per　cent　of　the　total　composition．　The　rock　fragments　consist　on　the　average

of　40　per　cent　black　shale，20　per　cent　chert　and　40　per　cent　volcanic　rocks．

Feldspar　and　quartz　are　scanty　in　content．

　　　　The　specimen　Ks．109　is　unusual　in　composition　as　compared　with　the

皿ormal　Sakamotozawa　sandstone　in　that　subangular　to　subrounded　chert　grains

occupy　as　much　as　72　per　cent　of　the　total　composition．　Fragments　of　pitchstone

are　contained　in　the　specimen　Ks．108－2．　Radiolarians　are　found　in　the　chert

grains　of　the　specimen　Iζs．81－1．

　　　　1（inds　of　rock　fragments　of　the　Ia　sandstone　somewhat　differ　from　those

of　the　Sakamotozawa　conglomerate．　The　conglomerate　consists　mainly　of　pebbles

of　sedimelltary　rocks，　such　as　chert　and　shale，　and　dike　rocks・（porphyrite），　but

no　pebbles　of　andesite　or　dacite　have　been　found．

　　　　The　grains　of　this　type　of　sandstone　collected　from七he　Nagaiwa　area　are

frequently　transformed　into　elongated　shapes，　and　show　to　a　certain　extent

preferred　grain　orientation　owing　to　shearing　stress．　The　shale　grains　are　more

strongly　deformed　than　chert　and　porphyrite　grains．　The　quartz　grains　are
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Fig．6．　Composition　of　the　Sakamotozawa　and　Kanokura
　　　sandstones，　showing　four　sandstone　types［on　OKADA，s

　　　diagram（1968）］．

1．Lower　part　of　Member　Sa；2．　Middle　and　upper

part　of　Member　Sa；3．　Member　Sb1．；4．］Member　Sc；

5．］Member　Sd；6．　Kanokura　Formation．

no七deformed．

　　　　The　roundness　of　chert　and　quartz　grains　of　the　Ia　sandstone　is　O．26（sub－

angular）　and　at　best　O．3　This　roundness　is　better　than　that　in　other　types　of

sandstolle　in　the　Sakamotozawa　and　I（anokura　Formations．

　　　　Sandstone　of　this　type　stra七igraphically　occurs　below　the　Sakamotozawa

conglomerate　and　is　also　intercalated　in　the　same　conglomerate　in　a　lenticular

form．　It　is　exposed　at　Endozawa，七he　Nishiyama　quarry　of　the　Nagaiwa　mine

and　on　the　eastern　slope　of　Tashiroyama．　The　thickness　of　a　single　sandstone

bed　ranges　from　50cm．　to　lm．　and　the　total　thickness　of　sandstone　beds　is

not　over　5　meters．　Sandstone　exhibits　commonly　yellowish　brown　to　light

greyish　brown　colour．　At　Endozawa，　the　sandstone　bed　unconformably　overlies

limestones　of　the　Carboniferous　Nagaiwa　Formation　and　gradually　changes

upwards　into　granule　conglomerate．

　　　　b．17θ膓（》8pα仇i6αγθη‘亡θ（Type　IIa；Pl．51，　Figs．4，5，7；Pl．52，　Fig．6）：The

type　IIa　sandstone　is　mainly　composed　of　plagioclase（40－70％）and　rock　frag－

mellts（30－50％）．　The　quartz　content　is．　usually　less　than　15　per　cent．　The　rock

fragments　are　Iargely　of　volcanic　rocks　and　are　characterized　by　pyroxene

andesite　and　rhyolitic　or　dacitic　rocks．　Clasts　of　shale，　chert　and　porphyrite

are　also　contained　in　a　small　amoullt　in　every　specimen．　Plagioclase　usually

shows　twining－structure，　and　is　frequently　replaced　by　calcite　and　chlorite　along

the　lamellae．　Quartz　is　simple　and　unstrained　and　bears　no　inclusion．　The　grains

of　this　sandstone　are　angular　to　subangular　（the　value　of　roundness　O．23　0n

the　average）．

　　　　This　sandstone　is　medium－to　coarse－grained，　rarely丘ne－grained　and　light

green　to　greenish　grey　in　colour．　It　occurs　in　the　middle　and　upper　parts　of
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Member　Sa　and　the　lower　part　of　Member　Sbl．

　　　　In　the　middle　part　of　Member　Sa，　a　single　sandstone　bed　is　usually　massive，

ranging　from　l　to　2　m．　in　thickness．　It　is　occasionally　divided　into　two　or　more

beds，　each　of　which　is　30－50　cm．　in　thickness　and　interbedded　with　thin　granule

conglomerate　beds．

　　　　These　sandstone　beds　can　be　traced　for　a　great　distance　in　the　Kesen　area，

though　it　shows　a　lateral　change　in　li七hology　and　thickness．　The　thickness　of

the　sandstone　beds　is　not　over　15　m．　at　the　maximum　in七he七ype且ikoroichi

area．　Grading－structure　is　observed　in　this　sandstone　at　Endozawa．　Good　ex－

posures　are　seen　at　Endozawa，　Iwashita　and　Sakamotozawa　in　the　surveyed　area．

　　　　The　sandstone　of　the　upper　part　of　Member　Sa　belongs．　to　this　type．1七is

fine－to　medium－grained　and　greenish　brown．　The　thickness　of　sandstone　beds

is　variable．

　　　　Thin－bedded　（generally　20　cm．，　rarely　50　cm．　thick），　fine－to　medium－

grained，　light　grey　to　light　brownish　grey　sandstone　which　is　in七ercalated　in

thin－bedded　limestone　of　Member　Sbl　also　belongs　to　this　type．　Several　ex－

posures　of　this　sandstone　are　recognized　in　the　Higashiyama　and　Nishiyama

quarries　and　in　a　trench　cut　along　the　western　slope　of　the　hill　of　Tashiroyama．

　　　　c．　Lπんτcαγθ励εθ　（Type　Ib；PI．51，　Fig．6；Pl．52，　Fig．3）：　The　sandstone

of　this　type　is　composed　of　30－50　per　cent　of　quartz，30－60　per　cent　of　rock

fragments　and　a　small　amount　of　feldspar　grains．　The　rock　fragments　have　the

cornposition　of　shale　（about　40％），　chert　（about　20％）　and　the　volcanic　rocks

（about　20％）．　Thu8，　the　composition　of　the　rock　fragments　of　the　Ib　sandstone

is　similar　to　those　of　the　Ia　sandstone．　In　the　sandstone　of　type　Ib，　however，

七he　content　of　quartz　increases　while　that　of　the　sedimentary　rock　fragments

decreases．

　　　　The　average　value　of　roundness　is　O．25　（subangular）．　　Subrounded　or

rounded　quartz　grains・are　sporadically　contained．

　　　　Medium－to　coarse－grained　sands七〇nes　of　the　basal　part　of　Member　Sc　and

the　lower　part　of　Member　Sd　belong　to　the　type　Ib．

　　　　d．　LZ仇icαγ杉ηπθ　（Type　IIb；Pl．51，　Fig．8；Pl．52，　Figs．4，5）：　The　type

Ilb　sands七〇ne　consists　of　50－70　per　cent　of　rock　fragments，20－40　per　cent　of

plagioclase　and　10±5　per　cent　of　quartz．

　　　　The　rock　fragments　are　those　of　rhyolitic　or　dacitic　rocks　and　some　pyro－

xelle　andesite．　The　shale　graills　are　few，　but　they　are　contained　in　all　the

examined　specimens．　In　some　specimens　the　fragments　of　limestone　and　amphi－

boles　are　contained．　The　main　composition　of　this　type　is　similar　to　that　of　the

feldspathic　arenite（type　IIa）．　The　two　types　are　distinguished　by　a　ratio　of

the　content　of　the　rock　fragments　and　feldspar．

　　　　The　roundness　of　the　sand　grains　is　the　worst　of　all七he　types　of七he　sand－

stones　in　the　Sakamotozawa　area，　showing　the　average　value　of　O．21（angular）．

　　　　Sandstones　of　Member　Ka芥in　the　Nagaiwa－Sakamotozawa　area　and　the

Kacchizawa　Sandstone　Member，　the　lower　member　of七he　Middle　Permian　Kano一

＊Member　Ka　is　poolrly　exposed，　and　does　not　contain　effective　fossils　to　determine

precisely　its　geological　age．　It　may　be，　however，　correlated　to　the　Kacchizawa　Sand－

stone　Member（ONuKI，1956）because　it　overlies　Member　Sd．
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Table　2．　Mineralogical　maturity，　sorting　and　roundness　of　sandstones

　　　　　　　　　of　the　Sakamotozawa　and　Kanokura　Formations

Member

Types　of　sandstone

Quartz＋Chert
Feldspar十Rock　fragments

Sorting　（σG）＊

Roundness＊＊

Sal

（la）

0．96

0．77
（ms）

0．26

（SA）

Sa．　m－u

（Ila）

0．23

0．89

（ms）

0．23
（A）

Sb1

（IIa）

0．13

0．96
（ms）

0．26

（SA）

Sd

（lb）

3．62

0．93

（ms）

0．25

（SA）

Ka

（Ilb）

0．14

1．14
（ps）

0，21
（A）

＊

＊＊

Calculated　by　the　formula　of　FoLK　and　WARD（1957）
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　　　ness　of　the　examined　sandstones．

kura　Formation　in　its　type　area，　belong　to　this七ype．

　　　　Member　I（a　consists　of　thin　to　thick　bedded　alternation　of　shale　and　sandstone

with　intercalated七hin　lenticular　beds　of　granule　to　pebble　conglomerate　at　some

horizons．　The　I（acchizawa　Member　begins　with　a　thin　bed　of　granule七〇pebble

conglomerates　and　consists　mainly　of　medium－to　coarse－grained，　light　greenish

grey，　thick－bedded　to　massive　sandstones．　Cross　lamination　is　frequently　ob－

served　in　sandstone　beds　of　the　lower　part　of　the　member．

　　　　Five　specimens　of　the　Iower　part　of　the　Kacchizawa　Member　and　three　speci－

mens　of　Member　Ka　of　the　Nagaiwa　area　are　examined　in　this　study．

　　3．　　Gγατη8Zzθ（況8‘㌍Zbτる£Zoπ

　　　　a．Mθα％8Z2θ（Graphic　Mean，　Mz）：Values　of　the　mean　size（Mz）of　the

examined　sandstone　specimens　of　the　Sakamotozawa　and　Kanokura　Formations

range　from　O．84φ（0．56　mm．）to　2．98φ（0．126　mm．），and　the　average　of　them　is

1．66φ（0．33mm．）．　The　average　Mz　values　for　individual　members　are　as　follows：
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Sa　（lower　part）＝1．31φ（0．40　mm．），　Sa（middle　to　upper　part）＝1．48φ　（0．36

mm．），　Sb1＝1．45φ（0．37　mm．），Sc＝1．61φ（0．33　mm．），Sd＝2．17φ（0．22　mm．）and

Ka：＝1．69φ（0．31　mm．）．

　　　　b．　8¢αγz〔1αγ（1　∂θ勿τα翻oγz　（Sorting，　σG）：　　The　standard　deviation　（σG）　of

individual　sandstone　specimens　ranges　from　O．60（moderately　well　sorted）to

1．60（poorly　sorted）for　the　Sakamotozawa　and　Kanokura　Formations．　The

average　value　of　40　specimens　is　O．93（moderately　sorted）．

　　　　The　averageσG　value　of　the　sandstone（type　Ia）from七he　lower　part　of

Member　Sa　is　O．77（moderately　sorted），showing　the　best　sorting　in　the　sandstone

of　the　Sakamotozawa　and　Kanokura　Formations．　No　specimen　exceeds　1．O　inσG

and　the　range　ofσG　is　narrow（see，　Table　2；Fig．7）．

　　　　Sandstones（type　IIa）of　the　middle　and　upper　parts　of　Member　Sa　have　a

meanσG　value　of　O．89（moderately　sorted）to　1．38（poorly　sorted）．

　　　　It　is　noticed　that　sandstones　of　Member　Sbl　is　poorly　sorted．　Nevertheless，

grains　mainly　of　plagioclase　and　volcanic　rocks　are　moderately　well　rounded．　As

the　examined　specimens　from　Members　Sbl　and　Sc　are　limi七ed　in　number，　it　is

impossible　to　discuss　any　significance　of七heσG　value　in　comparison　with　that　in

other　members．

　　　　The　sandstone　of　Member　Sc，　which　has　broader　matrix（about　10％）than

that　of　other　members　of　the　Sakamotozawa　and　Kanokura　Formations，　has　a

meanσG　value　of　1．17，　and　worst　in　sorting　among　all　the　sandstones　of　two

formations．

　　　　c．8んθωηθ88（SkI）：　Of　the　47　analyzed　specimens，20　are　nearly　sym－

metrically　skewed，　and　3　strongly　finely　skewed．　The　others　are　finely　skewed．

　　　　d．　1γz¢θγγθ1α万oηo∫”Lθ8づzθZ）．αγαγηθεθγ8

　　　　（1）　　1～θ1αがoγz6θτωθθγz？ηθαγτ8花θαγz〔Z？ηα元oγ60γz8万¢zzθηf8：　There　is　a　clear

relation　between　the　matrix　colltent　and　mean　size　in　that　the　matrix　increases

in　amount　with　decreasing　grain　size（Fig．9），as　shown　by　OKADA（1966）．

　　　　The　relation　that　the　quartz　content　increases　with　decreasing　grain　size　is

recognized　in　sandstones　of　the　Sakamotozawa　and　Kanokura　Formations

（Fig．10）．　The　same　trend　has　been　shown　by　OKADA（1966）in　the　Cambrian

and　Silurian　sandstones　in　north　Wales．　Any　signi丘cant　relation　is　not　deduced

between　feldspar　content　and　grain　size　of　sandstones　of　the　Sakamotozawa　and

I（anokura　Formations．　On　the　contrary，　SHIKI（1961）and　OKADA　（1966）
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showed　some　linear　relationships　between　them．

　　　　（2）　Gγα仇8乞2θτ¢？・8μ8sτα城α励d¢励α勧η：No　significant　correlation　exists

between　grain　size　and　sorting　in　sandstones・of　the　Sakamotozawa　and　I（anokura

Formations．

　　　　（3）　Gγα仇8たθ砂θゲ8μ88んθψηθ88：　Fig．11　demonstrates　that　skewness　in－

creases　with　decreasing　grain　size．　This　rela七ionship　agrees　wi七h七he　sinusoidaI

trend　described　by　Foロ（and　WARD（1957）for　the　grain　size　between　l　and　3φ．

　　4．　　11θα勿21γηZγzθγα18

　　　　The　heavy　mineral　assemblage　of　sandstones　of七he　Sakamotozawa　and

Kanokura　Formations　is　summarized　in　Fig．12．

　　　　The　heavy　minerals　of　the　types　Ia，　Ila　and　Ib　sandstones　are　characterized

by　a　high　content　of　opaque　minerals，　attaining　to　94　per　cent　of　the　to七al　heavy

residues．

　　　　The　transparent　minerals，　that　occupy　the　remaining　several　per　cent，　are

zircon，　hornblende，　augite，　tourmaline，　garnet，　biotite　and　hypersthene，　of　which

zircon　is　as　abundant　as　55　to　98　per　cent．

　　　　To　the　contrary，　opaque　minerals　drop　down　to　50　per　cent　in　content　on　the

average　in　the　IIb　type　sandstone．　Hornblende　and　augite　contents　increase　with

descreasing　content　of　zircon　in　this　sands七〇ne　type．

　　　　The　above　mentioned　assemblage　of　heavy　minerals　seems七〇indica七e　that

the　source　area　was　primarily　composed　of　volcanic　rocks．　This　condition　seems

to　have　con七inued　during　the　deposition　of　the　sequence．　Many　of　the　minerals

are　almost　cons七ant　in　amount七hroughout　all　the　types　of　sandstones，　Ia，　Ib　and

Ila，　whereas　hornblende　and　augite　increase　remarkably　in　the　IIb　type　sands七〇ne．

　　　　Generally　speaking，　the　heavy　mineral　assemblage　of　sandstones・with　high

mineralogical　maturity　and　roundness（type　I）is　characterized　by　stable　minerals

such　as　zircon　and　garnet．　On　the　other　hand，　sandstones　with　Iow　mineralogicaI

maturity　and　poor　roundness　is．　characterized　by　relatively　unstable　heavy

minerals　such　as　hornblende　and　augite．



364 T．MIKAMI

TyPe　Ia（Member　Sa）

Ks．73

・…［：＝＝：＝二二二二二二二二：）
Ks．100－1

・…⊆二二二＝二二二＝＝二二＝二：＝＝＝團

Ks］08－2

Type五a（Member　Sa）

Ks．76

Ks．75

…2⊆二：：＝：二＝二＝＝＝：：二二剛

Ks71

Ty　pe　Ira（Member　Sb1）

Ks．68

Ks．85

Type　Ib（Member　Sd）

Ks．67

Ks」03

Ks、83

Ks．69

Type　Ib（Kanokura　Fbrrhation）

Kb．7

Kt．29

K・・36

Ks，79

Ks81

む
　
　
　
り
　
　
　
　
フ
　
　
　
ら
　
ム
ロ

　珍
國
團
目
皿
囚
囚

つ
ぷ

　
　
う
エ
　
　
　

口
圏
■

　　　　　　O
Pe代ent－・

50 100

Fig．12．且eavy　mineral　assemblage　of　the　Sakamotozawa　and　Kanokura
　　　sandstones．

1．percentage　of　opaque　minerals；　2．　percentage　of　transparent

minerals；　3．　zircon；　4．　garnet；　5．　monazite；　6．　hornblende；

7．augite；8．　hypersthene；9．　biotite；10．　tourmaline．
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B．Sedimentological　remarks
　　　　The　sandstone　occupies　about　one　fifth　of　the　total　thickness　of　strata　in　the

type　section　in　the　surveyed　area．　Sandstone　beds　show　a　remarkable　lateral

change　in　thickness・．　They　are　apparently　thin　or　thick　alld　sometimes　show　a

lenticular　shape，　but　do　not　keep　a　well－traceable，　blanket　form．

　　　　Sandstones　are　divided　into　two　main　types，　as　shown　in　Fig．6．　The　type　I

sandstone　is　of　lithic　arenite　and　shows　higher　mineralogical　maturity（Table　2）

than　the　type　II（feldspathic　and　Iithic　arenites，　Fig．6）．　A　large　amount　of

opaque　minerals　alld　a　small　amount　of　relatively　stable　minerals　like　zircon　and

others　are　contained　in七he　heavy　residues　of　the七ype　I．　The七〇tal　thickness　of

the　sandstolle　beds　is　thin．　These　facts　seem　to　sugges七tha七the　type　I　sand－

stone　deposited　slowly　and　that　the　source　rocks　were　subject　to　chemical　and

mechanical　weathering　to　a　considerable　extent．　That　is　to　say，　the　source　areas

were　not　conspicuously　upheaved　during　the　deposition　of　the　sandstone　of　this

type，　and　were　not　subject　to　so　remarkable　erosion　as　to　supPly　a　great　quantity

of　clastic　materials　into　the　depositional　basin．

　　　　The　type　II　sandstone　has　a　lower　mineralogical　maturity　and　worse　round－

ness（Table　1）．　It　is　rich　in　mafic　minerals，　such　as　hornblende　and　augite，

except　for　sandstone　of　Member　Sbl．　Their　content　is　as　much　as　70　per　cent　of

the　total　heavy　mineral　content　in　an　extreme　example　of　the　IIb　sandstone．

These　features　indicate　that　the　erosional　activity　in　the　source　area　became

con8iderably　rapid　and　intense．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ROCK　FRAGMENTS
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Fig．13．　Comparison　of　volcanic　sandstones［on　OKADA，s

　　　diagram（1968）］．

1．Aure　greywackes（EDwARDs，1950，　table　1；　wacke

type），2．　Parry　and　Tamworth　Groups（CRooK，1960，

table　2；arenite　type），3．　Tyee　Formation（DoTT，1964，

p．628），4．Shimanoshita　Member（OKADA　and　NAKAo，
1968，fig．1；arenite　type），5．　Shiiya　and　Nishiyama

Formations（SAsAKI　and　UsHIJIMA，1966，　figs．6and　8），

6．Broughton　sandstone（RAAM，1968，　table　2）．
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　　　　The　rock　fragments　contained　in　both　types（I　and　II）of　sandstone　are

almost　similar　in　composition，　consisting　mainly　of　pyroxene　andesite，　rhyolitic

or　dacitic　volcanic　rocks，　chert　and　shale．　Accordingly，　both　types　of　sandstone

must　have　received　their　clasts　from　the　provenance　composed　of　intermediate

to　acid　volcanics　and　sedimentary　rocks．　The　stratigraphic　variation　in　composi－

tion　and　texture　of　sandstones　may　indicate　the　change　of　activity　of　erosion

and　rate　of　accumulation，　but　not　attribu七ed　to　a　lithological　dissimilarity　of　the

source　area．

　　　　In　the　petrographic　characters　of　major　and　minor　compositions，　the　Saka－

mo七〇zawa　and　Kanokura　sandstones　of　the　type　II，　are　similar七〇sandstones

described　by　CRooK　（1960），　EDwARDs（1950），　EDwARD　and　GLAssNER（1953），

SAsAKI　and　UsHIJIMA（1966）and　OKADA　and　NAKAo（1968）（see　Fig．13）．　It　is

considered　that　these　kinds　of　sandstone　may　have　accumulated　under　tectonically

unstable　environments　associated　with　contemporaneous　volcanisms　and／or　have

been　derived　from　volcanic　sources　close　to　the　depositional　site．　The　unstable

characters　of　the　constituents　and　texture　of　these　kinds　of　sandstone　also　sug－

gest　that　the　distance　of　transportation　was　rather　short．

　　　　The　Sakamotozawa　and　Kanokura　sandstones　show　some　differences　from　the

Upper　Palaeozoic　sandstolles　of　several　other　regions　in　Japan，　which　were

studied　by　I（IMuRA　（1957），　MIzuTANI（1957），　SHIKI（1959，1961）and　FuJII

（1962）（see　Figs．14　and　15）．　A　majori七y　of　the　sandstone　specimens（59／72）

of　the　Yatsushiro　area（FuJII，1962））and　about　a　half（16／27）of　the　specimens

of　the　Mugi　area（MlzuTANI，1957）are　of　a　wacke－type．　All　specimens（28）of

the　Tajimi　area　are　also　of　wacke－type，　which　have七he　matrix　ranging　from　24．1
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Fig．14．　Comparison　of　Upper　Palaeozoic　sandstones　in
　　　Japan　I（on　OKADA，s　diagram）．

1．Amatsuki　Formation（1　specimen），　Yoshio　Formation

（9specimens）and　Yonaku　Formation　（3　specimens）
（FuJII，1962），2．］Mugi　area（MIzuTANI，1957），3．　Aso－

Gokasho　district（KIMuRA，1957），　4．　and　5．　sandstones　of

the　Sakamotozawa　and　Kanokura　Formations．
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Fig．15．　Comparison　of　Upper　Palaeozoic　sandstones　in
　　　Japan　II（on　the　scheme　of　DAp肌Es　et　a1．，1953）

1．Mugi　and　Tajimi　areas（54　specimens，　MIzuTANI，
1957）；2．Yatsushiro　are．a（59　specimens，　FuJII，1962）；

3．Maizuru　area（21　specimens，　SHIKI，1959）；4．　Type　I

sandstones　of　the　Sakamotoza　and　Kanokura　Formation；

5．Type　II　sandstones　of　the　same　formations；6．　Aso－

Gokasho　district（38　specimens，　KIMuRA，1957）．

to　61．2　per　cent　of　the　total　composition（MIzuTANI，1957，　p．41，　table　2）．　Wacke－

type　sandstone　also　predominates　in　the　Pa］aeozoic　formations　of　the　Chichibu

belt　in　the　Aso－Gokasho　district　of　the’Kii　peninsula（KIMuRA，1957，　p．254）．　On

the　other　hand，　the　Sakamotozawa　and　I（anokura　sandstones　are　of　arenite－type，

having　a　small　amount　of　matrix．　Arenites　of　the　Yatsushiro，　Kii　and　Mugi

area，　having　a　relatively　low　content　of　rock　fragments，　show　a　difEerent　com－

position　as　compared　with　those　of　the　I（itakami　area　as　shown　in　Fig．15．

　　　　It　is　presumed　that　source　rocks　of　Upper　Palaeozoic　sandstones　of　the

Yatsushiro　area　consist　largely　of　granitic　and　metamorphic　rocks，　though　the

predominant　kinds　of　rocks　change　from　time七〇time（FuJII，1962）．　Arkosic

sandstones　of　the　Mugi　area（MIzuTANI，1957）and　sandstones　of　the　Aso－Gokasho

district（1（IMuRA，1957）seem　to　indicate　the　granitic　source．

　　　　In　the　southern　I（itakami　region，　the　Usuginu　conglomerate　which　is　charac－

terized　by　pebbles　to　boulders　of　granite　is　widely　distributed．　Some　comments

for　the　geological　age　and　source　area　have　been　discussed　by　authors．　ONuKI

（1956）mentioned　that　this　conglomerate　interfingers　with七he　sediments　from

the　upper　Lower　Permian　to　the　Upper　Permian．　IwAI　and　IsHlzAKI（1966）

considered　from　the　result　of　the　analysis　and　observation　of　some　sedimentary

features　that　the　material　of　this　conglomerate　was　supplied　from　some　narrow

uplifted　belts　within　the　sedimentary　basin，　which　were　formed　during　the　time

of　the　Middle　to　Upper　Permian．　The　Sakamotozawa　and　I（anokura　sandstones，

however，　indicate　the　volcanic　and　sedimentary　sources，　but　present　no　evidence

of　the　granitic　source．
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　　　　The　volcanic　rocks，　e．g．　porphyritic　tuff，　quartz　andesite，　keratophyre　and

schalstein，　are　predominan七in　the　pre－Permian　sequence　of　the　Kesen　area

（MINATo　et　al．，1959a，　b　and　c）．　Although　the　amount　of　the　volcanic　rocks

decreases　in　the　Sakamo七〇zawa　Formation，七hin　beds（under　30　cm．七hick）of

schalstein　and　andesitic　tufE　are　intercalated　in　the　basalt　member　in　the　Setamai

area．　On　the　other　hand，　schalstein　and　alldesitic　agglomerate　increase　in　the

Permian　sediments　of　the　northern　Kitakami　region（ONuKI，1956）．　Judging

from　these　facts，　it　is　collsidered七hat　volcanic　fragments　which　characterize　the

Sakamotozawa　and　Kanokura　sandstones　are　closely　connected　with　the　volcanisms

which　took　place　in　the　Kitakami　area　during　the　Middle　to　Upper　Palaeozoic

period．In　the　present　state　of　knowledge，　the　writer　cannot　precisely　conclude

whether　the　volcanic　rock　fragments　of　the　Permian　sandstones　were　connected

with　the　contemporaneous　volcanisms　in　the　depositional　site　or　not．

　　　　From　the　lithological　and　sedimentological　characters　as　described　above，　it

is　evident　that　the　sandstones　of　the　surveyed　area　cannot　be　ascribed　to　the

Molasse－type　sediments　or　to　those　of　the　pos七一〇rogenic　facies．　and　that　they　are

dissimilar　to　the　sediments　accumulated　on　a　stable　shelf　with　a　cratonic

hinterland．

Conclusion

　　　　At　the　conclusion　of　the　presen七study　the　results　are　summarized　as

fo110ws：

　　　　　（1）　The　limestones　of　the　Sakamotozawa　Formation　are　well　bedded　and

are　generally　composed　of　fragmentary　and　non－fragmentary　fossils　such　as

oncolites，　dasycladaceae　and　codiaceae　algae，　crinoids，　fu8ulines，　gastropods　and

brachiopods．　They　are　petrographically　classified　in七〇twelve　lithologic－types，　as

Iisted　in　p．340－341．　The　matrix　is　mainly　micritic．

　　　　（2）　In　the　sequence　of　the　Sakamotozawa　Limestone　ten　cyclic　units　are

recognized．　A　cyclic　uni七which　indicates　a　serial　change　of　the　sedimentary

ellvironment　begins　wi七h　the　8ediments　which　were　formed　under　an　intertidal，

lagoonal　condition，　followed　by七hose　of　a　near－shore　environment　of　open　sea，

and　ends　with　thin　transitional　part　which　is　succeeded　by　the　next　cyclic　unit．

　　　　（3）　The　cyclic　pattern　of　the　Sakamotozawa　Limestone　shows　a　reversed

order　as　compared　with　that　of　a　typical　cyclic　sequence　from　a　transgressive

phase　to　a　regressive　one　in　the　sediments　in　more　s七able　areas　outside　Japan．

Such　a　peculiarity　of　the　cyclic　sedimentation　may　be　mainly　rela七ed七〇an　oscil－

latory　movement　caused　by　a　provincial　tectonic　movement　which　happened　in

the　geosynclinal　period．

　　　　（4）　The　sandstones　of　the　Sakamotozawa　and　I（anokura　Flormations　occupy

only　about　20　per　cent　of　the　entire　thickness　and　show　a　remarkable　lateral

change　in　facies．　They　are　generally　referred　to　arenite，　and　divided　in七〇four

types　from　a　standpoillt　of　the　major　framework　consti七uen七s，　as　is　shown　in

Fig．6．　They　differ　in　composion　from　the　Palaeozoic　sandstones　which　were

described　by　previous　authors　from　several　other　areas　of　Japan，　as　is　clearly

illustrated　in　Figs・．14　and　15．
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　　　　（5）　Aserial　change　of　the　sandstone　type　and　the　mineralogical　maturity

can　be　recognized　as　one　follows　vertically　the　succession．　It　occurs七wice　in　the

entire　sequence，　showing　a　cyclic　change　of　the　erosional　activity　caused　by　a

major　periodic　movement　of七he　source　area．

　　　　（6）　From　the　main　composi七ion　and　the　heavy　mineral　assemblage　of

sands七〇ne　it　is　presumed　tha七the　source　areas　were　composed　of　the　sedimentary

rocks　and七he　intermediate　and　acid　volcanic　rocks，　from　andesite　to　rhyolite．

The　Devonian　and］迫wer　Carboniferous　of　the　south　Kitakami　region　have七he

so－called‘‘andesite，’and‘‘kera七〇phyre，，，　as　well　as　the　sedimentary　rocks．　A　part

of　them　may　have　been　elevated　and　become　sources　of　the　sandstones　of　the

Sakamotozawa　and　Kanokura　Formations．

　　　　（7）　The　Sakamotozawa　Formation　has　not　the　characters　of　the　Molasse

nor　those　of　the　sediments　on　a　stable　continental　shelf．　It　is　considered　that　this

formation　represents　shallow　sea　sediments　deposited　on　an　island　shelf．　The

island　itself　may　have　been　locally　formed　wi七hin　the　Chichibu　geosyncline　in七he

course　of　the　tectonic　development．
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Plate　46



Explanation　of　Plate　46

Figs．1and　2：　Algal　biosparite．　1：］Middle　part　of　the　cyclic　unit　4．　Nishi－

　　　yama　quarry，　Ks．218．　2：Lowest　part　of　the　cyclic　unit　1．　Endozawa，
　　　Ks．157．　×6．

Fig．3：Algal　pellet　biomicrite．　Middle　part　of　Member　Sc．　Shiratorizawa，
　　　Ks．145．　×6．

Figs．4and　5：　Algal　biomicrite．4：Middle　part　of　the　cyclic　unit　2．　Tashiro－

　　　yama，　Ks．11．　5：Middle　part　of　tlle　cyclic　unit　4．　Nishiyama　quarry，
　　　］i（s．199．　×6．

Figs．6and　7：　Algal　pseudo6id　biosparrudite．　6：1、ower　part　of　the　cyclic
　　　unit　1．　Northern　part　of　the　Higaslliyama　quarry，　Ks．61．7：Lower　part　of

　　　the　cyclic　unit　1．　Sakamotozawa，　Ks．126－1．×6．

Fig．8．　Algal　pseudo6id　biosparite．　Lower　part　of　the　cyclic　unit　1．　Sakamoto－

　　　zawa，　Ks．126－2．×6．
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Plate　47



Explanation　of　Plate　47

Fig．1：　Algal　biomicrudite．　Dasycladacean　algae　are　abundant．　The　matrix
　　　is　lime－mud　which　was　delivered　by　mechanical　disintegration　of　algal　fila－

　　　ments．　Middle　part　of　the　cyclic　unit　7．　Higashiyama　quarry，　Ks．151．×6．

Fig．2：　Gastropod　biomicrudite．　Agastropod　shell　is　enclosed　by　a　dense
　　　micritic　crust，　which　is　of　an　algal　origin，　but　secondarily　changed　to　pseudo－

　　　micrite．　The　inside　of　the　shell　is　filled　with　lime－mud　which　is　probably　of

　　　disintegrated　algal　matter（allomicrite　of　WoLF）．　Middle　part　of　the　cyclic

　　　unit　7．　Shiratorizawa，　Ks．227．×6．

Fig．3：　0ncolite．　Lower　part　of　cyclic　unit　1．　Nishiyama　quarry，　Ks．1001．
　　　×6．

Fig．4：　Feldspar　crinoid　biomicrudite．　Detrital　grains　are　mostly　feldspar
　　　and　rarely　quartz　and　vollcanic　rock　fragments．　This　type　of　crinoidal　lime－

　　　stone　represents　a　part　of　the　marginal　facies　of　crinoidal　biopseudospar－

　　　rudite　which　typically　occurs　in　the　cyclic　unit　6　at　the　Nagaiwa　mine．　Mem．

　　　ber　Sb3，　Sakamotozawa，　Ks．120．×6．

Figs．5and　6：　Algal　biomicrite．5：Upper　part　of　the　cyclic　unit　4．　Nishi－

　　　yama　quarry，　Ks．48．　6：Upper　part　of　the　cyclic　unit　3．　Tashiroyama，
　　　］i（s．9．　×6．
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Plate　48



Explanation　of　Plate　48

Figs．1and　2：　Fusuline　biosparrudite．　Middle　part　of　Member　Sd．　Shira－
　　torizawa（1：1（s．42－1，2：K、s．39）．×6．

Figs．3and　4：　Algal　biosparrudite．　3：Upper　part　of　the　cyclic　unit　5．
　　Tashiroyama，1（s．17．4：Middle　part　of　the　cyclic　unit　3．　Nishiyama　quarry，

　　1（s．166．　×6．

Fig．5：　Algal　biomicrudite．　This　limestone　is　composed　mainly　of　fragmentary

　　oncolites　and　dasycladacean　algae．　Upper　part　of　the　cyclic　unit　1．　Nishi－

　　yama　quarry，　Ks．194．×6．

Fig．6：　Fusuline　biomicrudite．　Upper　part　of　Member　Sd．　Shiratorizawa，
　　Ks．42－2．　×6．
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Plate　49



Explanation　of　Plate　49

Figs．1，2and　4：　Algal　biomicrudite．　1：Authigenic　overgrowth　of　quartz
　　　around　the　clastic　quartz　is　seen　in　the　lower　part　of　the　figure．　Thalli　of

　　　ルfτ符τα勿θ1θれπαηαare　largely　recrystallized　by　grain－growth　of　calcite　and

　　　show　a　ghost　structure．　Middle　part　of　the　cyclic　unit　8．　Higashiyama

　　　quarry，　Ks．1003．×6．2：Middle　part　of　the　cyclic　unit　1．　Sakamotozawa，

　　　Ks．1004．×6．　4：Middle　part　of　the　cyclic　unit　8．　Higashiyama　quarry，
　　　1（s．1005．　〉〈6．

Fig．3：　Gastropod　biomicrudite．　Secondary　quartz　occurs　at　the　center　of　a

　　gastropod　chamber．　Middle　part　of　the　cyclic　unit　8．　Higashiyama　quarry，
　　　1（s．153．　〉く6．
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Plate　50



Explanation　of　Plate　50

Figs．1，2and　3：　0ncolite．　1　and　2：Lower　part　of　the　cyclic　unit　1．　Nishi－

　　yama　quarry，　Ks．1001．×10．3：Middle　part　of　the　cyclic　unit　2．　Tashiro・・

　　yama，　Ks．1006．×6．

Fig．3：　Crinoidal　biomicrudite．　Member　Sb3．　Higashiyama　quarry，　Ks．1002．
　　　×6．
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Plate　51



　　　　　　　　　　　　　　　　　　　　Explanation　of　Plate　51

Figs．1－3：　Lithic　arenite（Type　Ia）．　Lower　part　of　Member　Sa．　Nagaiwa
　　　（1：　1（s．86－1，2：　1（s．108－2，3：　1（s．87）．　×10．

Figs．4，5and　7：　Feldspathic　arenite　（Type　Ila）．　4and　5：Middle　part　of

　　Member　Sa．　Sakamotozawa（4：1（s．72，5：Ks．70－2）；7：Member　Sb1．　Saka－

　　motozawa．　Ks．77－1．×10．

Fig．6：五thic　arenite（Type　Ib）．　Lower　part　of　Member　Sd．　Higashiyama
　　quarry．　Ks．67－2．×10．

Fig．8：　Lithic　arenite（Type　IIb）．　Kacchizawa　sandstone　Member．　Kacchi－
　　zawa．　Kt．35－2．×10．
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Plate　52



　　　　　　　　　　　　　　　　　　　　　Explanation　of　Plate　52

Figs．1and　2：　Conglomerate　of　the　basal　part　of　Member　Sc．　Tashiroyama
　　　（1：　1（s．106，　2：　1（s．74－2）．　×10．

Fig．3：　L、ithic　arenilte　（Type　Ib）．　Lower　part　of　Member　Sd．　Nagaiwa．
　　1（s．69－2．　×10．

Figs．4and　5：　Lithic　arenite（Type　IIb）．　Member　Ka．　Nagaiwa（4：Ks．79，
　　　5：1（s．81－2）．×10．

Fig．6：　Feldspathic　arenite　（Type　IIa）．　Member　Sb1．　Sakamotozawa．1（s．
　　77－1．　×10．
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