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ABSTRACT

　　　Garnet　is　a　widespread　detrital　mineral　in　Permian　to　Jura,ssic　sandstonesof　the

South･ern　Kitakami　'Terrane･Electron“probe　microanalyses　of　these　g肪nets　show　a

graduj　change　of　chemistry　゛ith　the　゛ge　of　the　sandstones･　The　dominant　garnet　suites

in　Permian　to　Triassic　sandstones　are　grandjte,　with　some　sPessartine-almandine　in　up-

per　Triassic　sandstones.　Howeverjn　Lower　Jurassicsandstones,　pyroPe‘almandine　and

spessartine-almandine　garnets　are　common,　whereas　grandite　gamets&reabsent｡G&r-

net　suites　in　Middle　to　upper　Jurassic　sandstones　are　dominated　by　pyrope-alman(hne

garnet,The　grandite-dominant　suites　are　associated　with　homblende,　epidote　and

titanite,　whereas　the　pyroPe-almandine-dominant　suites　are　associated　with　biotite.

　　　These　grandite　garnets　are　rich　㎞andradite　and　have　very　low　spessartine,　alman-

dine　and　Pyropecontents,　Some　of　the　grandite　garnets　are　misotropic　with　oscillatory

zoning　and　sector　twiりning,　typical　of　calcic　skarn　deposits･　Spessartine“almandille

garnets　are　common　in　low-grade　metamorphic　rocks.　The　diverse　suites　of　pyrope“

almandine　garnets　(up　to　42　mo1,　%pyrope)from　the　Jurassic　sandstones　are　typica1

of　epidote“amphibolite　to　granuhte　facies　metamorphic　rocks.

　　　The　chemistry　and　optical　proPerties　of　gamets　and　the　heavy“mineral　data　show

that　low‘grade　or　contact　metamorphic　rocks　such　as　skams　皿d　homfelseslverewidely

exposed　in　thesource　areasof　the　Permian　to　THassic　sandstones｡　High,grade　meta,

morphic　rocksjnduding　granulites　皿d　intrusi゛e　locksl　卯peaJed　in　Early　Jurassic　tinle
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and　were　widespread　in　Middle　Jurassie　time,　The　critical　change　in　thesource　arぞきas

for　the　Southem　Kitakami　lerraJJle　occurred　dujring　Late　7rriassic　to　Early　Jurassic

time､and　may　correspond　to　the　lndosinian　movements　assodated　with　the　collision

between　the　North　China　and　South　China　Blocks.

lntroduction

　　　The　Pre-lertiary　basenlent　of　the　Jap皿ese　lslands　is　a　collage　of　many　te訂anes

(e･g･,Mizutani　and　Yao,　1991),most　of　which　consist　of　disrupted　accretionary　com-

plex　sequences･　The　Southem　Kitakami　71冶Tane　is　an　exceptional　stratigraphic　terraJle

in　whlch　a　Silurian　to　Cretaceous　sequenc(3with　some　unconformities　is　wen　preserved,

The　terrane　is　therefore　suitable　fk)r　evaluating　changes　in　the　nature　ofsource　rocks.

However,previous　proven&nceanalyses　of　clastic　rocks　in　the　Southem　Kitakamドler,

rane　used　only　Permianconglomerate(Usuginu‘typeconglomerate)interbedded　with

shaleorslate　and　LowerTriassic　basal　conglometate　(e･g･,lchikawa,1951;　KaJlo,　1958,

1971),and　no　work　has　been　done　to　analyze　the　progre8sive　variation　ofsotu゛ce　rocks

of　Permian　to　Jurassic　sandstones,　Sinee　g&rnet　is　a　common　heavy　mineral　in　sand-

stones,has　a　wide　range　of　end-member　compositionsand　ha｡s　an　excenent　database

for　comParison　with　potentialsource　are&s､provenance　allalyses　based　on　the　chemica1

composition　of　detrital　garnets　using　an　electron-probe　microanalyzer　(EPMA)have

been　carried　out　sinee　the　late　1970's　(e,g,,Suzuki,　1977;　Adaehi　6d　Kojima,　1983;

Morton,1985;　lakeuchi,　1986,　1992a)･ln　the　Southem　Kitakami　Terrane(Fig.　1),the

chemical　composition　of　garnets　clearly　changes　during　Late　Triassic　to　Early　Jurassic

time(Takeuchi,　1992b),

　　　This　Paper　presents　the　results　of　a　detajled　Petrographic　studyi　concentrating　on

the　chemical　composition　of　detrital　garnets,　from　the　Permian　to　Jurassic　sandstones　of

the　Southem　Kitakami　lWrane｡　The　tectonic　significance　of　the　variations　in　sandstone

and　gamet　compositions　is　discussed･
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Geological　setting

　　The　Southern　Kitakaml　TerTane　of　Northeast　Japan　consists　of　Paleozoic　and

Mesozoic　sequencesof　shallow-marine　origincontaining　abundallt　we11-preserved　f1)s-

sik　The　Southem　Kitakami　lerrane　eonsists　of　Silurian　to　Lowest　Cretaeeous　strata

underlain　by　Ordovician　ophiohte　eomposed　of　majic　to　ultramaflc　rocks　(Fig,　i),These

strata　are　covered　by　Early　Cretaceous　fore-ajrcvolcanics紅nd　subordinate　dastic　rocks,

and　are　intruded　by　Early　Cretaceous　plutonic　rocks･　The　study　area,　located　in　the

southern　part　of　the　Southern　Kitakami　石うrrane,is　underlain　by　the　Permian　Nishikori,

lenjinnoki　and　7n)yoma　R)rmations,the　Lower　to　Middle　Triassic　lnai　Group,　the　up-

per7rriassic　Saragal　Group,　the　Lower　Jurassic　Shizugawa　Group　and　the　Middle　to

upPer　Jurassic　Hashiura　Group　(Fig･　2).The　hthologiesl　ages　and　dePositional　envi'

ronments　of　these　units　are　summarized　in　Table　L

Laboratory　methods

　　　Thin　sectionsof　about　200　medium-　to　coar8e-grained　saJldstone8　1verestudied｡

From　these　sandstone　samples,　seventeen　lvereselected　for　examination　of　both　heavy-

mineral　content　and　garnet　composition･　Six　additiona1　8amPles'sver{3　8elected　for
　　　　　　　　　　　ゝ

examination　of　heavy-mineral　content,　Weakly　weathered　samples　SR03　and　SZ02

were　disa腿regated　by　crushing　with　hammer　and　sieved,　and　heavy　minerals　were

concentrated　from　various　fractions　between　63-500　μm(4φ-1φ)using　bromoform(s,g,

2,80),Heavy-mineral　grain　mounts　were　prepared　by　Placing　them　in　a　mm　of　ePoxy

resin　spread　on　a　glass　slide.　These　were　ground　using　carborundum　to　reveal　grain

cross-sectionsand　the　sufface　was　then　carefully　Polished　by　diamond　Polishing　eom-

Pounds.　R)r　other　samples,　sandstone　chips　were　put　on　a　glass　slide　andlverefixed

with　epoxy　resin,　These　were　thinned　witha　corecutter皿d　ground　using　carborun-

dum　to　thin　the　chiPs　and　the　surface　was　polished　by　diamond　compounds.　AIl　thin

sections　for　･electron-probe　analyses　of　heavy　mineralsxvere　coated　with　carbon,　Five

hundred　grajns　of　heavy　minerals　per　8ample　were　identined　under　the　microscoPe　for
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determination　of　heavy-mineral　abundallces(lable　2),

　　　Chemical　compositions　of　garnets　were　aJlalyzed　on　a　JEOL　JCXA-733　EPMA

at　the　Geoloがcal　Survey　of　Japan･　Accelerating　voltage､　sPecimen　current　and　beam

diameterlv･erekept　at　15kv,　15nA　and　3μm,respectively,　X-ray　intensitieslyereinte-

grated　for　10s,　The　measuleIIlent　゛as　repeated　three　times,　and　the　arithmetic　average

was　taken,　The　analytical　correction　method　by　Okumura　and　Soya　(1976)was　em-

Ployed,　Between　16　and　82　grains　of　gamet　were　analyzed　ine包ch　sample　giving　a

total　of　1､014　grains　(Table　3).Most　grains　were　analyzed　at　the　grajn　core､　andsev-

eral　grainslyereanalyzed　in　addition　atone　or　lnoresites　closer　to　the　rim｡Some

grainsxvere　analyzed　along　a　hne　profUe　by　many　spots,　0ther　heavy　minerals　indud-

ing　clinopyroxene,　amphibole,epidote,　pumpenyiteけourmaline　and　opa(lue　minerals,

were　analyzed　in　a　similarnlanner(lable紅

　　　7171･n　elements､　Si､TI､AI､Cr､R､Mn､Mg､Ca､Na　and　K､were　measured　by　EPMA､

The　amounts　of　Fk2十and　Fい+ing&met,　dinoPyroxene　and　epidote　were　calculated　by

adjusting　the　total　cations　to　8　for　12　oxygens,　3　for　6　oxygen8　and　8　for　12･5　oxygen,

respectively,by　redistribution　of　total　iron･　Anajyses　of　pumpellyite　and　tourmaline

xvere　nornlanzed　to　16　cations　for　the　ten　elements,　and　no　distinction　was　made　be-

tween　Fy2十and　Fy3十,so　that　all　iron　was　assigned　to　l¥2十･Analyses　of　amphibole

'were　nornlalized　to　13　cations　for　Si,　Ti,AII　R3十,Cr,Mg,吸2十and　Mn,　and　the

amounts　of　F12+and】仙3十xverecalculated　by　adjusting　all　cations　except　hydrogen　for

23　oxygens｡　The　nomenclature　of　amphiboles　is　after　Leake　(1978)｡Opaque　minerals

were　ident追ed　under'the　rdecting　light　microscoPe　or　EPMA.

Sandstone　petrography　and　heavy-mineral　composition

　　Permian　to　Jurassicsandstones　in　the　study　area　vary　from　lithic　through　felds-

pathic　to　quartzo-feldspathic　types･　Sandstones　of　the　middle　Permi皿Rnjinnokl

Formationare　lnedium-　to　coarse-grained　quartz-poor　Hthicar色nite,with　andesitic

to　rhyolitic　rock　fra名ments.　Sandstones　of　the　Lower　to　Middle　Triassic　lnj　Group
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are　medium-to　co8rse'grjned　lithic　al`enite　in　the　lower　part　and　medium-grained

feldsp゛thic　゛renite　in　the　upper　palt.　Salldstones　of　the　lower　Part　of　the　upper　Tti-

assic　Saragai　Group　are　meditm}to　verycoarse‘grained　feldspathic　arenite　with　rock

fragments　of　hornfels　and　£ne-grained　schist,　whereas　those　of　the　upper　part　are　char-

acterized　by　medium-　to　coarse一肛ajned　lithie　arenite　with　andesitic　to　rhyontic　volcanic

rock　fragments-　These　are　fresher　than　those　in　the　older　sandstones･　Sandstones　of

the　Lower　Jurassic　Shizugawa　Group　are　nne-to　very　coarse-grajned　feldspathic　arenite

and　contain　a　sman包rnount　of　hornfels　and　Hne-grained　sdlist　fra硲ments.　Sandstones

of　the　Middle　to　upper　Jurassic　Hashiura　GrouP　are　fine‘　to　medium-grined　quart-

zos･efeldspathic　wacke･　These　Permian-Jurassics&ndstones　are　generally　ill-sorted　and

contain　angular　to　subaJlgular　grains,　but　thoseat　the　base　of　the　ln扇Groupare

we11-sorted　and　containrounded　to　subrounded　grains,

　　　There　is　considerable　variation　in　heavy-min･eral　suites　in　the　Pむrmian　to　Jurassic

sandstones(Fig･　3,　Table　2)･R)rexaJnPle,except　samPle　HS31,　hornblende　appears　to

be　restricted　to　the　Permian　to　Middle　Triassic;　epidote　shows　&similar　tendency　but　it

occurs　commonly　until　wd　within　the　upper　Triassie.　ln　the　upper　upper　Triassic　to

Lower　Jurassic,　the　compositions　vary　from　sample　to　samPle.　Some　samples　(SR03,

SZ01　and　SZ02)contain　large　alnounts　of　zircon　and/or　leucoxene,　wherea8　others

haveabundant　biotite､　muscovite　and　chlorite,　Sample　SZ02　contains　minor　anlount　of

chloritoid(Takeuchi,1994)which　is　very　r&rely　reported　from　J呼&ne8edastic　rocks｡

　　　ClinoPyroxene,　pumpellyite　and　Prehnite　are　found　in　minor　anlounts　ins包ndstones

of　the　Permian　to　the　lower　part　of　the　Lower　to　Middle　Triajssic･　Clinopyroxenes　are

colorless　in　thin　section,　are　generally　altered　along　deavages　and　grain　rims,　and　consist

of　salite　to　diopside　with　O,10　to　Oj2　wt,　%TiO2.PumPellyite　and　Prehnite　occur　in

fragme緋s　of　Plagioclaseor　volcanicrocks,　PumPellyites　occur　as　radiating　clusters　of

nbrous　crystals　(Fig･　4-E)with　high　Al　contents,　A1/(AI十秘十Mg)ranging　from　O.80

to　O.90,　Prehnites　oceur　as　aggregates　of　minute　crystjs　or　radiating　dusters･

　　　Homblende　is　a　common　constituent　of　Permian　and　Lower　to　Middle　7[!riassie
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sandstones,　bllt　is　iale　in　uppeI　TI`lassic　and　Middle　to　UPPer　Jurassie　sandstones,

lt　is　mostly　magnesio-hornblende,　rarely　aetinohtic　hornblende,　tschermackitic　horn-

blende　and　tschermackite,　TI02　contents　range　from　O,06　to　218　wt,　%｡Actinolitic

homblendes　and　magnesio･-homblendes　with　high　Ti02　contents　are　greenish　brown　to

brown,whereas　those　with　low　Ti02　contentsarepale　bluish　green,　Tschermakitic

homblendes　and　tschermakites　are　pale　bl゛o゛n　to　colorless･　Rock　fragments　show　an

intergrowth　of　clinopyroxene　and　tschermakitic　hornblende　insalnples　TJ01　and　TJ02.

Hornblendes　from　Middle　Jurassic　sandstones　are　pale　green　alld　broxvn.

　　Titanites　are　generally　associated　with　ePidotes,　except　in　Jurassic　sandstones.

Epidotes　occur　as　discrete　grains,　polycrysta111ne　grains　or　rock　fragments･　The　Fy3+/(Fe3十十A1)■

ratios　of　epidotes　range　from　O･12　to　O･32,　and　vary　widely　even　within　a　single　grain,

　　Biotites　from　Permian　to　Jurassic　sandstones　are　brown　in　thin　section,　Biotites

from　uPper　UPPer　Triassic　to　Jurassic　sandstones　are　associated　with　chlorites　and

nluscovites,and　are　more　or　less　altered　into　chlorites　or　oxidized　chlorites,

　　Zircons,apatites　and　tourmannes　are　ubiquitous　in　Permjan　to　Jurassie　8and-

stones,but　z1rcons　are　particularly　abundant　in　upper　UPper　Triassic　to　Lower　Juras-

sicsandstones,　Zircons　from　Lower　Jurassic　sand8tones　are　mostly　eolorless　euhedral

crystals　with　stubby　or　short　prisms　and　obtus･e　Pyramids:　r&relong　prismatic　crys-

tals　with　acute　pyramids　and　pale　pink　we11-rounded　grains&realso　found　(Fig.4-F),

ZIrcons　from　uPPer　upPer　Triassic　sandstones　areslightly　abr�ed　or　euhedral　grains

and　hav鳶a　stubby　or　short　Prismatic　habit　with　obtuse　Pyramids･

　　Chromi皿spinel　nrst　aPPears　in　the　Middle　Triassic　and　is　dominant　in　the　Lower

Jurassic　sample,　SZ02jn　which　it　is　mainly　brown　to　opaque,　and　rarely　of　greenish

brown　color,Chromian　sPinels　have　a　wide　range　of　Cr/(Cr十A1)ratio(Takeuchl,

1994),

　　0paqueminerals　excluding　chromian　spinel　are　found　in　e゛ery　s'1ndstones･　They

mostly　consist　of　nmenite,　and　rarely　hematite,　m昭netite　or　intergro゛n　ilmenite　and

magnetite･　11menites　altered　into　le゛lcoxene　at　thむ　rim　or　throughout　the　ent1re　grajn
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occur　typically　in　Lower　Jurassic　sandstones｡

　　　Garnets　aleconunonin　sandstones　of　all　ages,　and　their　petrographic　and　chemical

features　are　described　below　in　detalL

Occurrence　and　petrographic　仙atures　of　detrital　garnets

　　Garnetsoccurgenerally　as　discrete　graim,　but　occasionally　as　aggregates　of　sma11

crystals　or　within　rock　fragments.　Discrete　garnet　grains　are　rnostly　angular　alld

cracked,　Crystal　faces　without　aじbrasion　a･re　rarely　preser゛ed　(Fig.　4-A)･Garnet-bearing

rock仔agments　are　made　up　of　two　or　more　minerals　including　epidote,　tita･nite,　cal-

cite,quartz　or　feldspar.　A　garnet-bearing　hornfels　fragment　was　found　in　the　Lower　to

Middle　Triassic　sample,　IN02.

　　Garnets　are　mostly　isotropic　but　25　to　30　%ofgarnets　from　the　Permian　to

Triassicsandstones　are　anisotropic,showing　unzoned　anisotropic,osc111atory　zoning

(Figs,　4-A　and　7)or　sector　twinning･　Garnets　from　the　Lower　Jurassic　sandstones　are

rarely　anisotroPic,　The　Permoj}iassic　anisotropic　gamets　have　grandite　comPositionsl

whereas　those　from　the　Lower　Jurassicarespessartine　garnet.　Most　garnets　are　color‘

1ess　but　some　graJldite　garnets　are　yellow　to　orange　in　thin　section･　Melallitic　gandite

garnets(Figs.　4‘B　and　C)are　pde　brown･

Chemistry　of　detrital　garnets

　　Compositional　data　for　detrital　gametsare　sulnnlarized　in　Figs,　5　and　6,　and　se-

lected　EPMA　analyses　are　given　in　l�ble　3,　The　ehemical　compositionsof　garnets　from

the　Permian　to　Triassicsandstones　are　markedly　d1任erent　from　thoseof　the　Jurassic,

and　this　change　correlates　with　variations　of　heavy-mineral　suites.　The　gamet　suite8

from　the　Permian　and　Triassic　are　composed　mainly　of　grandite　(50-100%in　number

frequency　in　each　sample)(Fig,6),with　very　rare　almandine　garnets　in　the　Per-･

mian,almandine-spessartine　gamets　in　the　Lower　to　Middle　Triassic,　and　commonly

almandine-sPessartine　gamets　in　the　upper　7rriassic･　ln　contrast,　gamet　suites　from
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the　Middle　to　uppelr　J111assic　are　dominated　by　a　diverse　suite　of　pyrope-almandine

garnets,　associ゛1ted　゛ith　spess8rtine-almandine　garnets:　grandite　garnets　are　absent.

Pyl`ope゛almandine　garnets　゛ith　more　than　20　moL　%pyrope　contents　first　appear　in

the　Lower　to　Middle　Triassic｡

　　　Many　grains　of　grandite　garnet　show　internal　compositional　variation.　R)rex-

ample,　A1203　and　FyO゛　(total　iron　as　RO)contents　vary　di,scontinuously　&nd　widely

within　osciUatory　zoned　grains　(Fig.　7)･The　andradite-rich　parts　of　oscinatory　zoned

garnet　are　nearly　isotropic,　゛hereas　the　grossular-rich　parts　are　strongly　趾1isotropic.

Grandite　gamets　with　wideranges　of　andradite　contents　are　present　in　every　samPle､

but　garnets　with　low　andradite　contents　are　dominant　in　samples　from　the　b包seof　the

lnai　Group　and　the　uPper　part　of　the　Saragal　Group　(Fi&8),

　　　Cr2　03　contents　in　grandite　garnets　range　from　below　detection　limit　to　about　O,34

wt,%,whereas　Ti02　contentsrange　from　below　detection　limiレto　about　3.96　wt.

%｡The　higher　Ti02　contents　are　correlated　with　20　to　60　moL　%of　andradite　con,

tents.　Rarely,grandite　grains　show　radial　compositional　zoning,　with　Ti　preferentially

concentrated　in　gr泌ncores(Figsパ1-B　and　C),

　　　PyroPecontents　of　pyralspite　garnets　found　in　the　Jurassic　generally　range　from

5　to　42　mo1,　%,with　grossular　and　spessartinecontents　generally　less　th皿10　moL　‰

Typically　pyrope-rich　almandine　gamets　have　grossula,r　contents　less　than　5　mol/%

and　have　little　sPessartine,　1ow　Ti02　(below　O,3　wt,　%)and　low　Cr203　(below　or　dose

to　detection　Hmit),Pyrope-almandine　garnets　from　all　the　Middle　to　upper　Juras-

sic　samples　are　dominated　by　high-pyropecontents,ranging　from　25　to　35　moL　%.

However,thosefrom　the　Lower　Jurassic　vary　more　widely　from　sample　to　sample･　R)｢

example,　sample　SZ01　is　dominated　by　Pyrope-almandine　garnets､　with　Pyroperanging

from　25　to　40　moL　%,together　with　subsidiary　low-pyroPe　sPessartine-almandine　gar-

nets,whereas　samPle　SZ02　shows　bimodal　dusters　with　a　grouP　of　sPessartine　garnets

and　low-pyrope　garnets　(　10　to　20　moL　%),

　　　G&rnets　in　a　hornfds　fragment　from　the　Lower　to　Middle　Triassicarehomogeneous
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almandine-spessartine　garnets･

Origin　of　detrital　garnets

　　Garnets　are　common　in　many　diflerent　types　of　metamorphic　rock　and　in　granites,

Pegmatites､acid　volcanic　rocks､　kimberlites　and　some　metasomatic　rocks　(Deeret　al｡,

1982),The　chemieal　comPosition　of　garnets　c趾l　be　correlated　with　the　physico-chemical

conditionsunder　which　the　host　rocks　are　formed,　though　there　is　some　over1&pin

compositionsof　garnets　of　difrerent　parageneses･　The　origin　of　each　molecular-type　of

garnet　is　discussed　below.

θ咄7伍ojダm7�缶!7a,rneb

　　　Grossular　is　char゛deristic必y　found　in　both　thermally　匹d　regionally　metamor-

Phosed　impure　cjcareous　rocksl　aJld　also　occurs　in　rocks　which　haye　undergonecalcium

metasomatism(Deeret　al.,1982).Forexanlplejt　occurs　in　contact　metamorphosed

marls　or　caleareous　shales　and　is　commonly　found　in　skarn　deposits.　lt　is　also　found

in　se印entinites　and　insorne　rodingites,although　th･e　typical　garnet　in　rodingite　is

hydrogrossular,

　　　Andradite　typicallyoc･cursincontact　or　thermally　metamorphosed　impure　ca1-

careousrocks　and　particularly　in　the　metasomatic　skarn　deposits　often　associated　with

such　metamorphism　(Deer　et　a1･,　1982)･lt　alsooccurs　asthe　result　of　metasomatism

related　to　the　thennal　metamorPhism　of　calcic　igneous　rocks　suchas　andesites｡The

titanian　andradite,　melanitejs　found　Prineipany　in　alkaline　igneousrocks,but　is　also

known　from　skarn　dePosits,

　　　Grandite　gamets　from　the　sandstones　in　the　studyarea　contain　variableaJnounts

of　andradite,　even　within　a　single　grain,　Many　grandlte　garnetsare　zonedjn出cating

that　the　physico-chemical　conditions　under　which　the　garnet-bearing　rocks　formedwere

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　y

highly　variable.　Such　nuctuating　environments　are　unusual　in　regional　metamorphism

but　common　in　metasomatic　skam　depositsjn　which　zoned　garnets　are　common｡　The

zonal　Huctuation　m町be　explained　by　cychc　variations　in　the　composition　of　the　hy゛
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drothermal　solutiolls　orby　゛　change　in　the　range　of　oxygen　fugacity,　The　presence　of

mehmite　gamets　suggests　derivation　from　calcic　skam　deposits.

　　　Einaudi　et　al･(1981)classHヨied　calcic　skanl　deposits　into　five　m司ordaj;ses　on
　　　　　　　　　　　　　l

the　basis　of　the　dominant　economic　meta1　(iron,　tungsten,　copper,　zinc-1ead,　and　tin)｡

The　garnet　compositions　in　each　dass　plot　in　difrerent　compositiona!　aleas　(Einaudi

and　Bujrt､　1982)(Fig･　9).As　sho゛11　by　sample　IN01　&nd　IN12　(Fig･　9),the　range　of

grandite　compositions　falls　in　that　of　iron　skaJns,　but　lacks　the　mang&nese　enrichment

of　tungsten,　zinc-1ead　and　tin　skarns.　Consequently,　the　detrital　gajrnets　in　the　Permian

to　T1･iassic　of　the　Southern　Kitakami　Terrane　are　cosidered　to　have　been　derived　from

iron　calcic　skarns.

　　　As　the　transport　of　sParingly　soluble　elements　such　as　Tos　expected　to　be　very

slow　in　hydrothermal　systems,　the　relatively　high　Ti　contents　found　insornegr皿dite

cores　lnay　be　a　result　of　local　dissolutiol!　of　rea£tant　minerals　in　the　original　sedi-

mentary　rocks　(Jamtveit　et　aL,　1993)･The　detrital　melanitic　garnets　m町have　been､

formed　during　early　contact　metamorphism　accomPanying　the　emplacement　of　magma

or　during　inmtration-driven　devolatilization･

θ柚7泳好Jμj皿咄7ze-�m･匹心7祀餌mdj

　　Gamets　in　which　sPessartine　is　the　principal　molecule　are　found　insonleskarn

deposits,Signincant　amounts　of　sPessartine　m昭　occur　in　almandine8　from　acidic

igneousrocks　and　from　metamorPhic　rocks,　especially　thoseof　thermal　aureoles　(Deer

et　a1,､　1982).　ln　metamorPhic　rocks　sPessartine　gamets　&re　known　from　low‘grade

regional　metamorPhosed　rocks　such　as　metaPelites,　metacherts　and　blueschists,ln

igneousrocks　sPessartine-rich　gafnets　are　known　mainly　from　granitic　pegmatites　and

aplites,but　these　tend　to　lack　other　comPonents　such　as　PyroPe　or　grossulaf　(Miyashiro,

195肛

　　The　sPessartine-almandine　garnets　from　Triassic　sandstones　`゛ere　presumably　de“

rived　from　thermal　metamorphic　rocks　because　a　hornfels　fragment　゛hich　contains

spessartine-almandine　garnets　was　found　in　samPle　IN02,　゛nd　g゛mets　with　apl)re‘
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ciable　grossular　contents　are　unlikely　to　be　derived　from　igneousrocks｡Most　of　the

spessartine-ridl　garnets　from　the　LOMアerJulassiccontain　appreciable　grossulal　contents

and　sonle　contain　subsidiary　pyropecontents･　Although　they　difrer　in　composition　from

thoseof　the　Triassic,　they　are　also　hkely　to　haムve　coIIlefrom　thermal　metamorphic　rocks,

Presumably　di張･rent　from　thoseof　the　lriassic

θΓ吋沁好舒r卯e-�ma�伍e卯四d5

　　　Almandine　is　typical　of　gametiferousschists　and　gneisses　resulting　from　there-

がonal　metamorphism　of　argmaeeous　sediments,　jthough　the　Presence　of　aJm趾1dine

gamets　in　igneous　rocks　is　by　no　means　r&re,oceunjng　insonlecalc-a振ali　granites　and

rhyohtes(De息ret　a1,､　1982)･R)r　Ca-poor　gamets　the　Mg/Fe　ratio　of　garnet　increases

with　metamorphie　grade　(e名･､Coleman　et　a1,,　1965)while　the　MnO　eontent　deereases

with　grade　(Miyashir0,1953;　Miyashiro　皿d　Shido,　1973),There�so卯pearsto　be

acontinuous　variation　of(RO十MgO)against(CaO十MnO)with　metamorphie　grade

(Sturt､1962;　Nandi,　1967).

　　　Since　the　almandine　ga.rnets　from　Tri&ssic　sandstones　contain　a　wide　raage　of

sPessartinecontents,these　garnets　were　Presumably　derived　from　therm磁metamorPhic

rocks｡lncontrast,　the　almandine　garnets　from　Jurassicsandstones　contain　diverse

ajJnounts　of　pyrope.Generally,almandine　garnets　with　Pyropecontents　from　10　to

40　mol,　%occur　in　ePidote,amphibolite　to　肛anulite　facies　gneisses　(Miyashir0,1953;

Coleman　et　al･,　1965).However,pyroPe-rich　a･lmandine　in　charnockites　and　granulites

contajn　aPpreciable　grossular　contents　(Coleman　et　a1･　,　1965),whereas　the　detrita1

g包rnets　from　Jurassi･csandstones　are　very　low　in　grossu1&r,This　renects　the　composition

of　the　host　rock,Hence,　the　detrita1　Pyrope-almandine　gamets　are　likely　to　have

been　derived　from　metamorphosed　Ca-poor　arginaeeous　rocks　of　epidote-amphibolite

to　granulite　facies･

Provenance　of　Permian　to　Jurassic　sandstones　in　the　Southern　Kitakaml

Terrane

U



　　Critical　ehanges　in　the　Southern　Kitakam1　T4Eきrr&neduring　Late　Triassic　to　Early

Jurassic　time　are　evident　in　sedimentary　facies,　sandstone　compositions,　heavy-mineral

suites　and　garnet　chemistry･　The　changes　insourcerocks　from　PermiMl　to　Jujrassic

time　are　discussed　below｡　Theinferred　evolution　of　the　source　area　弘r　the　dastic　roeks

of　the　terrane　is　shown　in　F1&10･

?ermia71皿7z心加7ze5

　　　The　comPosition　of　detritj　garnets　indicates　the　presence　of　iron　ealcic　skafns

in　thesource　afea.　Iron　calcic　skarns　are　con11でnonly　associated　with　gabbro　to　syen-

ite､but　most　eommonly　with　diorites,　and　eogenetic　andesite　or　basalt　CEinaudi　et

al･　,　1981　y　ln　usuがnu‘type　conglomerates　of　Permiall　age,　dasts　of　cale-jkaiine　gra-

nophyre,trond哨emite,granodiorite　and　gaおbro　are　found　in　association　with　thoseof

rhyolite,　andesite　and　diabase　(Kano,　1971),　Detrital　dinoPyroxenes　and　hornblendes

are　probably　derived　from　such　mafic　intrusive　rocks,　K-Ar　社ges　of　homblendes　from

the　quartz　diorite　and　diorite　clasts　in　the　Perlnianconglomerates　range　from　237　to

271　Ma　(early　to　middle　Permian)(Shibata,1973)･These伍ldings　suggest　that　the

iron　calcic　skarns　formed　during　a　Permian　Plutonic-volcanic　Phase.　The　wide　variety

of　metamorphic　clasts　which　originated　from　volcanic,　calcareous　and　pelitic　rocks　in

the　Permian　conglomerates(Kan0,1959a)may　have　beenderived　from　the　thermal

metamorphiczoneadjacent　to　the　Permian　intrusions　(see　Fig,　10)･An　isotoPic　age

of　425Ma　was　reported　for　a　grallite　dast　from　another　Permian　conglomerate(Onuki,

1969).　These　data　suggest　that　middle　Paleozoic　intrusive　rocks　were　also　present　in

the　source　area｡

　　　ln　the　Southem　Kitakami　Terrane,　a　well-deHned　Rb-Sr　whole-rock　isochron　age

of　351(339)士12Ma　has　been　reported　by　Shibata(1974)from　the　early　Carboniferous

Hikami　granite　(see　Fi&　1y　Chemical　Th-U‘total　Pb　isochron　method　(CHIME)

(Suzuki　et　a1,､　1991)ages　of　340　to　360　Ma　and　240　to　260　Maxverereported　lor　zircons,

monazites　and/orxenotimes　from　the　Hikami　granite　andsnlall　stocks　of　granitic　rocks

(Suzuki　et　al.,1992;　Adachi　et　aL,　1994).These　granites　could　be　thesourcerocks　for
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the　Permian　sandstones｡

　　　Thesourcesof　detrital　pumpenyite　in　the　Permian　s皿dstones　are　considered　to

be　greenschist　to　blues&ist-facies　metamorphic　rocks.The　Motai　metamorphic　rocks,

which　contain　alka]Li　amphibole　and　pumpenyite　(Ma£kawa､1981),occur　in　assodation

with　mjic　to　ultramajlcrocks　in　the　northwestern　part　of　the　Southern　Kitikami

Terrane(see　Fig･　1)･The　age　of　the　Mot扇IIletamorPhic　rocks　is　not　knoxvn　exactly､

and　three　ages､　Late　Cambrian　to　Early　Ordo7ician　(Ka這sawa　et　al･､　1992)､Late

Devonian　to,　Carboniferous　(e･g,,0nuki　et　al･　,　1962;　Maekawa,　1981)a･nd　Jurassic

(Minoura,1985;　Ka7xvaJnuraand　Kitakami　Paleozoic　Research　Group,　1988)have　been

proposed,　Although　alkal　amPhible　has　not　yet　been　found　in　the　Permian　sandstones,

the　detrital　pumpenyites　could　have　been　derived　from　the　Mot■　Metamorphic　rocks

if　they　were　formed　in　pre‘Permian　time･

　　　lnsulnlnary､thesource包reafor　the　Permian　clastic　rocks　of　the　Southern　Kitakami
　　　　　　　　　　･

Terran(ぎis　assumed　to　be　composed　of&contad　metamorPhic　terrane　(Fig･　10)and　is

likely　to　be　within　the　SouthernKitakami　ljrraJleor　its　missing　exten8ion,

£∂籾er必がid心e　7y這丿石むjan心紬ne3

　　　Although　the　basic　framework　of　the　source　rocks　of　the　Lower　to　Middle　Triassic

sandstonesis　the　same　as　that　of　the　Permian,　dastics　from　granitic　rocks　appear　to

have　in･creased　with　denudation　in　the　source　area｡

　　　Chromian　spinel　is　eommon　in　mafic　to　ultramaflc　rocks　associated　with　ophiolites｡

The　aPpearanceof　detrital　chromian　spinel　in　the　upper　part　of　the　Lower　to　Middle

Triassic　stata　indicates　that　some　ophiolitie　rocks　becorne　exposed　during　this　time･

These　m町be　the　Ordovician　Hayachine　and　Miyamori　ophiolitic　complexesjocated

in　the　north　and　northwestern　part　of　the　Southern　Kitakami　Terrane(Shibata　and

Ozawa､1992)(Figs.　1　and　1昨

吟阿r升辿3石cja箆心秘7zcj

　　Thesourcerocks　of　the　lower　Palt　of　the　upper　Triassic　strata　are　similar　to

13



those　previously　existing,　although　the　sedimentary　facies　indieate　more　shallowen-

V1ronments　of　deposition,　Detrital　garnet　compositions　suggest　that　therlでnany　meta-
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　i

morphosed　pehtic　rocks　becanle】rnoreprevalent　at　this　stage　皿d　that　skarnsxvereless

important　contributors,This　may　be　bec&use　nletamorPhosed　calcareous　rocks　and

skarnsw'erekrgely　eroded　away,　so　that　metamorphosed　pentic　rocksxvere　exposed

over　lnost　of　thesource　area(F池10),

　　　ln　the　middle　Part　of　the　Late　Triassic,　a£idic　to　intermediate　volcanism　occurred

near　the　Southern　Kitakami　7脱rr&ne､and　large　amounts　of　tufk　and　volcanklastic

rocksacculnulated　in　the　upper　part　of　the　UPPer　lriassic･　The　volcanism　and/o｢

uplift　of　granitic　rocks　could　be　resPonsible　fol゛　the　abundanceof　euhedral　zircon　in　the

heavy-mineral　suite　of　the　upper　upper　Triassicsandstones.

£θ切erJ鮎翔,j石cg粍心iθn,ej

　　　Thesource包reaof　the　Lower　Jurassic　eh皿ged　markedly　from　that　of　the　Per-

mian　to　Triassic･　The　garnet　compositions　indicate　that　metamorphosed　pelitic　rocks

of　epidote-amphibolite　to　granuhte　facies　were　widely　exposed　in　thesourcearea,to-

gether　with　thermal　metamorphic　rocks　but　without　calcic　skarns,The　spessa,rtine

garnets　of　thermal　m6tamorphic　origin　in　the　Lower　Jurassicsandstones　aredi伍1rent

in　grossular　and　pyropecontents　from　thoseof　the　Triassic　indicating　diHerent　condi-

tionsof　metamorPhism,

　　　Detrital　chloritoids　found　in　Lower　Jurassicsandston{?lverepresumably　produced

by　the　thermal　metamorPhism　of　Pelitic　sediments　particularly　rich　in　Al　aJjld　R,

and　poor　in　Ca,　Mg,　K　and　Na.　Pelitic　rocks　with　such　bulk　chemical　comPositions

occur　in　the　Carboniferous　and　the　Lower　Permi&nof　the　Southern　Kitakami　']1rr&nei

and　chloritoid-bearing　homfelses　are　distributed　around　the　Early　Cretaceousplutonic

intrusions｡The　chloritoid-bearing　hornfelsesc&nnot　be　thesourcerocksfor　the　detrita1

chloritoids,because　they　areconsidered　to　haye　been　formed　in　Early　Cretaceous　time
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　y

(Okuyama､1980),Chloritoid-bearing　hornfelses　may　also　have　formed　as　theresult　of

Permian　intrusive　activity　somewhere　in　the　Southem　Kitakami　Terralで1e,　but　ha゛e　not
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yet　been　found,

　　Abundant　detrital　chromian　spinels　indicate　that　ophiolites　were　one　of　the　main

constituents　of　the　provenance　during　this　time,　0n　the　basis　of　their　chemical　com-

positions,Til.keuchi(1994)suggested　tha尤there　was　an　exposed　island-arc　ophiolite

complex　in　thesource　area､composed　of　upper-mantle　peridotites　and　cumulate　rocks｡

　　Unhke　the　source　area　of　the　pre-Jurassic､　thesource&reaof　the　Lower　Jurassic

partly　comprised　a　tectonic　belt　composed　of　a　high‘grade　metamorPhic　terrane､　an

ophiolite　complex　and包contact　metamorphic　terrane　(Fig,　10)･

舒z�le泌び尹芦rJ貼mj石c3α71心細7託

　　　Ubiquitous　pyrope-almandine　garnets　were　derived　fiom　epidote-amphibohte　to

granulite伍cies　metapelites･　ln　addition,　there　are　many　granitic　dasts　assodated　with

acidic　volcanic　clasts　in　the　Middle　to　upPer　Jurassicconglomerates(K&no､1959bドlakヽ

izawa,1985),The　granitic　clasts　are　mainly　composed　of　leucocratic　biotite･･adamellite､

gneissose　two-miea　adamellite　and　sheared　granite.　These　dasts　are　Petrologiedly　dif

ferent　from　the　granitic　dasts　found　in　the　Permian　to　Triassic　conglomemtes　(Kano,

1959b)･

　　　ln　thesource　areaof　the　Middle　to　Late　Jurassic､　a　high-grade　metamorphic　ter-

rane　comPosed　of　granulites　and　gneisses　and　intmded　by　granitie　rocks　was　Probably

widesPread(F池10),The　terr&ne　was　&ssociated　with　rhyolitic　voleanic　rocksけhecon-

tact　metamorPhic　terrane　which　was　dominant　in　pre-Middle　Jura,ssic　time　aPPearsto

have　no　longer　been　Present,　either　because　it　was　completely　eroded　away　or　because　of

tectonic　displacement.　Since　no　pre-Jurassic　granulite　facies　metamorphic　rocks　occur

in　the　Southem　Kitakami　Terr&neor　in　nearby　Jap包nes忿terranes,thesource　area　nlay

have　lain　in　the　Precanlbrian　ganulite　terranes　of　East　Asia　or　in　a　missing　terrane･

Tectonicevents　during　the　Late　Triassic　to　Early　Jurassic　time

　　　Garnet　chemistry　and　heavy-mineral　studies　have　r£vealed　that　thesource　areas

for　the　Southern　Kitakami　lerranegradually　changed　from　Perlnian　to　Jurassic　time.

　　　　　　　　　　　　　　　　　　　　　　　　15



However,there　was　a　marked　change　insource　aleaduring　Late　Triassic　to　Early

Jurassic　time.

　　　Uneonformities　between　the　upper　Triassic　and　the　Lower　to　Mid(ne　Triassic　strata

are　recognized　in　many　terranes　of　the　Jap゛nese　ls1&nds,such　as　the　Akiyoshi,　Maizuru､

Kurosegawaand　Southern　Kitakalni　7r唇rranes･　ln　mRny　cases,　the　sediments　above　the

unconfornjty　were　dePosited　in　shanower　waterenv1ronments,　Purthermore,detri-

tal　garnet　comPositionsaPPear　to　have　changed　signinc皿tly　from　grandite-domin皿t

suites　to　pyrope-almandine-donlinallt　suites　in　Early　Jurassic　time,　Grandite-dominant

suites　were　reported　from　Triassic　sandstones　of　the　Mjzuru　(Ad,aehi,1991)and

Akiyoshi　7脱rraJ1(きs(Shibuya　and　Konlatsu,1986)&nd　from　Permian　sandstones　of　thむ

Kurosegawa∠lerrane(Miyamoto　et　a1･,　1　992;　unpublished　data　of　the　author),ln

contrast,pyrope-almandine-domin&nt　suites　occurin　Jurassic　sandstones　of　the　Hida

‰IT&ne(Adachi,1985),the　Mino-Tambaバ匯rrane(Suzuki,1977;　Adachi　and　Kojima,

1983;　Adachi､　1985;　Musashino　and　Kasahara,　1986),the　Northem　Kitakami　Terrane

(Nakamoto　et　a1･,　1993)and　the　Ryukyu　lslands(lakeuchi,1992a)･These　data　sug-

gest　that　a　major　change　in　detrital　garnet　chemistry　w&s　regionally　widesPread　in　the

Jap&neselshmds　during　Late　Triassic　to　Early　Jurassic　time.　lt　is　suggested　that　this

was　the　result　of　a　major　tectoniceventak)ng　thecontinental　mar雨ns　of　Ea8t　Asia,

　　　ln　Late　Triassic　to　Early　Jurassic　time､　the　lndosinian　movement　is　卵nerallycon-

sidered　as　a　time　of　accretion,　associated　with　igneousactivity　in　East　and　Southeast

Asia｡ln　East　Asia,　the　collision　of　the　North　China　Block　(Sino-KoreanBlock)and　the

South　China　Block　(Yantze　Block)commencedaround　the　Triassic-Jurassic　boundary

(Klimetz,1983y　According　to　Zh包oand　Coe(1987)､the　collision　occurred　initially　in

easternmost　China｡&nd　progressed　westward　as　the　South　China　Block　rotated　clock-

wise　relative　to　the　North　China　Blodk.　The　lndosinian　movement　may　also　have　caused

sign追cant　changes　in　the　kinds　of　source　rocks　for　the　Southern　Kitakami　7rerraneand

surrounding　areas　of　the　Jal)anese　lslands,　by　uplifting　of&high‘grade　metamorphic

tenalle,probably　through　thrusting　(Fig･　10)･
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Conclusions

　　　(1)Detrital　garnet　iscolnnlonin　Pennian　to　Jurassic　sandstonesof　the　South,

ern　Kitakami　TerTane,and　their　eomposition　changes　with　time,　Permian　and　Trias-

sic　garnet　suites　are　generaUy　dominated　by　grandite　garnets,　�contrastjn　Lower

Jurassic　sandstones､　pyrope-almandine　garnets　are　ubiquitous,　spessa£tine-almandine

gamets　are　common,　and　gralldite　garnets　aJe　rare･　Middle　to　upper　Jurassic　sand-

stones　aredominated　by　pyroPe-almandine　garnets･　There　is　also　a　gradual　change　in

heavy‘mineral　suites･　Homblende,　ePidote　and　titanite　are　abund趾1t　in　the　Permian

to　Triassic,　whereas　biotite　is　abundant　in　the　Jurassic･

　　　(2)Grandite　garnets　in　the　Permian　to　Triassic　sandstones　are　considered　to　h&ve

originated　from　iron　caleic　skaln　dePosits.Spessartine-&lmandine　garnets　in　the　upper

Triassic　to　Lower　Jurassics&ndstones　xvereProbably　derived　from　low-grade　metamor-

phic　rocks　such　as　hornfek　PyroPe-a][mandine　gamets　in　the　Jurassic　sandstones　a･re

likely　to　have　come　from　epidote-amphibolite　to　granulite　facies　CEPoor　metaPelitie

rocks｡

　　　(3)Perlnian　to　Triassic　sandstones　xveremajnly　derived　from　Permian　Plutonic‘

volca福crocks　associated　with　caldc　sk包rns包nd　hornfels､　presumably　formed　by　Per-

mian　igneousactivity.　ln　Early　Jurassie　time,　dastics　began　to　eome　from　a　h祖h‘

grade　metamorPhic　terrane　composed　largely　of　epidote‘゛mphibolite　to　摩amllite伍cies

gneisses　and　plutonic　rocks･　Middle　to　upPer　J゛assicsandstones　rocksxverederived

dmost　exdusively　from　the　high-grade　metamorphic　terrane･

　　　(4)XVith　progressive　denudation,　the　nature　of　Provenance　of　the　Southem　Ki-

takam1　7陥rrane　gradually　changed　from　the　Permian　to　th･e　Jurassic,　overahout　a

100Ma　period.　Superimposed　on　thisxvas　a　nlajor　ch&nge批source　areaduring　the

Late　Triassic,　This　change　was　Probably　due　to　the　lndosini皿movement　whichcoITe-

sponds　to　the　time　of　conision　between　the　North　China　aJld　South　China　Blocks.
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Table　1　Li　thologies｡　ages　and　depositional　environments　of　Permian　to　Jurasslc　strata　!n　the　study　area　in　the　Southern　Kitakami　Terrane

Age Stratigraphic　unit Lithology

Middle　to　Late

Jurassjc

Early瓦lrassic

Late　Triassic

Early　to　Middle

Triasslc

Late　Permian

Middle　Perm･1an

Early　Permian

Hashiura　Group

--unconforml　ty　--

Shizugawa　Group

-unconformity　-

Saragai　Group

- unconformj　ty　-

lnai　Group

-unconformi　ty　-

Toyoma　Formatlon

Thick　bedded　sandstone　wi　th　basal　conglomerate

in　the　lower　part　and　sandy　shale　with　subordinate

sandstone　i､n　the　upper　part

Massive　sandstone　in　the　lower　part　and　bioturbated

shale　in　the　upper　part

Sandstone　with　coa].y　beds　and　rhyol　i　tic　tuff

in　the　middle　part

Calcareous　or　sandy　shale　with　basal　conglomerate

and　subordinate　sandstone

Thlck　monotonous

conglomerate　and

shale　and　slate　wi　th　occasional

sandstone

Tenjinnok1　Formation　Calcareous　shale,　si　l　tstone　and　sandstone　wi　th

　　　　　　　　　　　intercalations　of　limestone　lenses　in　the　lower　part

　　　　　　　　　　　and　thick　conglomerate　and　sandstone　in　t.he　upper　part

Nishikori　Fonatlon Limestone　wlth　subordinate　andesitlc　sandstone

and　lava.and　shale

Depositional　environment

----

Near-shore　to　basin　floor

Shore{ace　to　basin　floor

Delta,1agoon　or　back　marsh

and　sha1　10w　embayment

Submarine　slope　to　b政sin　floor

Continentat　shelf　or　slope

Continental　shelf　or　slope　(Coarse

clastics　are　submarine　channe1

fill　and　submarine　fan　deposits)

Terrestrial　to　continental　she汀



Table　2　Heavy-mineral　proportlons　of　Permian　to　Jurassic　sandstones　in　the　Southern　Kitakam1　Terrane

Age

J2-3

Jト3

J2.3

J2-3

J2_3

　
ー
　
ー
　
1

J
J
J

Tr3

Tr3

Tr3

Tr3

Tr3

Tr3

Trl-2

Tr1-z

Tr1-z

Trl-2

Tr1-z

Tr1-2

Tr1-z

p
'
‘
P
‘

Sample　Hb1

HS03　　　0

HS02　　　0

HS01　　　0

HS32　　　0

HS31　　18

SZ02

SZ31

SZ01

SR33

SR03

SR32

SR31

SR02

SR01

1NI3

IN03

1N21

1N12

1N02

1N11

1NOI

TJ02

TJOI

0

0

0

0

I

O

O

O

O

2

22

　0

　5

　8

47

　2

24

59

0

0

0

0

0

0

0

0

0

4

0

0

0

0

6

2

8

2

4

2

8

4

6

Ep　Ttn　Grt　Zrn　Bt　Ms

0

0

1

0

10

　0

　0

　0

　7

　5

　0

　0

32

50

25

11

34

17

30

30

56

32

13

0

0

8

0

6

0

4

0

4

4

0

0

4

4

2

6

0

4

8

0

8

8

0

29.4

20.0

　0.8

　1.4

　6.8

　0.2

　0.0

　4.0

　6.2

　3.0

　0.6

1L8

　6.6

13､0

14.4

12.0

12j5

13.6

16ぺ

　5.2

10.0

　2.4

　2.0

3

Chl　Ap　Tur　Rt　Mnz　Aln　Sp1

4.2　2.2　28.2　4､4　0.0　1.2　0.2　0.0　0.0　0.0　0

31.4　L8　23

7.2　2､0　71

0.0　7.0　38

0.2　1.6　35

　1

　9

29

　O｡6

30.4

　L8

　2.6

　6.0

　8.0

17.2

13j5

24.4

1孔4

　9,6

　6.8

16.0

　3.0

　1.8

0　55.2　0

6　8.6　28

0　9.8　11.4　0.4　1.0　0.20,0　0.00

8

0 1

0.6　6.4　1.6　1.0　0.2　0.0　0.0　0

Pmp　Prh

--

O｡0　0.0

0.0　0.0

0.0　0.0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

0

2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4

4

Cpx　Cl　d　Lcx　Op

-

0,0　0.0　0.0　0,2

0.0　0.0　0.0　1.0

0.0　0.0　0.0　6.6

0.0　0.0　0.0　0.0

0.0　0.0　0.0　2.2

0.0　0.2　33.0　5.0

0.0　0.0　7.4　0.0

0.0　0.0　43.6　4.8

0.0　0.0　0.0　0.0

0.0　0.0　0.0　5.8

0.0　0.0　0.0　3.6

0.0　0.0　5.4　0.0

0.0　0.0　0.0　0.0

0.0　0.0　0.0　2.0

0.0　0.0　0.0　3.4

0.0　0.0　0.0　L8

O｡0　0.0　0.0　10.2
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Table　3　Selected　EPMA　analyses　of　detrital　garnets　from　the　sandstones　of　the　Southern　Kitakam1　Terrane
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Table　4　Selected　EPMA　analyses　of　detrltal　heavy　minerals　from　the　Southern　Kitakaml　Terrane
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Fig･　9　The　Grs'And‘(Sps十Alm)plots　of　garnet　comPositions　(A)for　calcic　skarn

dePosits　class追ed　on　the　basis　of　the　dominant　economjc　metal　after　Einaudi　and　Burt

(1982),(B)for　the　Lower　to　Middle　7'riassic　8andstone8,64mples　IN01　and　IN12,



Fig.　10　Diagrammatic　sketche8　to　mustrate　possible　changes　of　the　Provenance　area

of　the　Southem　Kitakami　11rrane.　A　contaet　metamorphic　terrane　was　extensively

exposed　in　Permian　times,　and　was　denuded　down　to　deePer　levels　in　the　Middle

Triass.ic　times,ln　Late　Triassic,　tectonismrelated　to　lndosinian　movement　caused

uplift,and　Permian　granitic　rocks　were　largely･　exPosed･　Major　thrusting　and　uplifting

occurred　along　the　boundary　between　thecontact　metamorphic　terrane　and　a　high-

grade　metamorphic　terrane　in　Early　Jurassic　and　the　high-grade　metamorphic　terrane

joined　thesource　area｡The　thrusting　and　the　othedaumng　might　have　fk)rmed　sheared

granitic　rocks.　ln　Middle　Jur`ssicl　the　provenance　area　was　occuPied　ahnost　e叫1rely

by　the　high“grade　metMnorphic　terrane7　afected　by　acidic　igneous　activities　in　places,
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