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ABSTRACT　Unconformable　boundaries　of　carbonate　rocks　were　studied　wit　1　the　petrographic　aspects　in　the

Ryukyu　Group　mainly　in　southem　Okinawa　Island，　southem　Japan．　There　had　been　many　studies　about　features

of　unconfbmlable　boundaries　exposed　in　arid　to　sub－humid　climate，　because　the　active　evaporation　fbrms　charac－

teristic　secondary　calcite　known　as　calcretes．　However，　exposure　featUres　under　the　humid　conditions　have　been

little　studied　like　those　fb篭md　in　the　Ryukyu　Group．　In　this　study，　the　author　reports　some　examples　ofthe　uncon－

fbmities　in　the　humid　and　sub面pical　Ry晦u　Group，　which　is　expected　to　have　been　affected　by　cyclic　sea－1evel

change　and　exposure　events　during　the　Pleistocene　gracia1鱒intergracial　periods．　Recognition　of　the　unconfbmlable

horizons　is　important　fbr　understanding　ofthe　depositional　processes　and　history．

　　To　clear　the　diagnostic　features　of　unconformities，　recent　exposure　sur飴ces　were　studied　6rst．　In　inland

places，　unconsolidated　reddish　brown　soil　of　several　tens　cm　covers　the　rock　surfaces．　The　bedrocks　are　o丘en

pedogenically　brecciated．　We　can　observe　characteristic　features　of　karstic　topography　in　southem　Okinawa

Island，　which　are　ramparts　developed　at　f加1t　scarps，　and　karstic　planation　sur飴ces　developed　at　fbot　of　the

ramparts．　These　plane　surfaces　are　probably　responsible　fbr　the　high　pemleability　of　the　young　limestone　which

has　many　initial　and　secondary　voids．　This　ffeatUre　leads　to　diflUse　way　of　flowing　groundwateらcausing　relatively

unifbrm　dissolution　on　the　ground．　The　plane　nature　of　the　karstic　surfaces　is　highly　suggestive　fbr　the　fact　that

unconfbrmable　boundaries　in　the　Ryukyu　Group　could　be　flat．　It　is　in　contrast　to　the　Palaeozoic　lhnestones　ofthe

Motobu　Peninsular，　having　low　stratal　pemleability，　which　leads　to　represent　corhplicated　karstic　surfaces　like

cockpit　karst．

　　On　the　contrary，　in　coastal　areas，　bedrocks　lack　the　manthng　of　soil　layers，　and　have　j　agged　sur飴ces　related　to

formation　of　phytokar・st．　In　intertidal　to　subtidal　zones，　endolithic　Qrganisms　like　sipunculids　actively　bore　into　the

bedrocks，　changing　it　to　be　micritic，　poorly　sorted　materials．　In　supratidal　zone，　plants　can　live　utilising丘actures

and　pores．　The　fractures　are　usually　fi　lled　with　coastal　sand，　which　help　the　plants　survive．　The　plants　alter　the

sands　and　the　bedrocks　into　brown　pedogenetic　materials，　which　are　usually　consolidated　in　coastal　areas．

　　Important　featUres　of　the　past　exposure　surface　in　the　Pleistocene　Ryukyu　Group　are，　rhizolith，　neptunian　dykes，

pedogenic　breccias，　and　phytokarstic　stnlctures．　Unconsolidated　soils　are　also　important，　which　often　survived　at

only　depressions　and　fissures．　Cutting　of　the　underlying　limestone　structres　are　also　well　observed　just　below　the

unconfbmities．

　　The　Ryukyu　Group　in　the　southem　Okinawa　Island　can　be　divided　into　three，　that　are，　the”Reddish　Limestone”

（equivalent　to　the　l℃hinen　Sandstone”），　the　Naha　Fomlation，　and　the　Minatogawa　Fomlation．　It　seems　that

different　stratigraphic　horizons　have　different　features　of　the　unconformities．　It　seems　that　preservation　of　the

pedogenetic　featUres　is　mainly　related　to　the　time・dependent　factors　in　period　of　subaerial　exposure．　Sedimentation

environments　may　also　affect　to　the　preservation　of　the　diagnostic　featUres　like　unconsolidated　palaeosols．

　　In　this　study，　it　is　cleared　that　the　Naha　Fomlation　can　be　dMded　into　lower　and　upper　parts　in　the　westem　part

of　the　southem　Okinawa　Island，　where　many　quarries　exist．　A　couple　of　sedimentary　sequences　are　recognised　in

each　of　the　lower　and　upper　Naha　Formation，　but　there　is　overall　shallowing　upward　trend　in　each，　which　in　many
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case　ends　by　shallow　types　of　coral　limestones．　The　same　trend　vvas　alsQ　reported　from　Motobu　Peninsular，　Ie

and　Tbku・no－shima　Islands・The　distribution　of　coral　limestone　of　the　upPermost　Naha　Formation　is　limited　just

around　Yoza　to　Maehira　areas．　However，　the　distribution　of　the　centre　of　the　coral　limestone　of　the　lower　Naha

Fomlation　is　at　Kyan，　though　it　has　wide　distribution　compared　to　t　lat　of　the　upPer　Naha　Formation．　From　this

viewpoint，　some　crustal　movement　might　have　been　related　to　form　unconformities　betWeen　the　lower　and　upper

Naha　Formation．
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1．INTRODUCTION

　　Sequence　stratigraphy　is　a　noticeable　theory　which

provides　us　a　valuable　breakthrough　to　understand

depositional　histories　of　sedimentS（Vail　et　aL，1977；Vail　et

a1．，1984；Van　Wagoner　et　aL，1990；Wilson，1992；Emery

and　Myers，1996）．　In　this　theory，　sea－level　changes，　having

cyclicity　of　various　orders　of　time，　are　the　most　important

飴ctors　that　fbmm　cyclic　sedimentation．　A　sequence，　a　basic

unit　of　the　theory，　is　a　set　of　a　succession　of　sedimentary

facies．　Tlle　sequence　is　formed　under　transforming

environments，　fbllowed　by　a　set　of　relative　sea－1evel

changes，　and　sediment　fills　are　nomla11y　composed　of　piles

of　the　sequences．　Unconform　ities　are　important　boundaries，

which　mean　a　depositional　gap　by　a　subaerial　exposure，

caused　by　significant　eustatic　sea－1evel　fall　or　tectonic　upli丘．

Accordingly，　unconformities　and　correlative　conformities

are　used　to　divide　sequences，　and　the　boundaries　are　named

as　sequence　boundaries．　Thus，　to　place　the　unconfbmity

boundaries　in　sediments　is　essential　fbr　understanding　of

the　sequences　and　depositional　history．　If　we　can　recognise

the　unconformities　in　outcrops　in£elds，　it　can　provide　very

important　infbrmation．

　　FeatUres　of　unconformities　developed　in　carbonate　rocks

are　different丘om　those　of　siliciclastic　rocks．　Carbonate

system　is　mainly　biogenic，　and　this　cause　topographic

complicity　of　reef　structures，　and　lithologic　boundaries

including　unconfbrmities．　Besides，　limestone　tends　to　be

massive，　and　it　is　diMcult　to　find　unconformable　plane　if

they　laρk　visible　characteristic　features　like　paleosols．　In

carbonate　systems，　howeveらvadose　and　meteoric・phreatic

diagenesis　of　the　past　may　provide　available　clues　to　find

ancient　subaerial　exposure　surfaces．　For　example，　we　can

see　many　karstic　features　of　characteristic　topography，

cave，　cements，　and　sediments　under　subaerial　surfaces　of

carbonate　rocks．　However，　there　are　also　problems　that　the

limestone　we　can　now　observe　in　field　has　also　undergone

recent　vadose　and　meteoric。phreatic　diagenesis，　and　this

confUses　the　recognition　of　the　subaerial　exposure　surfaces

of　the　past．　In　sub－arid　to　sub－humid　conditions，　calcrete

commonly　develops　especially　on　carbonate　rocks，　and　can

be　distinct　criteria　to　recognise　unconfbrmity．　Calcretes

represent　characteristic　features　of　accumulation　of

secondary　calcium　carbonate，　and　they　have　been　attracted

attention　of　many　researchers（Wright　and　Tucker，1991）．

Howeveらtheir　appearance　is　usually　limited　by　the　moisture

conditions　of　sub－arid　to　sub－humid　climates，　although　there

are　some　exceptions（ex．　Goudie，1983）．　In　humid　climate，

calcrete　tends　not　to　develoP，　and　recognisable　features　of

the　past　unconfbrmities　in　fields　are　little　studied．

　　Ryukyu　Islands　are　located　in　123・130°E　Iongitude　and

24・29°Nlatitude（Fig．1）．　Annuai　temperature　is　around

19－24°C．It　has　much　rain　throughout　the　year，　and　2128

mm　in　Naha　City　is　typical　annual　rainfall．　These　conditions
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Fig．1．　Location　map　of　the　Ryukyu　lslands　and　studied　areas．

indicate　the　subtropica1－humid　chmates．　There　are　the

Quaternary　carbonate　sediments　in　southern　and　most

of　the　central　Ryukyus，　and　they　provide　one　of　the　best

places　to　study　humid　sub－tropical　carbonate　systems．　In

this　study，　subaerial　sur飴ces　of　limestone　fbmed　in　the

past　and　present　are　investigated，　the　features　are　described，

and　criteria　fbr　recognising　of　the　unconformities　in　humid

sub－tropical　carbonate　systems　is　attempted　to　be　cleared．

With　recognition　fbr　the　unconfbmlities，　the　stratigraphy

and　depositional　processes　are　discussed　fbr　the　Ryukyu

Group　mainly　in　southem　Okinawa　Island．
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II．　PRuivlous　STuDIEs　oF　UNcoNFoRMITIEs　IN　THE

　　　　　　　QuATERryARy　RyuKyu　GRouP

　　The　Ryukyu　Group　is　the　Pleistocene　deposits　in　the

Ryukyu　Islands，　and　consists　mainly　of　limestone，　which

partly　contain　siliciclastic　sediments．　Depositional　age　of

the　Ryukyu　Group　is　estimated　to　be　late　early　to　middle

late　Pleistocene（Chapter　XI）．　The　Ryukyu　Group　has

depositional　period　of　about　l　Ma・Besides，　the　Quatemary

is　a　period　of　frequent　eustatic　sea－1evel　changes　due　to

repeated　glaciation　and　deglaciation．　Oxygen　isotopic　data

of　deep－sea　core　samples　and　terraces　of　the　Quatemary

reefs　indicates　sea－1evel　fluctuating　severa110meters

with　a　100－40　thousand　years　periodicity（Chappell

and　Shackleton，1986）．　The　Group　was　deposited　in　a

relatively　shallow　sea　from　island　shelfto　beach，　and　it　was

clearly　influenced　by　the　repeated　sea一璽evel　changes．　This

means　that　the　Group　must　have　been　experienced　several

terrestrial　exposures　which　result　in　many　unconfbmlities．

　　Unconformities　in　the　Ryukyu　Group　have　been

recognised　mainly　at　formation　boundaries．　For　example

in　southem　Okinawa　Island，　an　unconformity　between　the

Naha　and　the　Minatogawa　Fomlations　in　the　Ryukyu　Group

has　been　we11㎞own（Nakamori，1986）．　They　have　different

cementation　and　fbssil　preservation，　which　result　di　ffe　rent

lithological　outlooks．　They　also　llave　different　terrace

altitudes，　which　indicate　the　existence　of　considerable

crustal　movements　between　deposition　of　these　fbrmations．

These　facts　suggest　that　the『e　was　a　long　non・depositional

period　betwee尊these　fbrmations．　A　direct　evidence　fbr

terrestrial　exposure　was　also　known　as　a　paleosol　layer

between　these　formations（Ujiie，1986）．　Besides，　two

paleosol　layers　are　also　known　within　the　Minatogawa

Formation，　as　indicated　by　Kawana　et　a1．（1992）．　Kaneko

（1994）reported　a　distinct　unconformity　near・tle　basement　of

the　Naha　Formation　of　Nakamori（1986）．　He　distinguished

the　terrigenous　component　rich　limestone　below　the

unconfbmlity　as　the　llReddish　Limestone”，　and　considered　it

to　be　contemporaneously　heterotopic　facies　of　the　l℃hinen

Sandstonell，　and　treated　it　as　a　separated　fbrmation．

　　　Matsuda（1995）reports　some　unconfbrmity　in　Irabu

Island．　There　is　an　distinct　unconfbrmity　between　the

Lower　and　the　Middle　Members　of　the　Ryukyu　Group．

The　lithology　clearly　changes　across　the　unconfbrmity．

The　uppemlost　Lower　Member　is　rudstone　or　floatstone

of　mainly　hermatypic　coral　and　encrusting　algae，　while

the　basal　Middle　Member　is　grainstone　or　packstone

mainly　of　foraminifera　and　algae．　Paleosol　is　fbund　at　the

unconfbrmity　and・solution　vugs　in　the　uppermost　Lower

Member．　Samples　below　the　unconfbrmity　show　a　clear

negative　shift　on　carbon　stable　isotopes，　which　may　result

丘om　near－sur飴ce　diagenesis　on　subaerial　exposure．　In　the

Middle　Member，　negative　shifts　are　also　observed　in　several

horizons，　especially　in　carbon　isotope．　Isotopic　behaviour

on　subaerial　exposure　including　these　shifts　have　been

studied　by　many　researchers（ex．　Allan　and　Matthews，1982；

Goldstein，1991；Dickson　and　Salleら1995）．

　　In　the　southem　Okinawa　Island，　the　Naha　Fomlation　ls

the　thickest　unit　in　the　Ryukyu　Group，　and　has　cycles　of

di脆rent　sedimentary　facies．　The　formation　is　probably

correlated　to　the　Middle　Member　of　the　Ryukyu　Group

in　Irabu　Island，　and　it　must　record　several　unconformities．

However，　the　unconformities　have　not　been　detected　yet，

other　than　Ooshiro（1977），　who　fbund　the　outcrop　of　a

clino－unconformity　in　the　detrital　limestone　in　the　Naha

Fomlation　in　the　southem　Okinawa　Island．

　　The　circumstance　that　unconfbrmities　have　not　been

detected　may　result　from　difficulty　in　recognition　of

unconformity　in　limestone　sections　on　outcrops．　On　the

other　hand，　this　may　also　result　from　poor　knowledge

on　structures　fbrmed　and　remained　under　the　subaerial

exposure　surfaces　in　a　humid　condition　such　as　the　Ryukyu

Islands．　Therefore，　we　need　to　understand　subaerial

diagenetic　features　under　a　humid　condition　in　order　to

recognise　unconformable　boundary　more　easily　in　outcrops．

III．　GEoLoGICAL　STUDY　OF　THE　SOUTHERN　OK置NAwA夏sLAND

A．Previous　Studies　in　Southern　Okinawa　Island

　　Fig．2shows　stratigraphic　outline　of　the　representative

studies　about　the　southem　Okinawa　Island．

　　Geology　of　the　Ryukyu　Islands　has　been　investigated

from　late　19th　century（Koto，1898；Hanzawa，1935；

MacNeil，1960；Nakamura　and　Furukawa，1980）．　The　first

geologic　map　and　a　brief　account　of　the　geology　of　Okinawa

Island　was　published　by　Kada（1885），　and　he　used　the　names

Shimajiri　and　Naha　in　at　least　an　infbrmal　stratigraphic

sense．　Kuroiwa（1894a，　b）reported　that　northem　two　third

of　Okinawa　Island　is　composed　of　Proterozoic　rocks　which

are　now　assigned　to　Carboniferous　to　Paleogene，　while

southem　one　third　part　of　Okinawa　Island　is　composed　of

porous　limestone，　lying　on　young　mudstone　and　sandstone．

Yoshiwara（1901）published　a　brief　description　of　the

geology　of　Okinawa　Island．　Hanzawa（1925）proposed　the

Shimajiri　group　for　alE　of　the　beds　exposed　below　the　porous

limestone．　The　porous　raised　reef　limestone　is　named　as

the　Ryukyu（Riukiu）1imestone　by　Yabe　and　Hanzawa

し
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F韮gi　2．　ComparisoR　of　repres¢轟重at蓋ve§trat韮9τap掘¢st縫d董es◎f縫矯Rygkyu　Gr◎纏P．Each　of重he　co茎ulnRars韮s　pa鷲聾y搬od韮f｝ed　from重hc

original，　（R，f＝Formation；ss，雛sandstone；Is．＝1imestone；t¢rr．＝temace；calc．騨calcareo血s；C．＝（：YcloolYpeus；0．瓢（）ρercu〃〃の

箋》叢n蓋riomote　lsland，為e　desc擁b¢d　So轟al　co織gro癬e！ate　lying　unc◎論fb霊矯縦b至y　be！ow　thc　Riukiu　limestonc。

（茎930）．H錨zawa（1935）i轟dlcated　the搬aτked灘c◎総fb㎜髭y

between　the　Riukiu　limestone　and　all　the　older　fbmnatlons

representing　a　prolonged　and　extensive　period　of　subaerial

de闇dati◎薮。　He　also短apped　the　K麟iga鵬i　gmvel，　whlch

consists　of　lateritic　soils　and　grave董s，　and　he　considers　that

they　rests　on　the　Riukiu　limestone．

　　Stratigraphy　with韮薮the　Ry秘ky縫（Ri疑k沁）li搬est◎難e　is

malnly　studied　afし¢r　Wbrld　War、　IL　MacNei1（1960）used　a

name　the　Ryukyu　group　to　describe　the　Yabe　and　Hanzawa’

s　Riukiu　limestone，　becaus¢痛e　llm¢stcfie　was　divided

imo　disconformable　units　as　repol魔ed　by　Flint　et　aL（1959）．

According　to　MacNei1（1960），　the　Chinen　sand　came　to

lowerm　ost　of　the　Ryukyu　gro叩1猷he　so櫨heast¢m　p餓◎f

Ok沁awa　Isla織d，　whlle出e　Nakoshi　sand　takes　the　same　role

in　the　no質hwestem　parしNaha　limestone　overlies　the　sands，

a盆dis　d蓋scoηfbrmab霊y　over韮al籍by　the　Yb霊霊a織茎韮搬es£o総e．｝｛e

負）und　that　the　gravelly飴cies　called”K槻lga搬i’響ls鍵ot　only

above　the　hmestones　but　also　situated　below　and　within

them．　The　Mach董nato薮mestone　rests“nconformably　o鍵

these　ll1糠esto鵬s　a織d重h¢Shimajiri　gr◎up．　Becaus¢MacNel1

（1960）did　not　show　the　geological　map，　distributions　of

these　rock　units　are　not　dear．　Sh（麺蓋σ968）re。exam韮獄ed

geo16gy　of　Okl録awa　1sland，　a縫d　renamed　the　fbr鵬蹴io縫

鍛ames　as　the　Yb！繍a鍵a毅d　Makl面戯o　Ll搬esto簸es，1轟ste縫d

of　Ybntan　amd　Machinato　in　MacNei1（1960）．　According

to　Sh（’ji，s　geo董ogica董map，　the　Y6mitan　Limestone　and　the

K膿lg徽i　Gmv¢1　ar¢籍ot　exp◎sed　i獲s◎議hem　Oki総awa

Island．　Shql　i（1968）indicated　that　each　of　the　distributional

plane　of　his　Naha，　Yomitan　and　Makiminato　Limestones

co縫蓋d　be　coπe蓋ated　with　each繍ace　pla盤¢i盤Tbk撒osh韮搬a

and　Okinawa　Islands，　and　concluded　that　they　have　be¢n

formed　in　relation　to　the　intermittent　falls　of　sea－1eveL

Te覇race　pla獄¢s　of　the　Ry秘ky疑Ll搬e§tone　was　re¢Qg縫lsed　o難

other　islands　of　Ryukyus，　and　used　to　have　been　categoris¢d

into　two　terrace－fbm血g　beds，　which　were釦rther　co1Telated

to　K疑do雛d　Shi搬os鵬yoshi　pla薮e§i轟Ka継o　di§trict

（Nakagawa，1967，1969a，　b）．

　　Besides，　Ibaraki（1975，1979）did　not　recognise

dlsc◎鑛fbr搬lties　be£wee薮漁e　Shimajiri　Group鋤d　the

Chinen　Sand，　and　concluded　that　the　Chine勲Sand　is　a

member　of　the　Shim勾iri　Group　rather　than　the　Ryukyu

Gro叩。　Thls　conclusio総was　a叢so　s鷺PP◎鍾ed　by重he鉛c重

that　there　are　no　sign爺cant　change　in　community　of　the

pIanktonic　foraminifera（Ibaraki　and　Tsuchi，1975）and　the

calcare◎秘s轟a難fiofossils（Nls熱lda，韮980）．

　　Okinawa　Quaternary　Research　Group（1976）indicated
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癒a£疏矯oh　of　t難e　Ry秘ky縫Lim¢sto総e　is　dev¢1◎ped　w蓋tho磁

τe濃ation　w髭h　terrace　P呈a蕊es，　and・that・there　i§a蓋S◇Clcaτ

dislocation　by　faults．　Uruma　Cmstal　Movement　was

proposed　fbr　the　dislocation，　which　was　later　described　in

d¢tail　in　Takayasu（1978）．　Simultaneously，　they　indicat¢d

that　there　are　a霊SO蕪meStO蕊eS　Of　genera遷韮y　very　thi籍o蕊eS，

whioh　fbr搬terraces．　Th¢refer　they　divide　the　Ry縫ky縫

Group　of　Okinawa　Island　into”Proper　Ryukyu　Limestone”

（ltokazu　Limestone　Formation，°9Altemated　Limestone”

Formation），　and”T℃mce・飴ming（Ryukyu）Limestone”

（Ybmita総Limest◎簸e，鰻Sa籍go　Lim¢ston♂，　a益d鐘Awalshi

LimeS鵬0”FOrmatiCR）．　HOWeveらtheir・ClaSSifiCati。籍iS

principaUy　not　so　dif【もrent肋m　MacNeil（1960），　though

they　used　the　names　Itokazu　Limestone　Formation　and

”Altemated　Limestonel，　Fomation　instead　ofNaha　limestone，

a臓d魏Awaishi　Limesto論e縫Formati◎n　instead　of　Machinato

韮i蹴e§給鍵e．Thoy　also漁e総tio縫ed血at　tho　Chi総§織Sa瞭ds給織e

co1｝formably　cha無ges　lnto象he°IAltema象ed　Li！nestone”

Formation。

　　Takayasu（1976）renamed　the　Machinatq　Limestone　as

the　Minatogawa　Fo㎜ation，　as　he　changed　the　type　locality

致》rco1rv¢1茎ie総ce．　He　i総d縫d¢纏C◎m！Li搬esto籍e韓，　a難d

l°Awals短Limesto織el°Formatlo総of　Okl縫awa　Quaternary

Research．Group（1976）to　the　Minatogawa　Limestone

Fomlation。　He　reexamined　the　stratigraphy　of　the　llRyukyu

Limeston♂and　divide　it　into　the　Ryukyu　Group　and
響撃丁¢rrace　Limesto籍♂，　in　the　same　manners◎f　Oki照wa

Quaternary　Research　Gτo疑P（1976）．　Takayas縫（1976）

reconstruct　the　stratigraphy　of　the　Ryukyu　Group，　and

divide　it　into　the　Lower　and　the　Upper　Fomations，　and

the　Upper　Fomlation　is　subdivided　into　three　members

of　the　A（OρerCtilina　a！蓋d（rYcloclYpe＃s嫉mesto籍e），　B

（algal　bami購st㈱）a鍵d　C（coralliRe・biol髭hite）by　their

litho夏ogic　character1stics　ascendingly．　He　included　the

Ybmitan　Limestone　and　the　Itokazu　Limestone　in　the　Upper

Fomation．　The　Chinen　Sand　was　included　to　the　Shimajiri

　Group．　Takayasu（1978）had　a　same　concept，　but　he　called

tiTerrace　Li搬esto擁♂as　the　accessoτy撫Restones，　by　c◎滋田st

　to　the　mai総塁i鵬esto獄es　as象he　Ry縫kyu　G夢◎縫P。

　　　On山e　contrary，　from　late　1970’s，　the　Ryukyu　Group　has

b¢en　considered　to　be　a　deposit　ofreefcomp1¢x　composed　of

　different　litho董ogic　biologic　facies，　and　had　lleen　deve童oped

re負ecti無9　Q“atem欝y　sea4evel　ch錨ges（至ry纏，　et　aL，璽992）・

Co1｝seq毬e撚韮y，　accurate　depositi◎総縫1　e総viro翔灘¢賊s　of　the

Ryukyu　Group　became　to　be　taken　in　account　by　correlating

with　modem　environments　using　organic　component　of　such

　as　corals，　algae，　and　foram　inifera．　Nakamori（1986）a㎎ued

倉◎mthis　viewpoi搬，　and　poim¢d　out　that　these　lim¢st◎籍es

a鍛dgrav¢ls　iRdicate　coAtempora㈱9s・heterct◎pic飴des，

a論deach　limosto獄e　and呂ravel　apPears　repeated董y　in

different　hor蓋zo鍵s　i縫§evera監sec重io蕊s．　Therefbre，　he縫1擁t¢d

the　Kunchan　Gravel，　the　Naha　Formation，　a総d蜘e　Yb撚a総

Limestone，　and　called　them　the　Naha　Fomlation　collectively．

He　also　included　brown　coloured　calcareous　sandstone

coどrespo蕊di総g　thピ℃hine論Sandstone緯into　the　Naha

F。rmation，　as　h¢i繭cat¢d撫e　existe織c§ofth¢器c◎縫fb徽晦・

on　the　Sh㎞勾汝i　Group。　F膿herm◎re，　he韮ncl繊ded　agal無the

Minatogawa　Formation　into　the　Ryukyu　Group．　On　the　other

hand，珂u（1994MS）recognised　an　unconfbrmity　within

th¢Naha　Fomαatlo鰭，　and　similar撫hobgical　changes　to

that　gf　Takayasu（1976），　which　have重wo　cycles．　Therefbre，

」導u（1994MS）divided　the　Naha　Formation　into　upper　a織d

lower．　However，　there　remains　as　problems　that　the　Naha

Fomlation　can　really　be　divided　into　just　two，　because　it

is　considered　to　be　deposited　through　several　cycles　of

e疑s繊ic　sea・蓋ev¢l　cha轟ges、　Besld¢s，瀟㈱dear　cr髭eria　w㈱

鵬eded　to　recognise　subaerial　s犠血ces　of　the　past、　Ka籠eko

（1994）recognised　the璽9Reddish　Limestone”bounded　by

Shatlow Dccp

Fig．3．　A　schem飢ic　columnar　scction　of　this　study　of　the　g¢ology

◎f癒¢s◎厩熱em　Okl織awa　1sl鎗d。　Wavy蕪総cs　l総dlca紀largc

uncon恥㎜ities．　IS．＝limesto縫e．
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aclear　erosional　plane　in　the　bottom　part　of　the　Naha

Formation　in　southern　Okinawa　lsland．　He　considered　that

the”Reddish　Limestone’l　is　contemporaneous　heterotopic

飴cies　ofthe”Chinen　Sandstone”and　divided倉om　the　Naha

Fomnation．　In　this　study，　characteristics　of　unconformable

boundaries　and　stratigraphy　of　the　southem　Okhlawa　Island

are　m　inutely　studied，　and　it　is　confirmed　that　stratigraphy　of

J加（1994MS）and　Kaneko（1994）is　principa11y　available．

Thus，　stratigraphy　of　this　study　fbllows　to　J加（1994MS）

and　Kaneko（1994）（Fig．3；Chapter　IX）．

B．Geologica夏Out璽ine　of　the　Southern　Okinawa　ls畳and

　　In　the　northern　and　northem　centra10kinawa　Island，

basement　of　the　Ryukyu　Group　is　mainly　composed　of　the

Pre－Tertiary　sedimentary　rocks．　In　the　southem　central　and

southem　Okinawa　Island，　the　Shimajiri　Group　ranging　from

late　Miocene　to　earliest　Pleistocene　is　widely　distributed，

and　fbrms　a　basement　of　the　Ryukyu　Group．　The　Shimaj　iri

Group　has　more　than　2，000　m　in　total　thickness，　and　in

southem　Okinawa　Island，　it　is　mainly　composed　of　bluish

grey　silty　mudstone　intercalating　silty　sandstone　and　tuff

layers（Nato！i　and　Kageyama，・　1987）．

　　The　Shimajiri　Group　is　slightly　tilt　about　less　than

5°toward　southeast　in　southem　Okinawa　Islands（Ujiie，

1994）．Relationship　to　the　overlain　Ryukyu　Group　is

clino－unconfbmity．　There　are　many　faults　in　the　Shimaj　iri

Group　in　the　southem　Okinawa　Island　extending　to　NW－SE

direction，　which　is　perpendicular　to　the　NE・SW　extension

of　the　Ryukyu　Island　Arc．　These　faults　do　not　cut　the

Ryukyu　Group，　and　can　be　differentiated　from　the　faults

that　cut　both　the　Shimajiri　and　the　Ryukyu　Group．　Ujiie

（1994）concluded　that　the　faults　were　formed　by　the　upward

warping　of　the　Ryukyu　Island　Arc　region　associated　with

subsidence　of　the　Okinawa　Trough　region　at　a　period　during

the　sedimentation　gap　of　the　Shimaj　iri　and　the　Ryukyu

Groups．

　　Sediments　of　the　Shimajiri　Group　are　poorly

consolidated　and　thought　to　be　easily　eroded．　Consequently，

unconfbrmable　b6undary　to　the　Ryukyu　Group　shows

acomplicated　geometry　in　southern　Okinawa　Islands．

Especially　in　the　Minatogawa　area，　the　Shimajiri　Group

was　incised　and　the　deep　valley　was　later　fmed　with　the

Ryukyu　Group．　In　this　valley，　the　Ryukyu　Group　is　the

thickest　in　the　Okinawa　Island，　and　total　thickness　reaches

about　150　m（Furukawa，1983）．　The　Naha　Formation　in

this　area　is　mainly　composed　of　stratified　detrital　limestone．

The　unconfbmable　boundary　of　the　groups　tend　to　elevated

eastward　at　Oyakebaru，　where　the　elevation　reaches　to　about

150m．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ
　　Because　porous　limestone　of　the　Ryukyu　Group　overlies

argillaceous　silty　mudstone　of　the　Shimajiri　Group，　meteoric

water　tends　to　flow　just　above　the　boundary．　The　poorly

consolidated　mudstone　may　be　easily　eroded，　that　results

in　collapse　and　gravity　slip　of　the　unstable　limestone．　It　is

typically　seen　around　Fusato　in　Tamagusuku　Village，　where

elevation　of　the　limestone　do　not　match　with　geological

mapping（Kuroiwa，1894b）．　The　collapse　and　slip　is　also

common　featUre　along　the　sea　cliff　especially　in　eastern　part

of　the　Okinawa　Islands　where　the　boundary　is　above　the

sea－1eve1．

　　The　Ryukyu　Group　has　also　many　faults　in　the　southem

Okinawa　Island．　The　faults　fbrm　scarps　of　the　limestone．

Extending　of　these　normal　faults　tends　to　directs　NNW≧SSE

and　ENE－WSW．　As　a　result，　these　faults　divide　area　of　the

Ryukyu　Group　into　many　blocks，　and　each　block　tends　to

tilt　toward　southwest，　forming　cuesta　topography（Figs．4，

and　5）．　Tb　reconstruct　the　sedimentological　profile　of　the

Ryukyu　Group　in　the　southem　Okinawa，　it　is　necessary　to

consider　these　crustal　movementS．

　　Limestone　of　the　Ryukyu　Group　in　the　southern　Okinawa

Island　is　lithologically　divided　to　rhodolith，　cora1，　and

detrital　limestones．

　　1．Rhodolith　Limestone

　　Rhodolith　limestone（Pl．1）contains　many　rhodoliths，

which　are　spherical　or’ellipsoidal　in　shape，　several　cm　in

diameter，　and　are　made　of　crustose　coralline　algae　and

foraminifera，　encrusting　nuclei　materials．　Minoura（1979）

examined　the　relationship　of　the　percentage　of　rhodoliths

in　the　total　rock　volume　and　its　frequency　in　the　Ryukyu

Group，　and　he　fbund　clear　boundary　of　the　percentage

of　Rhodoliths　at　a　20％frequency．　This　is　the　point　that

distinguishes　rhodolith　limestone　from　other　lithologies（lryu

et　a1，1992）．　Sedimentological　environments　of　rhodolith

limestone　are　inferred　to　deep　fbre－reef　or　continental　shelf

at　the　depth　from　50m　to　150m（lryu　et　a1．，1992；Tsuj　i，

1993；Iryu　et　a1．，1995）．

　　2．Coral　Limestone

　　The　definition　Qf　the　coral　limestone（PL　2）is　that　it

contains　autochthonous　coral　skeletons（Iryu　et　a1．，1992）．

Sedimentological　environments　of　coral　limestone　are

inferred　to　the　place　shallower　than　50　m（lryu　et　al．，1992）．

More　detailed　sedimentological　environments　are　further

inferred　by　the　coral　communities（Nakamori，1986）．

3．Detrital　Limestone

Detrital　limestone　do　not　contains　large　fossils　such　as



196

1

”，・nn K

0θ　σ，　

l

♂
1

，

へ

〃，yプ

　　　，！nt

　　　f

　k
　　？
　　　ノ

κ4∫

ebs．“一．・

，c画ノv’e凋卜t！．s

s
’

V
W
“
．
v
N
）
t

Katsutoshi　JIJU



Depositional　Processes　of　the　Ryukyu　Group 197

工」egend

Faults

　，ノ

ノ　Holocene　Deposits

口

Ryukyu　Group

Minatogawa　Formation
ワロロワロ　ワロ ワのサワ

1：勇＊§　　detriしa1　ユimestOne
　，●■響■●

睡魍C。ranimest。ne

Upper　Naha　Formation

睡C。ra・ユimest。ne

　む　む　　

　。：。：。：　　rhodOlith　limesヒone

　ム　ム　ム

　▲2A2A念　　det二rit二al　limest二〇ne

Lower　Naha　Formation

　・1・・；　　COral　limesしone

　　　　　　

　・°●°●°　　rhodO工ith　ユimestOne
　　　●　●　●

　ム　ム　ム

　▲▲▲▲▲▲　　det二riしal　lime　st二〇ne
　　　▲　▲　△

°’

Reddish　Limesone”

口
1℃hinen　Sandstone”

　：＿－4

Shimajiri　Group

（covered　b、°recent

limestone　blocks）

Fig．4．　Geological　maps　ofthe　west　side　of　southern　Okina“’a　lsland．



198 Katsutoshi　JIJU

　　　　　　　　　　　　　　　　　　　　　Legend

Ryukyu　Group

　　　　　Minatogawa　Formation

　　　　　麟翻・。ra・・im・・ヒ。n・

Upper　Naha　Formation

醗
睡
圏

coral　lime8tone

rhodoliしh　lime8しone

deヒrital　lime8tone

Lower　Naha　Formation

躍
圏
睡

coral　lime8ヒone

rhodolith　ユime8ヒone

deヒrita1　ユime8ヒone

’°

Reddish　Limesone”

㎜

Faults

ll
（晶（

｛

｛揃（l隔
肉

li
i
i
’
2
“
°
“
ー
ト
’
°
°
ー
I
t
，
ー
，

／
レ
≡
・
…
F
A

1t

　　　1Km

／
＿＿＿＿＿＿．＿＿＿＿ノ＜＿

／

1

Shimajiri　Group

　　　　　　■

．／．

o

　冒”／’

／

■

　　　　／
　’1’／tt

／
1

轟

L

・　　　　●

1L 1L

Fig．5．　A　cross　section　of　the　southern　Okinawa　lsland．　The　locality　is　shown　in　Fig．4．　Note　that　the　horizontal　and　vertical　scalcs　are

different．

rhodolith　or　cora1．　They　often　laterally　and　verεically　change

into　rhodolith　limestone　and　coral　limestone．　The　poorly

sorted　type．　is　estimated　to　deposit　in　a　reef　slope　and　an

insular　shelf．Adeeper　insular　shelf（150・200　m　in　depth）

is　the　best　estimate，　if　bryozoans　are　abundant（Iryu　et　aL，

1995）．On　the　other　hand，　the　well－sorted　type　is　est釦mated

to　be　product　of　very　shallow　place　like　moat，　beach，

sandbaらand　dune．　Typical　well－sorted　type　is　well　known

as璽IAwaishi”in　the　Minatogawa　Fonnation，　which　is　used

as　building　stone．

IV．　STRATIGMPHY　oF　THE　RYuKYu　GRouP　IN　THE　souTHERN

　　　　　　　　　　　　　　　　OKINAWA　ISLAND

　　The　Ryukyu　Group　can　be　divided　into　fbllowing

stratigraphic　units（Fig．3）．　Geological　map，　cross　and

columnar　sections　of　the　west　side　of　the　southern　Okinawa

Islands　are　indicated　in　Figs．4－12，　where　a　lot　of　quarries

are置ocated．

A．“Chinen　Sandstone，l

　　The”Chinen　Sandstonel’is　composed　of　calcareous

sandstone　and　siltstone．　It　covers　Shimajiri　Group

unconformably，　and　is　situated　below　the　lowemmost　of　the

Naha　Formation．　We　can　observe　trace　fbssils　and　rip。up

clasts　at　the　boundary．　The　boundary　is　also　seems　as

clino－unconfbmlity（P1．3）．　The°℃hinen　Sandstone騨1aterally

changes　the　thickness，　and　is　distributed　in　limited　areas，

that　is，　Chinen－misaki，　Kirabaru，　Aragusuku，　Gushikami，

Uesato，　etc．　Lower　part　of　the　llChinen　Sandstone”is

generally　coloured　dark　olive　grey，　which　change　to　more

yellowish　in　colour　when　it　is　suffered　by　weathering．　It　is

silty　and　similar　to　siltstone　of　Shimajiri　Group．　Differences

between　them　are　that　the　l℃hinen　Sandstone”is　coarser

and　contains　many　fossils　like　bryozoan　and　fbra！pinifera．



Depositional　Processes　of廿1e　Ryukyu　Group 199

altitude

一一150m

一一1100m

一 150m

・・－iOm

Ae

Upper　part　of　the”Chinen　Sandstone”is　generally　bright

yellowish　brown　in　colour．　It　is　coarser　and　contains　more

f（）ssils　than　the　lower　part．　Tbtal　thickness　of　the　whole

’I Chinen　Sandstonell　is　less　than　20　m　in　the　southern

Okinawa　Island．　Kaneko（1994）considered　the°℃hinen

Sandstone”as　contemporaneous　heterotopic　facies　of　the

”Reddish　Limestone”．

B．‘‘Reddish　Limestone”

　　Kaneko（1994）divides　the”Reddish　Limestone曹，　from

the　lower　part　of　the　Naha　Formation．　The　limestone　is

commonly　argillaceous　and　is　bright　reddish　brown　in

colour．　It　tends　to　have　more　vadose　silt　in　voids　and

fractures，　compared　to　the　Naha　and　the　Minatogawa

Formations．　It　has　usually　rounded　pebbles　of　silty

mudstone　of　Shimajiri　Group．　The”Reddish　Limestone”

includes　rhodolith，　detrital，　and　coral　limestones．

　　Depositional　age　of　the，”Reddish　Limestone”is　estimated

as　1．3　Ma　by　Sr　isotopic　method（Kaneko　and　Ito，1995）．　It

is　probably　comparable　to　the　Lower　Member　of　the　Ryukyu

Limestone　of　the　Irabu　Island（Sagawa，1998MS）丘om　the

age（1．36－0．89　Ma　from　nannofbssils　in　the　Irabu　island；

Honda　et　a1．，1993）and　the　argillaceous　reddish　outlooks．

　　The”Reddish　Limestone”is　situated　under　the　Naha

Formation．　Distribution　is　limited　and　it　does　not　appear

in　the　north　of　Makabe．　The　northem　borderline　is　around

Nashiro，　Minami－Namihira，　Ihara　and　Uegusuku．　It　also

tends　not　to　appear　with’℃hinen　Sandstone”with　exception

at　an　outcrop　of　Uesato．

　　It　also　shows　karstic　featUres　at　the　upper　part．　Especially，

bright　reddish　brown　pedogenetic　materials　and　neptunian

dikes　filling　tiny　caves　are　prominent．　These　features　are

also　characteristics　of　the”Reddish　Limestone’，．　Details　are

shown　in　Section　VH－A．
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Fig．11．　Columnar　sections　of　Arakaki・・Uegusuku　area．
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C．Naha　Forma髄on．

　　The　Naha　Fomation　is　thickest　and　most　prevailed　in

the　Ryukyu　Group　in　the　southem　Okinawa　Island．　It　is

composed　of　white　to　light　grey　limest6ne　of　various　types

including　detrita1，　rhodolith　and　coral　limestones．

　　In　the　southem　Okinawa　Island，　it　is　characteristic　that

deeper飴cies　such　as　rhodolith　and　detrital　limestones　are

dominant，　compared　to　other　localities・of　Okinawa　Island

like　Yomitan　and　le－j　ima．　Coral　limestone　mainly　dist曲utes

around　Kyan，　Komesu，　Takara，　and　Kirabaru．　Rhodolith

limestone　is　often　intercalated　within　coral　limestone，

but　not　around　Yamashiro，　Mabuni，　and　Nakaza，　where

rhodolith　limestone　composes　thick　sections．　Rhodolith

limestone　tends　to　distribute　around　the　coral　limestone．

Detrital　limestone　deposits　rather　far　from　the　coral

limestone，　Detrital　limestone　mainly　distributes　as　thick

succession　around　Arasaki，　south　of　Mabuni，　and　Horikawa．

They　ofセen　have　dips　of　several　degrees　toward　opposite

direction　to　coral　limestone．

　　The　Naha　Fo珀mation　can　be　divided　into　the　lower　and

upPer　part　by　unconfbrmable　and　correlative　boundaries．

Details　are　shown　in　Chapter　IX．

　　Depositional　ages　of　the　Naha　Formation　are　not　well

known　because　they　are　usually　sustained　by　too　serious

diagenesis　fbr　conducting　ESR　and　Uマseries　datings．　J茸u

（1994MS）and　J輯u（1994）conducted　Sr　isotopic　dating　fbr

the　18samples　of　the　upper　Naha　Fomlation，　and　obtained

the　mean　value－19x10’6　which　differ　from　the　recent

seawater　value．　This　value　corresponds　O．7　Ma　to飢the

refbrence　curve　of　Farrell　et　a1．（1995）．

w

韓
一：＝＝ン¢　　　　　　　　　　　　　15m　absent

R30 E

Fig．12．　Columnar　sections　of　Yoza・Takara　area．

Legend　is　the　same　to　Figs．7●11．

D．Minatogawa　Formation

　　The　Minatogawa　Fomlation　is　mainly　distributed　around

Minatogawa　area，　and　it　forms　terrace　around　the　Ynhi　River．

The　topographic　heights　of　the　terrace　is　generally　l　5m　but

it　tend　to　increase　toward　inland，　and　eventually　attains　the．

heights　of　60　m．　The　Minatogawa　Formation　is　also　found

at　Cape　Kyan，　and　seashore　of　Oodo，　and　the　formation

overlies　the　sea　cliff　of　the　Naha　Formation．

　　Mean　value　of　the　Sr　isotope　of　four　samples　of　the

Minatogawa　Formation　has　almost　same　value　as　Recent

（Jiju，1994Ms；Jiju　1994），　which　corresponds　the　age

younger　than　O．3　Ma（Farrell　et　al．，1995）．　Nakamori（1986）

correlated　the　fbrmation　to　the　Takanasaki　Formation，　in

which　the　radiometric　age　of　O．13　Ma　is　obtained（Konishi，

1980；Omura，1983，1984）．

　　They　are　poorly　consolidated　compared　to　the　Naha

fbmlation．　The　Minatogawa　Formation　is　divided　into　two

lithofacies，　that　are　coral　and　detrital　limestones．
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　　The　coral　limestone　contains　autochthonous　coral

skeletons，　such　as　Porites，　Diprc）astrea，　and！t　cropora．　The

upPer　su】face　of　the　coral　limestone　exhibits　the　prcjections

of　about　3　m　height　from　the　base，　and　frequently

covered　by　coraHine　algae．　This　topography　resembles

spur－and－groove　structure　and　this　limestone　are　inferred　to

be　fbrmed　in　reefflat．

　　The　detrital　limestone　generally　overlies　the　coral

limestone．　These　are　generally　called”Awaishi，l　which

means　the　stones　made　of　millet　grains．　The　grains　are

composed　of　the　clasts　such　as　foraminifera　and　calcareous

algae，　and　they　are　well　sorted．　Cross　lamination　is

行equently　developed．　Herringbone　lamination　is　also　found

between　the　paleo－topographic　height　of　coral　limestone．

This　limestone　is　inferred　to　be　formed　in　the　very　shallow

sea　like　moat，　beach，　and　sandbar．　At　least　two　paleosol

layers　are　intercalated　in　the　lhnestone（Section　VI1－E）．

V．　GENERAL　CRITERIAL　FEATuREs　SEEN　IN　UNcoNFoRMITY　oF

　　　　　　　　　　　　　　　CARBONATE　SYSTEMS

There　are　different’diagenetic　environments　in　carbonate

systems，　and　we　ca！1　normally　distinguish　five　zones．　Vadose

zone　is　situated　above　a　water　table．　Meteoric　phreatic　zone

is　situated　under　a　water　table，　where　the　sediments　are

always　submerged　under　freshwater．　Marine　phreatic　zone

is　situated　under　sea・1eve1，　and　therefbr　the　sediments　are

saturated　with　seawater．　In　mixing　zone，　pore　water　is　of

mixture　of　freshwater　and　seawater．　Burial　environment　is

another　important　diagenetic　environment　that　is　situated

in　deep　underground，　but　it　is　not　seen　in　young　carbonate

systems　1逓（e　the　Ryukyu　Group．

　　Subaerial　exposures　mean　that　at　least　a　part　of　the

sediment　is　under　the　vadose　and　meteoric・phreatic

environments．　Accordingly，　it　is　important　to　notice

diagenetic　features　under　these　environmentS　for　recognising

unconformities　in　carbonate　sections．

　　Vゾ6can　observe　various　diagenetic　featUres　hl　vadose　and

meteoric－phreatic　zones，　which　differ　due　to　mainly　climatic

conditions．　Features　related　to　calcretes　are　mainly　observed

in　semi・arid　to　semi－humid　climates，　while　karstic　features

are　well　developed　in　more　humid　climates．

A．Calcrete　Features

　　Calcrete　is　a　near　surface，　terrestrial，　accumulation　of

predominantly　calcium　carbonate，　which　occurs　in　a　variety

of　forms　from　powdery　to　nodular　to　highly　indurated．　It

results　from　the　cementation　and　displacive　and　replacive

introduction　ofcalcium　carbonate　hlto　soil　profi　les，　bedrock

and　sediments，　in　areas　where　vadose　and　shallow　phreatic

groundwater　becomes　saturated　with　respect　to　calcium

carbonate（Goudie，1973；Watts，1980；Wright　and　Tucker，

1991）．

　　Calcretes　are　not　restricted　to　soil　promes（pedogenic

calcretes）but　also　can　occuらfbr　example，　below　the　zone　of

soil　formation　but　within　the　vadose　zone，　or　at　the　capillary

丘inge　and　below　the　water－tabie　to　fbrm　groundwater

calcretes．　Though　we　have　to　pay　attention　that　m山iple

calcrete　horizons　can　fbrm　as　groundwater　calcretes

（penetrative　calcretes）related　to　only　one　subaerial　exposure

event（Rossinsky　et　aL，1992），　the　most　important　and

widespread　calcretes　are　those　which　fbml　in　soil　promes

（Wright　and　Tucker，1991）．

　　Pedogenic　calcretes　are　recognised　as　calcic　or

petrocalcic（if　indurated）horizons　in　soil　profiles　in　the

temlinology　of　soil　scientists．　It　has　been　estimated　that

such　soils　today　cover　an　estimated　20　million　km20r　about

13％of　the　total　land　surface（Yaalon，1988）．　The　source

of　calcium　in　pedogenic　calcretes　is　varied（Goudie，1973，

1983），but　main　source　is　wind・bome　in　origin（Machette，

1985）．In　coastal　areas，　source　of　the　calcium　of　calcrete　is

principally　fヤom　seawater，　and　contributions　from　bedrock

are　generally　sma11，　according　to　Sr　isotopic　analysis　of

soil　carbonate　in　South　Australia　and　Victoria（Quade　et　a1，

1992）．However，　calcic　horizons　could　be　better　developed

in　regions　of　ca！careous　parcnt　materials　than　in　regions　of

non・calcareous　parent　materials（Machette，1985）．　In　these

areas，　calcrete　may　forrn　from　redistribution　of　carbonate，

especially　if　it　contains　metastaり1e　carbonate　like　aragonite．

It　is　likely　that　such　redistribution　calcretes　form　much　more

rapidly　than　the　dust－dependent　type（Wright　and　Tucker，

1991）．

　　The　degree　of　development　of　calcrete　is　related　with　the

time　over　which　soils　and　paleosols　of　dry　climates　fbmled．

In　studies　of　soils　of　various　age　in　deserts　of　New　Mexico

and　neighbouring　states（Gile　et　al．，1966，1980；Machette，

1985），six　stages　of　calcrete　deve且opment　have　been　noted

from　less　than　7000　years　old　to　over　l　mnlion　years　old

（Retallack，1990，1997）．　Other　factors　are　also　influenced　to

the　development　of　calcrete，　as　calcic　horizons　fbrm　more

slowly　under　more　sparse　vegetation，　on　less　calcareous

parent　materials　and　in　extremely　arid　and　subhumid　to

humid　climates．　However，　it　is　possible　to　estimate　time　fbr

fbrmation　of　calcretes　to　an　order　of　magnitude（Retallack，

1997）．

　　Calcic　horizons　are　generally　fbrmed　in　dry　climates

（about　l　OO・1000mm　mean　annual　precipitation）．　The　depth
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to　the　top　of　the　calcic　horizon　is　generally　related　to　the

mean　annual　rain飴11，　with　the　calcic　horizon　closer　to　the

sur飴ce　in　drier　climates（Retallack，1994，1997）．　Howeveら

to　interpret　palaeoclimate　from　the　relation，　climatic

changes　and　the　degree　to　which　a　paleosol　may　have　been

eroded　befbre　burial　and　compacted　afしer　burial　need　to　be

considered（Retallack，1997）．

　　Calcretes　can　be　micromorphologically　classified

into　two　end　member　types；alpha　calcretes，　and　beta

calcretes（Wright　and　Tucker，1991）．　Beta　calcretes　exhibit

micro飴brics　dominated　by　biogenic　features　such　as

rhizocretions，　needle－fibre　calcites，　microbial　tubes，　alveolar

septa1飴bric，　and　Microcodium．　Beta　calcretes　appear　to

be　best　developed　in　semi－arid　to　subhumid　areas　with

extensive　vegetation　cover，　the　biofabric　of　the　pedogenic

carbonate　seeming　to　reflect　this　relatively　high　degree

of　biological　activity．　By　contrast，　Alpha　calcretes　consist

of　dense，　continuous　masses　of　micritic　to　microsparitic

groundmasses，　typica11y　with　such　fe　atures　as　nodules，

complex　c士acks　and　crystallaria，　circum－granular　cracks，

rhombic　calcite　crystals，　and　fioating　sediment　grains．　Alpha

calcretes　generally　occur　in　areas　with　an　arid　climate

and　less　biological　activities．　Evaporation！evapo－transpir

ation　and　degassing　may　be　the　main　mechanism　in　alpha

calcretes，　although　recrystallization　has　to　be　taken　account．

　　The　author　could　not　recognise　calcrete　features　in　the

humid　Ryukyu　Islands，　except　fbr　needleイibre　calcite　in

voids　of　some　recent　exposure　su㎡faces（J加，1995）．

B，Karstic　Features

　　Karst　is　a　diagenetic　facies，　an　overprint　in　subaerially

exposed　carbonate　bodies，　produced　and　controlled　by

dissolution　and　migration　of　calcium　carbonate　in　meteoric

waters，　occurring　in　a　wide　variety　of　climatic　and　tectonic

settings，　and　generating　a　recognisable　landscape（Esteban

and　Klappa，1983）己Choquette　and　James（1987）used

the　term　karst　in　the　broad　sense　to　include　a110f　the

diagenetic　featUres－macroscopic　and　microscopic，　sur血ce

anαsubterranean－that　are　produced　during　the　chemical

dissolution　and　associated　modification　of　a　carbonate

sequence・

　　Many　factors　control　the　karst　fbrmation，　and　we

can　divide　the　factors　into　intrinsic　and　extrinsic　ones

（Choquette　and　James，1987）．　Important　intrinsic飴ctors

include　mineralogy　that　e脆cts　solubi1晦，　and　formations

of　pores，　stratal　pemleability，　and　fヤactures，　which　are　all

effected　to　how　groundwater　flows．　On　the　other　hand，　the

most　crucial　extrinsic　factor　is　climate，　although　vegetation，

the　relationship　between　initial　subaerial　relief　and

diagenetic　base　leve1，　and　the　time　duration　of　exposure　are

all　important．

　　In　the　Ryukyu　Group，　we　have　to　pay　attention　when

we　recognise　unconfbrmities　by　karstic　fe　atures．　The

Quaternary　is　ice。house　period，　and　development　and

diminution　of　ice　sheet　cause　large　amplitude　and　short

cycle　of　sea－level　changes．　In　this　circumstances，　thick

meteoric丘eshwater　lens　is　developed　due　to　large　scale　of　l

sea－1evel　rise，　resulting　thick　meteoric　diagenesis（Kano　et

aL，1995）．　Moreover，　the　Ryukyu　Islands　are　areas　of　active

crustal　movement　area　of　near　of　the　Ryukyu　Trench　and

the　Okinawa　Trough．　The　Pleistogene　Ryukyu　Group　has

been　already　extensively　emerged，　causing　brqad　meteoric

diagenesis．　In　these　situations，　many　kinds　of　karstification

featUres　including　cave　systems，　speleothems　and　vadose

silt　may　extend　deeply　from　exposure　surfaces，　which　may

overprint．　In　many　cases，　it　is　impossible　to　differentiate

multiple　karstic　stages　by　investigating　such　features　in

limestone　sections．　Therefbr，　the　author　stressed　to　notice

to　the　diagnostic　structures　fbrmed　only　just　beneath　the

exposure　surfaces．

　　In　this　aspect，　fbllowing　structures　are　important，　and

usefUl　to　identify　unconformable　events　iri　the　past　on　field

　　　　　　　　　　　　　　　　　　　　　　　　
1nVeStlgat10n・

　　Karren　are　organised　pnorphological　features　resulting

from　the　karstic　dissolution　of　soluble　rocks．　The　various

recent　morphologies　are　studied　and　classified　by　many

researchers（e．g．　Allen，1982）1　Similar　forms　have　been

recognised　at　unconfbrmities　of　ancient　limestones（e．g．

Read　and　Grover，1977；Wright，1982）．　FoIk　et　a1．（1973）

used　the　term　phytokarst　fbr　a　landfbrm　produced　by　rock

solution　in　which　boring　plant　maments　are　the　main　agents

of　destruction．　It　has　dark　grey　to　black　colour　of　such

surfaces，　which　was　attributed　to　microorganisms（Jones，

1994）．The　development　of　phytokarst　can　be　attributed　to

the　activity　of　the　endolithic　and　epilithic　microorganisms

（Jones，1989），　although　there　are　also　studies　suggesting

that　m　icroorganisms　are　not　responsible　fbr　the　weathering

（Viles　and　Spencer，1983；Spencer　1985a，　b）．　In　the　Ryukyu

Islands，　the　Ryukyu　Limestone　exposed　in　coast　commonly

exhibits　similar　featUres（Section　VI－B）．

　　Neptunian　dikes　are　deposits　of　marine　sediment

infilling　voids　in　older　rocks（Smart　et　a1．，1988）．　Smart　et　aL

（1988）also　classified　different　type　of　void　inf刊1　deposits；

fissure　fiHs　fbr　terrestrial　deposits，　and　cavern　fills　fbr

brackish　or　phreatic　freshwater　deposits．　However，　origin

of　the　voids　is　not　restricted，　and　they　can　respectively　be

initiated　and　enlarged　in　multiple　environments．　Smart　et　aL

（1988）suggest　that　neptunian　dikes　include　not　only　fi　lls　of
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fissures　that　is　directly　open　to　the　sur飴ce，　but　also　filis　of

roofed　voids，　and　seems　not　to　restrict　their　shapes．　In　this

papeらthe　author　emphasises　the　phenomenon　of　infi　lling　of

marine　sediments　in　de価tion　of　neptunian　dikes，　and　does

not　restrict　any　origin　of　the　voids，　shapes，　and　sizes．

　　The　voids　enlargement　could　be　take　place　in　various

environments．　If　subaerial　karst　processes　operate，　we

can　see　irregular　enlargement　of　the　void　from　the　initial

configuration　and　they　generate　a　distinctive　suite　of　surface

dissolution　features　including　karren，　phytokarst，　and

root　moulds（Smart　et　al．，1988）．　Submarine　enlargement

processes　are　probably　least　effective．　The　reasons　are　that

nomal　marine　pore価ds　generally　supersaturated　with

respect　to　carbonate　mineral　species（Bathurst，1975），　and

precipitation　of　marine　cements　is　the　major　processes　rather

than　chemical　dissolution（Moore，1989）．　Though　mixing

corrosion　must　be　taken　in　account，　karst　process　plays　very

important　role　to　form　voids　of　neptunian　dykes．　Ifthe　voids

are　fbrmed　by　subaerial　exposure　events，　neptunian　dykes

are　very　important　fbr　criteria　of　unconfbmlities．　The　reason

is　that　they　indicate　that　the　sediments　had　been　submerged

after　the　exposure　period，　and　that　the　stmctures　were

accordingly　not　fbrmed　by　recent　exposure　event．

　　Ereccias　developed　on・exposure　surfaces　are　also

jmportant　petrologic　features．　Many　breccias　are　known

as　karst　breccias　related　to　karst　fbrmation（Choquette

and　James，1987）．　We　can　divide　the　breccias　into　two

types，　that　is”cave　and　sinkhole”type　and　l’mantling”type．

Former　type，　including　breccia　pipes，　cave－roof　collapse

breccias，　and　evaporite。solution　breccias，　is　a　result　of

dissolution－collapse　of　cave　systems．”Mantling°l　type　is

important，　because　it　could　occur　just　upon　the　subaerial

surfaces」t　o負en　shows　autochthonous　in　origin．　Wright

（1982）reports　the　intense　level　of　solution　piping　on

paleokarst　on　the　Lower　Carboniferous　of　South　Wales，

resulting　in　the　rubbly　facies．　Wright（1982）noticed

that　some　of　the　smaller　solution　pipes　in　the　paleokarst

resemble　root　lapies．　These　fe　atures　are　comparable

to　Recent　Kavornossen　karren（Jennings，1971；Gams，

1973），and　similar　features　seen　in　the　karsted　Aymamon

Limestones　of　Puerto　Rico（Monroe，1966；1reland，

1979）．Similarly，　Wright　and　Wilson（1987）reported　a

highly－brecciated　erosion　sur鉛ce　on　the　Middle　Jurassic

limestones　in　Portuga1，　which　is　overlain　by　the　Upper

Jurassic　red　mudstones　and　conglomerates．　Matrix　of

the　red　mudstone　shows　tubular　structures　representing

rhizocretions，　and　shows　pedogenic　microstmctures．　Breccia

by　root　penetration　is　also　described　in　Pennsylvanian　and

Lower　Permian　ca山onates　in　the　southwest　Andrews　area　of

the　United　States　by　Dickson　and　Saller（1995）．

　　Rhizo置iths　are　organosedimentary　structures　produced　by

roots，　and　provide　evidence　of　higher　plant　colonisation　of

subaerially　exposed　sediments　and　rocks　in　the　post－Silurian

rock　record（Klappa，1980）．　They　are　fbund　in　calcrete　and

non－calcrete　soils　and　related　substrates．　Klappa（1980）

studied　rhizoliths　of　the　Quaternary　of　spain　and　classified

them　in　temls　of　their　textural　characteristics．　Root〃ioulds

are　tubular　voids　le負after　roots　have　decayed．　Preservation

of　the　morphology　of　root　networks　indicates　that　soil

materia置s　must　have　had　sufficient　rigidity　to　prevent

collapse　of　root　mouldic　porosity．　If　soii　materials　are

completely　lithified，　roots　may　bore　into　the　mck　or　occupy

pre－existing　tubular　voids・Root　cczsts　are　produced　by　fi　lling

ofaroot　mould，　either　by　sediment　or　cement，　or　both．　Root

tubules　are　cement　or　cemented　sediment　cylinders　around

root　moulds．　The　cement　usually　consists　of　low　magnesian

calcite，　and　the　cementation　may　take　place　during　life　or

during　decay　of　the　root．　Needle。fibre　calcite，　which　has

distinctive　crystal　shape　produced　by　specific　fUngal　hyphae

around　roots（Callot　et　a1．，1985；Verrecchia　and　Verrecchia，

1994），is　also　responsible　fbr　producing　root　tubules

（Strong　et　a1・，1992）・Rhizocret’ons　are　pedodiagenetic

accumulations　of　mineral　matter（童ow　magnesian　calcite）

around　existent（possibly　decayed）roots．　Accumulation，

usu31置y　accompanied　by　cementation，　may　occur　during　life

or　afしer　death　of　plant　roots．　Root　iワetrifactions　are　m　ineral

（e．g．　calcium　carbonate，　silica）impregnations，　mineral

replacements，　encrustation　and　void・fi　lling　of　organic　matter

which　have　preserved　anatomical　featUres　of　roots　partly　or

totally．　In　calcrete　deposits，　calcite　is　the　dominant　mineral

which　preserves　plant　morphology．

　　Rhizoliths　are　sometimes　confusable　with　burrows，

but　following　features　can　be　used　to　discriminate　the

root　traces（Plaziat，1971；Klappa　1980；Retallack，1997）．

Rhizoliths　have　irregular　tubular　shape，　and　have　downward

（or　outward　from　a　centre）bifurcations・with　decreasing

diameters　of　second，　third　and　fbu1th　order　branches．　They

might　also　have　presence　of　contained　root　materials．

　　These　f（）ssil　root　traces　are　the　best　field　criteria　f（）r

identifying　fossil　soils　in　sequences　of　sedimentary　rocks

（Retallack，1997）．　However，　we　have　to　pay　attention　not

to　confuse　fossil　rhizo置iths　and　recent　root　penetration

from　earth　surface，　especially　when　we　investigate　young

sediments　as　the　Ryukyu　Group．

VI．　REcENT　ExPosuRE　SuRFAcEs　IN　TEIE　RYuKYu　IsLANDs
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A．Exposure　Sur飴ces　in　Inland　Terrace

　　On　the　inland　terraces　of　Okinawa　Island，　dense

high－diversity　vegetation　supPorts　dark　red　soils　tens　of

centimetres　in　thickness（P1．4）．　The　soils　resemble　to　but　is

different　in　composition丘om　terra　rossa，　which　probably

reflects　a　more　hum　id　condition　than　Mediterranean　areas

（Urushihara，1990）．　The　soils　are　mainly　wind・bome　in

origin　as　indicated　by　the　oxygen　isotopic　analyses　of　quartz

particles（Naruse　et　a1．，1986；Inoue　et　a1・，1993）・They　are

probably　transported　from　arid　areas　of　China，　or行om

sediments　on　the　exposed　continental　shelf　of　East　China

Sea　during　the　glacia置periods．

　　The　soils　are　normally　unconsolidated，　and　the　boundary

to　the　underlying　limestone　is　usually　sharp　and　it　cuts

skeletal　grains　of　the　bedrocks．　However，　the　contact

o負en　has　a　complicated　sur飴ce．　Especially，　in　the　area

that　pedogenesis　has　some　matured　features，　underlying

limestone　has　been　intensely　fractUred，　fbmling　karst　breccia

of　mantling　type（Pls．4，　and　5；Section　V・B）．　The　clasts

generally　have　angular　in　shape，　and　size　is　several　cm．　The

clasts　sometimes　connect　to　each　other　in　three・dimensional

view，　indicating　that　they　are　autochthonous　in　origin．

Rhizoliths　are　often　seen　at　the　matrices（P1．6）．　This　type　of

karst　brecci．a　is　widespread　on　the　recent　exposure　surface

of　the　Ryukyu　Limestone，　but　it　tends　not　to　be　fbund

by　fbllowing　reasons．　The　matrix　soil　materials　are　not

consolidated，　and　the　clasts　are　easily　hidden　by　scattering

the　powdery　soi1．　Moreover，　when　outcrops　are　made　by

breaking　the　rocks　to　create　road　cut　or　mine　limestones，

the　rocks　of　breccia　parts　are　considered　to　break　from　the

unconsolidated　matrix．

　　Underlying　limestone　substrates　also　show　some　changes

by　subaerial　exposure．　Matrices　of　the　limestone　substrates，

especially　of　3q　m　from　the　boundary，　are　often　washed

out　by　meteoric　water，　leaving　pores　which　have　been　filled

later　by　blocky　calcite　cement（Jiju，1995）．

　　Karst　landfbmls　of　the　southem　Okinawa　Island　have

quite　distinct　features．　Limestone　ramparts　are　commonly

seen　at飴ult　scarps．　Backward　of　the　rampart　is　commonly

flat，　forrning　limestone　planation　surfaces（Arakawa　and

Miura，1990；P1．7）．　We　can　only　see　residual　pinnacles　of

several　metres　distributed　very　sparsely　on　the　planation

surfaces．　These　landforms　seem　to　have　no　relation　to　the

sedimentary　facies，　and　they　must　have　been　formed　by

karstic　erosion．　Indeed，　it　seems　that　limestones　of　the　lower

part　is　much　exposed　at　fbot　of　the　ramparts　as　seen　in

Tsukazato　and　other　areas（Fig．4）．　The　ramparts　commonly

have　elevation　of　ten　or　twenty　metres　compared　to　the

planation　sur飴ces　of　backwards．　Accordingly，　the　limestone

must　have　been　eroded　at　least　equivalent　metres　from　the

top　of　the　original　surfaces．

　　These　landforms　are　quite　different　from　the　landform　of

the　area　of　Palaeozoic　limestone　in　the　northem　Okinawa

Island，　where　cockpit　karst　is　developed（Arakawa　and

Miura，　1990）．　The　landform　of　the　Palaeozoic　limestone　have

many　cones　and　cockpits，　and　has　topographic　differences

of　a　hundred　metres．　The　difference　of　the　landfbrm　is

probably　due　to　erosional　time　and　their　lithologies．　The

Palaeozoic　1㎞estone　has　been　suffered　by　long－term　erosion

in　the　northem　Okinawa　Island，　resulting　mature　karstic

featUres．　Moreoveらstrata1　permeabil晦r　of　the　Palaeozoic

limestone　is　quite　low，　and　water　mainly　nゴoves　by　conduit

flow　through丘actures　and　cave　systems（Choquette　and

James，1988）．　Tllis　probably　causes　selective　erosion　due　to

dissolution　along　the　conduit　passes，　creating　many　cockpits．

By　contrast，　in　the　southem　Okinawa　Island，　karstification

of　the　Pleistocene　Ryukyu　Group　is　not　enough　matured

to　create　such　undulated　topographies．　Moreover，　stratal

permeability　of　the　Pleistocene　hlnestone　is　quite　high，

because　they　preserve　many　primary　intergranular　and

intragranular　porosities，　and　also　secondary　porosities　of

dissolved　biological　aragonitic　skeletons．　Water　mainly

moves　by　diffUse　flow　in　the　limestone　itself　in　this

situation（Choquette　and　James，1988），　and　dissolution　of

the　limestone　proceeds　unifbmlly，　fbmling　karstic　planation

sur飴ces（Arakawa　and　Miura，1990）．　The　limestone

ramparts　at　fault　scarps　are　probably　created　by　fbllowing

mechanisms．　In　southem　Okinawa　Island，　many　faults

separate　the　Ryukyu　Limestone　into　many　blocks，　and　each

block　tih　toward　south　to　southwest（Section　III－A；Figs．4，

and　5）．　In　this　case，　soils　tend　to　move　toward　to　downwards

in　each　block，　and　the　soil　cover　become　thin　or　almost

does　not　exist　at　the　top　of　the　fault　scarp．　As　a　result，　the

飴ult　scarp　can　escape　from　the　serious　dissolution　by　acid

丘om　soils　mainly　of　CO2，　and　active　cementation　occurs

at　exposed　rock，　causlng　case－hardening（MacNei1，1954；

Ireland，1979）．　These　conditions　are　considered　to　fb㎜

1imestone　ramparts　on　the飴ult　scarps．　On　the　other　hand，

Hoffmeister　and　Ladd（1945）shows　that　similar　features

of　limestone　ramparts　can　be　easily　created　by　simple

experiments．　They　gave　a　fall　of　hydrochloric　acid　rain　of　a

thousand　litters　to　a　rectangular　parallelepiped　of　limestone

among　three　months，　which　was　set　to　have　five　degree

from　horizontal　ground．　They　observed　a　rimed　feature

developed　at　edge　by　the　erosion　proceeding　at　downward

of　the　acid　rainfall．　Purdy（1974）also　shows　more　detailed

experiments，　and　indicate　that　short　time　of　the　inundation

of　rainwater　is　needed　to　form　a　ridge　of　the　edge．
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　　The　limestone　planation　surfaces　are　widely　spread

not　only　in　the　southern　Okinawa　lsland，　but　also　in　most

of　the　Ryukyu　Limestone　exposing　areas　of　the　Ryukyu

Islands．　The　flatness　of　the　limestone　plane　surface　is

highly　suggestive　fbr　the　fl　atness　characteristics　of　the

unconformable　surface　in　limestone　of　the　Ryukyu　Group．

In　other　words，　we　should　llot　expect　a　complicated

geometry　of　the　unconfbrmable　boundary　of　Pleistocene

limestone，　and　it　could　be　a　similar　appearance　to　an

ordinary　bedding　plane．

are　Goniastrea　aspera，　s　ipunculids，　Isognomon－Planaxis，

L’〃lonium　and」乙epturus　zones（Fig．14）．

Goniastreaαspera　zone

　　This　zone　is　a　very　shallow　subtidal　environment，　and　the

limestone　substrates　are　always　under　the　seawater．　Corals

such　as　Goniastrea　aspera　sparsely　grow　on　the　substrates．

The　limestone　was　only　coated　by　very　thin　sand　connected

吟yalgae，　and　is　almost　exposed　to　seawater．　In　this　Situation，

various　organisms　live　and　bore　the　limestone　substrate．

B．Exposure　Sur血ces　in　Coastal　Areas

　　In　coastal　areas，　the　rock　surface　is　not　covered　by

unconsolidated　soils　as　seen　at　inland　areas．　The　rock

surfaces　are　directly　exposed，　and　this　leads　to　fbrmation　of

characteristic　exposure　su血ces　in　coastal　areas．

　　Tb　clarifシpresent　coastal　exposure　f（∋atures，　outcrops，

fauna，　and　flom　were　observed　along　the　transect（Fig．13）

in　the　rocky　cost　of　Ou　Island（EI　in　Fig．6）which　includes

the　shallow　subtidal，　inte貢ida1，　and　supratidal　environments

（Fig．14）．　The　observation　along　the　transect　was　mainly

made　in　February　18－23，1997．　The　substrate　is　wel1－sorted

detrital　limestone　of　the　Minatogawa　Formation，　which　is

f（）ram　iniferal　and　algal　grainstone，　containing　autochthonous

coral　skeletons　in　some　cases．　Pedogenesis　on　the　inland

terraces　is　also　observed　at　some　localities　of　the　Ryukyu

Group。

　　The　coastal　area　of　Ou　Island　is　divided　into　east　and

west　side　by　the　central　rock　bodies（Fig．13）．　In　the　east

side，　plants　are　barren　and　limestone　substrates　are　not

altered　by　pedogenesis．　This　may　results　in　the　fact　that

east　side　of　the　coast　is　located　beside　a　channel　and　often

in伽enced　by　storm　waves，　that　causes　a　severe　condition

fbr　the　plants．　We11　development　of　kamenitzas（P1．7）might

indicate　frequent　splash　to　the　east　side．　Karren　are　also

developed　but　the　surfaces　are　relatively　smoother　than

that　of　the　west　side．　In　the　west　side，　a　supratidal　area　of

the　coast　is　protected　by　the　reef　crest　and　the　central　rock

bodies　from　waves　and　winds　on　storms．　As　a　resuh，　the

limestone　substrates　are　sporadically　covered　and　altered

by　plants　in　the　supratidal　environment．　By　contrast，　in

intertidal　to　subtidal　areas　of　both　the　east　and　west　sides，

the　limestone　substrates　are　altered　by　boring　organisms．

　　The　transect　was　placed　on　the　west　side　in　order　to

clarify　the　inf】uence　of　the　plants　and　pedogenesis　to

the　underlying　limestone　substrates．　It　includes　the　very

shallow　subtidal，　intertidal，　and　supratidal　environments．

The　transect　is　fUrther　subdivided　into　five　zones　by

dominant　fauna　and　flora；from　seaward　to　landward，　they

　　Sipunculids　zone　’

　　In　this　zone，　the　limestone　emerges　during　a　low　tide，

although　the　limestone　substrates　are　always　wet　by

seawater．　The　surface　of　the　limestone　is　relatively　smooth

（PL　8）．　Corals　are　not　living　apd　non－calcareous　algae　such

as　Monostroma　nitidum　cover　the　substrates．　Sipunculids，

together　with　other　invertebrates，　commonly　bore　and　they

seriously　destroy　the　limestone　substrates（P1．9）．

Isogηomon。Plana）cis　zone

　　In　this　zone，　the　limestone　substrates　are　dry　during　a

low　tide．　The　limestone　has　jagged　surfaces，　and　karren

and　kamenitzas　are　prominent　from　the　middle　of　this

zone　toward　land（Fig．14；P1．10）．　Sipunculids　are　not

able　to　live　in　this　zone．　Instead，　bivalves　and　gastropods

live　onto　the　rocky　substrates（Pl．11）．　The　most　common

bivalves，　Isognomon　acutirostris　live　in　the　seaward　pa1t　of

this　zone．　Gastropods，　such　as　Plana）cis　sulcatus　are　most

common　in　this　zones，　but　occurrence　of　gastropods　such

as　Nodilittorina　spreads　to　the」乙i〃lonium　and　the　L　epturus

zones．　　．

　　LiMOniU〃2　zone

　　Seawater　does　not　reach　even　during　a　high　tide　in

this　zone．　Karren　and　kamenitzas　are　prominent．　Plants

such　as　Li〃10〃iu〃1，　Ph’10xerus，　Portulaca，　and、Suaeda　are

growing，　although　diversity　of　the　plants　is　small（P1．12）．

Unconsolidated　dark　red　soils，　which　are　largely　distributed

on　the　inland　terrace　of　okinawa　Island，　is　not　developed．

In　this　situation，　the　plants　seems　to　grow　on　rock　surfaces

using　the　fissures　and　pores．　The　substrates　usually　exhibit

sporadic　distribution　of　the　pedogenetically　altered　parts（P1．

12）coloured　bright　brown　to　pale　yellow．

Lepturns　zone

　　This　zone　is　characterised　by　accumulation　of　coastal

sand　in　the　depressions　of　kamenitzas（PL　13）．　The　flora

growing　on　the　sandy　substrates　is　dominated　by　Lepturus
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and　Zoisia．　The　roots　of　these　plants　probably　stabilise

the　sandy　sediment，　and　penetrate　the　sand　and　also　the

underlying　lhnestone　substrates（P1．14）．　This　leads　to　Plants

such　asム’〃20niu〃1　a！so　live　on　the　rocky　surface　of　this　zone．

The　sand　is　often　removed　and　relatively　smooth　surfaces

a『elefしat　the　site．

（J麺u，1995）．The　borings　penetrate　not　only　skeletal　grains

but　also　blocky　calcite　cements，　and　this　case　indicates

that　the　limestone　was　bored　after　the　lithification．　Rock

sur飴ces　are　common置y　coloured　grey　to　olive　black，　and

llave　characteristics　of　phytokarst　together　with　the　jagged

sur飴ces（section　V－B）．

　　Limestone　substrates　are　intensely　bored　and

decomposed　by　sipunculids　and　other　invertebrates　in　the

Go〃’as〃iea　aspera　and　sipunculids　zones．　The　bored　holes

of　these　invertebrates　are　often　mled　with　materials　of　light

grey　colour．　The　substrates　themselves　are　also　altered

to　materials　of　dark　greyish　yellow　in　colour，　where　the

superimposed　borings　decompose　the　original　texture（P1．

9）．Both　of　the　materials　have　consolidated　fヒatures　a尊d　are

fine　grained，　which　may　be　consolidated　by　or　composed

of　micrite　cements．　Variable　amount　of　bioclasts　and　quartz

grains　occurs　in　the　materials，　and　give　the　materials　a　very

poorly　sorted　feature（P1．15）．　Substrates　are　also　bored　by

mo川uscs　in　the　lsognomon　and　Plana）cis　zone，　although　they

usually　do　not　completely　decompose　the　original　textures

ofthe　hmestone　substrates．

　　In　the　subaerial　environment，　different　type　of　alteration

occurs．　In　theム勧o〃加醒and　Lepturus　zones，1imestone

substrates　are　affected　by　pedogenic　alteration，　instead　of

the　alteration　by　boring　invertebrates．　The　alternation　is

mostly　associated　with　the　rooting　of　plants．　The　coastal

Plants　tend　to　vegetate　on　sand　bodies　in　fi　ssures，　on

kamenitzas，　and　pores．　Bottom　parts　of　the　sand　bodies　are

commonly　humic　and　black　to　dark－brown　in　colour（P1．14）．

This　humic　sand　sometimes　develops　only　around　the　roots，

especially　of　the　plants　such　as　Limonium，　which　cannot

keep　a　large　amount　of　sand　under　the　rootS．

　　The　humic　sand　and　limestone　substrates　around　roots　are

considered　to　alter　into　characteristic　bright　brown　to　pale

yellow　fine・grained　sediments．　The　rigid　skeletons，　such　as

foraminifera　and　corals　tend　to　be　preserved．　These　brown

sediments　are　commonly　well　lithi行ed，　except　fbr　very

recent　ones　which　often　exhibit　muddy　featUres　by　wetting．

The　sediments　generally　contain　brown　ped　clots　of　1－2

mm　in　diameter，　and　also　abundant　rhizoliths　in　the　matrix

（PL　16）．　Thin　section　shows　details　on　altered　textures．　The

materials　show　a　poorly－sorted　micritic　texture　and　contain

fine　quartz　grains（P1．17）．　Friable　limestone　particles　are

also　observed　in　the　altered　materia1．　The　rhizohths　are

oRen　filled　with　finer　Iight　grey　micritic　materia1．

　　Microborings　by　fUngal　or　algal　endoliths　are　fbund　in

almost　all　the　specimens　from　the　transect．　They　mainly

bore　the　topmost　part　about　5　mm　from　the　exposure　surface

VII．　UNcoNFoRMA肌E　BouNDAREs　IN　LMEsToNE　IN　TEIE

　　　　　　　　　　　　　　　RYUKvu亘SLANDS

A．Unconformity　between　the“Reddish　Limestone，，　and

Overlying　Limestone　in　the　Naha　Formation

　　An　unconfbrmable　boundary　between　the”Reddish

Limestone”and　the　overlying　Naha　Formation　is　well

exposed　at　quarries　in　Mabuni，　Uegusuku，　Kyan，　and

Oyakebaru　areas．　Observation　of　the　boundary　is　mainly

made　at　quarries　in　Uegusuku・Mabuni　area（Fig．6，　A　1－3）．　A

detalled　sketch　ofthe　outcrop　ofA1（P1．18）is　shown　at　Fig．

15．　　　　　　　　　　　　　　　　　　　　　　　　　　’

　　The”Reddish　Limestone”usually　consists　of　detrital　or

rhodolith　limestones，　which　does　not　indicate　shallow　marine

environment，　but　beneath　the　uncon　fo　rm　ab　le　boundaries，

it　often　includes　algal　crusts　and　even　changes　into　coral

limestone。　The　unconformable　boundary　is　commonly　very

sharp，　and　cuts　corals　and　crustose　algae　in　the　underlying

limestone（Fig．15；PI．19）．

　　The　boundary　commonly　apPears　a　jagged　surface，　and

there　are　many　irregular　voids　of　several　centimetres　below

the　boundary（Fig．15；Pls．20，21，22，　and　24）．　These

textures　are　very　similar　with　what　we　can　see　at　landscape

of　coastal　phytokarst　bf　the　recent　exposure　surfaces

（Section　Vl－B）．　The　void　is　normally　filled　with　marine

sediments，　fbrming　neptunian　dykes．　The　sediments　include

foraminifera，　sometimes　rhodoliths　and　molluscan　shells．

The　upper　parts　ofthe　voids　are　ofしen　not　completely　filled

with　the　sediments，　and　the　spaces　were　later　filled　with

cements，　fbmling　geopetal　textures（Figs．22，　and　25）．

　　The　boundary　nomally　lacks　unconsolidated　paleosols，

instead　of　the　unconsolidated　palaeosols，　the　limestone

of　20　cm　beneath　the　boundary　normally　exhibits

consolidated　brown　coloured　substrates，　probably　due　to

coastal　pedogenesis（Pls．23，　and　24）．1t　has　a貰so　tiny　voids

of　l　millimetre　probably　of　root　moulds，　which　are　also

well　observed　at　recent　coastal　areas（Pl．25）．　In　contrast，

sediments　of　the　neptunian　dikes　are　commonly　white　in

colour，　and　usuaHy　there　is　no　evidence　of　pedogenesis（PI．

21）．An　exception　that　there　are　no　unconsolidated　palaeosol

is　only　found　at　Makabe　Quarry（Fig．6，　A3；P1．26）．　In　the
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Makabe　quarry，　palaeosols　are　seen　at　depression　of　the

boundary．　Development　of　the　soil　is　good，　and　fairly　easy

to　recognise　it　as　a　palaeosol　compared　to　the　palaeosols　in

the　Naha　Formation（section　I～しB）．　Root　tubules　are　seen

in　the　palaeosols，　though　it　is　necessary　to　pay　attention　that

they　m　ight　fbml　after　the　quaπy　is　made（P1．27）．

　　Loca11y，　it　seβms　that　this　unconfbrmable　horizon

include　similar　three　unconformable　surfaces（Fig．15）．　The

lowermost　surface　is　normally　undulated　and　has　different

topographic　height　ofseveral　tens　cm．　The　middle　surface　is

less　undulated，　and　it　cuts　the　lower　surface．　The　uppermost

surface　is　normally　very　flat，　and　it　cuts　the　lower　two

surfaces．　Other　characteristics　of　these　surfaces　are　quite

similar．　Each　of　the　surfaces　has　jagged　surfaces，　and　it

cuts　fbssil　skeletons　of　the　underlying　limestone．　Each　of

the　underlying　limestone　commonly　has　similar　brown．

colour　and　neptunian　dikes．　Lithologies　are　also　seems　to　be

same，　as　algal　crusts　are　common，　and　ofヒen　corals　are　seen．

Lithology　apparently　changes　at　the　uppemost　sur飴ce．

Above　the　uppemlost　sur飴ce，　we　can　not　observe　pebbles　of

the　Shimajiri　Group，　and　the　colour　change　into　white　due

to　reduction　of　terrestrial　component．　Algal　crusts　and　corals

is　not　common，　instead，　many　rhodoliths　are　seen．　Thus，　the

uppermost　surface　seems　to　be　a　formation　boundary．

　　These　boundary　surfaces　are　normally　fiat　in　outcrop，

having　less　than　a　metre－scale　undulation（Fig．15）．　The

flatness　is　probably　due　to　flatness　of　original　sedimentary

topography　of　rhodolith　or　detrital　limestone　ofヒen　covered

by　decimetre　scale　algal　cnlsts．　Moreoveらerosion　can　also

create　fiat　surfaces　as　abrasion　surface　on　coasta1　areas，

though　karstic　planation　can　also　create　flat　surface　at　more

in1、and　place．　The　flat　unconformable　boundaries　seem　to　be

somewhat　undulated　in　wider　scale　than　outcrops（Fig．5）．

　　The鱒Reddish　Limestone”is　laterally　change　into　blocks

of　boulder　size（P1．28）．　Suggestive　recent　fヒatures　fbr　these

boulders　are　seen　in　westem　coastal　areas　of　Ky㎝（P1．29）．

The　seaside　of　rocks　are　eroded　at　coastal　areas，　lose　the

balance，　and　are　divided　into　many　rocks．　The　limestone

of　the　Ryukyu　Group　would　probably　slipped　down　on

the　muddy　Shimaj　iri　Group，　and　we　can　see　the　limestone

separated　into　many　blocks　there．

B．ADistinct　Unconformity　of　the　Ryukyu　Group　in

Makisan　Quarry　in　lrabu　lsland

　　We　can　observe　a　distinct　unconfbrmity　in　Makisan

quarry　in　Irabu　Island（Fig．6，　B　1）．　This　boundary　is

correspond　to　the　unconformable　lithological　boundary　in

lower　part　of　the　Middle．　Member（between　C・1　and　R－l

units）by　Honda　et　aL（1993），　and　to　the　unconfbrmity

boundary　between　the　Lower　and　the　Middle　Members　by

Sagawa（1998MS）．

　　In　Makisan　quarry，　thick　coral　limestone　in　which

terrigenous　component　is　rich　are　superimposed　by　pure

limestone　in　which　rhodoliths　and　corals　are　intermixed．　It

seems　that　there　are　at　least　three　unconfbrmable　planes

within　the　intemlixed　sediment　of　several　metres，　though

these　planes　could　not　entirely　be　traced　at　the　outcroP（Fig．

16；P1．30）．

　　The　unconformable　planes　cut　fossil　skeletons　of　corals

and　algal　cnlsts　of　underlying　limestones（PI．31）．　Beneath

each　of　the　plane，　the　colour　appears　brown，　and　there　are

many　neptunian　dikes（Pls．32，　and　33），　which　are　quite

similar　features　of　the　unconfbrmable　boundaries　of　the

9°

Reddish　Limestone”and　the　overlying　Naha　Formation　of

the　Naha　Formation　in　the　southern　Okinawa　lsland．．

　　These　planes　have　undulated　features，　having　more　than

3metres　elevation　height　undulation（Fig，16），　which　is　in

contrast　to　relatively　fiat　features　of　the　boundary　of　the

southem　Okinawa　Island．　The　undulating　shapes　of　the

boundary　are　often　fbllowed　by　colonial　configuration　of

corals　and　algal　crusts，　though　some　of　them　are　steeply　cut

by　the　unconfbmlable　boundaries（PI．31）．　The　underiying

coral　limestone　is　considered　to　have　been　developed　in

shallow　sea，　which　is　characterised　by　thick　corals　like

Acropora．　Therefbr，　it　is　plausible　that　the　undulating　shapes

are　main且y　ascribed　to　the　complex　shapes　of　thick　coral

limestone，　which　is　considered　to　be　developed　at　shallow

sea，　and　has　spur　and　groove　structures．

C．Unconformab皿e　Boundaries　in　the　Naha　Formation

　　Unconformable　boundaries　within　the　Naha　Formation

show　relatively　obscure　fe　atures，　and　tend　not　to　be

recognisable　in　outcrops．　The　author　provides　examples　of

distinct　unconformities　found　in　Kyan　and　Mabuni　areas，

displaying　the　typical　features，　which　are」found　betWeen　the

lower　and　upper　the　Naha　Fommations．

　　1．The　boundary　in　Kyan　Area

　　There　are　quarries　in　Kyan　area，　in　which　a　distinct

unconf6rmity　is　well　observed（Fig．6，　C1－3）．　The

unconfbrmable　boundaries　exist　between　relatively　thick

coral　limestone　containing！1cropora　and　the　overlying

rhodolith　limestone．

　　In　the　quarry　C　l　that　is　located　in　south　of　Kyan（Fig．

6；P1．34），　we　can　see　branching　corals　just　below　the

boundary，　indicating　that　they　developed　at　very　shallow

depth　like　moat（Fig．17）．　Above　this　coral　limestone，

rhodolith　limestone　indicating　palaeodepth　of　50－150　m，
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翫

恥
Fig．17．　An　unconformable　boundary　betvvcen　thc　lower　and　the　upper　Naha　Formation　in　a　q岨y　Iocated　in　southem

Kyan（C　I　in　Fig．6；P1．35）．　Corals　are　shown　by　brick　pattem，　while　rhodolith　are　shown　by　doublc　circlcs．　Palacosols

（horizonta1　line）are　seen　just　below　the　boundary　and　fill　the　spaces　among　branching　corals．
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Fig．18．　A　sketch　of　the　boundary　between　the　lower　and　the　upper　Naha　Formation，　in　a　quarry　north　of　Kyan（C3　in

Fig．6；P1．37）．　The　coral　skeletons　of　the　lower　Naha　Formation　are　cut　by　the　bounday．

directly　overlies．　Unconsolidated　palaeosol　is　seen　just

below　the　bomdary，　especially　oftheir　loose　parts，　and　fms

voids　of　porous　coral　limestone，　such　as　ones　between　coral

branches（P1．35）．　The　palaeosol　developed　witllin　the　Naha

Formation　is　normally　not　conspicuous　compared　to　those

developed　between　the　fbmlation　boundaries．　Therefbr，　it

might　be　confUsed　with　recent　soil　coming　from　top　of　the

ground　through　conduit，　unless　it　is　fbund　only　just　below

the　boundary．　The　boundary　seems　very　flat，　and　is　almost

concordant　with　bedding　planes　dipping　several　degrees

toward　west　in　a　quarry　of　C　1（PL　34）．　The　plane　is　very

sharp　and　the　lithological　change　from　coral　to　rhodolith

limestones　is　abrupt（Fig．17）．

　　In　a　quarry　of　C2，　which　is　located　at　nearby　the　C　1，a

comparable　unconfbrmable　boundary　seems　to　cut　coral

limestone　structures（PL　36）．　This　very　sharp　boundary
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Fig．19．　A　sketch　ofthe　bound田y　between　the　lower　and　the　upper　Naha　Fom蜘n，　which　is　located　at　the　same　qu皿y　of　the

Fig．18（PL　38）．　The　lithological　boundary　is　not　concordant　with　the　apparent　boundary　seen　from　a　distance．

becomes　ambiguous　at　southem　coastal　areas．　We　often

cannot　place　the　exact　boundary　at　outcrops　where　they　lack

remains　of　paleosols，　and　litllologies　of　above　and　below　the

boundary　have　similar　characteristics，　such　as　colours，　grain

size，　cementation　and　hardness．　Additionally，丘eshness

of　the　outcrops　seriously　influences　the　recognition　of　the

unconformities．

　　There　is　also　an　interesting　phenomenon　that　the　apparent

boundary，　which　is　clearly　seen　from　a　distance，　does

not　always　indicate　the　true　unconfbrmable　boundary．

The　boundary　appears　very　sharp　and　flat，　when　we

observe　it　apart丘om　the　outcrops．　In　a　quarry　of　C3，　an

unconfbrmable　boundary　is　seen，　which　is　comparable

to　the　boundary　of　C　1．The　lithologic　change　from　the

coral　to　rhodolith　limestones　is　abrupt　in　the　quarry．　Many

coral　fbssi董s　are、cut　by　the　boundary（Fig．18；P1・37），　and

this　indicate　that　the　boundary　is　fbrmed　by　erosional

event，　such　as　subaerial　exposure．　These　featUres　are　very’

similar　to　what　we　can　see　at　a　qua1Ty　of　C　1．However，

true　boundary，　which　is　traced　along　the　sur飴ce　dividing

different　lithological　components　is　not　always　concordant

with　the　apparent　boundary　seen　from　a　distance，　and　it

partly　runs　below　the　flat　appearance　boundary．　Fig．19（P1．

38）is　a　sketch　of　the　same　boundary　of　the　Fig．18from

the　same　quarry，　where　the　lithological　boundary　of　coral

and　rhodolith　limestones　are　not　concordant．　Similarly，　in

an　outcrop　of　C4　in　Itosu，　the　lithologic　boundary　between

the　lower　coral　to　the　upper　rhodolith　limestones　is　not

partly　concordant　with　a　flat　apparent　boundary．　In　this

outcrop，　the　apparent　boundary　is　covered　by　a　speleothem

of　5　millimetres（Jiju，1994MS），　which　may　indicate

that　the　apparent　boundaries　were　fbrmed　by　passing

groundwater．　These　facts　may　indicate　that　the　appearance

boundaries　were　fbrmed　in　meteoric　diagenesis，　and　that

hydrological　behaviour　of　groundwater　was　controlled　by

lithological　difference　in　permeability．　If　it　is　tme，　the㎞e

unconfbrmable　boundary　is　somewhat　more　undulated　than

the　flat　apPearance　boundaries．

　　2．The　boundary　in　Mabuni　Area・

　　In　Mabuni　area，　an　unconformable　boundary　exists　within

rhodolith　limestone　of　the　Naha　Fomation．　The　boundary

seen　at　a　quarry　of　C5（Fig．6）does　not　show　conspicuous

features，　but　unconsolidated　palaeosol　remains　in　fissures

and　voids　just　below　the　bounda！y（P1．39）．　Rhizoliths　of

root　tubules　cemented　by　sparry　calcite　are　seen　in　the

palaeoso1（P1．40）．　NeptUnian　dykes　are　also　fbund　beneath

the　boundary（P1．41）．

　　Limesto’nes　of　both　above　and　below　the　boundary　shows

asimilar　lithology　of　rhodolith　limestone．　However，　coral

skeletons　are　only　seen　around　the　boundary　in　a　part　of

several　cm　sections（PL　42）．　It　is　diMcult　to　identify　whether

the　corals　belong　to　upper　or　lower　limestones．　However，

occurrence　of　the　corals　indicates　shallow　environments

during　a　period　when　the　unconformity　was　formed．　It　is

considered　that　the　sea－1evel　rise　and　fall　was　too　rapid　to

remain　thick　shallow－sea　deposits．

D．Unconformity　between　the　Naha　and　Minatogawa

Forma髄ons
　　We　can　see　an　unconformable　boundary　between．　the

Naha　and　Minatogawa　Formations　at　coastal　areas　of　Cape
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P1．43）．　The　Naha　Formation　was　affected　by　intense　pedogenic　processes　and　highly　brecciated，　and　many　rhizoliths　and

pedogenic　Mn　nodules　are　observed．

Kyan（D　1，Fig．6）and　Komesu（D2，　Fig．6）．

　　In　the　Cape　Kyan　area，　the　Naha　Formation　consists

of　rhodolith　and　detrital　limestone，　while　the　overlying

Minatogawa　Formation　consists　of　limestone　conglomerate

and　coral　limestone　in　an　ascending　order．　The　conglomerate

includes　abundant　coral　skeletons　and　lithoclasts　of　the　Naha

Formation．　The　thickness　of　the　limestone　conglomerate　of

the　Minatogawa　Formation　varies　laterally（normally　less

than　l　m）and　thins　out　on　the　outcrop　of　D　1（Fig．20，　Pl．

43）．

　　The　underlying　Naha　Formation　typically　shows

brecciated　texture（Pls．44，45　and　46），　which　resembles

to　recent　pedogenic　brecgia（Pls．4，　and　5）．　Matrix　of　the

breccia　is　commonly　consolidated　and　consists　of　bright

brown　to　Iight　yellow　orange　and　very　fine　material．

Rhizoliths　are　also　commonly　developed　in　the　matrix（Pl．

47）．The　altered　sediment　contains　many　manganese　nodules

（PL　47），　that　resemble　to　manganese　nodules　found　in　recent

soils　of　the　Ryukyu　Islands（Ooshiro　and　Nohara，1976；

Ooshiro，1977）．

　　The　breccia　is　commonly　autochthonous　in　origin．　The

clasts　of　the　breccia　have　sometimes　very　angular　shapes，

showing　that　the　breccia　is　fbrmed　by　fracturing　the

underlying　limestone（P1．44）．　Some　of　these　clasts　show

more　rounded　shapes　especially　in　mature　breccia，　and　look

like　limestone　conglomerates　of　the　over置ying　Minatogawa

Formation．　However，　the　clasts　of　the　breccia　show　irregular

shapes，　and　lack　cora且skeletons　that　are　not　components

of　the　Naha　Formation　in　this　area．　In　the　rhodoliths

limestone，　the　clasts　tend　to　consists　of　limestone　fragment

of　rhodoliths（Pls．45　and　46），　which　commonly　show　very

irregular　shapes．　It　seems　that　rigid　parts　of　limestone　like

rhodolith　survived　from　the　alternation，　and伍able　or　week

parts　like　matrices　and　fractures　were　selectively　attacked

by　pedogenetic　processes．

　　As　the　outcrop　is　exposed　fbr　long　time，　the　younger

Minatogawa　Formation　was　also　affected　by　recent

pedogenetic　alteration．　The　unconformable　boundaries

seems　ambiguous　by　the　alternation．　However，　this

alternation　is　not　intense　enough　to　create　much　soil

materials　and　prevailed　breccia，　seen　at　the　uppermost　Naha

Formation．
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　　We　can　see　other　interesting　structures　i．e．　tiny　trace

fbssils　on　the　surface　of　the　boundary（Pl．48）．　The　textures

are　similar　to　those　we　can　see　at　recent　coastal　areas

（Section　VI－B）．

E．Paleosol　within　the　M置natogavva　Formations

　　Two　paleosol　layers　occur　within　detrital　limestone

of　the　Minatogawa　Formation　in　the　quarry　of　Horikawa，

Tamagusuku　Village　in　the　southern　Okinawa　lsland（Fig．6，

E2）．　They　generally　show　unconsolidated　features．　They　are

extremely　flat，　and　develop　parallel　to　bedding　planes　ofthe

detrital　limestone（P1．49）．　The　thickness　is　ten　to　several

　　　　　　　　tenS　CentlmetreS．

　　A　paleosol　layer　is　also　exposed　in　southem　coast　of

Ou　Island（Fig．6，　E1；PL　50）．　As　it　exposes　on　coastal

area，　the　paleosol　is　consolidated．　It　resembles　to　recent

pedogenetic　products　on　coastal　areas，　but　we　can　recognise

it　as　a　layer　intercalated　with　detrital　limestone．　Rhizoliths

of　various　sizes　are　common　in　the　paleoso1（Pls．51，　and

52）．Rhizoliths　of　a　few　centimetres　in　diametre　are　well

observed，　which　are　too　large　compared　to　recent　plants

nearby　intertidal　zone，　and　presumably　of　ancient　age（Pl．

52）．

　　At　Makiminato　in　Urasoe　City（Fig．6，　E3），　detrital

limestone　appears　and　they　show　steep　cross－1amination

which　have　dips　of　about　15°（P1．53）．　It　seems　eolian

deposits　in　this　area．　A　paleosol　layer　of　about　20

centimetres　is　very　flatly　intercalated　in　the　limestone（Pl．

54）．We　can　find　many　rhizoliths　i　1　the　paleosol（PL　55）．

　　The　paleosols　in　the　Minatogawa　Formation　are

characteristic　in　terms　of　having　extremely　flat　surface　at

the　contact　to　the　underlying　limestone．　This　may　be　related

to　o！iginal　flatness　of　the　detrital　I　imestone，　and　also　to　the

relatively　short　exposure　time．

V夏H．CHAMcTERIsT夏c　FEATuREs　oF　UNcoNFoRMABLE

　　　　　　BouNDARIEs　IN　THE　RyuKryu　IsLArvr）s

　　Unconfbrmities　in　Okinawa　Island　are　classified　into　fbur

in　terms　of　stratigraphic　relation；that　are，1）unconfbnnities

between　the”Reddish　Limestone電l　and　the　Naha　Fomlation，

2）within　the　Naha　Fomnation，3）between　the　Naha　and

Minatogawa　Fomlation，　and　4）within　the　Minatogawa

Fomlation．　They　are　different　in　featUres，　which　result　from

the　different　circumstances　of　exposures　and　depositions．

　　The　unconfommity　between　the”Reddish　Limestone”and

the　Naha　Fomlation　is　characterised　by　the　textures　of　a

phytokarst　in　recent　coastal　areas．　The　sur飴ce　is　relatively

Hat，　but　somewhat　jagged，　and　commonly　accompanied

with　neptunian　dykes　filling　small　karstic　voids（Section

VII－A）．　The　pedogenesis　probably　affected　on　coastal　areas

to　fbrm　consolidated　soils（Section　VI）．　It　seems　that　coastal

karstification　prevails　on　the　unconfbrmable　boundaries．

Exceptions　are　only　seen　in　Makabe　Quarry　that　has　an

unconsolidated　paleosol　in　depressions　of　the　layers，　which

could　be　developed　in　inland　areas．　In　some　case，　the

unconfbmlity　includes　three　unconfbrmable　planes　within

ametre　sections，　which　shows　quite　similar　fヒatures．　The

unconformity　in　the　Ryukyu　Group　in　Makisan　quarry・　in

Irabu　Island　has　similar　features　to　that　on　the”Reddish

Limestone”in　Okinawa　Island．　The　two　unconformities

are　probably　correlatable　in　both　terms　of　pedogenetic

environments　and　age　of　fbrmation．　Undulated　features　in

Irabu　Island　is　in　fact　different　from　relatively　fl　at　featUres

in　southem　Okinawa　Island，　but　it　seems　that　the　difference

comes丘om　basement　topography　of　underlying　limestones

（Section　VII－B）．

　　The　unconfbrmities　seen　in　the　Naha　Formation　show

less　clear　features，　compared　with　all　other　unconfbmlities．

This　is　mainly　be．cause　of　similarity　in　lithologies　above　and

below，　and　lack　of　sumcient　soil　development．　The　small

amount　of　soil　is　only　observed　at　fractUres　and　voids．　The

unconsolidated　nature　of　the　soils　was　probably　originated

丘om　inland　pedogenetic　environment，　where　soils　are

not　consolidated．　Because　the　pedogenesis　was　weaker，

compared　with　one　forming　unconformity　betWeen　’the　Naha

and　Minatogawa　Fomations，　the　exposed　substrates　was　not

brecciated．　As　a　result，’ unconsolidated　soils　only　remained

at　small　fractures　and　voids　after　the　transgressive　seawater

eroded　the　mantling　inland　soils．　The　lithological　change　is

abnlpt　from　coral　to　rhodolith　limestones　along　the　sharp

boundary．　However，　the　boundaries　are　ambiguous　in　cases

without　paleosols　and　sharp　lithological　change．　Whether

we　can　find　evidences　of　unconformity　also　depends　on

丘eshness　of　outcrops．　Because　of　poor　development　of

paleosols　or　unconsohdated　features　of　the　paleoso1，　the

paleosols　are　easily　confUsed　as　soils倉om　the　ground．

Howeveらthe　soils　from　the　ground　sur飴ces　tend　not　to　be

completely　arranged　with　the　bedding　plane．

　　According　to　Honda　et　a1．（1993）and　Sagawa（1998MS），

there　are　several　unconfbmlable　boundaries　in　the　Middle

Members　of　the　Ryukyu　Group，　which　may　be　correlated

with　the　Naha　Formation．　The　author　also　observed　some

of　the　outcrops　on　Irabu　Islands，　but　could　not　detect　clear

diagnostic　features　of　unconformities　at　the　outcrops，　except

fbr　very　unclear　pigmentation　of　sons．　This　may　indicate

that　there　are　many　unconfbmlable　boundaries　within　the
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Naha　and　correlative　formations，　which　is　diMcult　to　be

identified　in　outcrops．

　　The　unconformity　between　the　Naha　and　the　Minatogawa

Formations　has　more　matured　featUres．　The　outcrops　show

pedogenically　brecciated　textures，　including　many　Mn

nodules　in　the　matrices．　The　matured　features　may　imply

long　time　interval　of　non－deposition．

　　The　unconformities　within　the　Minatogawa　Formation

have　flat　surfaces　that　probably　reflect　to　the　original

topography　of　stratified　detrital　limestone，　and　also　short

time　interval　of　exposure．　Unconsolidated　paleosols　are

well　preserved，　probably　because　the　paleosols　were　quickly

buried　under　sediments　at　beach，　and　were　protected　from

erosion　by　seawater．

　　It　seems　that　the　unconfbrmities　have　variation　in

features　due　to　the　age　of　sediments，　although　they　have

developed　under　the　same　climate　of　the　humid　subtropicaE

Ryukyu　Islands．　At　the　same　time，　the　unconfbrmities　of

the　same　stratigraphic　position　share　peculiar　features．

This　probably　means　that　the　textural　variation　is　related

to　the　pedogenetic　modes　i．e．　exposure　intervals，　substrate

topographies，　soi1－fbrming　Places，　and　so　on（Jiju，1999）．

　　There　stm　remains　some　questions　that　the　author

could　not　reach　to　the　answers．　Why　the　coastal　erosional

surfaces　were　widely　remained　especially　on　boundaries

of　the”Reddish　Limestone電，　and　Naha　Formation，　which

have　three　erosional　surfaces？Were　the　large　amplitude

sea－1evel　changes　truly　hapPened　between　each　of　the　three

unconformable　boundaries，　as　indicated　by　the　change　in

environment　from　subaerial　to　depth　of　rhodolith　Iimestone

（50・150m）？

IX．　GEoLoGY　OF　THE　SOUTHERN　OKINAVVA　ISLAND

A．Evo且ution　of　the　Ryukyu　Group　in　the　southern

Okinawa　lsland

　　In　this　study，　the　Naha　Formation　in　the　southern

Okinawa　Island　is　separated　into　the　lower　and　upper　parts．

Evidences　that　indicate　unconformities　described　in　Section

VII－C　is　mainly　observed　from　the　boundary，　including

neptunian　dykes，　palaeosols，　and　cutting　structures　of

underlying　limestones．　In　the　columnar　sections　in　Figs．

7－12，wavy　lines　show　the　horizons　where　any　kinds　of

evidences　ofthe　unconformities　were　found．　The　wavy　lines

concentrate　their　distribution　near　the　boundary　between

the　lower　and　upper　parts　of　the　Naha　Form’ation．　The

fact　indicates　that　this　boundary　was　formed　by　a　serious

pedogenetic　processes　and　is　regarded　as　the　most　prom　inent

unconformity　in　the　Naha　Formation．　This　unconformity

mostly　accords　with　the　boundary　of　the　Lower　and　Upper

Fomlations　of　the　Ryukyu　Group　in　Takayasu（1978）and

that　of　the　Lower　and　UpPer　Naha　Formations　in　Jiju

（1994MS）．

　　Tb　consider　succession　of　the　Naha　Fomation，　we　have

to　take　in　account　what　kind　of　columnar　sections　can

appear　in　different　localities，　because　the　columnar　sections

are　expected　to　be　quite　different　by　theidocations　mainly

reflecting　their　original　depths．　Fig．21　shows　the　schematic

relation　between　the　sedimentary　facies　of　columnar

sections　and　their　original　depths，　in　the　circumstance　that

cyclic　sea－1evel　changes　refiected　to　the　vertical　facies

changes．　The　shallowest　places　are　shown　at　A　in　Fig．21，

where　much　ofthe　section　is　expected　to　be　composed　ofthe

shallow　coral　limestones　and　to　have　many　unconform　ities．

In　the　sections　B　and　C，　coral　limestone　reduces　their

thickness　instead　of　the　rhodolith　limestone　gaining　their

thic㎞ess．　We　have　to　take　attention　that　in　these　locations，　a

number　of　the　interfingering　coral　limestones　is　la㎎est，　and

reduces　toward　both　shallow　and　deep　sides．　In山e　section

C，coral　limestone　become　thinner，　and　their　biologicaI

communities　may　indicate　deeper　facies．　On　the　other　hand，

rhodolith　limestone　prevails　and　detrital　limestone　begins

to　be　intercalated　in　the　section　D．　The　deepest　section　E

consists　mainly　of　detrital　limestone　intercalated　with　some

rhodolith　limestones．

　　In　the　lower　Naha　Formation，　most　of　the　area　contains

some　coral　limestone　layers　intercalated　with　rhodoliths

limestones（Fig．4），　and　it　corresponds　to　B　and　C　in　the

Fig．21．　The　areas　including　Komesu　correspond　to　D，　and

the　areas　including　south　Makabe　correspond　to　E，　but

these　areas　are　relatively　narrow．　The　coral　limestone　is

thickest　in　the　Kyan　area（Figs．5，　and　7），　which　was　the

centre　of　the　coral　limestone．　The　lower　Naha　Formation

typically　begins　with　deeper　facies　and　ends　by　widely

spreading　coral　limestones　and　a　related　unconfbrmity，

although　some　cycles　of　deeper　and　shallower　facies　are

seen．　The　boundary　to　the　upper　Naha　Formation　is　in　some

case　located　within　the　rhodolith　and　detrital　limestones　in

narrow　deeper　facies．

　　On　the　contrary，　in　the　upper　Naha　Formation，　rhodolith

limestone　is　dominant　facies，　which　correspond　to　D　in　the

Fig．21．The　facies　corresponds　to　E　is　only　exist　around　the

sea　cliff．　The　facies　corresponds　to　B　and　C　is　only　seen　at

the　area　between　Ybza（north）and　Maehira，　where　the　coral

limestone　is　thick（Figs．4，11，　and　12）．　This　fact　indicates

that　centre　of　the　coral　reefs　of　the　upper　Naha　Formation

was　moved　to　this　area，丘om　Kyan　area　in　the　lower　Naha
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Fig．21．　Schematic　columnar　sections　in　the　Naha　Formation．

The　shallow　coral，　deep　rhodolith　and　deepest　detrital

limestones　are　interfigered　to　one　another．　Actual　columnar

sections　are　not　simple　as　shown　in　this　figure　because　of

crustal　movement　during　the　deposition．
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Fo㎜ation．　On　the　other　hand，　the　area　of　deep　detrital

limestone　is　sitUated　at　south　of　Tsukazato　and　Mabuni．　The

arrangement　of　the　facies　is　fairly　concordant　with　the　recent

topographic　trends（Fig．4）．　The　upper　Naha　Formation

also　began　with　deeper　facies　and　ended　by　shallower　coral

limestone　in　the　shallow　places，　although　it　has　some　cycles

of　deeper　and　shallower　facies．

　　In　the　same　way，　the”Reddish　Limestone曾響seems　to

be　thick　at　Kyan　area　or　more　seaward，　and　diminish　the

thickness　toward　Makabe．　It　does　not　appear　in　north　of

Makabe．　In　short，　centre　of　the　coral　reef　may　move丘om

Kyan　area　to　the　Yoza（north）－Takara　area　during　the

deposition　of　the”Reddish　Limestone”，　the　lower，　and　the

upper　Naha　Formations．　The　upperward　development　of

eacll　sequence　of　the”Reddish　Limestonel’and　the　Naha

Formation　indicates　that　it　was　developed　in　a　transgressive

trend．

　　The　Minatogawa　Formation　apPeared　just　at　coastal　areas

which　has　low　elevations．　Thus，　this　formation　is　considered

to　be　developed　in　a　regressive　trend．

　　B．S重ratigraphic　correlation　to　other　regions　of　the

Ryukyu　Group

　　We　can　divide　the　Ryukyu　Group　of　the　southern

Okinawa　Island　into　the　overall　transgressive　stages　of　the

”Reddish　Limestonell　and　the　Naha　Formation（Fig．22）．

This　trend　agrees　with　the　data行om　Irabu　Island（Sagawa，

1998MS；Sagawa　et　a1．，1999）．　In　comparison　with　the　lrabu

Island，　the”Reddish　Limestone，，　and　the　Naha　Fomlation

can　be　correlated　with　the　Lower　and　Middle　Members

of　the　Ryukyu　Group　of　Irabu　Island（Sagawa，1998MS），’

respectively，　from　the　ages　and　lithologies（Fig．22）．　The

Minatogawa　Formation　may　be　correlated　to　the　Upper

Member　in　Irabu　Island，　though　definite　correlation　is　not

available　at　this　moment．　The　bounda1y　of　thρ10wer　and

upper　Naha　Formation　is　not　correlatable　because　sevgral　’

unconformities　were　suggested　within　the　Middle　Member

of　lrabu　Island（Fig．22）．

　　However，　this　boundary　of　the　lower　and　upper

Naha　Formation　could　be　lithologically　correlated　with

unconf（）rmable　unit　boundaries　in　two　geographically－closer

regions　including　the　Motobu　Peninsular（J加and　Orita，

1998），and　the　Ie　Island（F頭shiro，1996MS；Fig22）．　In

the　Ie，　the　unit　boundary　has　unconformable　irregular　plane，

and　the　both　units　above　and　below　the　boundary（units　B

and　A；Fig．22）have　shallowing　upward　sequences　from

detr虻al　or　rhodohth　to　coral　limestones．　In　the　southem

Okinawa　Island，　evidences　of　the　unconformities　are　mostly

found　from　the　boundary．　Both　units　above　and　below　the

boundary（the　upper　and　lower　Naha　Formation）have

similar　shallowing　upward　sequences，　although　several

cycles　from　the　rhodolith　to　coral　limestones　indicating
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（Sagawa，1998MS）　　　　　　　　　　　　　（This　study）　　　　　　（Jiju　and　Orita，1998＞　　（Fulishiro，1996MS）　　（Nakamori，　et　al．，1995）

　　　Fig．22．　Correlation　of　the　Ryuk》u　Group．　Coral　reefs　of　transgrasi、estage　were　shown　by　dark　colour．　whether　those　of

　　　regressive　stage　is　sho、、’n　as　light　colour．　Determined　ages　are　also　shoN、’n．　which　are　1）nannofossils（Honda．　et　al．1993）。2）Sr

　　　isotope（Jiju．1994MS）．3）Sr　isotope（using　Kaneko　and　Ito．1995二reca且culated　with　Farrell　et　a1．．1995》．4）Correlation　with

　　　Takanasaki　Fomlation　in　Hateruma　Island（Nakamori．1986）．5）nannofbssils（Nakamori．　et　a1．．1995）．6》ESR（Nakamori．　et　al．．

　　　1995）．7）U－series　age（Omura．1982）．8）U－series　age（Sasaki．　pri、’ate　communication）．

higher　orders　of　cyclic　sea－1evel　changes　are　more　clearly

shown　in　the　southern　Okinawa　Island．　The　typical

columnar　section　of　southem　Okinawa　Islands（Fig．　l　l）is

quite　similar　what　we　can　see　in　Motobu　Peninsular（Figs．5

and　6　in　the　J麺u　and　Orita，1998）．　A　couple　of　relatively　thin

coral　limestone　layers　are　seen　in　unit　1．and　the　uppemost

coral　limestone　is　thickest．　These　facts　are　shared　with　the

southem　Okinawa　Island，　though　unit　l　is　slightl｝「thicker

than　the　lower　Naha　Fomation．　The　upper　unit　of　Motobu

Peninsular（unit　2）is　also　similar　in　tems　of　facies　and

distribution．　The　unit　2　mainly　distributes　in　areas　of　high

altitude．　and　its　facies　distribution　indicates　bathvmetrv　we11
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●t　　　　　　　　　　　　　　　σ

following　to　the　recent　topography．

　　There　seems　to　be　crust　movements　be！ween　the

depositional　periods　of　the°’Reddish　Limestone”to　the

age　of　the　Naha　Forrnation．　The　boundar＞of　the　lower　and

upper　Naha　Formation　could　be　extended　to　other　regions

on　Okinawa　Islands．　but　not　much　to　Irabu　Island　probabl》

indicates　difference　in　tectonic　setting　between　the　two

islands．

　　Toku－no－shima　Island　also　has　similar　stratigraphy　in

terms　of　the　thickness　and　having　two　c｝’cles　of　shallowing

upwards．　Ifthe　boundary　between　the　two　cycles　is

correlatable　to　one　within　the　Naha　Fomation．　similarit、　in

tectonics　is　inferred．　However，　an　ESR－dating（Nakamori

et　a1．．1995）possibly　indicates　that　the　sequence（units　1－3）

in　Toku－no－shima　was　younger　and　much　more　quickly

deposited　than　the　Naha　Fomation．　It　is　hard　to　consider

that　this　thick　limestone　of　Toku－no－shima　lsland　can　really

deposit　within　O．l　Ma　only　at　about　O．39－0．481Ma　ago．

because　there　is　no　other　reports　of　such　high　sedimentation

rate　from　the　Ryuk》us．　Probably．　the　problem　is　that

depositional　ages　of　the　two　regions（Toku－no－shima　and

Okinawa　lslands）are　poorl》detemined．　Sr　isotopic　method

also　does　not　have　resolution　of　O．l　Ma　orders．　which　is

necessary　fbr　inter－regional　correlation．　although　the　method

is　still　valid　to　differentiate　the　ages　of　the　Minatogawa、

Naha．　and”Reddish　Limestone”．

●

●

X．Co、CLしslo、

The　Pleistocene　R＞ukyu　Group　in　southern　Okinawa

Island　was　mainl、’researched　to　clear　the　fe　atures　of
　　　　　　　　　　　　　　　　げ

unconfbrmities　developed　in　humid－subtropical　Ryukyu

Islands．　To　elucidate　the　features．　many　outcrops　of

recent　exposure　surfaces　and　Pleistocene　unconformities

w・ere　surv・eved．
d

In　recent　inland　places．　unconsolidated　soils　are

developed　on　the　rock　surfaces．　Breccias　of　pedogenetic

origin　are　often　developed　at　the　surfaces　of　the　bedrocks．

Unconsolidated　paieosols　in　fissures　and　voids．　pedogenic
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　　breccias，　and　neptunian　dykes　can　be　diagnostic　of

　　unconfbmlable　boundaries．　Calcrete　featUres　are　usually

　　pooらand　seem　not　to　be　important　to　find　unconformities．

　　Karstic　fe　atures　including　speleothems，　crystal　silts，

　　caves，　and　cave　deposits，　may　also　be　not　important，

　　because，　during　these　features　are　nonmally　dev610ped

　　in　deep　subsurface　ice－house　periods　as　Pleistocene，

　　when　amplitudes　of　eustatic　sea－1evel　changes　are　large．

　　Karstic　surfaces　of　the　Pleistocene　hmestone　tend　to　be

　　flat，　as　the　groundwater　flows　by　diffUse　way，　because

　　of　their　high　permeabilities．　Although　the　fault　scalps

　　usually　fbml　hmestone　ramparts，　the　vast　development

　　of　the　flat　surfaces　seems　to　reflect　to　the　flatness　of　the

　　unconfbrmable　boundaries　in　the　Pleistocene　limestone．

●In　recent　coastal　areas，　textures　of　the　bedrocks　were

　　altered　by　boring　organisms　on　the　subtidal　to　intertidal

　　zones，　and　by　coastal　Plants　on　the　supratidal　zones．

　　Jagged　sur飴ces　of　coastal　phytokarst　and　the　brownish

　　consolidated　pedogenic　material　at　the　supratidal　zones

　　are　especially　usefUI　to　find　unconfbnmities．　Ifsubaerially

　　fommed　voids　are　filled　with　neptunian　dykes，　they　can

　　be　best　criteria　to　recognise　unconformities，　because　they

　　indicate　that　the　sediments　were　certainly　submerged

　　during　the　exposure　events．

●The　unconfbmlable　boundaries　between　the”Reddish

　　Limestonell　and　the　Naha　Fommation　indicates　a　coastal

　　environment　during　the　emergence，　which　fbrmed　jagged

　　surface　with　consolidated　brown　pedogenic　materials，

　　and　neptunian　dykes　which　fills　the　voids．

●The　unconformable　boundaries　within　the　Naha

　　Formation　are　not　prominent，　probably　because　the

　　exposure　period　was　not　long　enough　to　develop　an

　　extensive　pedogenesis．　However，　we　can　often　see

　　paleosol　in　voids　and　fissures，　and　neptunian　dykes　in

　　the　underlying　limestone．　Structures　of　the　underlying

　　limestone　are　often　cut　by　the　unconformities．

●The　unconformable　boundary　between　the　Naha　and

　　the　Minatogawa　Formations　shows　matUre　featUres　like

　　pedogenic　breccia．　Terrestrial　Mn　nodules　are　also　seen

　　in　the　pedogenetic　materia1．

●In　the　unconfommable　boundaries　within　the　Minatogawa

　　Fomlations　show　yery　flat　featUres．　Unconsolidated　soils

　　remains　in　the　unconfbrmable　horizons，　probably　because

　　of　rapid　sedimentation　of　detrital　limestone　of　fbreshore

　　sand　origin．

●Unconfbrmities　of　different　stratigraphic　horizons　seen

　　in　the　Ryukyu　Group　have　thus　different　characteristics．

　　They　must　be　related　to　reflect　the　characteristics　of　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ら
　　age　like　emergence　time　and　depositional　environments．

●The　Naha　Formation　of　the　Ryukyu　Group　in　the　southern

　　Okinawa　Island　can　be　separated　into　lower　and　upper

　　parts，　and　many　unconfbrmable　evidences　are　found　at

　　the　boundary．　Centre　of　the　coral　reef　seems　to　move

　　northwards　away　from　Kyan　in　the”Reddish　Limestone”

　　to　Ybza（north）areas　ofthe　upper　Naha　Formation

●The　boundary　between　the　lower　and　upper　Naha

　　Formation　could　be　correlated　to　unit　boundaries　seen

　　in　Motobu　Peninsular，　and　Ie　Island．　The　boundary　in

　　Tbku－no－shima　Island　might　be　also　correlated．　On　the

　　other　hand　it　could　not　be　easily　correlated　with　the　lrabu

　　Island　limestone．　This　probably　reflects　the　difference　of

　　the　teCtOniC　SettingS．
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＊＊i1　Japanese　with　English　abstract

KatSutoshi　Jiju

　　　Toyomatsu，　Hiroshima・Prefecture，720－1701，　Japan

Exp置anation　of　Plates

Pl．1．Typical　coral　limestone．　Autochthomus　corals（C）are

　　included．Ybza　in　the　southen　Okinawa　Island．

PL　2．1ンpical　rhodolith　hmestone．　Ishiki　in　the　southern

　　Okinawa　Island．

P1。3．　A　boundary　between　the　underlying　Shimaj　iri　Group

　　of　bluish　grey　silty　mudstone（SH）and　the　brownish

　　coarser“Chinen　sandstone”（CH）．　Cape　Chinen，　southem

　　Okhlawa　Island．

P1．4．　Typical　matured　soil　in　the　Ryukyu　Islands．　Irabu

　　Island．

P1．5．　A　section　from　a　limestone　quany　of　the　Ryukyu

　　Group，　presumably　left　is　upper　side　originally　covered

　　with　unconsolidated　soil．　The　brecciated　textures　are　well

　　observed　because　the　matrix　soils　are　somewhat　washed

　　out　by　cutting．　Miyako　Island．

P1．6．　Enlarged　features　of　brecciated　textUres　of　Pl．5．　Many

　　rhizoliths（R）of　1－2　mm　ill　diametre　are　well　observed　in

　　the　matrix．

P1．7．　Landscape　of　east　side　of　the　Ou　Island　coast．

　　Development　of　kamenitzas（K）probably　indicates

　　frequent　splash　of　seawater．

PL　8．　Landscape　of　the　sipunculids　zone　of　Ou　Island．　This

　　zone　shows　relatively　flat　sur飴ces．

PL　9．　A　broken　surface　of　the　rock．surfaces　of　the

　　sipunculids　zone．　Ou　Island．　The　rocks　are　seriously

　　bored　by　the　organisms．
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PL　10．　Landscape　of　・lsognomon－Plana）cis　zone．　Karren

　　become　prominent　in　this　zone．

PL　11．　Isogno〃lon。・Planαvcis　zone．　Ou　Island．　In　this　zone，

　　bivalves　and　gastropods　are　well　observed．

P1．12．　Photographs　of∠，’〃lon’u〃1　zone．　Ou　Island．　The

　　substrates　are　altered　sporadically　into　brown　pedogenic

　　mate1ials．

PL　13．、乙epturus　zone．　In　this　zone，．kamenitzas　are

　　developed　and　plants　tend　to　stabilise　sands　on　the

　　kamenitzas．　Ou　Island．

Pl．14．　Sand　on　the　kamenitzas　is　humic　sand（S），　having

　　dark　brown　colours．　Rock　substrates　also　changed　into

　　consolidated　brown　pedogenic　materials（B）．　Ou　Island．

P1．15．　A　photograph　of　a　thin　section　of　a　sample　of　the

　　sipunculids　zone　of　Ou　lsland．　Multiple　boring　destroyed

　　the　original　textures．　A　poorly　sorted　feature　is　one　of　the

　　characteristics　ofthis　zone．

PL　16．　Pedogenic　alteration　by　plants．　Brown　ped　clots　of

　　lmm（P）and　rhizoliths（R）are　seen　in　the　brown　altered

　　material．　Ou　Island．

P1．17．　Microscopic　textures　of　the　pedogenic　alteration．

　　Micritic　relatively　poorly　sorted　matrices　are

　　characteristic　features．　Quartz　grains　scatter　in　the　matrix．

　　Ou　Island．

PL　18．　An　outcrop　of　a　qua！ry　of　A　l　in　Fig．6．　This　plate

　　shows　le危pa！t　of　the　sketch　of　Fig．15．　The　boundary

　　of　the‘‘Reddish　Limestone，，　and　the　Naha　Formation　is

　　shown．

Pl．19．　An　unconfbrmable　boundary　cutting　the　dome

　　structure　of　an　algal　crust．　The　unconfbrmable　surface

　　is　second　one丘om　the　top　of　the‘‘Reddish　Limestone，’．

　　The　location　is　shown　in　Fig．15．

P1．20．　An　unconfbrmable　boundary　of　a　fll巳st　one　from　the

　　top　of　the‘‘Reddish　Limestone’，，　which　corresponds　to

　　the　fbmlation　boundary　between　the‘‘Reddish　Limestone’，

　　and　t　le　Naha　Formation．　The　boundary　cuts　the　rhodolith

　　grain　of　the　limestone　below　at　the　centre　of　the　photo．

　　The　Iocation　is　shown　in　Fig．15．

PL　21．An　irregular　void　cutting　the　structure　of　rhodoliths

　　（R），which　was　later　filled　with　marine　sediments，

　　fbrming　tiny　neptunian　dykes．　The　unconformable

　　surface　is　the　middle　one．　The　location　is　shown　in　Fig．

　　15．

P1．22．　A　geopetal　structure（G）just　below　the　lowemost

　　boundary．　The　location　is　shown　in　Fig．15．

Pl．23．　An　outcrop　of　the　formation　boundary　between　the

　　‘‘Reddish　Limestone，，　and　the　overlying　Naha　Fomlation．

　　Location　is　shown　in　Fig．15．　The　rock　colour　changes

　　　into　brown　boneath　the　boundary．　There　are　many

　　solution　voids　and　borihgs　along　the　unconfbrmable

　　surface．

PL　24．　An　unconfbrmable　boundary　of　the　second　one

　　from　the　top　of　the‘‘Reddish　Limestone’，．　It　has　brown

　　pedogenic　material　of　5　cm　thick．　Many　irregular　voids

　　filled　with　marine　sediments，　fbrming　neptunian　dykes．

　　The　shape　of　the　jagged　sur飴ce　is　similar　to　recent

　　phytokarst　in　coastal　areas．　A　quarry　ofA2　in　Fig．6．

P1・25・Aslab　just　below　the　unconfbrmable　boundary　of

　　P1．24．　Lefしis　upper　side．　Complicated　erosional　voids

　　are　filled　with　white　marine　sediments（W）．　The　top　of

　　the　voids　were　later　f川ed　with　cements（C），　fbrming

　　geopetal　structures．　The　substrates　had　been　altered　to

　　brown　pedogenic　materials，　having　many　tiny　tubular

　　voids　ofrhizoliths（R），　as　seen　in　recent　coastal　areas．

PL　26．　An　outcrop　of　the　boundary　between　the‘‘Reddish

　　Limestone”（RL）and　the　Naha　Formation（NF）of　a　quarry

　　of　A3　in　Fig．6．　The　boundary　is　located　at　one－third

　　from　the　bottom　of　the　photograph．　Unconsolidated　dark

　　brown　palaeosols（P）are　only　remained　at　depressions　of

　　the　underlying‘‘Reddish　Limestone，’．　A　hammer（H）fbr

　　scale　at　bottom　part　of　the　right　side．

P1．27．　A　clod　of　the　palaeosol　of　P1．26．　Tiny　root　tubules

　　（R）価nged　with　white　cement　are　seen．

P1．28．　A　boundary　between　the‘‘Reddish　Limestone’，　and

　　the　overlying　Naha　Fomlation（NF），　an　outcrop　ofAs　in

　　Fig．6．　The‘‘Reddish　Limestone’，（RL）are　brecciated．

P1．29．　Recent　correlatives　of　the　brecciated‘‘Reddish

　　Limestone，，．　The　coastal　hmestone　is　oflen　separated　into

　　many　blocks，　probably　due　to　erosion　of　seaward　and

　　losing　of　the　potential　balance．

PL　30．　A　view　of　the　Makisan　Quarry　in　Irabu　Island．

　　Location　of　the　sketch　of　Fig．16　is　shown　as　a　black

　　square・

PL　31．An　algal　crust　skeleton（A）is　cut　by　the

　　unconformable　boundary（horizontal，　black　dots）．　The

　　location　is　shown　in　Fig．16．

P1．32．　An　unconfbmable　sur飴ce，　whose　location　is　shown

　　in　Fig．16．　Colour　of　the　surface　is　pedogenically　a；tered

　　to　brown．　Complicated　voids　are　f川ed　with　marine

　　sediments，　forming　neptunian　dykes，

Pl．33．　An　unconformable　surface，　whose　location　is　shown

　　in　Fig．16．　Complicated　shape　of　voids　are　similar　to　that

　　ofphytokarst．　Tiny　tubular　voids　of　l　mm　in　diametre　are

　　seen（R），　which　are　presumably　rhizoliths．

P1．34．　A　view　of　the　quarry　of　C　l　in　Fig．6．　Paleosols（P）

　　are　observed　only　loose　part　of　the　hmestone　just　below

　　the　boundary　which　separates　the　Naha　Formation　into

　　lower（LN）and　upper（UN）part．　The　boundary　tilts
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　　toward　west　at　several　degrees　at　this　outcrop，　which　is

　　almost　concordant　with　the　bedding　planes．

PI．35．　The　unconfbmlable　boundary　between　the　lower　and

　　upper　Naha　Fomations　of　PL　34．　Location　of　the　sketch

　　of　Fig．17is　shown　by　black　square．

P1．36．　The　unconfbrmable　boundary　within　the　Naha

　　Fomlation，　which　is　same　to　the　P1．35　from　a　quarry

　　of　C2（Fig．6）．　The　arrows　show　the　direction　of　the

　　coral　colonies，　which　is　cut　by　the　unconfbrmable

　　boundary　between　the　lower（LN）and　upper（UN）Naha

　　Formations．

P1．37．　The　unconformable　boundary　betWeen　the　lower　and

　　upper　Naha　Fomlations．　The　sketch　is　shown　in　Fig．18．

　　Corals　are　steeply　cut　by　the　sharp　boundary．　A　quarry　of

　　C3　in　Fig．6．

Pl．38．　The　unconformable　boundary　between　the　lower　and

　　upper　Naha　Formations　in　the　same　quany　of　the　P1．37．

　　The　sketch　is　shown　in　Fig．19．

Pl．39．　The　unconfbrmable　boundary　between　the　lower

　　（LN）and　upper（UN）N曲a　Fomations．　The　paleosol（P）

　　is　only　seen　at　fissures　below　the　boundary．　A　quarry　of

　　C5　in　Fig．6．

Pl．40．　Cemented　rhizoliths（root　tubules）（R）are　seen　in　the

　　dark　brown　palaeosol　of　the　left　side　of　the　P1．39．

P1．41．Neptunian　dykes（N）which　fill　the　irregular　voids

　　are　seen　right　side　of　the　photos．　They　are　fbund　at　just

　　below　the　boundary　of　the　unconfbmlity　between　the

　　lower　and　upper　Naha　Formation．　A　quarry　of　Cs　in　Fig．

　　6．

P1．42．　The　Iower　and　upper　Naha　Fomations　in　a　quaπy

　　of　C5　are　both　composed　of　rhodolith　limestone（RL），

　　whereas　corals（C）are　only　seen　at　the　unconformable

　　bounda！y．

PL　43．　An　outcrop　of　the　bo閃dary　of　the　Naha　and

　　Minatogawa　Formations　at　the　south　coast　of　Kyan（D　l

　　in　Fig．6）．　The　sketch　is　sllow11　in　Fig．20．

PL　44．　Pedogenic　breccias　near　the　outcrop　ofthe　D　I　in　Fig．

　　6．The　shapes　of　the　clasts　are　angular，　and　it　seems　the

　　breccia　was　developed　by　fヤacturing．

P1．45．　Pedogenic　breccias　at　the　coast　of　Komesu（D2　in

　　Fig．6）．

P1．46．　The　clasts　of　the　pedogenic　breccia　are　rounded。

　　However，　it　is　different　from　conglomerate　of　the

　　Minatogawa　Fomation，　in　terms　of　irregular　shapes　of

　　the　clasts，　and　lackhlg　of　coral　skeletons．　An　outcrop　near

　　DI　in　Fig．6．

Pl．47．　Matrices　of　the　pedogenic　breccia．　Pedogenic　Mn

　　nodules（M）and　many　tiny　voids　of　rhizoliths　are　seen．

　　An　outcrop　of　D　I　in　Fig．6．

PL　48．　The　limestone　of　the　Naha　Formation（NF）is

　　seriously　bored　just　below　the　unconformity　to　the

　　overlying　Minatogawa　Formation（MF）．　An　outcrop　of

　　DI　in　Fig．6．

P1．49．　The　plane　palaeosol（P）developed　within　the

　　Minatogawa　Formation．　A　quarry　of　E2　in　Fig．　6．

Pl．50．　A　palaeosol　layer（brown　part）seen　in　the　southem

　　coastal　area　of　Ou－lsland（E2　in　Fig．6）．　Above　this，　well

　　sorted　detrital　limestone　overlies　in　outcrops　nearby．

PL　51．Many　tiny　rhizoliths（R）developed　in　a　palaeosol

　　layer　observed　in　an　outcrop　of　P1．49．

P1．52．　Rhizoliths　having　a　couple　of　centimetres　in　diametre．

　　An　outcrops　of　Ou－lsland（El　in　Fig．6）．

P1．53．　Detrital　limestone　of　the　Minatogawa　Forrnation

　　in　Makiminato　region（E3　in　Fig．6）」t　has　steep　cross

　　bedding．

PL　54．　A　paleosol　layer　is　intercalated　within　the

　　Minatogawa　Formation　in　Makiminato　region（E3　in　Fig．

　　6）．

P1．55．　Rhizoliths　seen　in　the　paleosol　within　the

　　Minatogawa　Formation　in　Makim　inato　region（E3　in　Fig．

　　6）．

b
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