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Deve蓋opmenta豆ぬistory　ofacoral　reef¢omplex　co薮troHed　by重he　sea糧塁eve夏cbange

　　　　　　　　　　　　　and　terrigenous　inf塁腿x・the　P異eisωce轟e　Ry臓kyH　Gro縫p　　・

　　　　　　　　　　　　　　　　　　　　　bf　Nakijin　Villlage，　Okinaw紐Prefectmre．

By

Katsutoshi　JIJU　and　Seiko　OR五TA

with　6　Textづfi8〃res

（r㏄e蓋ved　on　Ja論uary　30，叢998）
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　　　Ab8tract：　The　Pleistoeene　coral　reef　comp玉ex，　the　Ryukyu　Group，　is壷idely　distributed三総

Nak麺i撫ViU縦ge，　Okinawa　Prefecture．丁抽geology　a織d　stra糠graρhy　of　the　group　was圭益vostigated　o簸

the　basis　of　s’edimentological　and　topographic　characteristics，　Because　the　Quaternary　carbonate　was

dep◎s三te（l　under　a　stm織g　co織糎◎10f　the　s餓・level　ch鋤ge，　infermation◎捻pa1¢odepth．was　3s搬犠ch　as

眺tracted　by　use　oftlle　recent　knowledgeon　th¢1iving　subtropical　reefbiota。

　　　We　subdivided　the　Ryukyu　Group　into　three　units．　Unit　l　con8i8ts　of訊1temating　deposits　of

differext魚cies　i織王oweでa識《1　thick　co撒11油e8toRe　i塁縫PPeで．　It　is　h圭9撮y　te㎡ge織ous　i臓撫e

northeastem　MotobU　Penin8ula　due　to　a　strong　in伽x　of　silisiclastics．　The　altemation　seen　in

locaユ三tまもs　a1◎轟g　the　northern　coast　of　the　Motobu　Pe盆三簸8疑至a霊箆dicates　sovera王　cydic　c蓋a徽ge　i登

paleodept11．　Unit　2　co鴨rs　a　large　area　and　exhibits　a　zoning　in　distribution　of　different　facies　parallel

to　the　present　altitude．　From　tlle　coast　to　the　high・1yin傷area，　the鉛cies　generally　changes」丘om

擁Σodolith　li搬e§to籍e，　thでo疑gh　clastic　li艶est◎盤e，　and　to　c◎ral　li艶esto擁e。　Thi＄（五st煮蓑搬tio臓patt3ra　is

consistent　witll　that　of　the　present　coral　reef　complex　around　the　Ryukyu　lslands．　The　unit　3　mainly

consists　of　coral　limestone　and　restricts　its　distribution　in　the　lowermost　terrace　alorig　the　co3st．

　　　K◇uri　Is1服d＄hows滋双ch　better　development　of　the　c◎どaHi拠esto総o恥a蕊the滋orthom　M◎tobu

Penin＄ula．　Moat　facies　developed　on　the　tbps　of　units　1　and　2　in　the　island　is　obscure　in　the　peninsula。

？hi§reg圭磁謡di£fereRce　in　reef　develop搬e織t　is縦ssociate｛至w三th　t｝ie　difference　in　dep◎siti餓al　setti澄gs；

¢specially　i蝋tensity　of　tlleterrigenous　influx．　Th＠basement　rock＄are　widely　exposed　in　the

middle・southern　Motobu　Peninsula，　and　the　Ryukyu　Group　in　the　northem　peninsula　contains　a　Iarge

縦拠o疑滋of　si1i§id我sti¢§which　had　probably　beeR　di§纐rbing　the　gmwth　of　the　reef・f｛）r瓢iR露　cgra1s。　h

Kouri　Island，　where　is　separated　from　the　peninsula　by　a　relatively　deep　strait，　the　terrig¢nousinflux

did　not　sufficiently　affbct　the　carbo漁ate　deposition．

　　　7he　cy磁c　facies　change　fo疑捻d圭蹴捻圭ロ圭s　hardly　seen三籍撒it＄2a鍛d　3．　The　columnar　sections　of

unit　l　indicate　a　short・term　and　small　amplitude　of　8ea・1evel　change，　which　may　correspond　to　the

c1油at圭c　chara¢teristic　of　th¢Ea讐1y　P1¢i§t◎ce総e（搬ostly　befbど00．7・0．5　Ma）．　Fm滋the　Mi虚dle

Pleistocene，　both　the　interval　and　amplitude　of　sea・1evel　increased．　The　amplitud融was　too　large　tσ

record　tlle　cyclic魚cies　change，　and　the　younger　units（units　2　and　3）were　deposited　mainly　du㎡ng

＄ea・1evel　hi帥sta簸d§．
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J．INTROI）UCTION

　　　The　Pleistocene　of　the　Ryukyu　Islands（the　Ryukyu

Gmup）is　well　known　as　ca1七〇nate　sediment　deposited　in　a

coral　reef　complex．　B㏄cause　of　the　l、arge　upli丘ing　rate，　the

Ryukyu　Group　exposes　one　of　the　best　sections　of　the

Pleisto㏄ne　co1d　reef　complex．　It　alsoめ㎜s　distinct

limestone　te㎜es　caused　by　the　large　amplitude　of　the　sea－

1evel　change（exceeds　100　m）．

　　　The　l　imestone　s㏄tion　displays　Cyclic　tircies　changes

consisting　of　rq）etition　of　com1，　rhodolith，　and　detrital

limestones．　Origin　of　the負cies　variation　has　long　b㏄n

discussed　by　several　researchers　who　intensively　worked　since

the　restoration　fom　the　US　o㏄upation．　However，　the

sedimcntological　studies（Nakamori，1986；hyu　and　Matsuda，

1988；Iryu　et　al．，1995；Honda　et　a1．，1993）indicate　that　the

facics　arc　mostly　controlled　by　the　paleo・depth；e．g．　the　ooml

limestone　is危rmed　shallower　than・50　m，　and　the　thodolith

limestone　is　betw㏄n・50　to－150　m．　They血rther　suggest

that　the　qycl　icity　ofthe　titcies　change　was　pmduced　by　the

Pleisto㏄ne　glacio。eustatic　sea－level　change．　　　This

improvement　ofthe　tl｝cies　depth－meter　and　accumulationofthe

Pleistocene　climatic　data　allow　us　to　reconsider　the

stratigraphy　of　the　Ryukyu　Gmup，　and　the　attempt　is　now

ongoing　in　several　localities（lrabu　Island・Honda　et　a1．，

Fig・1・Locality　ofthegeological　map　ofthe　study　area（Fig．3），

M．P．＝Motobu　Peninsula．

1993；Toku　Island－Nakamori　et　a1．，1995；Ie　Island・

F・ji・hi・・1　1996MS）・St・dies・P・pal。…1・by」加（1995）

and　stable　carbon　isotope（Matsudεち　1995）also　provide　an

usefUl　tool　to　subdivide　the　carbonate　sections　ofthe　Ryukyu

Group．

　　　Although　the　Ryukyu　Group　is　largely　dominated　by

carbonate　sediments，　it　locally　contains　siliciclastics；

esp㏄ially　in　Okinawa　Island．　　The　siliciclastics　are

normal　ly　coarseg！面ned　（sandstoneconglomerate）ald

distributed　in　several　separated　local　ities；each　of　them　is

given　different　stratigaphic　names．　They　have　been　paid　less

attention　by・sedimentologists　than　carbonates，　and　therebre

their　depositional　age　and　process　are　stillpoorly　understood．

　　　The　subj　ect　of　this　study　is　the　Ryukyu　Gmup

dist1ibuted　in　Nak麺in　Village，　in　Okinawa　Island．　The

group　includes　carbonate　exhibiting　various　ihcies　and

siliciclastic　sediment　called　as　the　Unten　Facies（Takayasu，

1976）・　　Purpose　of　this　study　is　understanding　of　the

stratigraphy　and　depositional　processes　with　the　p！esent

consensus　on　the　depostional　model　ofthe　Ryukyu　Group．

II．　STUDY　AREA　AND　PREV置OUS　WORK

　　　Nak輯in　Vmage　（around　26°40，N　and　127°00，E）

occupies　the　eastern　pan　of　the　Motobu　Peninsula　ofOki　lawa

Island（Fig．1），　and　includes　KourHsland　located，　NE　of　thc

Motobu　Peninsula．　The　study　area　oonsists　of　limestone

temces　located　onthe　northem　part　ofthe　peninsulawhich　a廊

developed　upon　the　basement　rocks　fbrm　ing　hills（Yaedakc－

451m，　and　Otowadake・271m）．

　　　The　terrace　geomorphology　is　most　obvious　in　Kouri

Island；showing　three　terraces　in　107。90　m，65・50m，　and

around　20　m　in　altitude．　In　the　NW　part　of　the　vmage

（lmadomari　to　Sakiyama）atemce　occurs　between　15to　20　m

in　altitude，　which　nonhern　and　eastern　margins　are　fi’inged　by

amw　ofsmall　scale　elevations（20。30　m　in　altitude）．　The

similar　landscape　is　developed　in　the　NE　part　ofthe　village

（Tok輯in　to　Unten），　however　the　terrace（20　to　30　m　in

altitude）is　margined　by　a　cliffin　no1th　and　the　terrace　sur㎞

gently　dips　to　south．

　　　Geology　ofthe　study　area　can　be　divided　into　two；the

Paleozoic－Mesozoic　basement　rocks　and　the　PIeistocene

Ryukyu　Gmup．　According　to　Fゆta（1983a）who　studied

the　geology　of　the　Motobu　Peninsula　the　Mesozoic　and

Paleo20ic　strata　shows　a　oomplicated　distribution　due　to

several伽1ts　ofN－S　and　NE・SW　directions．　The　basement

rocks　of　the　study　area　are　mainly　belong　to　the　Yonamine
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Fig．2．　Comparison　between　the　stratigraphies　of　Takayasu

（1976）and　this　study．　F．：Facies，1st．：limestone．

Formations　which　is　a　debris冠ow　sedimentay　complex

containing　allochtonous　blocks　of　the　Pe㎜ian－Triassic

limestone　and　chert．　　F吋ita　（1983b）reported　Early

Cretaceous　radiolarians　from　the　mudstone　ofthis　formation．

　　　The　Ryukyu　Gmup　of　this　area　was　intensively

resea1℃hed　by　Takayasu（1976）．　He　concluded　that　the

hmestone　isdivided　into　a　thick　older　limestone（the　Ryukyu

Gmup　in　his　de五nition）and　thin　younger　termce　limestones

（Fig．2）．　His　paperwas　one　ofthe　first　studies　which　triedto

introduce　facies　analysis　of　the　Ryukyu　Group　and　to

reoonsider　the　traditional　view　of　reef　development　on　the

basis　ofthe　temce　geomorphology．

IH．　THE　RYUKYU　GROUP　OF　NAKfJIN　VILLAGE

A．Stra髄graphy㎞mework

　　　Although　since　Takayasu（1976）the　Ryukyu　Group　of

Nakij　in　Village　has　not　b㏄n　researphed　much　in　detai　ls，

improvement　offacies　analysis　of　the　Ryukyu　Group　achieves

a　new　int6rpretation　ofstratigraphy　ofthe　Ryukyu　Group　ofthe

other　areas（e．g．　Nakarn　ori，1986；Nakarn　ori　et　aL，1995；

Honda　et　aL，1993）．　We　fbund　that　the　geological　map　of

Takayasu（1976）was◎onstruCted　by負cies」denti五cation

which　is　basically　the　sarne　to　ours．　　However，　his

stratigraphic舳mework　based　on　the　l　ithotiircies　should　be

㎜nsidered．　　Di億ren㏄　in　the　litho£tcies　is　not　age－

dependent，　but　is　rather　depth－dependent．　The　paleo－dq）th

ofacertain　location　shouldbe　basically　indicated　by　a　value　of

the　relative　sea－1evel　minus　the　present　altitude．

Fu曲ermore，　investigation　of　coral　oommunity　of　the

limestone　helps　re五ning　the　paleodepth　because　ree£f）㎜ing

comls　are　quite　sensitive　to　environm㎝tal　oonditions，

especially　depth（e．g．　Nakamori，1986，1987）．　With　this

viewpoint，　the　Ryukyu　Group　ofthisarea　was　here　subdivided

into　three（1－3）units．

　　　The　geological　map（Fig．3）shows　that　the　exposed

lithofacies　are　largely　varial）le　among　the　different　areas．・The

northwestern　Nakij　in　Village　i　s　dom　inated　by　the　rliodolith

limestone　ofunit　2．　The　detrital　limestone　ofunit　2　mainly

o㏄upies　the　centml　part　of　the　village．　The　terra㏄of　the

northeastem　part　of　the　vmage　oonsists　mainly　ofthe◎oraI

limestone　ofunit　1．Kouri　Island　is　mostly　covered　by　unit　2

which　shows　a　concentric　mnation　of　the　iitcies　distribution

parallel　to　terrace　geomorphology．

　　　The　Unten　Facies（Takayasu，1976）mainly　distributed

around　Unten，　is　characterized　by　siliciclastic　sediment，　and

has　b㏄n　separated丘om　the　limestone　units　of　the　Ryukyu

Group．　However，　a　series　ofoutcrops　ofthe　northeastem　pa質

ofthis　area　shows　gradual魚cies　change　tiOm　the　siliciclastic

‘‘ Unten　S　andstone’，　to　the　lowermost　part　of　the　carbonate

Ryukyu　Group．　The　Unten　Facies　is　thought　to　be食）mned

by　a　local　siliciclastic　sedimentation，　and　thus　in　this　paper

included　in　the　lowermost　unit　of　the　RyukyU　Group．

Na1（amura　et　a1．（1996）suggest　that　the　landscape丘qm　Unten

Bay　to　the　Hanej　i　Inland　Seawas　developed　due　to　an　alluvial

erosion’by　a　meandering　river．

　　　Because　the　depositional　settings　are　much　di驚rent

between　in　the　no曲em　Motobu　Penninsula（Fig．4）and　on

Kouri　Island（F　ig．6），　the　stratigraphies　ofthe　two　areas　are

separately　described　in　the　fbllowing．

B．Northern　Motobu　Peninsula

　　　Un旧is　exposed　in　the　areas　with　an　altitude　ofO－40　m

（Fig．4）．　Lithotitcies　is　various；conglomerate，　sandstone，

detrital　limestone，　and　coral　limestone．　However，　the　16wer

part　ofthe　unit　is　general　ly　more　terrigenous　than　the　Upper

part，　and　the　top　ofthe　unit　normally　exhibits　the　cora1－rich

飴cies．　The　coral　l　imestone　largely　occupies　the　terrace　surface

amund　Tokij　in　and　is　distributed　at　smal1－scale．elevations

●
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Fig．3．　Geological　map　of　the　Pleistocene　Ryukyu　Group　of　Nak輔in　Vmage，

Okinawa　Prefecture（continued　to　the　next　page）．　The　group　is　displayed　in　five

different　patterns：unit　1，detrita1，　rhodolith，　coral　limestone　of　unit　2，　and　unit　3．

Approximate　locations　of　columnar　sections（Figs．4and　6），　detailed　columar　sections　of　uniU

（Fig．5），10cations　of　observation　pOints（see　text）arc　shown．　N．S．G．　is　Nakijin　SponS　Ground．

副

C
●●髄

in㎞adomai，　Sakiyania，　and　Koechi　areas（Figs．3and　4＞ （1m）layer　of　coral－rich　limestone，　and　4．5　m　thick　detrita1

The　coral　s　are　largely　recrystallized，　however　the　l　imestone limestone． These　detrital　limestones　normally　yeild　la㎎e

east　of　Sakiyama　（point　a；　Fig．　3）　obviously　oontains fOmm　iniferas；（凋oc伽∬sp．㎝d伽㎝1伽sμ The

screlactinian　ooral　s　such　as　Porites　sp．　andルfontastrea　sp．， litho－　and　biof巨cies indicate　that　these　limestone　was

which　characterize　a　shallow　marine　environment． deposited n
●

塞 a relatively deep （deeper than ・50m）

The　northem　coast　of　the　peninsula　exposes　several 　　　　り

enVI「onments． From　13　m　in　a　ltitude，　the　seCtion　exposes

continuous　sections　ofunit　1（Fig．5）． A　22　m　long（altitude coral　l　i　m　estone，　i　n　wh　i　chルfontastrea　sp．，　Fαvitas　sp．，　and

一 1～＋21m）section　ofnorth　ofSakiyama　shows　an　altemation Fungia　sp． 0㏄ur in　their　living　position・ This　cora1

of　coral　and　detrital　limestones（Fig．5A）． The　section　starts community　indicates　a　shal　low　（shallower　than－50　m，

from　the　rhodolith　limestone　and　4．5　m　thick　detrita1 probably　even　shallower）environment． The　coral　limestone

1imestone　which　contains　brachiopods，　gastropods，　and is　cowered　with　detrital　limestone　containing　Operculina　sp．

dhodoliths． They　are　fbllowed　by　thin（1　m）oora1－rich which　indicates　the　paleodepth　again　became　deeper（than

limestone　containing　toppled　colonies，2．5　m　thick　detrita1 一50m）．

limestone　containing　Diaseris　sp．（a　cora1），　another　thin At　outcrops　on　a　cliff　along　the　coast　and　beside　the　road



Developmental　history　of　a　coral　reef　complex　of　Nakijin，　Okinawa

　　　　　　　　Legents

［コH・1・cen・・ed脚t・

≡ヨU・it3

○○○○●○
●○◆●◆○

Unit　2

　Coral　limestone

Rhodolith　limestone

Detrital　limestone

Unit　l

9
9
0
5
堂
ヌ
出

　．　　6　　0　　，　　●　　o
11灘1擁：：：：：：：：3：3：

翻
㎜B・・e剛…k・

C’

の

4
　
　
　
　
　
●
●

○

．

O
．

．
．
．
．
●

9
．
■
．
●
．
．
■

ー
，
．
，
，
，
e
－
e
－
＿
＿
＿
°

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　
・
e
．
．
　

●
○
．

．
－
●

○

■

■

5

●●・

　　　　　　A，

Aノ1
〈－Fig．5A
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Locations　of　columnar

sections（Figs．4and　6）

Sections　of　unit　l

（Fig．5）

Observation　points
（refer　text）・

3．（continued）

around　Nakijin　Sports　Ground（N．S．G．　in　Fig．3），　a　29　m

（8－36min　altitude）1gng　section　displays　a　qyclic負cies

change（Flg．5B）．　It　starts丘om　clastic　hmestone　containing

brachiopods　andgastropods　until　12．5　m．　This　limestone　is

hch　in　te㎡genous　materiaL　Aわove　this，1．5　m　thick

limestone　contains　screlactinian　corals　which　are　poorly

preserved　and　unidentified　even　inagenus　level．　From　16m，

the　s㏄tion　b㏄omes　oontinuous．　The　base　is　a　3　m

brachiopod　clastic　limestone　which　is危110wed　by　rhodolith

hmestone（1　m），　clastic　limestone（1　m），　coral・limestone（1

m），and　thin　reddish　brown　siltstone．　This　suocession

overall　indicates　upward・shallowing．　The　sntstone　colltains

charcoal　and　is　interpreted　as　a　paleoso1．　From　22　to　25　m，

section　again　exposes　an　upward－shallowing　icies　change

consisting　of蜜hodolith，　clastic，　and　coral　limestones．　It　is

covered　with　6mrhodolith　l　imestone　with　a　pa1θosol－1ike

siltstone　layer　on　the　top．　The　paleosol　is　overlain　by　5　m

thick　coral　limestone　containing　Fewites　sp．　and　Fu〃gia　sp．’

’　　　Severa1董ocalities　including　Point　b　（Fig．3）　north　of

Sakiyama，　expose　the　boundary　between　the◎oral　limestgne

ofunit　l　and　the　rhodolith　limestone　ofunit　2．　At　point　b，　the

bounda1y　surtitce　is　undulating　which　may　indicates，a

subaerial　erosion　ofthe　coral　limestone　ofunit　1．　The　coral

community　consists　of　Por〃es　sp．，ル西oη’α5かατsp．，　and

Fung’a　sp．，　but　excludes　！｛cropora　sp．　that　suggests　a

shal　low（upper　than－50m　in　depth）r㏄fslope　environment．

The　rhodolith　l　imestone　contains　larger　foraminiferas　such　as，

qソcloclypeus　sp．　and　Operculina　sp．　The　paleodepth　clearly
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Fig・4・Columnarscctions　ofthe　Ryukyu　Group　ofthe　northern　Motobu　Peninsula　Nakijin　Villagc．　Thc　Locations　arc　roughly

shown　inthegeological　map（Fig．3；A脚A’，B。B，　and　C働C，）．　The　boundaries　bctwccn　thc　difercnt　units　arc　traccd　by　lincs．　Thc

top　ofunit　l　genera11y　exhibits　an　undulating　surface．

increased　in　the　periods　between　deposition　ofthe　two　tic　ies

（coral　and　thodolith　limestones）．　However，　i　f　the　ooral

limestone　of　unit　l　was　subjeCted　to　a　subaerial　erosion，　the

paleodepth　had　been　once　decreas　ing　and　then　increase　down

to　d㏄per　than　－50m　（the　paleodepth　of　the　rhodolith

limestone）．

　　　IJnit　2　exposes　in　a　large　area　ofthe　m　iddle　to　westem

Nak輯in　Village．　Facies　types　ofunit　2　varies　depending　on

regions　and　altitudes．　　The　low－altitude　terrace　from

lmadomari　to　Sakiyama　is　largely　covered　with　the　rhodohth

limestone　tircies　intercalated　with　l㎎eめ㎜ini翻

（（脚10のpθ粥sp．　and　Operct〃ina　sp．）beds．　Along　the

southem　margin　and　the　middle　part　ofthe　distributing　area（f

the　Ryukyu　limestone，　clastic　limestone　is　largely　exposed．

The　clastic　limestone　is　locally　very　tenigenous　and　is　rather

regarded　as　calcareous　sandstone　and　mudstone　around

Kaneshi　and　south　of　Hirashiki．　The　sandstone　normally

contains　the　fagments　of　oyster　shel　ls　and　encrusting

cal　careous　alg’ae　wh　i　ch　i．ndicates　an　environm　ent　ofa　rocky

shon∋．．The　conglomerate　including　clasts　of　the　basement

rock　i　s　normally　formed　near　the　boundary　with　the　basement．

rocks（Fig．4）．

　　　Distribution　of　the　coral　limestone　of　unit　2　is　limited　in

smal　l　separated　areas．　They　are　located　in　Kan　ej　i（a　ltitude

64m），　Jana（altitude　44　m），　east　ofSerikyaku（altitude　33　m）

and　west　of　Unten（altitude　52　m）．　The　outcrop　east　of

Serikyaku（point　c；Fig．3）displays　relatively　well・preserved

coral　community　including　Diaseris　sp．　and　Fungia　sp．

which　indicates　a　reef－slope　environment．

　　　Unit　3　is　only　exposed　alongthe　western　side　of　the　Ooi

River（point　d；Fig．3）．　It　is　a　g　m　thick　oora1且imestone．

Coral　s　are　we11・preserved　Acropora　sp．，　Favites　sp．，　and

Fungia　sp．　and　indicates　a　very　shallow　environment．

C．Kouri　lsland

　　　Un　it　l　is　exposed　in　scattered　localities　of64－40　m　in

altitude．　The角cies　of　unit　l　is　coral　limestone　lt）r　all　the

localities　and　does　not　show　a　Cycl　ic　change　which　can　be

fOund　in　unit　l　of　the　northern　Motobu　Peninsula　It　is

largely　oovered　with　rocks　of　unit　2，　and　therefi）re　a　thick

section　cannot　be　li）und　except　fbr　an　abandoned　l　imestone
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Fig．5．　Two　columnar　sections　of　unit　l　ofthe　Ryukyu　Group　exposed　along　the　northern　coast　of　the　Motobu　Peninsula・

L・・ati・n・・ftb・・ecti・n・aP・・h・w・i・th・g・・1・gical・map（Fig・3）・lh・fa・i・・chang・・fthe　secti．°ns　indicate・cyclic　chapge　in

paleodepth　ofthe　lirliestone。

quarry（point　e；Fig．3）where　a　16mlong　section　isexposed．

The　seCtion　of　the　quany　◎onsists　of　coral　limestone

containing　Porites　sp．，　Favia　sp．，　and　Fewites　sp．　They

overall　indicate　a　shallow　environment　although　some　ofthe

cora且colonies　show　allochtonous　occurrences．

　　　Unit20fKouri　Island　exhibit　a　concentric　distribution　of

the　di傍rent負cies（Fig．3）which　may　re6ect　the◎on㏄ntric

terrace　geomorphology　ofthe　island（Fig．6）．　The　area　lower

than　50　m　in　altitude　is　normally　covered　with　rhodolith

limestone　including　large　fOraminiferal（（：ycloc脚3

sp．　and　Operculina　sp．）layers．1From　50to　65min　altitude，

clastic　hmestone　is　largely　distributed．　　The　clastic

limestone　oontains　tiagments　of　coral　oolonies　and　generally

changes　into　ooral　limestone　in　high　altitude．　This　titcies

change　i　s　observed　at　point　f（F　ig．3）．　The　lower　altitude

area　ofthe　coral　l　imestone　i　s　characteriZed　by　laminar－shape　d

colonies（Echinoph．〃’a　sp．’and　Cyphastrea　sp．）which

indicate　a　reef　s　lope　environment．　Whereas，　the　oo南1

1imestone　on　the　uppemmost　terrace　of　Kouri　Island　contains

massive　and　branching　co！al　colonies．　A　small　quarry　at

point　g（F　ig．3）displays　wel　1・preserved　coral　oommunity
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Fig．6．　Colunmarsections　ofthc　Ryukyu　Group　ofKouri　ls董and，Nakijin　Village．　Thc　location　is　roughty　shovvn　in　Fig．3（D・D9）．

Th§bogndaries　betw¢¢x　thc　different　9Rits鍵e　traccd　by　lige§．　Tlic　top◎fgRit　l　ls総ot　tr8¢cd　filly　be¢a縫sc　of庸e　ll搬総cd¢xpos雛¢。

◎o籍sisti簸g　of　b欝ch　i轟9！lcr《｝pera　sp．，　P1β卿野β　siκensis，

F加9’αsp・，　Pαvo〃a　sp．，（ryphas〃α7　sp．　This◎ommunity

is　typical　iA　a　moat　e籠vironment．

　　　The　concent1ic　distribution　of　dif蝕ent　litho負cies　and

ooral◎ommunities　resembles　iiitcies　pattem　of　the　present

atoll。liko　coral　ree£　Whe蹴he　moat鋤es　was　develGped　o薮

the　top　ofthe　island，　the　melative　sea．1evel　reached＋107　m，

1籠thiscase，　paleodeμh。f・the・rh◎d◎蕪th・li搬estoRe　was　deeper

than－57　m　th瓢is　oonsist¢nt　with　the　depth　of　thodolith・

dominating　sediment（蓋ryu　and　Matsuda，蓋988），

　　　Unit　3　isthe　coral　limestone　fヤinging　the　margin　ofKouri

蓋s蓋a擁d．　　The　maxim縫蹴a玩it縫de　of縫縫it　3　燃hes÷22　搬。

E副‘ε∬p．and　P1⑳，gyra　sp．　were　found．

　　　As搬e面o轟ed　above，　Ko面Isla蕊d　exhibits　three　temace

surfaces（107・90　m，65－50m，　and　around　20　m）．　The

lowermost　temace　．i　s　formed　by　unit　3．　The　uppermost　one　is

the　moa£s秘r嬉ce　of　unit　2，　a難d　the搬韮dd韮e　terrace　may　hav¢

been　originated魚）m　a　coral　reef　ofunit　l　which　were　later

cove罫ed　with　cla§tic　limestORe　ef縫Rit　2．

蓋V．D蓋SCUSS獲ON

A・Stratigr叩bic¢orrel飢ion　between　the　north　ern

Motobu　PeRins幽aRd　Kouri　lslaRd

GrogP，　a籍ef臓cie轟tcoπe璽atio総betWeeR　the互imestofte　sectioRs

is　impossible．　However，　we◎onsider　that　depositional

perlods　of由e　same・numbered繊n髭s　are　mughly　correlated

between　the　no曲em　Motobu　Peninsula　and　Ko面Isla総d．

This◎omelation　is　supported　by　the疲）110wing　geologic　and

stratigraphic　evideRces　which　are　comn｝◎滋蝕bo象h鶴お（Flgs，

3，4and　6）．

　　　1）The　upPer　P銀◎funit　！　consists　ofcora川搬es醜e　a織d

tends　to　be　exposed　insmallscattcred　localities．　It　islargely

covered　with　the　rocks　ofunlt　2．

　　　2）The　unit　2　shows　facies　distribution　which　is　generally

para1］el　to　the創titude（paleodepth）．　The　shallowest危cics

（C。鍛田mest㈱）nc◎rds　the擶axi麟撚relative　s《・A－level

highstand（＋107　m　in　Kouri　lsland　and＋64　m　in　thenorthern

Mo重◎b縫Pe漁s由）．

　　　3）Distribution　ofthe　unit　3　isrestriαed　to　the　lowemlost

terrace　along　the　coast　side童ocalities．

　　　撫he　s職19mphlc㎞ewofk◎剛s　s塾縫dy　is　correct，　we

are　able　to　discuss　di㊧rence　in　the（re夏a輔ve）uplif正ing　rate　of

two　a鐙as．　The　highes重al蹴縫des　of◎◎繊H　i瀟est◎鵬◎f　three

di傍rent　units　indicate　the　three　sea。1evel　highstands．　They

are　40　m，64　m　a論d　g　m（飛》runits　1，2，　a論d　3，respectively）in

the　no就hem　Motobu　peninsula，　whereas　65　m，107　m，and　22

min　Ko囲lsland．　The　high　values　in　Kouri　lsland　may

suggest　tha重K◎糠rH＄la轟d　had　a葦arger　upliftiR9　ra舵tha縫重he

northem　Motobu　Peninsula．

Beca魏se　we　d蓋d総ot　d¢重e薮m勧e　the　age　of　the　Ry縫ky糠
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B・Local　conditions　contro璽ling　the　carbonate　deposition

　　　The　Pleisto㏄ne　sediments　of　the　no曲㎝Motobu

Peninsula　and　of　Kouri　lsland　differs　in　amount　ofsiliciclastic

material　and　development　ofcoral　limestone．

　　　These　di色㎜ces　must　be　associated　with　local

conditions　ofdepositional　settings．　Calcareous　sandstone　of

unit　l　around　Unten（previously　defined　as　the　Unten　Facies）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●ismaybe　relatedto　an　alluvial　siliciclastic　sedimentation　inan

area　betWeen　Unten　B　ay　and　the　Hanej　i　Inland　S　ea．　In　the

northem　Motobu　Peninsul亀unit　2　is　stili　te㎡genous，

especially　in　the　middle　and　southem　part　ofthe　distributing

area　ofthe　Ryukyu　Group．　Whereas，　the　Ryukyu　Group　of

Kouri　Island　is　mostly　pure　carbonate，　that　is　related　to　the

stmit　south　of　the　island　which　has　b㏄n　rest！icting　the

te㎡genous　in伽x　fum　the　southem｛md螂t㎝te㎡genous

sources．

　　　The　tops　of　Units　1　and　2　are　commonly　form6d　by　co！al

hmestone，　however　the　coral　facies　is　much　different　betWeen

in　the　no曲em　Motobu　Peninsula　and　in　Kouri　Island．　In

occurrence　of　moat　facies（point　g）and　shallow　water　facies　in

the　island（point　e）indicate　that　the　reeS　reached　a　mature

stage　of　development，食）rming　te㎜e．　The　stratigraphy

suggests　that　the　ree色were　a‘k㏄p－up’type（Neumann　and

Maclntyre，1985）．　Whereas　in　the　peninsu1ζthe　tena㏄

geomorphology　is　not　obvious　fbrthe　tops　ofthe　unit　l　and　2．

Corals　do　not　indicate　the　shallowest　environinent，　but　are

rather　ones　l　iving　on　a　ree£slope．　　The　ree＆　probably

‘gave－up’（Neumann　and　Maclntyre，1985）with　a　rapid　sea．

level　change，　especially　ones　ofunit　1，　which　are　exposed　in

scattered　elevations　alongthe　northem　coast　ofthe　peninsula．

　　　Terrigenous　influx　generally　restricts　the　development　of

reef　and　carbonate　deposition（Mount，1984）．　In　many　of

re㏄nt　reefcomplexes，　coral　s　are　separated　fr（）m　a　teni　genous

sourc6　by　a　topographically　depressed　strait　or　lagoon（Hopley，

1982）．　This　is　probably　the　case　of　the　Ryukyu　Group　of

Nak茸in　village．

C．Globa置sea”置evel　controlling　the　carbonate　deposition

　　　Because　the　development　of　a　coral　reef　complex，　in

genera1，　responds　to　the　global　sea－level　change（e．9．　Bard　et

aL　1990），　the　stmtigraphy　of　the　Ryukyu　Group　oould　be

comparod　with　the　sea。1evel　curve．　For　the　Quatemary，

global　sea－level　change　is　mostly　discussed　by　the　oxygen

isotope　of　fOram　ini危ms　ext旧c團恥m　d㏄p・sea・cores，　The

oxygen　isotopic　curve　compiled　by　Williams　et　a1．（1988）

indicate　that　the　cyclicity　changed　from　a　smal1　amplitUde　and

ashort　interval（ca・40　k．y．）to　a　l　arge　amplitude　and　a　long

interva1（ca　100　k．y．）during　a　pedod　ofO．7－0．5　Ma　Ifthe

sea－level　i　s　reasonably　calculated　by　the　direct　translation　fU）m

the　abso畳ute　value　of　oxygen　isotope，　the　amplitude　of　the

sea－level　change　was　approximately　50　m　bef（）re　O．7　Ma，　and

more　than　100　m　after　0．5　Ma．

　　　　Columnar　s㏄tions　of　unit　l　of　the　northem　Motobu

Peninsula（Fig．5）clearly　record飴cies　change　associated　with

fluctuation　ofthe　relative　sea－leVel．　Each　sedimentary　cycle，

typically　an　upward　shallowing　from　rhodolith－clastic　to　coral

limestones，　is　quite　thin（1ess　than　several　meters）and　were

deposited　during　both　transgressive　and　regressive　periods．

Thereli）re，　they　were　moきt　reasonably　deposited　during　a

period　ofa　small　amPlitude　and　a　short　interval．

　　　　Unoo面㎜able　re圃on　among　unit　1，2，　and　3　of　the

Ryukyu　Group　must　have　been　developed’by　a　large

amplitude　oftherelative　sea－1evel　change．　Because　the　top　of

unit　2　reaches＋107　m　in　altitude　on　Kouri　lsland，　tlle

amplitude　exceeded　more　than　100　m．　At　least，　the　major

portions　ofunits　2　and　3　was　dep6sited　only　during　sea－1evel

highstands．　This　circumstance　isconsistent　with　the　glol）al

sea－1evel　curve　a丘er　O．5　Ma．

　　　These　remarks　will　gain　more　confidence　if　absolute　ages

are　determined，　though　they　have　not　been　detemlined　in　areas

like　Okinawa　Island，　where　l　imestone　hardly　preserve　primary

aragonite　which　is　available　fi）r　U。series　and　ESR　dating．

Nannolbssils　have　posibillity　even　on　limestone　su衡ed　by

diagenesis　to　some　extent（Honda　et　a1．，1993），　though　they

provide　a　relatively　coarse　resolution　during　the　pedod　of

390。830ka．　Sr＄table　isotope（J茸u，1994；Kaneko　and　Ito，

1995）is　also　he1P1臨1，　though　it　is　di伍cult　to　gain　a　higher

resoIution　than　severa1－hundreds　ka（Ito，1993）．

V．CONCLUDING　REMARKS

　　　Using　the　latest㎞owledge　on　the　living　subtropical㎡

biota　and　on　the　P　l　eistocene　sea－level　change，　we　researched

geology　and　stratigraphy　of　the　Ryukyu　Group　of　Nakij　in

Village・　　Our　stratigraphic　division　and　iitcies　analysis

indicate　that　the　carbonate　deposition　and　development　ofa

coral　reef　complex　has　been　strongly　conttolled　by　both　of

global　and　local　environmental　conditions．　Although　many

other　conditions　should　be　carefb11y　considered，　the　global

sea－level　and　terrigenous　influx　are　especially　important　forthe
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case　of　Nakij　in　Village．　We　are　a1so　able　to◎onclude　that

unit　l　was　dζposited　during　both　sea・1evel　highs　and　lows

whe！eas　the　most　of　units　2　and　3　were　deposits　of　sea，10vel

highstands．　Severa董studies　in　other　areas（e．g。　Toku　Island

－ Nakamori　et　a1．，丑995；互e互sla無d－F頭shlm　l　996MS）

suggest　the　sa醗e　teRdeiiCy　i鍛st！滋ig岡）hy；竈he　o董dcr《芝ydic

sedi搬ents　c◎ve1ed　by　the　yo縫総9¢r　sed蓋搬c癬s　of　seap星cve塁

highstands．　It　may　be　possible　to　apply　the　subdivision　of

the　Ryukyu　Group　to　many　ofother　areas．
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