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Primary　resultS　of　sedimetological　research，　on　the　upPer　Jurassic　to　lower　Cretaceous

　　　　　　　　　　　　　　　　　　　carbonate　rocks　in　NW　Zagros　Mountains，　Iran

By

Akihiro　KANO，　Chizuru　TAKASHIMA，　Ryo　MATSUMOTO　and　Jun　SHIGENO

with　7　figures

（Received　on　August　22，2002）

　　　　Abstract：The　upper　Jurassic・lower　Cretaceous　carbonate　extensively　distributed　in　Zagros　Mountains（southem

Iran）is　coπe且ated　to　hydrocarbon　reservoir　rocks，　however　has　not　been　studied　with　sedimentological　aspects．　The

studied　sect董on　of　about　I　OOO　m　thick　exposed　in　Kuh－d－Yaghma（Aligdaz　Province）mainly　consists　of　shallow

marine　facies　exhibiting　sedimentary　structures，　such　as　paleosols，　paleokarsts，　biostromes，　and　stromatolites．　The

section　was　subdivided　into　nine　units　based　on　the　results　of　observation　of　outcrops　and　thin　sections，　Depositional

ages　were　estimated　by　fossil　occurrences　and　strontium　stable　isotope，

　　　　Units　l　and　2　represent　subaerial－meteoric　diagenetic　structures（paleosols．　paleokarsts，　and　banded　cements）

and　dolomite　of　a　mixed－water　origin．　Originally，　the　dolostone　was　highly・permeable　coarse－grained　sediment，　in

which　dolomitization　selectively　subjected。　These　diagenetic　pr㏄esses　may　have　been　associated　with　globa置sea－

1evel　low　or　a　regional　tectonic　event　during　Kimmeridgian，　and　formed　Iithi制substrate，　which　is　suitable　fbr

sedentary　organisms．　Unit　3　abundantly　yields　potential　reef－building　organisms，　such　as　stromatoporoids，　corals，　and

calcareous　algae．　However，　the　dominant　constituents　are　broken　uniserial　branching　stromatoporoids，　their

constructions　should　be　regarded　as　biostromes　and　did　not　form　reef　framework．　Fossil　association　and　strontium

isotopic　ratio　indicate　thdt　this　unit　was　deposited　in　Tithonian．　Units　4～7　are　alternations　of　two　deeper　and　two

shallower　facies．　The　deeper　units（units　4　and　6）mainly　consists　of　micritic　limestone　with　biofacies　characterized

by　ostracodes，　bryozoans，　and　sponge　spicules．　The　sha置lower　units（units　5　and　7）represents　stromatolites，　oncoids，

and　ooids　with　rich　assemblage　of　calcareous　algae．　Jurassic！Cretaceous　boundary　was　placed　in　unit　5．　First

appearance　of　orbitolinid　foraminifers　at　the　base　of　unit　7　was　interpreted　to　correspond　to　the　base　of　Barremian，

Units　8　and　g　consist　of　four　upward。shallowing　sequences．　The　base　of　each　cycle　consists　of　thinly　bedded

limestone　containing　brachiopod　she11，　and　change　into’thickly　bedded　and　massive　limestone　with　shallow　marine

stromatolies　and　fauna，　such　as　corals　and　rudists．　Gradual　decrease　in　thickness　of　the　sequence　indicates　that　the

platform　was　in　progradation　due　to　accumulation　of　the　carbonate　depOsits．

1．Introduction

　　　The　Mesozoic　carbonate　succession　of　Middle　East　is

the　one　of　the　largest　hydrocarbon　reservoirs　in　the　world・

Especially，　the　Jurassic　and　Cretaceous　in　Persian　Gulf

combine　several　developmental　conditions　fbr　a　reservoir．

The　strata　were　deposited　under　oceanic　anoxic　cvcnts

（OAE；Arthur　and　Schlanger，1979），　preゴerved　significant

primary　and　secondary　porosity，　and　developed　ideal　cap

rocks　（e．g．　the　Tithonian　Hith　Anhydrite）．　Mainly

petroleum　geologists　using　various　methods　including

boring　and　seismic　profiling　have　carried　out　researches　on

the　carbonate　reservoir　in　Persian　Gulf．　Although

stratigraphic　framework　of　the　Mesozoic　was　constructed

by　limited　data　of　boring　cores　accompanied　with　field

survey　（e．g．　Setudehna，1978），　problems　were　left　in

understanding　details　　in　　depositional　facies　and　　age

determination．

　　　In　Zagros　Mountains　area，10cated　SW　of　Main　Zagros

Thrust　bordering　Iranian　and　Arabian　Plates，　outcrops
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Fig，　1　：　Location　of　the　study　area，　Kuh・d－yaghma　in

northwestern　Zagros　Mountains，　Iran・

optical　microscope　and　cathodoluminescence　method．　It

should　be　noted　that　numbering　of　the　specimen　is　in　the

ascending　order　for　K　l－section（K－1　to　K－100）and　K3－

section（K－301　to　K－365），　but　in　the　descending　order　fbr

K2－section．（K－101　to　K－239），　Descriptive　tems　of

limestone　rock　types　and　porosity　types　follow　to　Dunham

（1962），Embrie　and　Klovan（1971）and　Choquette　and　Prey

（1970）．

　　　The　investigated　strata　must　be　correlated’to　upper

Jurassic　Surmeh　Formation　and　lower　Cretaceous　Fahliyan

Formation（James　and　Wynd，1965）．　However，　it　was

difficult　to　place　the　boundary　of　the　two　formations，

because　we　fbund　difference　in　facies　and　thickness

between　the　investigated　strata　and　the　type　section．

Another　problem　in　stratigraphic　correlation　is　that　the

studied　sections　lack　anhydrite　horizons，　which　occurs

between　the　Surmeh　and　Fahliyan　Formations　in　other

areas．　Therefbre，　we　do　not　used　names　of　defined

stratigraphic　units　of　previous　studies．

extensively　expose　the　Mesozoic　carbonate　succession，

which　is　considered　as　an　equivalent　of　the　hydrocarbon

reservoirs．　However，　no　research　has　been　published　with　a

focus　on　depositional　facies　and　paleontology　of　the

Mesozoic　succession　in　Zagros．

　　　Japan　National　Oil　Cooperation　provided　us　an

opportunity　to　study　basic　stratigraphy　and　geochemical

properties　of　the　Mesozoic　in　Zagros　Mountainsjn　order
　　　　　　　　　　　　　　　　　　　　　　ほ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

to　predict　the　reservoir　potential　of　the　equivalent　strata　ln

Persian　Gulf．　This　paper　represents　the　primary　results　on

stratigraphy，　sedimentary　petrology，　and　paleontology．

II．　Studied　locality，　methods　and　definitions

III．　Stratigraphy　and　facies　of　the　sections

　　　Nine　units，　numbered　in　the　ascending　order，　were

recognized　（Fig．　2）　due　to　the　results　of　observation　of

outcrops　and　thin　sections．　Description　of　stratigraphy　and

facies　（1itho－　and　biofacies）’will　be　started　form

stratigraphically　lower　section　（Kl－section），　then　K3－

section，　and　finally　the　upper　K2－section．

A．K1・section

　　　This　section　is　exposed　in　the　middle　flank　of　Kuh－d－

Yaghma（Fig，3a），571m　in　the　total　thickness，　and

subdivided　into　five　units．

　　　Three　sections　（K1～3）　are　all　located　at　Kuh－d－

yaghma　（33°11’28”N，　49°29’47’E）　near　Aligdaz　in

northwestem　Zagros　Mountains（Fig．1），　and　were

investigated　during　expeditions　in　2000～2001・　The

sections　expose　the　upPer　Jurassic　to　lower　Cretaceous

carbonate　rocks，　In　terms　of　their　stratigraphic　relation，　the

thickest（571　m）K1－section　covers　is　lower，　and　without　a

significant　gap，　is　succeeded　by　the　upper　K2－section（395

m）．K3－section（136　m）covers　the　middle　horizons　of　K　l－

section，　which　contain　abund3nt　reef－building　organisms

（Fig．2）．　Number　of　collected　specimens　exceeds　300，　from

K1－section　lOO　specimens　were　collected　in　about　5m

interva1，139　specimens　were　collected　from　K2－section　in

about　3m　interva1，　and　65　specimens　were　collected　from

K3－section　in　about　2m　interva1．　For　observation　of

microfacies，　one　or　two　thin　sections　were　made　from　each

collected　specimen．　Thin　sections　were　observed　under

1．Unit　l（K－1～16）

　　　Unit　1，82m　in　thickness，　mainly　consists　of　thickly

bedded　or　massive　limestone　of　dark　gray　color．　Paleosols

（Fi　g，3b）were　recognized　at　least　two　horizons（K－6　and

K－10）in　the　lower　part，　where　the　limestone　is　altered　and

exhibiting　red　color．　The　upper　30m　is　characterized　by

burrowed　massive　limestone　intercalated　with　thin

dolomitic　layers．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ρ
　　　Limestones　of　unit　l　are　generally　grain～packstone

containing　calcareous　al　gae，　corals，　and　brachi6pods，　but

difference　in　dominant　constituents　is　recognized　between

the且ower　and　upper　parts．　Specimens　lower　than　K－12　are

peloidal　and　abundant　in　foraminifers，　brachiopods，

mollusks，　and　echinoderms．　Ostracodes　occur　densely　in

K－1，K2，　and　K－4．　In　the　horizons　upper　than　K－13，

foraminifers，　brachiopods，　and　ostracodes　became

uncommon，　The　fossil　constituents　are　less　diverse　and
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Fig．2：Stratigrahy　and　estimated　ages　of　three　sections（K1～3－

sections）with　brief　description　of　litho且ogy．
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dominated　by　mollusks　and　echinoderms．　Instead，　corals

are　common　in　K－13and　K－16．

　　　Ooids　were　recognized　in　K－15　and　K－16，　and

intraclasts　occur　in　K－8．　Dolomite　rhombs　occur　from　K－5

and　increase　upwards．　Organic　matter　is　common，

especially　found　in　intercrystal　porosity　of　dolostone　and

moldic　porosity．

2．Unit　2（K－17～32）

　　　Unit　2，123m　in　thickness，　consists　of　the　lower

massive　dolostone（about　60m；Fig．3c）and　the　upper　dark

gray　limestone（about　60m）．　The　base　of　this　unit　is　clearly

marked　by　abrupt　facies　changc　from　limestone　to

dolostone．　The　dolostone　exhibits　white　to　hght　gray　in

color，　but　partly　black　and　contains　much　of　organic　matter．

The　upper　limestone　appears　massive　and　partly　coarse－

grained，　The　top　of　the　unit　is　accompanied　with　breccias

and　paleo－speleothems，　which　werc　originated　from　somc

subaerial　cxposed　events・

　　　　Microscopic　observation　clearly　reveals　that　the　rocks

of　unit　2　were　originally　composed　of　coarse－grained

carbonate．　The　dolostone，　which　occurs　below層K－20，

consists　of　coarse－grained　（about　l　mm　in　diameter）

dolomite　crystals（Fig．3d）．　The　rhombic　crystals　have

brown－colored　centers　fringed　by　transparent　margins．

Original　depositional　fabrics　were　preserved　rarely，　but　in

black－colored　part　appears　g面nstone　with　coarse　fractions

of　ooids，　oncoids，　mollusks，　and　calcareous　algae．　The

dolostone　　develops　　intercrystal　　porosity　　but　organic

contents　are　insufficient　except　for　b置ack－colored　ones．

　　　The　upper（above　K－21）limestone　appears　grain～

packstone　facies　and　grainstone　becomes　dominant　to　the

upward．　Dolomite　was　only　recognized　from　K－23．

Common　fossil　constituents　are　calcareous　algae，

foraminifers，　echinoderms，　and　mol　lusks．　Some　calcareous

algae　　could　　be　　identified　　as　　」Kurnubia　　sp・　　and

Salpingopore〃αsp．　Foraminifers　are　mostly　smaller　forms

and　Protopeneropolis　sp．　were　found　from　K－27　and　K－30．

Brachiopods　al　so　became　common　from　　K－23．

Stromatoporoids　were　found　from　K－25，　and　corals　were　in

K－27and　K－28，0ther　than　fossil　components，　ooids　are

prominent，　and　peloids　occur　in　K－21，　K－27，　and　K－28．

Moldic　porosity　develops　in　K－26　and　K－28．

3．Unit　3（K－33～53）　　　　　　　　　　　　　　　　　　　　’

　　　Abundant　large　fossils　characterize　massive　and・

thickly　bedded　limestone　of　this　unit．　The　total　thickness　of

the　unit　is　l20m．　Assemblage　of　the　large　fossils　is

dominated　by　stromat6poroids　of　uniserial　branching

fotms（Fig．3e）．　This　potential　reef－building　fauna　shows

bufflestone　or　floatstone　textures　in　IateraH　y　extended

lentic　bodies，　rather　than　forms　reef　framework．　Breccia　of

apossible　paleo－karstic　ori　gin　was　found　at　the　top　of　this

unit．

　　　The　limestone　fabric　of　this　unit　is　mainly　grainstone

in　the　lower　part，　and　changes　packstone　and　wackestone

in　the　upper　part，　due　to　decrease　in　local　water　energy．

This　unit　is　rich　in　large　fbssils．　Stromatoporoids

abundantly　occur　from　K－42　to　J－50，　and　corals（including

ahydrozoa　Spon8iomoηpha♪are　most　common　from　K－4｛9

to　K－52．　Several　stromatoporoid　taxa　were　recognized，　and

CIOdocoropsis　sp．（Fi　g．3fi　of　uniserial　branching　forms－is

the　most　dominant　genus，　This　genus　is　characteristic　in

tems，　of　iack　of　distinct　horizontal　skeletal　elements．

ParastroMatopora　andルti〃eporidiuM（Fi　g．3g）were　al　so

found．　As　other　fossil　components，　calcareous　algae，

foraminifers，　mo11usks，　and　echinoderms　are　common．　The

fol　lowlng　cal　careous　al　gae　were　identified，　Kurnubia（K－

38　and　K48），　Salpon80pre〃α　（K－46　and　K－47），　and

DasYcla（K－40　and　K－42）．　Bryozoans　are　only　commgn　m

the　upper　part，　espccially　were　densely　found　in　K－48．

　　　The　lower　unit　3　contains　peloids，　and　the　horizons

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コabove　K－37　tend　to　contain　ooids．　Common　poroslty　types
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of　this　unit　are　moldic　and　fracture　porosities．

4．Unit4（K－54～69）

　　　Unit　4，75　m　in　thickness，　easily　weathered　and　thinly

bcdded　limestone，　which　can　be　recognizcd　from　a

distance　due　to　light　gray　color．

　　　The　limestone　exhibits　wackestone　to　peloidal

grainstone　fabrics，　To　the　upward，　the　grainstonc　tcnds　to

bc　dominant，　and　fossil　components　decrease　in　both　terms

of　abunda皿ce　and　diversity．　Bryozoans　and　ostracodcs　arc

cllaracte！istic　in　this　unit・、Bryozoans（Fig・4a）arc　abundant

in　K－55　and　K－56，　and　also　found　in　the　upper　part　of　the

unit．　Ostracodes　are　abundant　in　the　lowcr　unit．　Othcr

common　fossil　components　are　foraminifers，　mollusks，　and

cchinoderms，　however　abundance　of　foraminifers　is　lowcr

than　units　2　and　3．　Brachiopods　increase　in　the　upPer

horizons．　Calcareous　algae　were　found　in　K－55，　K－56，　and

K－59，and　some　of　the　algae　were　identified　as　Kurnubia

sp．　Potential　reef－builders　are　rare，　but　stromatoporoids

were　found　in　K－57　and　K－62，．and　corals　werc　in　K。57，　K－

61，and　K－70．

　　　Common　non－skeletal　grains　are　only　peloids，　which

are　abundant　in　the　upper　unit．　Grains　indicating　high－

encrgy　environments，　such　as　oncoids，　ooids，　and

intraclasts，　were　not　found．　Common　porosities　are　fracture

and　moldic　types，　in　which　organic　matter　is　preserved．

，5．Unit　5（K－70－100）

　　　　The　uppermost　l60　m　of　Kl－Section　belongs　to　unit　5．

It　consists　of　lower　massive　and　thickly　bedded　micritic

limestone　and　the　upper　massive　coarser－grained　Iimestone．

The　unit　exhibits　sedimentary　structures　indicating　shaUow

marine　environments，　such　as　paleo・karst　and　possible

birds－eye．　However，　the　most　characteristic　structures　are

stromatolites（Fig．4b），　which　were　recognizcd　at　lcast　in

three　different　horizons．

　　　　This　unit　is　throughout　characte！ized　by　abundance　of

peloids．　However　due　to　the　dominant　microfacies，　it　can

be　divided　into　the　lower　wackestone（K－70～83），　and　the

upper　grainstone（K－84～100）containing　oncoids　and　ooids．

The　biofacies　of　this　unit　is　Iow　in　diversity，　and　mollusks

are　the　only　constituents　occurring　continuously．　The　poor

biofacies　is　distinctly　seen　in　peloidal　limestones　from　K－

85　to　K－89　in　which　occurrences　of　foraminifers　and

calcareous　algae　are　unusually　rare．　In　other　horizons，

calcareous　　algae　　are　　common　　and　　∠）asYcla，

Salpingopore〃a，　Thau〃tatopore〃召，　and　C1），peinea　wcrc

identified．　Bryozoans　and　ostracodes　are　less　abundant

than　unit　4，　and　found　in　several　horizons　of　the　lower　part

and　K－100．　Brachiopods　also　occur　in　some　horlzons，　but

thcir　contribution　is　smal1．　The　stromatolites　cxhibit　mm－

order　repetition　of　dark　and　light－colored　laminae，　poorly

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　■

containing　clastic　grains（Fg．4d）．　It　largely　diff¢rs　from

the　texturc　of　the　recent　stromatolites　fommed　in　tidal　flat

　　　サ
envlronmcnts．

　　　As　non－skclctal　components　other　than　peloids，　ooids

（K－76，K－94，　and　K－99）and　oncoids（K－82，　K－88，　K－93，

K－96，K－97，　and　K－99）arc　prominent．　Limcstones　of　K－76

and　K－94　include　intraclasts．　The　most　common　porosity

type　is　moldic．　Fracture，　intraparticle，　and　intcrcrystal

porosities　wcrc　also　found。　Organic　mattcr　was　commonly

prcserved　in　porosities　devclopcd　among　dolomitc　crysta且s

and　in　pri　mary　pores　of　for㎜inifcr　and　bryozoan

skeletons．

B．K3・section

　　　This　section　is　136　m　in　total　thickness　and　was

studied　to　investigate　the　Iatcra置facics　change　of　unit　3

yielding　potential　rccf－building　organisms．　The　lowcrmost

l8　m　of　this　section（K－301～308）consists　of　thickly－

bedded　and　coarse－grained　limestonc　containing　bivalves

and　calcarcous　algae，　and　undcriics　massive　limcstonc

which　sparsely　yields　corals　and　stromatoporoids．　Thc　top

of　this　thickly－bedded　limestone　probably　corrcsponds　to

the　boundary　betwcen　units　2　and　3．　Thc　massivc

limestones，　dcvc且opcd　from　K・308　to　K－361，　arc

intcrcalated　with　bedded　limestone　at　three　horizons．　The

massive　limestoncs　are　gcncrally　rich　in　large　fossi且s，　and

especially　from　K－333　to　K341　uniseria且　branching

stromatoporoids　denscly　occur．　The　branches　of

stromatoporoids　〈Clαdocoropsis，　arc　normally　oricntcd

parallel　to　bcdding　plancs．　Thc　scction　rarcly　yiclds

stromatoporoids　of　massivc　and　domical　forms，　which　arc

common　in　Kl－section，　From　K－362，　thc　limcstonc

bccomes　micri　tic，　beddcd　and　lcss　abundant　in　largc　fossils，

This　horizon　can　bc　the　boundary　bctwccn　units　3　and　4．

　　　Limestones　of　K3－scction　gcncrally　show　wackcstonc・

packstonc　fabric．　Abundancc　in　largc　fossils　is　rccognizcd

also　in　thin　scctions．　Stromatoporoids　arc　thc　most

dominant　group，　but　thcir　assemblagc　is　poorly　divcrsc　and

dominated　a　singlc　gcnus　Clαdocoropsis．　In　microscopic

invcstigation，　corals　wcrc　rccognizcd　in　K。314，　K－315，　K－

320，K－321，　K－322，　K－345，　and　K－350．　Hydrozoan　gcnera

Spon8iomorp／ia　was　in　K－310and　K－350．

　　　Thc　limestone　also　includes　othcr　fossil　groups，　such

as　calcarcous　al　gae，　brachiopOds，　mollusks，　ostracodes　and

echinoderms．　The　idcntificd　ca】carcous　algac　was

Kurnubia　sp．　Occurrence　of　bryozoans　is　notcworthy　and

limitcd　in　both　Iower（K－302～308）and　uppcr（K－351～363）

hori　zons　of　K3。scction．　Spongc　spicules　wcrc　found　in　K－

331and　K－349．　This　fossil　association　is　gcnerally　similar，

but　is　diffcrcnt　from　that　of　unit　3　of　Kl－section，　in　tcrms

of　occurrcnce　of　ostracodes　and　sponge　spicules．　This　may

result　from　cnvironmental　gradicnt　bctween　K　1－section
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and　K3－section．　A　possible　reconstruction　is　that　K3－

section　was　deposited　somewhat　deeper　environments．

This　is　supported　by　strong　domination　by　uni　seri　al

branching　Clαdoclopsis　sp．，　which　may　have　adapted　to

low－energy　environments．

　　　Peloids　are　common　non－skeletal　constituents．　The

limestones　in　some　horizons　contain　intraclasts（K－309，　K－

314，K－325，　and　K－333），　oncoidS（K－308　and　K－309），　and

ooids（K－309　and　K－359）．　Dolomite　was　recognized　in　K－

302　and　K－360．　The　upper　part　of　the　section　was

styrolized．　The　common　porosity　types　are　fracture　and

moldic．　Organic　matter　occurs　in　both　of　lowermost　and

uppemost　horizons　in　association　with　porosities　and

dolomites．

C．K2・section

The　total　thickness　of　K2－section　is　395　m．　The　section

was　measured　a　hill　slope　next　to　Kuh－d－Yama（10wer）and

along　the　valley　down　from　this　hiH（upper；Fig．4e）．　There

is　no　significant　stratigraphic　gap　or　overlap　with　Kl－

sect量on．

1．Unit　6（K－239～191）

　　　The　lowermost　l40　m　of　K3－section　was　defined　as

unit　6，　although　this　part　shows　Iithological　similarities

with　unit　5．　This　unit　consists　of　massive　limestone　of　Iight

dray－gray　colors，　and　yields　bivalve－gastropod　shell　beds・

Stromatolites　occur　at　K－194，　The　Iimestone　was　partly

dolomitized　and　is　easily　weathered　due　to　development

tiny　fractures．

　　　The　limestone　is　normally　micritic　and　exhibits

wackestone　to　lime－mudstone　fabrics．　Common　fossil

constituents　are　foraminifers，・ostracodes，　sponge　spicuIes，

calcareous　algae，　and　bryozoans．　The　dominant　calcareous

algae　are　identified　as　Dαcycla　sp．，　which　especially　shows

dense　occurrence　in　K－222，　K－223m　K－228，　K－234，　and　K－

239．Specimen　of　K－205　yields　Bacine〃αsp．（a　calcified

microbe）．

The　peloids　are　only　common　non－skeletal　constituents．

Fracture，　intercrysta1，　and　moldic　porosities　were

recognized．

2．Unit7（K－190－．168）

　　　Unit　7　is　massive　to　thickly－bedded　limestone　of　65　m

thick　and　dark　gray　to　light　gray　colors．　The　base　of　unit

was　defined　by　the　first　appearance　of　orbitolinid

foraminifers　（Fig．4g）．　Oncoid－foraminifer　associatipn

forms　characte1istic　coarse－grained　layers　（Fig．　4h）　in

some　horizons　of　thiS　unit．

　　　The　limestone　mainly　appears　wackestone　although

less　common且y　lime・mudstone　and　packstone　occur．　Two

types　of　fossil　association　werc　rccognized，　one　main！y

consisting　of　foranlinifers，　ostracodes，　and　calcareous

algae，　and　the　other　rich　in　brachiopods　and　sponge

spicules．　The　fomler　association　was　typically　seen　in　unit

6，and　the・1atter　is　similar　to　the　association　of　unit　8．

Foraminifers　are　highly　various　in　their　morphology，　from

small　forms　having　only　a　few　chambers，　to　large　forms

such　as　orbitolinids：Orbitolinids　are　especia11y　abundant　in

K－172～170．

　　　　Non－skeletal　grains，　such　as　oncoids　and　peloids，　are

common　in　this　unit．　Dolomite　was　also　recognized　in

some　thin　sections．　Common　porosity　types　are　moldic　and

intercrystal．　Moldic　porosities　was　developed　by

dissolution　of　mollusks　and　foraminifers　within　micritic

matrix．　　Intercrystal　　porosides，　　associated　　with

dolomitization，　is　prominent　in　K－177～171．　Large

foraminifers　often　preserve　organi　c　matter　in　their

chambers（Fig．4g），　and　shows　pigmented　skelet6ns．

3．Unit　8（K－167～144）　　　　　　　　　　　　．　　　　　、

　　　　Unit　8，75　m　in　thickness，　fbrms　an　upward－thickening

sequence，　in　which　the　lower　thinly　bedded　limestone（Fig．

5a）changes　into　the　upPer　thickly　bedded　layers　exhibiting

stromatohtes．　Flat　pebbles　occurs　in　K－161．

　　　This　unit　mainly　consists　of　packstone　and　wackestone，

and　is　coarser　grained　than　other　units　of　K2－section．　The

most　characteristic　fossil　components　are　Iarge　brachiopod

she11s（Fig．5b），　which　are　associated　with　sponge　spicules

in　micritic　matrix．　This　association　is　common　in　the　lower

thin－bedded　limestone，　and　may　indicate　deeper

environments．　Contrary，　above　K－149，　proportion　of

foraminifers　and　cal　careous　algae　increased．　Orbitolinids

were　commonly　recognized．

　　　Unit　81acks　oncoids，　which　abundantly　occur　in　unlt　7．

The　lower　of　unit　8　is　poor　in　porosity　and　altered　textures．

Whereas，　the　upper　part　commonly　show　porosity　and

dolomitized　textures（Fig．5c）．

4．Unit　9（K－143～101）

　　　This　uppermost　unit　of　K2－section　is　about　115　m　in

thickness，　and　the　top　of　the　unit　is　truncated　by　a　fau夏t．

The　unit　consists　of　three　upward－thickening　sequences，

ranging　their　thickness　from　60　m　to　20　m．　We　define　the

three　sequence　as　cycles　l　to　3，　in　the　ascending　order．　The

lower　part　of　each　cycle　is　thinly－bedded　pale－green

Iimestone　contains　brachiopod　she11　and　te㎡genous

components．　The　limestone　becomes　massive　and　rich　in

burrows　to　the　upward．　The　outcrops　shows　some　strike－

shp　faults，　and　along　the　one　near　K－140　a　cave　is

developed．　OH　is　percolated　out　on　this　fault　plane　（Fig・

5d）and　from　the　cave（Fi　g．5e）．

　　　Limestone　is　mainly　wackestone．　Fossil　composition

varies　due　to　the　cycles．　Cycle　l　is　dominated　by
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foraminifers　　（including　　orbitolinids；　　Fig．　　5f）　　and

calcareous　algae．　Cycle　2　is　rich　in　b由chiopods　and

mollusks，　but　poor　in　orbitolinids．　Cycle　3　exhibits　diverse

fossiI　association　including　corals（Fig．59）and　rudists（Fig．

5h）．　In　this　cycle，　ostracodes　and　small　foraminifers　are

abundant，　but　calcareous　algae　is　poor．

　　　As　non－skeletal　grains，　peloids　are　common　especially

in　cycle　2．　Occurrence　of　dolomite　is　restricted　in　cycle　l．

Porosity　is　also　we11　developed　in　cycle　1，　and　moldic

porosity　is　the　most　common　type．　Foraminifers　preserve

intraparticle　porosity，　in　which　organic　matter　nomlaliy

occurs．

IV。1）iagenetic　textures　in　cathodoluminescence

　　　Cathodoluminescence　method　was　applicd　to

invesdgate　cementation　and　dolomitization　stages　of

specimens　collected　from　K　l－section，　which　are　supposed

to　be　subjected　under　various　diagenetic　processes．　In　this

chapter，　we　show　cathodoluminescence（CL）views　of　thin

sections（Fig．6）and　interpret　the　textures．

A．CL　textures

　　　Apartly－dolomitized　grainstone　of　K－10　consists　of

sedimentary　particles（dull　CL）fringed　by　calcite　cement

exhibiting　b！ight　CL（Fig．6b）．　Sparitic　crystals　of　non－

luminescent　CL　truncate　these　CL　textures，　which　may　be

dolomite．　The　dolomite　crystals　of　non－luminescent　to　dulI

CL　were　recognized　in　K－6．

　　　Coarse　grained　dolostone　of　K－17　show　any　distinct

CL　texture，　and　consist　of　crystals　having　dull　ccnters　and

non－1uminescent　fringes（Fig．6d）．　The　dolostones　of　other

horizons　of　the　lower　unit　2　show　similar　CL　textures．

　　　Limestones　of　the　upper　unit　2　and　the　losvermost　unit

3（K－21～34）often　exhibit　banded　cement　consisting　of

growth　stages　of　different　CL　intensity（Figs．6f，　h）．　The

banded　cement　is　norma11y　developed　as　syntaxial

overgrowth　on　echinoderm　grains（Fi　g．6h）．

　　　The　banded　cement　was　not　recognized　in　horizons

above　K－35．　The　limestones　exhibit　only　weak　CL

intensity，　although　limestones　of　unit　4　as　a　whole　increase

CL　intensity．

B．Interpretation　　　　　層

　　　Cathodoluminescence　of　carbonatc　mincrals　is
primary　controlled　by　the　contents　of　Mn2＋（Frank　et　al．，

1982）．Due　to　increase　of　Mn2＋content，　the　CL　changes

from　non－1uminescence，　through　dull，　to　bright．　Mn2＋

content　of　carbonate　minerals　is　related　to　Mn2’／Ca2＋ratio

of　the　diagenetic　fluid，　which　is　the　function　of　redox

conditions．　Since　an　oxidizing（high　Eh）condition　causes

formation　of　manganese　hydroxide，　content　of　free　Mn2＋is

largely　reduced　and　the　resultant　CL　is　normally　non－

1uminescence．　Contrary，　a　reduccd　（且ow　Eh）condition

increased　Mn2’　content　of　the　fluid　and　CL　intensity　of　thc

precipitated　carbonate　minerals．　These　relation　work　in

many　diagenetic　processes．　Therefbre，　a　banded　cement

showing　repetition　of　different　CL　intensity　has　been

thought　to　indicate　fluctuation　of　redox　conditions　during

diagencsis．

　　　This　circumstance　normally　occurs　in　metcoric

diagenetic　environments（Meycrs，1974）．　Bccause　scawatcr

is　stablc　in　chcmical　charactcristics　duc　to　a　且argc

moderati　ng　cffect　of　watcr　mass，　thc　fluctuation　of　rcdox

condition　is　hard且y　cxpcctcd．　Fluid　of　sedimcnt！seawater

interface　genera11y　kceps　oxidizing　conditions　or　is

gradually　reduced　due　to　accumulation　of　sedimcnt　and

decomposition　of　organic　mattcr．

　　　If　the　bandcd　cements　of　K－21～34（Figs．6f，　h）was

formed　under　meteoric　diagcnesis，　thc　dolomitc　of　thc

lower　unit　2　was　most　r信asonably　fbrmed　in　mixcd　watcr

（meteoric　watcr　and　seawatcr）　diagenesis．　This

interpretation　supPorted　by　palco－karst　structurc　at　thc　top

of　unit　2　and　stable　isotopic　values（δ13C＝＋1．0％o，δ180＝

－
3．5－－3．2％o）of　thc　dolostone．　A　possiblc　palco－karst

structure　was　also　found　in　the　upPcr　unit　5，　howcvcr

results　of　CL　investigation　presented　no　indication　of

meteoric　diagenesis．

V．Age　determination

　　　Prccisc　biostratigrap量IY　can　not　bc　apPIicd　to　the

invcstigatcd　limcstonc　scctions，　bccausc　the　limcstones　arc

shallow　marinc　lithificd　oncs　and　do　not　yicld　fossils　used

for　gtobal　corrclation，　such　as°ammonitcs　and　nanofbssils．

Agc　cstimation　of　this　study，　is　thcrcforc　somcwhat　rough，

and　should　bc　bascd　on　othcr　fossils．　Strontium　stable

isotope　was　mcasurcd　at　two　horizons，　and　thc　valucs

providcd　uscful　rcfcrcncc　to　estimatc　agcs．

　　　Potential　rccf－building　community　mainly　consisting

of　stromatoporoids　should　bc　dcvclopcd　in　a　pcriod　from

carly　Kimmeridgian　to　late　Valanginian．　According　to

Scott（1988），　corals　dominatcd　recf　communities　of　older

Jurassic，　and　rudists　startcd　to　join　and　dominatc　the

communities　aftcr　Hautcrivian．　This　rangc　of　inferred　age

is　morc　spccificd　by　identificd　gcncra，　The　most　common

genus，　Cladocoropsis，　has　bccn　rcported　from　Jurassic　in

Saudi　　Arabia　　（Hudson，　　1954）　　and　　Oxfordian－

Kimmcridgian　of　Slovcnia　and　Croatia（Trunsck，1966，

1968）．　　　Lcss　　　abundant　　　gcncra，　　　ルti〃8por’4’〃’n，

Parastro’uatoporaM，　and　Spongio〃iorpha，　were　common

constitucnt　of　limcstone　of　the　Torinosu　Group（SW　Japan；
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Fig．6．　Textures　of　optical　microscopic（on　the　left　hand）and　cathodoluminescen㏄（CL）views（on　the　right　hand）of　limestone　and

dolostone　of　units　l　and　2　All　scale　bars　are　l　mm．（a．　b）Partl》dolom面zed　grainstone（K。10；unit　1）．（c。　d）Coarse　dolostone（K－17；

unit　2）（e，　f）Peloidal　grainstone（K－21；unit　2）showlng　banded　cements・（9・h）Peloidal　grainstone（K－25；unit　2）with　cements　showing

clear　zonation　ofCL　inten　si　ts
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Fig．7，　Stratigraphic　ranges　of　identified　genera　of　calcareous

algae　and　foraminifer．

Yabe　and　Sugiyama，　1935；Kano，　1988），　which　was

mainly　deposited　from　Tithonian　to　Berriasian．　The　reef

community　of　NE　Zagros　indicates　late　Jurassic　elemcnts

rather　than　early　Cretaccous．

　　　Several　identified　calcareous　algae（Fig．7）can　be　also

used　for　age　estimation．　Kurnub’a　sp．　abundantly　occurring

K－30～57，is　most　common　in　shclf－lagoon　facics　of　latc

Callovian－early　Kimmeridgian，　according　to　study　in　north

Ital　y（Jaffrezo，1980）．　Salρingopore〃o　sp．　found　in　K－

24～95　is　abundant　in　shelf－1agoon　facies　of　the　latest

Jurassic　（Crescend，　1971）．7フzau〃zatOpOre〃α　sp．　in　unit　5

has　a　wide　range　from　Triassic　to　late　Cretaceous，　but　is

most　common　in　late　Jurassic　．sha110w　marine

environments（Crescenti，1971）．　CIYpeina　sp．　identified　at

K－78is　shallow　marine　genus　of　early　Kimmeridgian－

Berriasian（Jaffrezo，1980）．1）asYclαd　sp．，　which　has　been

thgught　to　be　common　in　Berriasian，　abundantly　occur

from　K－78　to　K－236　and　ranges　up　to　K－202（Fig．7）．

　　　Foraminifers　　provide・　　some　　　age－controls．

Protepe〃θrρρ∫’∫sp．　found　from　K－27　and　K。48（Fi　g．7）is

the　late　Jurassic　genera．　Orbitolinids，　which　were

frequently　found　from　K2。section（unit　7～9），　are　important

to　detemine　ages　of　carbonate　rocks．　Orbitolinids　indicate

awide　range　of　geological　age　due　to　genus　and　species，

however　three　identified　orbitolinid　genera　in　this　study，

Dictyorbito〃〃a，　PaleobictyocoMus，　and　Vo　lserina，　are　al　l

younger　than　Barremian（Loelich　and　Tappan，1988）．

　　　Next，　we　consider　Sr　isotopic　ratio　measured　at　K41

and　K－98，　which　are　O．707053　and　O．707202，　respectively．

If　these　values　inherited　the　seawater　values　of

depositional　ages，　K－41　was　early　Tithonian　and　K－98　was

from　late　Tithonian　to　Beniasian（Jones　et　aL，1994）．

　　　Taking　a110f　the　above－mentioned　data　into　account，

the　followings　are　conごluded．　The　stromatoporoid。bearing

unit　3　is　probably　Tithonian，　however　this　unit　contains

also　older　element　such　as　abundance　of　Kurnubia　sp．

Because　there　is　an　inferred　stratigraphic　gap　between

units　2　and　3，　the　underlying　unit　2　should　be　older，　and

most　reasonably　Kimmeridgian．　The　Jurassic1Cretaceous

boundary　was　placed　around　K－78　by　referring　occurrence

of　DasYcloUt　sp．，　whi　ch　is　a　typi　cal　genus　of　Berriacian．

These　age　estimations　are　consistent　with　the　values　of　Sガ

isotopic　ratio．　Finally，　since　we　consider　that　the　first

appearance　of　orbitolinids　correspond　to　the　beginning　of

Barremian，　the　Hauterivian1Barremian　boundary　was　set　at

K－190（Fig．2）．　　　　　　　　　　　　　　　　’

VI．　Depositiona璽history

　　　Based　on　the　description　and　discussion，　depositional

history　of　the　upper　Jurassic　and　lower　Cretaceous　of　the

studied　sections　is　summarized　as　followings．

　　　The　lower　part　of　unit　l　was　deposited　in　subtidal

platfom1，　which　was　probably　dcep　and　habits　of　ostracod－

bryozoan　association．　However，　the　platform　was　exposed

at　least　twice　and　developed　paleosol　horizons．　The

plaげom　became　shallower　subtidal　or　tidal　flat

environments　in　the　upper　part，　and　corals　increased
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instead　of　decreased　ostracodes．　Sea　bottom　was　strongly

burrowed．

　　　Sediments　of　unit　2　were　originally　coarse－grained．

They　consisted　of　ooids，　oncoids　and　coarse　sk61etal

partiCles　deposited　in　high－energy　and　shallow　water，　such

as　shoa1．　To　the　upper　palt，　water　energy　decreased，　and

calcareous　algae　including　Kurnubia　sp．　started　inhabiting

on　　the　　platfonTl．　　In　　the　　upPermost　part　exhibiting

grainstone　fab1ics，　water　energy　again　increased．

　　　Platform　was　subaerially　exposed　after　the　deposition

of　unit　2（and！or　after　the　lowermost　unit　3）」t　may　have

correspond　to　the　Kimmeridgian　sea－1evel　low（Vaii　et．　aL，

1984）or　the　early　Kimmeridgian　uplift　event　related　to　the

final　collision　of　the　lranian　and　Turan　Plates（Davouzadeh

and　Schmidt，1984）．　The　subaerial　exposure　developed

mctcoric　and　mixed　water　diagenetic　environments，　and

rcsuhed　in　bandcd　cements（Figs．6f，　h）in　the　upper　unit　2

and　dolomitization　of　the　lower　unit　2．　Probably，　this

dolomitization　was　selcctivcly　worked　to　initially　porous

and　permcablc　sedimentS．

　　　The　subaerial　exposure　event　consolidated　the

carbonate　sediments，　which　in　turn　providcd　stable　sea

bottom　for　sedentary　organisms．　Stromatoporoids，　corals，

and　calcareous　a且gae　formed　bioherms　on　the　stable

substratc．　Sincc　dclicate　branching　forms，αα40cακ凋5

sp．　dominated　the　community，　environments　of　the

platform　svere　subtidal　and　relatively　losv－energy．　Most　of

branches　of　Clαdocaropsis　sp．　were　destroyed　and

transported　together　with　Kurnubia　sp．　It　was　not　a　real

reef，　but　was　rather　called　as　a　biostrome．　Considering

facies　and　fossil　associations，　K3－section　was　located　in

deeper　than　K　1－section．

　　　Abundance　of　ostracodes　and　bryozoans　in　the　lower

unit　4，　the　environments　became　dceper．　Howcvcr，　gradual

dccline　of山ese　fossil　groups　indicates　upward－shallowing

tcndency．　The　sea　bottom　became　peloida且and　inhabited

by　lcss　diverse　fauna　and　flora．

Dcvelopment　of　stromatolites　and　oncoids　in　unit　5

reminds　shallow　marinc　cnvironments，　such　as　tidal　flat．

Occu1Tences　of　ooids　indicates　periodical　increase　of　watcr

energy．　Biofacies　of　this　unit　was　characterizcd　by　various

CalCareOUS　al　gae，　KUrnUbia，　C4＞，petlia，　Salpiii80pOre〃a，

and　Thau〃iatoporella　（Fig．7），　which　livcd　in　lagoon　and

shelf　environments．

　　　Unit　6　differs　froin　unit　5，　in　tems　of　micritic

lithofacies　and　deeper　water　fosSil　association　consisting　of

sponge　　spicules，　　bryozoans，　　and　　ostracodes．　　Thc

environments　should　be　deeper　subtidaL

　　　Unit　7　characterized　by　oncoids　and　orbitolinids（Figs．

4g，　h）was　probably　deposited　in　somewhat　restricted　and

low－energy　intertidal－subtidal　environments．

　　　Unit　8　shows　gradual　increase　of　thickness　of

1imestone　beds．　The　biofacies　al　so　gradually　changed　from

brachiopod－sponge　spicule　association　to　calcareous　a　1　gac－

orbitolinid　association．　These　trends　indicate　the　upward

shallowing　probably　due　to　progradation．　The　shallowing

tendency　is　supported　by　occurrence　of　stromatolites　in　thc

upper　part・

　　　Unit　g　is　interpreted　as　three　upward－shallowing

cycles　with　the　characteristics　shcared　with　unit　8．　Each

cycle　started　from　biofagies　dominated　by　brachiopod　shell

and　ended　with　facies　exhibiting　stromatolites　and　burrows．

However，　difference　in　bigfacies　was　rccognized　among

three　cycles．　The　lowemost　one　abundantly　contains

bryozoans　and　orbitolinids，　whercas　the　uppermost　onc

yields　shallow－marine　constitucnts，　such　as　corals　and

rudists．　This　differencc　can　be　attributcd　to　diffe　rcncc　in

agc，　but　more　probably　to　progressive　shallowing．　If　the

cycles　wcrc　controllcd　by　thc　orbital　forcing，　thickncss　of

the　cycle　decreased　upwards　duc　to　scdimcnt　accumulation

of　platfomm．　This　can　bc　thc　case　of　thc　four　cyclcs

（including　one　seen　in　unit　8）．　It　is　notcworthy，　at　thc　cnd

of　this　papcr，　to　describe　that　such　orbita且ly　controllcd

cycles　bccamc　common　from　Albian　（Dc　Borc，1982；

Herbcrt　and　Fischcr，1986）．
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