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Abstract

Gl endonite is generally acceplt &E) asnd pse
i s commonly preserved i n spherical car bon
concretions in maiGleadsa@inme gtl ®@mydscmaost les .c o n

|l ong been used atse mme riantduirceaA botrt boufg hinotwntey . h
wi dely attracted attention as environment al
underlying glendonitetobbhmima tsshtouwwdgyosr mactti ofnu | |
procegs$ emdonande glcemadamityi @nompnf onmati on 0
gl endandt e ® nddeutcatiilnegdn dnamirmr oscopi ¢ observat
oxygen it€onmbfjana(,ysehsemi cal composition ana
mapping of glencdohiogeécadtnecmetisomgati on and
condwnt ddbur Cenozoi c nohirgtnreinswBtdgpdnant axr yds er

Eocene Poronai , FdHok&taii dm, Miak &8s aMi ocene Mor :

Hokkai do; early Oligocene Ashrgmfi.anfFdor enat i o
Mi ocene Toyohama For mRtebn, Minamichita, Ai
Gl endwerf®maand | 6Cahomwemsattfidns in Japan, a

concretions have been #outhdgniehnhdéoBnsibtfee b bhe s en

n Jagdnrendeoonnictreet i on sdinsottr irbeusatirpi acrtteidcul ar r
geol og.iThals sgeggfecsntmatihan afhegl enduwmustuwealconc
case to a particul arTheegoicocnuromrengeanldd gigclaell
concretions ar o,,srucc hd eassd bad rvgad nviessmb oglh cesdt s h
organi sms f or,mndgn aigth hvoaid éusegsi emdoni tes and s
concretomth s 01088 how that gl enwerhnedt med omsireg i
carbon derived fHigrml ge o dpnwoesgyamaagdeslndoni t es
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urroundi ngf2id®inmen® ttehcanssur n o madkaem gpport t his
nNterpifhphospdostusi butinomg|l padoarninrdecoantcr et |

hah aensgn p h ocsopnhceetneldmu a tt ihdggmnso mposi ti on of dead

ontroll ed itkhae tteit mirmgvad@tdi drhe beginning of
or maBedo mg@ mi nae ar ouwnrdd ecfoonrcmeed iiomsnof ossil s
oncr €tai @dns,tri but iiomtse ri mr ecteeadcft begoprntomesoncr et |
or mati,onafxbdal ues odl sclwonvetrtedoante nfeotrinoant i o n

roikmd t e wargyosnipaliestsehdal | ow part of sedi ments
eaTflsi.s worknpwbosgdbata <conteotitadi gm owt h |

l endoomndtcreethivon i ng organic dehempms cal on

ondiotfi oprosrdeuwd tnegr ear |y di agenesi s.



ChaptBackKground

1-1 . l ntroducti on

Spheri calcocnacrrbedanaotnes are demagedndahbaoda
aggr egabseomnmsedsedi mesmgtl abaMampcikal | and Pirri
Concr etyipocahtd gipmr evelrivedi iBasisid seMant i |1 198
1988; Maeda and Shigeta, 2005; LGlnedmeamt sand
et al ., 2019 ; .Tlhaeurveifooni ee,tt frad s. sainiAsEO R At ioomMmsat i on
geochemicadurciomgith®encsohawvetailtaommédyerdatr ©h
scientists.

Cal cium carbohatrmpcadhgygr eluieon® thenseactio
seawater and bicarbontanceenf eomotie@adnorganpas
early diagenesis (Yoshidpagitodhalreti 2615 0r ;@
cautske consaorloiudnadt bfed s shiedierf or mat i saedidmueentt o
compaanpoasee lvigchardeeane n S iosma fl p h dd .odidar t i | |

1988; Maeda anm&auShiogetedora@ € ®&2,020) ons s omet

preserve bothihd ayn d shdnadflite d o rBga mids nesarat i. I, 1 198
198@l;ements et al ., 2.B8bIne rauwmciren i ensakont
preserved fossils argerkndédwn eaas fsamdusasf dhei

t hMazon ,Ct kdJKSAA sandf rtchmms@ear 8, hB8vrazpid oviwdedad h
wi ahhigh opportunity tOE©Bandeéret aald. pal@®®yr g
Concr @tvieoonts secondaft gs ail ¢ learsdttiiecosh o ot ar bona
cement(aMtuirami ya eMi oaxle.n,e 2Mo20d)z akr i lcapag i n
cont ai nesc odnoclroemiitons i n stturfdthac e u o bglragde=@od ne

3



it hurr oundciemsd matearn @ taimadt mpl et ah g ftoor me d
heul awlle ntelacss e |1 n aacen curnédlli toearsea dci. ng | caosnscerset i or
haebeemot bctdedl t ebgt cameoin of ndolcowiii em
decreases tof @enaonpatisdelnd vent al( Muirgarma tyiao re t
al ., 2020) .

Concr et ipamos/gi eddecshoel nmifcoarl mast & doirameymtv i r on ment s
durcobngcretionebholt matdiFa@amg e exgahmp.l o rreemadxer 6s
condi ticthesni @ adl sdounmptansgictrfiea m noamte ir @nceodr W h e
f or mingeamd c¢hemi cal(Mactosnupnoostiot iaonn@sut i | § mat 4B
1986; Hendr.¢aeboal anad®@@i€y ath®)c s mposdfti on
carbonate cmintegredlionesn ar ea nwi died dythar ggpadriii e¢ed a ¢
decomposition pr b ecsosn carnedif € cenfisg évri ant werte al .
Col emanMo z118e9y® ; Bur bal el @8963al ., 2024D;270M20 Ja mi y
Al stohe recent dicosoacvfedarymaotfi ornap(ios hi da et a
2020) has enabl ed w ntcabecreeraisrufyres mt rheet naognet i arf
i sotopicnsgsomposé¢wWowmbht danset al ., 2019)

Al t hough numer occuasrcheotncadéeteisons halvieti bleen co
knowhotuhte f or mat iloenn dpornoictees scvodniiccordpg t cecordtoanii nt e
i nheentEirgGl eendonpseudocmoar ph af:Be&eld)wi khi te (
bi pyr @ami cdadelylsdhtagSehse ar man andFrSamk het 1a#€I18.5,; 2
Vickers ®&bgalv. et2n@l &) y2 82 inp ocCaeyO. o fGI ceanldwinti & ¢
i ebserwmadi nae sadliethe mesat atr pRrearl eoksoiacf t o Quat
ages gTe®bahérnyt and Luppold, 2013; Wang et a

et al MikkhaR20Opva et al ., . 2d0f2thecrciROgopheti aal



cal cad aarmb ocnoantcer et i ons known ag Bggesdpnmitelod
Mori ki yo ;etMuarlami y2a0 1e8t al ., 2022)

lk aicr g tnalmar i néd avedibreemtist dfd enw | rfoetiewr isa |

depKtdndiena al ., 2003; Lu et HIlIrutaoagad Kaksawe
202®knder mohdhi gb cpohnocsepnhifaaetd i mas et al . |, 200
al ., a2dlfmraatzeampe r(At e&1s ®*setKoadiena 4982; 200 3;

et al.l,n 20Ee&Nvaitrugonamheat t e has only Weeh foun

water tempkoMt gPas! vy, 196 3; Suess et al .,
Di eckmann dihdebder@dremyt eemp eirld wanasltsant |y
rel ease t htehcewgpstalansdbmrm i nto an aggregati
(Suess etJans. en 1edtBeala.utstetledBp/er at u roef sieknasiittei v
stabi gl zantdimaml t @l enmdaeniet boeaws dehyeusad as i n
o f d®lmpern aot urreec pabeoeaenvi Denmantiso and Frake
Grashy al ., 2017; Jones et al ., 2006 ; Pric
Zakharov, 2010; Spiel hagen abBuddamoiugat man®0C
scientists pavVveoéoreiumaddmpnmhdkeatilaglleenddoni t e an
gl emidto@ n c rfeari nogptr iocre s @ts fauwlel ya rutchhflee t $ b wo d g
guestemas N

Firstartehteat b o m rocieksa i tietssaarnrdo « o chic msgeTthieo n
supphg accunasludbtsit@amt o fal a nmeeucnets soafriyk atirob e no r m
crysatnaglur roundicomogccal cotpg.evAloulBawghupdr eposed
t hceontridfutbhaantser i al o ragnadn i nce t dheacnoempione i tt h e ns
gl endonitéeocmiasetdi iwdn atnhde bi @mars lew ni shd
thgmei chert andQuwueitp oaMb,r,i 2klyBa7l;, ,t R®1889ncr et
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carbon souunrlceeari s stil |l

Secondi gywadydiomi ¢ daepart of ogd recnrdedmoiisdtres
gl endoni t @ bseg deddad ntydsiem doms ¢iesetdhe center
This monmhiok@agyrst he for mati onf iorfe gguliernedso ntihtee
i kaitef amrmattiadn, etqgluemtt hcemal stibpe maaoimoumelt i on
glendonite (or pHewedbmdg Iiflazitstaeahergyuenali s |
process during fgbemddonbhei sonmokebwan

Thirhdyi ¢ wWear evari ation incboher etil@ans veompal
gl endowitthd s a Semglad ndnarriet ecsompl et el vy enve.|
concr;ehto wenwserr nomadtiher gl endoni ttédhg o In conc
concreti.onMsmuedwaere,s some gl endomiomeassrbeutt e no
di r datrli e dt he Alotshhe upkrki.@ada nootmeer v e d Bplgagsal | vy
Jr, TMOi72hert andVasuiplpeowrad), e tf GadlllrjemdsGonBb i e d .

This thesis addreskysshddlienaghb® ¢ & e mtuieasit i fom
process o f gl endoni tes and gl endoni te cor
observations and geochemical analyses from
This s®eubdgdesitanat dead organtembosmppkaeteca
t hsesurr owcmdicma@gthdowré$ atnhgee spoirnewat er 6s phosphat
switched the itkhahseuer pwmdicp g eatciomrec Tt son f o
phosphatter ol | ed f or neattvlaen i antctideeked aixpVvVai si zes
concretions compdhed gt endjd reihtdeo ma b @ ® n e tpir WIT ¢
ideni nfitdd sdistclatdiiepe mogdensdo bt teaammcpep!| | ed

gl obaasl layd i ¢ a tgeero cahfe nti lcea | conditions in ear/l.\y



1-2. Geol ogical setting

This study isnuvcecsetsisgiaotnesd offouGeno-beiaci glgend

marine stratlapainstrliblEktoednien Por onai For mat
Formation in Hokkai do, northern Japan,; 3)
northeastern Japan; 4) Miocene Tosy20haanmda For
3 .

The Poronai iBdmmatuiterd i d he ce,ntanmd par

outcrops along the THaushambet sar anfth,eMt kas M
Poronai ¢tommatasedadaek ay mwdgthome nor i nterbec
sandgitsonmeor e -m htalhiMAkb ®0no et aesd .d,i vide&ed) i nto
and upper partanndbd ves.d i bmef alacrvasepsruimsbeedd d e d

dagk ay mpedksctedpree | ower mostcomagid to meo mtt &i, nif mgq e
and sandy siltstone. The upperFoparnt nt¢dmrsias
assembl ages show that the Poronai For mati on
(Okada and .KaTlihheo, Polr9o9n2a)i abanoani orf ogseéel ds o
organssesmbkbiavsal ves, gast,rammpdo dse p hcarl wosptoadcse a nM
assemblinaldgtetmatte t hFeo rProatoincan § s wihho wénr fpamtuent |y
gl endonite concretions, rwadtshigdopeos ibtae dh yan tshe
(Suzuki, G2 eondxrhimtiaenadl o u t concretions are obs
muddy Thewkbkstlbundantfloyrsrdwairnal horizons, but
occur togmehemame horizon. Their horizont al
it i s dirfaftisd tnlatt utewd nteman b ¢gdde8p haci eal <concre
without @lreelnsdm nalllylerddoaunntd i n bi obuoudbéayedcal d g

contain fossils of articulated bivalves or



The Morai i Bosmai boaobeendp aianH otktkeminglo i mar i |y
consists of wenaukd syt obmeedid ecd logpisgi the Japan Sece
t hleshi kabiiataocmaassembl ages $moaw Heat Mo rMa io clkm
deposi ti(olhhad Kaaghea t 0 Col |l aborat.i veheReNermaik h

Formati on cont aadfn smaarbiumed saomtgefthai ssgmsles , gast r o

scaphecpads,anedarmrxshi noi ds. The sadsmebt age f
i nditchaatte t he Mor ai Formation was depoefted
2000 (mMmakano et al ., 1996 Gl Esndomii m& etonal e

obserwmed hormindnurdfat edJ mdgidytghfdarcdimsst.r i but i ¢
gl endoni t & addmoar dthidolnesu thcorrmbips @ m & & lusé moabtn
|l east Sph@rimc al concr et iaofrcunvd tihroud e \gd reaald o
bi oturbated madcdmdaEadtcn cessl at egla disrc@apddp,ods,
or aggreganiodmwmwsasf | s

The AsagaiouR opremdt il wwedkiistan d wstoaud jneemtint b é
Fukusprmmar i | ymacsosmpvrg rsaeys| ag d a yl,arvke+{nyen et o
sandegSuoend al .F,osXx®GEoMa!| mglk k,uskisnophyceae, and
forranmfera indicate that the Asagai For mati c
Sueo al .T,he2®05) sotopic datimggesiafy 8he8sNK
and Mal Ogyasawar @ ,e tasald.t menQOatrd/itchaatte e e Asag
Formation was deposited at thef(Updgar atto ,| ow
2003)Gl endonite concretions,, agnldendphet esal
concretions withoute gblieontduornbiatteesd frnpars@ads ei ngr
eadls obmerdidd er emMiteohtbedonbdoaboftl hglten danii toe

bear i ng shournilzeocna gpsoeo ro fa ne x p o sni toeud ocfr otph e
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The Toyohamas dwtrhmad o m&i ginis of alternating
sandstone gNur anmeitysaad naegn d2 @21G)cr ops al ong t he
Mi nami chTha @daogwyahama Fesalmandamt cboas :ilns of
gastsppodusnac eacrfMun aindtyy aal .Di a2002n0 )assembl ac
i nditchaatte t he Toyohama For mati on wated daposi t ¢
1999 monldl usesssdembl ages suggest t hat the T
deposited on the B Bho kaath ande@adnedd nlidtdd
concretions and spherical concretions with
tuffaceoys amddidg« threintelue i loagyl®afn dva n iht &€ xd emarset i c

horizontally to at |l east 100 m.

Chapter 2: Methods

2-1Literature review

Thérequency of gl endonite withouatndconcr e
depositional envi-beamengsrstfepgedepnrdahubeéeed
sear ghiemglroed a retdislei itre,riantcdruedi ng | oaf meakr siatry i
bull eti eBooksadt expl anati on papRecorfadigthee geol
occurareceompiled for each -Hearmandg ost r &toa,

di stributi on sanpga dvexsdeerpatirhe hcaofll & ea cetse d

2-2 . Field observations and sampling

Field observations and sampling for | abo

9



conduct éfeourorf or mati ons: the Poronai For ma:
| Kus humbwitksadsoan o d ai t hve \KearssdHd adaertkeaa . do, Japan; t|
For mat iwddni st railbountge st he Japhles hS ekaaH @ b kaa tedaq f
Japan; The Aswdgaih Foer matthieaacuishet logfor s poBedi o
a wood stowakekyahdmat Prefecture, Japan; an
whi ch out t sBeagd hReanc it Mien amn c hAiitcahiarPeaae,f ect ur e,
Gl endonite concretions, gl endoni tes wi t h
wi t hout gl ensdsqgiaingiheesiy reball nfomdttciomdward
f or maGlieomd avn it thevdamlkdout c onaaleltw otnéscdaw e ri ex
Fragi |l e sampl e swamgst arneth ehdf o eaf f ect geochc¢
anal $ampl esle emdtremdno uthcef o @ s b ebsyt rpeamotvsi ng weat h
surfacteormetsce the elidwevesr ofsavemlthserfimgm
For mamiigplnAve suffered a Gi®tewaise adbteratliao

prol onged odheposutrce ops.

2-3 . Laboratory observations

The detailed structur ewi tihnwiaanfid uar cwmd r teh
were ohseamngesssct i bh-s @antdi onSammbésswere rein
usirnegsi n and cut per pagidceindwlmantgedarsk i psar aQulte s .
were pwltabhar asi ve,anodmpsoaumael pol i shed samp
outside to all ow s laipgphtoxn atauredly wenvot hweereiknsg
rai ns, to enhance vVvisu8admplbsserwamwmasomb®eér ve

stereoscopimiamdsgolpasi zi ng

10



2-4 . Di ssolution experi ment

Concretions around glendonitesoluwsedigt he I
buffacetdic acid to obbhai.dthieo rbudlIfetssd®e sf om
experiment uwsakBogp$ 20 &8 pl®odncr eti ons around g
wer ewictuthi @ar oc pt bdauucbeioc e mpbes oxi’ma2®dd y 1 ¢
samples from 15 comMdrtetri dnsswémnve nd)yi Svelrwne @.l
coll ected with a paper filter. Thi s pr oce

approxi mately half of the sample vol ume.

2-5 . Microentpaols i t i on

Sampl eso lwlefered lfer e sh tpheeunt ssammmesr adr nbl an
mi crocuanceamplees weruesi pawydimree dldoa t powder ed
sampl es weaurseXrgnn!l gizfefdr aot denhe( XRD¢ mi ner al
Anal yses wewmiea hEKWCadlu cattédon (operating voltageé
at a scan rustiengo@mnd Knif iractomet ér athMul t i FI
Nagoya Uni ver siBuyl kMugsl esuromh @ nlietipdaan, o snpa tkea sh g

and bivalve shell fossils were analyzed.

26. Chemical composition and el emental dist:!

The nmdajeomensd s T( 8 026:¢ Mn O, MgQQ, :OkhOandla
P.Os) wer e umeiXagafiylewdor eXsSRjespeet (Todmelghdye.ndoni t e
concretmadmm i X cod mwlicéhdeidcr odr i | | wer emipowadeuwn tetde
using an alghaet ep onwcietadree s wer e ABedtoed 2ath Sam
subsequenACy fatr eBl@obvwet ovol ats d e@h casnpwatat sin

11



mi nerals and carbon diTheigdnei tiemd a@drelhadroantida er
primari |l yCaoveprei sdiingptug ., n@iaGenti nput the re
wit hirmntgleecaf i bhwadlTihen i gamg lewgowder ed again v
amgate mor xadpraadlhG etiiymes t he sBaOnpritdwowei ght
dr opsmgfieous sOohetpoocéddre from heating t«
wasonduwct eqdui ckl y as wa sasdrsbolrepnttioohneni sa mpkes .

The mixtures were f Ulsasttreo amakaamgldRBEs be
spectrometer (ZSKoWwPgétmaasiGldaddu®Rt gaguhool of
Studi es, Nagoya Uni veagwsiter, nleagpsamrmaenideet sc al i
using the rock 114 f{ enmeenrtoadea € nmaectde rfiraolm),JHBosk k ai d o
la (mdsalitned f r om, aNadgalsRahkyio, | iJdtaep aonbt ai ned f |
Japmamgvi ded by the Geological Survey of Jap
wer ei2 %%f oomnd8i0MmInd 5% for ot her elrenenQls)., Th
which corresponds t o t Iseucweiaghtwadfe rv,alnat iclaeg
was calculated from the difference in weigl

expressed using Equation (1) as

s50= {209 g0, (1)

wheW, ¢ g) i s the weightnW{g)hesothegi wal gbampl
sampl e.

El emental compositi omf aglde idd Osfinirti ex8n® @ on an
were condaetedtusnngr oliEd My nc rpooal nhasl ényezde ro n(s

covewietdh-nat IBi0c k c artbeofnorcec.aa Manlgy yses were pe

12



usi ng8 2J0X0A of HaE&wWadedt e Center for Advanced N
Kochi Uni v,eemgsiteffep,| | bavp ama cb¥dacc®iherati on vo
2 A current-enb ebaenipd flanece ank ur ed el ement s for ¢
were Si, Al , Fe, Mn,al Mg, ac@ar gkkc,ha”Ra caved li S .e c
natur al mi nerals and synthet i(£xSi2@ubGfances
Mn O, Mg O dK8®i OKTi OPaONds) Ba&Oanalkrysitmay s wer e
thallium acotrdUMhOKmd aMé | KHoFre UKi t hi um fl uor i
f oMn Upent aerfy@d UKn o |UKan®E THor U@ nd UST hke
measurement errors wer %, eahdamnaeicetdi otno Ibiemiltes
|l ess thaBl ad@é&ingppim.uti on maps were gener at e
and S.

The s2Dni quaetemant ak distribution on the
sampolfesgl endonite concretionsvaasihdead)diemg oni t
ascanniqag &dnalytical mi-62068&omd HODRAMA XGT
Nagoya Universi-tghdlusyeg umeamtyi hbieggbns (Rh anode
1 mA)em 1LiOn0 di amet airs;ianwg@asi d @ ctuslee saanndp lierdrsa d i
surface perpendicularly. XRF LUsonmggihe s amg
detector odi sprer inemrg(\W@ae cstut @amedte Edle.men 2810 3

di stribution maps were generated for Si, Ti

2-7. | sotopi c composition

"€ ath®of kadietrei ved granu) arncglendeni(tCas i n
bul k glendonites, c oncmeea si owmesihs oPmrd meh alslot fo
ratmaesgpectrometer with an automated Mul ti Pr

13



Cent ervafnocre dAdMari ne Core ReseBhe hcakKmbmemat d&Jn
matxesver e meas usedbl e maspepéerometer (DELTA
Thermo Fisher Scientif,i cgveaei@dhdkpme dGactwietinlt ea C
Ltd. Jappampoltgladndoni te in concreti otnhse wer e

polished samples byeae&rddei ngdtemerm wnitchh o0& c 0|
and bul k glendoaol kfc &hcdupt| essanwpelreesdubki ngFar m
the Hwinkdogites, end uwglyceoslalmpadteesdy loe Mldoni t e

heterogeneity. For the Asagai Formation, <co
bivalves and bival véEdsh@éfll datwearpa rearsaldyl ztead .

not arteloant i ve t o t he V({ ¥RDsSBt)aPnhedea rOdecerCBhaiilglmni t
1957)The measurem®nad®&r were fess than NO. 1

spectrometers.

Chapter 3: Results

31. Distributiogé$eodogl ¢edcoincesetanas i n Ja

Figure 4 |Isohcoansi tti les obfk e e d]dagnrdiatbd e
summar edest rnihbutionsandgesa)] ebwaherf a-die@s h o
bearing isnadaatttd n§r om f i eadnddhiehv e sAd it diep@iigdin s
previ oiuess sithuddatcatba@eir distribution is | imit
Shizuoka Tectonicheiesel { $Shahoyws ol R ET)088st ir
Japan contain glendonites, andt bAd efhriefd. st r i
Thages glfendwoenarditenmaqat a range fromVi Edhd enn & htes eF

14



stradgsasivie fine sandstone t©ce mddsstaonndest @me
mudstone ar @ tdhoemil npa niegrs tcregdd eendoni t es are co
(FRAI I formati ons aernev idreopaoxse etpesd, tihne nSaoruinn & o |
whiwdhdepositedyBas ad foorststulhe f auna and/ or sed
most &tersdti anat bdvde ploeedrnn ddpt hs2 @0(emnt edett dialns ,
se ¢ hcel t aitn oTa bdfe Mur ami yaOand Yoshida, 202
Within thédeglreéendlosnid@amaimce egt i ons are r ecog
formaHobhosghkiendonit i @b gd reesthimopnetde cavity fo

by hteot al di ssol yhtasonbedEmady e asvbohiotcal i ti es i

t hNeeogene tshko @a @i | Wha ma ghhdcghio, (hi , 1966) Takaha
and the Jut BReiskiucz esnt rdaitsat riinct , Mi yagi ( Nire,
32 . Occurrence

Fi gure tlwgslheoomdsona urergelnecnedsoni t e observed i
calcite concretion and gl endonits wihtehsoeut
two types sofargd enldoerri veed | rmhodisfizioenrt dhret s:atmrea
straMounphol ogi cal |l y,omn hgdse nadno nii stoel actoendc rsepphier
shape with a sharfgheobhouaeatdiaory Ibetmweamy.a
surrounding matrix cfamcdhnmeadnéys bandlicodli agud
Gl endont hseusr raoruch di ng crodnecrr ettReasinhsem aatr reie thiao n s
arger ay tooldaf gles hgsay ft &neset,ir saxaae ke lasr .

Lami ndbsermed he surroundi bgrad edih@errdtoanr t ema
concretionswamndogt e,cdaomcd tstéeinerneappar ent def o

ichnofossils in conbdMbpetighsendoouhdsgliendbaei
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a bipyramidal shape in the, ceamdwad!| @oraddn iotf e
have otreslKlaghtees mendctehnet er of t h & )l cno meorsett icoans e(s!
gl endtoenrintienat i onafcaanec reentrifiosimeersecoatse gl endoni t
are eendapdwyl actoendc FiegSipdhteyr i cal ccomhaireit ngnkos:
without gl €addoemittidis waelvee rg artbisftf earreen tf osutnrdat i
| eveh®n endoni te concretions oringltemedosames
formati on

The Asagai Formation yields @qlaendcuoni e edc
bi vaMya wg(mg kfios SipSpeéEi fichedweetdtsndt si de
centebiplyrtamé dshapped gl endonite in the cent
Gl endonite is also formed in the bivalve an
aggregation of smal | t hedmorf etsison s arso uonbds eg
Gl endoni tes wictomauwdirndiocht ) e¢ widmgkihealcepart
are also observed (iFn gtThé®ébAsastgeidsbbr madieomns
cent ehgeloefnd@Ghéenwndoni te concretions observed
araessoci athged osvi t &8 hrCiarhp | faoistggsdinssgi s t s6e,ent er
). Although glendonite concretions in the
macr osdepgilc fossil s, aggCGheanadreidtbessmiaitvietdh e hnof
concretxesn (6Edtgrhiesef osdinlos in glendonite <co

their circul ar Cross section.

33. Petrol ogy

Theni crostcopmtit ugleendononhesiemi bam | | format.i

studd@leedndoni tes comptbseereetgiemes ati ons of cal
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cal @i ¢ teduinbiuftoer ml y

around @Ex@4d| and

i Brown with a zoned

500n d n

gl ohard@ayl deri ved

et

gl e

con

gl e

con

t e

S u

mi

X

r

c

t hroudhdut

(i2n g ladn caoxniatl e ¢

(3Sprowahewnr embcni3gg -1fCarl es (

texture and remunaded po

di aifae ) ebr T €& isgthiacrsalcaderr&@at o mmon i n gl e

fFramki leai maé .( 2008; Hugget

al ., 2007; Tei.chGaldn@ndaltuppomdr e20i8h 9

n

-

dvoonli ut neehcedo ncm et (7Ri)g.b Howmewdreendwnt heut

reompB8aeakewi t h-» Qua rGaz

and/ ofrithsdp apianye sc al c

doni heut c on7ccr)eltlieo nbso u(nkliag.y bet waeen a ¢

retion o,evmat miocalolsycheep adipf f er ence bet we

ure of glendonites

within and without C

ace I s smoottér, wiwthlreo leta sc @gn emeatoinons has

ocsacl(odFfyT @ ., )b,

e

, f

XRD anal yses showt hséuatr ogilnen cdhgn ictoensc rarnd on s

formapriomari |l vyatg¢mpBglL saBndl eoameni tes in con
c oamiami nor amount of dolomite or puamaeil Gl e
compcalseite with guaghdnd€ontestioom all fo

mai nly

naearbonate

for ma(tHiogh.bre®)x.east he Por onai

contauaratn d

f el caasghpd@oy o hama

composamdi mfor ad moained wao ¢t IFhi gHaoawBe) e r

mi neirmHsesi r wone dd engeadxena Jof al |l f o

Mor aip,y i amad i Asyag

G0 r mactoirmdpmr i S e s

clinoptiloliteBi qalave zshalnlds ffd dsptalme Por on

ar

e

preser v(erdi @qa.s

ladlagonit e
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34. Dissolution experiment

Within the residue o%6onhgHeobdil sagosheaddd eech e x p
mi drossi |l s ar e obtained from concretions F:

For matFiilagjn The cfoaud sdle é@ldl osr aonhianni df dirleae, Isefi cul e

spomMdaindant small wood fragments are al so
35. Chemical composition and el emental dist
SXAM el ement al mapping of gl ecnodnocreintter act cendc

i n glendonittieosn san dCac ad mc rae nceonocmoed @ noeno udsi syt ra |
steeply decopasemirgnds he t he Jdsaurirraantdiicnrg m
frointos hi d2a0 1e5t; 822 Q(OPHI1 @ Si shows inverted dist
and i s containwed hont gteGaopoaist emmairmdlihye det e«
surrosgedi mguatxeisi yaround glendonite concretio
concr(ertiigon 13)

XRF analys€sa svaswhi lgatl yg | ceonndcoennot tireasteet dn oinns
gl endwint h@est ,aodcc esacrooautnido ngt & m gl iomlg7t. f6is ot no
41wad% 42. Awttdand7 42. 4 to 47 .PhowstphPpweusss p(ect i
concenftrraam2dt o iln. glwtnddoni tesO.izh tcontr2twb®
concr,eevemnsal ti mesormdgrhelr adtuhr@msstehdd mgnt ar y
mawkes (dabl e

Detail ed chemical mappi mg iBEPGMAg | reenvdeoanl i etde st |

P was rcatheecndnl- as thalnciCaml  ho&plheat e ( Fi g.
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36. I sotopic composition

Figure l13%samocalfabbéebpec composition of gl

(7]

ampTe&8€ values ©fngkcendoritens and withot

characterized by negati veanwaliu3els. 8far oono 111190.

-

espectively. Although concr eit& ownasl uvaerso ufnrdo n
1T18.0a to 0. 2a, negat i vearvealduoensi nbaend u n dFgoisis8
concretions ait® ovdddwde®.n7eig ditoi via&B, 1whi ch was
carefully separ at bcdo nfcrroemt i golnesn dfornoinm ,&shsei nPor o
negaittveaoi®€d. 8a to T14.94a. Car bxesataemdmi cr
bival ve fi!ds wiallsielsafe om 17.0&a to 9.9a, diff.
c o n c rveatliuoens

Al t houth vtahleues of the comandtfossi hsovady
T14.t304 2. Odraegmausntd B&B. vadahees eoifn gdemaroetiitcens
gl endwini heut owema&r eOtai ams 2. 2a a,ndr aslp et it we I

an@al of gkiemdoonc¢eet i onsiitthawsa lhwerso gfernem uis?2 .

TO.0&ad0n@darebxes madrbi val Wed svhad lfuld sf2ds ¢ iol . B&s

Chapter 4: Di scussi on

4-1The formation eanvdrooamentemwmdcei dfai gleendoni

The gl enddeint eJoacgamri-oeai ned sediFmgnt 8ry r
Tabl),e andaroebsérved i n gr ay wthdp chbel saucnka brhuyd srti ocnh
organi.c Taitd eirs not amloytt lyéd ghadbmavieg siapmn,
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reported fromddyaeg.cpedl dbelcakc ket alanTdrd A7 ,Spi
2009; daldwppealtd, 2013; , Gaasbnoevteloabinsdeoa nv2edde 8 )
in ceosandetoonerghaoabkante. crystals found in re
are al snarcimh;ootharlkd muddy sedi mentasnd( Suess
Smit h, 1986; Jansen et al ., 1987 kalLueetr ns
formati oas urpped i mds bi car boonan ece miprdaetvieapth s miyo s
the preccal ¢iat € oanBdi fsacrhaogfofn iette al ., 1993; Kooc
et al bepeca0tb)pdhommplbdoadce ystal surface of thes:s
precipitation .r aMoesst (iBkuarittoen, celyds%3d)il memntns rlea
e vat wat iomdiabedrtdieved Sarelsseneaettesal ., 1982;
198@reinert and RBedk acohrenv, i w2 Qsdiélgfh mphbsphat
concent pat ieofrkdoa® tn aa | . 2003; | &lhoerg aagiticda | . |, y
dachk!| aruaddde di ntelmtec o mposi t i mant todr oirgagdedi men
soft tissue ofcdHdewdgengrat embi(Haemsemated an
2006 ; J Br g,epnrsoévm gds WAiOt0e6Y | e e nivk apotnaceinpti t faan or
Howe, W épeor ewatoaw s@fi ned fgeuladrsigadrd nthent s shoul d
| ower bi car bonadrec eemtdh aptrhi odstipshtat @f muddy sedi
of poorograni ¢ T hreart gdddoe.ed@mcictue r ganiccdh dar k mudd
sediareyntgeanlksaa tsiunegh &a b r e mmeanitt e p.reci pi tati on
Most gl-adiomgt st r @atdae piors ialdee@aetanw i r on ment
( Tal) e pr obbeacbal uys eleodvfe mp er at uroet st otaicketelpe s e a.
Howe,vheer occurrence of glendonstuehfasmtbBaalYu
(Pl ei stocene: ®angad yaatnea EEdolcOeOnBe):a | Camwmi dtoee o
Part 1 of RegionalhagdoMoqijendydpha®Pangoteae:
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198f4gr mati ons and the Elsatuear EoeelS®uno Feamh:
Editori al Cakhwmi tPtaer eaR @l iobin al g e o)lsohgoyw so ft hJaatp a
| owemper ature twaehal |l ewi maednenand estuary d
these formations.
Gl endonite cfoonudnmle tli®nesf nad@iten o dtalpeathnt ai n

gl engdgdiatik@andl endoni t e codbnscerieviecids@egsemr ef el
prefectures wher el hgelrednsimsnb it Btee mapnoe afl owdm dt r i b
of gl endonswiet gcloenncdroentiitoenT & ie s etf hodb eft o omat i o n
glendonite concretion is not a pewiutl hiam c as

whiglhendboi Wmes ami ya and Yoshida, 2020)

42. The carbon source of glendonite concret

I n the AsaggdienkKmonmertee oinons contain artictu
Mygrew)oafgkwhhe hventral sidbspgraemitcdl mérecer
shagkdndonbphesTli&igl endonites wiarhtoiuctu lcaotnecdr
M.gr ewiwigtkhhe ventr al sides in t h5pTdersteer s o
occurrences indicatthesimrmradundckiandg ecemgyrsdtail sn
bi vaverbds al si de.M.Fignrdeiwmgnigthe | tciemltemist eof t h
concretions and glendonites dadei domwt dirleyguies
oM. gr eiwn ntghke As a.gai For mati on

The occur nt earadfeotl dihwowni sn g rfoacremsasteicdMmo ic @ mir y & d
et al Wheza02h)e bi vwelcvaerse dived eadnd n t he sedi m
i nside the shells remained becadlseendtomaitre ss |

fill ofmosmhacse diare b,svhaolwiensgy t hat sedi ments h;
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bi v ad rvtcehsa t safntsi dies ¢ thee sowihveanl vtehse yr Tedimema enb ur i €
occur i @enctelmatte | kai ttehsear ystuatdsngndarsdmegti ons
or gareirdaccvae d on, wh imc hghaepeveepiiet dr dfle tosviedbensy a |l v e
SheThes espHmametdhe shall ow par i83Had het naalr.i,l
20)i6ndi tlaate smasdtr oara rdbeca dd iofr fguaneatdbmaec amumanat e
( Dr everl,adldoiot7i)g h e h dwinth leweiatnldout scoance¢ het Asmagali
For mamaotn gl endonite concretions observed i
thi sstowdevi dencruoli &3 gamo &£msg h)biarem sfnesds i |
froem Tbdyohama( Fieg,)mda cd no@hosrsdalb tt ®isned fr om |
Poronai and MoFRi&dgd), fformadi ena vermiform org
Pol yc(Meet awec k eBaualo.n, e2.0 Garec, c uz0s2000joh a t
dead orgumplsimsar b on dgoaemm d o ni t ea ncgol necnrdeotnii ot nes
wi t cowntcr.et i ons

Mo s t sampl es of bul k gl-dpdometdelgl,ni t® n (
surrounding concretions, an dh abned gkaifgblveen doni
valfureema 1 @01 (Pidyg, TaRéeéeeRObygpv (E202ADWed t hat
mots Phaner ozoi a hgsliuernrdoounnidti ensg | aorbbaatvi eg tti hoen ss a me
e valamassbown | kaderei ved nhsah® tteael ues from il
crysetvaglrist er i ts ,¢dormafmmisfmedaby onhsotopic analy
f ouinmar i ne g e&diiemesntesd iTsl pr eb®8¥)ati oth€ pot ent i
and the Urfegwaliwes ot ormdreatdidnriggl endoni tes w
concriendiocnat e that carbbdmsiurmoiukai hgreoynst al
organicbieoalib® ewddnfuesodas f bmar i ner aonrggea na rsamsn d

120a théd (Nalkk asénti mal Kpdamaret al ., )REUNF, | to e
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Tabd e

Al t hough one highly negative value of gl
indiaamesor contribution of mé&€hameé uewhiodh
approxi matwhiyt it 6&a ctalrdSo®) | d hawep lbietelthe f r o m
dead organisms i n tamgll ghdwidbhestte cComereti om
f osbseialri ng concretions from thehBweagmaiy and
negafCwal ampproxi matel4d howemee¢Tabheseb of f
bearing codccatieonsvat the carbon source is

Gl endonites in concretions and the surrot
wt %0sP 71126 t i me s thhieg hceor n ctehrater astuir o roxeirsrd i( M@ bmat r
2 lLsuppourt sinterpretat isowmp pdldaettdo oh di akdamot reg aanni ds n
concretions reicamisoep hPl 1 6 al ement l i ber at e
phosphate duri 6r admcamgo®B)etrineer i, ngl 9i8ndi vi deL
Bi val vi a;whDeccha piondcal udasndgiPostycslaeit mp; whi ch
host organi sm Cohfontdhceo nie@tilmaotfOonsBs% Iphosphor us
dri ed (Badckiyeset. aTllh e p2h0olsOp)hom uisn conm@amli $ @$ | |
hi gher sSshanoimmtadsegof t he gl shapmi dxi manelk gt
wt %: calculated from2XRanddaitna ssehdbwdot eirn [ Tla. b
cal cul ated fr oMot H&Ii0[WAd)sah isdhéo2nent, 1 &)h.o we d
t hPmoncentrations i n spheri csahelclosn carned icornuss tf:
i ndi cddtaitnglead upmpdaaeidstdesr | kai te and concret

The carbon amount to form ikaite crystal
esti mateadsess the contribution of other ca

formation of gleWhemi tid daln caCsedDhisamip It e ait s al
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derived ftrhmear balhc idiheed mmite i man ulsaEnggad tciud mt e c

(2)

Osample = T;50 ®&a0 & (2)

whe@emjithcear bon cxrad 8hCa O gc)o,nt gmts hsepvet %) f, i ¢
gravi t'y,af\d scveol umPof( ctmhe sampl e

When we apply thebtwaltlhes elqitddearabbno ma bcoaviet , € n
in the glendonite concr et b nap$prroonx Btiftaed eA sya g ¢
g . The volume of the glendoncoecrcd@tDicareds or
mor phol ogTihceal c adlactual . & thiadn teises ugtheesndoni te occ
concr etoil amed -1&€gt anul ar cal ci tdeocdeampi eesd 3flr. @

of t hgl end@Os8he&r man andarbdani thmp pi@Bd) cal ci t e

Gl endonite concretions from the Asagai Forn
calci.t)e8 (Fa@al so contained in ;thergé&disment s
estimation is the maxi mum amount .

Thei valaréeon content in the glendonite cot

assumhnathitviwdoV @ me 3jtshbeB 0 a t me6 .o readiom t hei r
wet sofBreyssetantthe 2dd)fic "Jluavingy hiuman.
body deDusrintiynm and Womersl ey, 1974) ]

The carbon content of t hestghee nedxopneicttee dc oanntc
i n dead ,ondatia®ms organic matter I n sedi me

remaining o uladhe of wEEli iltesod fipd emd ddointag econcr «
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However, organi ¢ matet er exaeamssdidinme@tadbont e X |
t he s pshhearpieccaddr eti ons because outward diffu
center of theqaoatomefdentmosipghe(sivoahi dadredtr,ed | on
2018020)The explanation that concretions gr
rul ebeocatthsee gl € Bd omh mireei ot nhsr u scto nocu seut 0 foand é e
(Figlf lxongrewi oonys nikali @ &t icnrgy st al s, the ¢
compyV eéeptthaes eg | eAldsooniift eesh.e carbon sources for
surrounding concr et eoorsgawmerce mditftfeer eint , sed
bi car bonditdegammt e crystal spraonvd dikkleda d s or gawmmn @ ime
concoes, concretions would be very wunlikel
crystal s. The dissolvedi ghoha@aheaiocortaribmumt &
formjlngndonite concreti dnfs ;v ahl otwesy egf, e rt choen inte
concrenhdoboate that t(hrilga moTdrtibewcaasu ssemaclalr b or
derived from inorgamavieC cwalbgp i ok isneaatwealtye r 0
( Nel son and SImhietrhe,f or®96)gl endoni tag bomrad reet i
supplied from dead organisms with the aid o
Gl endoni t ef ocrommecdr fepdososrinlst r at a can be expl ai ne
of -soddlted organi sms, whi ch Tdaiei mtagrep rye tparteis
supported by the fact dafietuindostumglh ainednmu es
i ndi ¢ ddeb nmeanst broehot organi sms.

The occit€Crenteaeges, and P concentrations o
gl endonites without <conct leseuirornosu nsdh onvg tchoantcr
formed fronmehecatbdnbhyethe decomposition of

and organiscedmaMinersodrmngani smsdeeompo mi toirgran
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sedi ments through g&veral cheTahdet pd mep @OTOhes
fresh part of t he host mudstongedandent onc
enviroSmehasensegduomgani ¢ decoaswipmosa trieodu cpe do
envir omoneenvtke gr edses por éwanerapiodnafid ocHe
f ocrar b@matce puintlaetsisonsul f i (@ et aept eddé patl at, e 0
201A)slhmes mal | amount of pyridtiec hiae st he oomgar
decomposition byasoft fet ppir@abeugrsi ingn gw endoni

concréor mat iAcm xi C oxidation of met hane (

preci fiPteatkiammih nT hi;el h o weweltr), its characteris
"€ valeugs, T566Stakds85d&@anahrie ,nolt99r99dogni ze
gl endoni t eofcommtpree Mamnganese and iron reduct

consumi(nyoekeaeratl ,, ard07r)he reactions are i
bi oturbat edugadigrmentls9 9 3; Canfield et al .,
Al t hdwghka ndi r ect i ndex, considering the hi
gl endoni t#®eaosintagaettai,ont hese organic decompos
signirfolce oir mi mggl endoni te concretions. Dur i
bi carbonate from decaying organfemsinngact ed

i kaite crystardowmd an cioknairted i omy saat al

4-3. Jghewt h froartnea tawvmedm oorf mgntendoni t e concretio

Ca distribution in and ar@dungdhawse ghamp om:
characterized astymieoéaibkeeyawceed onn frapitadly f
concr édtYoehsda et 26al8, 20 1Teheedh@ M@ QGeneous Ca
di stribution and concentration decreasing &
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with bicarbonate diffusinngaoboutpartomwi hé Ca
porewdt smurroundiYog hd adi ,;redhGadB.,, 220®105

When we adopt this grogwbiwt hodenkd tHlye tho
outward diffusion procesesacftaimannideimeélsé i mat e
Adi f fgwrsoiwvarbr qpaéddeYo s hi d2a0 1e5t, az2ld.1,85,e ved 2ad me as u
concretions ar ound0 gdimannecandigd-reth wi d eha tanadh
wi dt hd2)(.FiTghe wi dt h a mgploiwva dr iqosh $ talde tcdmia fefsu si o
the concretion aroundsglhendbnimoeBtetha a g boyrea
l aminae ixestle omadrigl endonlihtaen dc ounncdreeftoi romesd
ichnofossilal sa sbherebabonetwiacsompbemati ear |
in the depossédomermied dthiéost.hael s o wd dtrilsel st en't
estimated formation depth of modern i kaite
et al., 2019; Hieputa and Mat sumot o,

Th#® values of concr gitn dinchathea oruaetdi @n £ nfd@m
i ashal |l ow paet,s ednadwemi® ev dlaper oxi mately 0a
15)except f of rddirec rAstaig@amsh F @ h nudntdile@nvweetnetor i ¢
alteration MoEit® hweadofwesornoapr.et s oms!l ar to thos
shel |l 485 (aFnidg4)Tlarb | rao st da vge,ni € uplerch gonna tae se d
i soteogpuiicl i bri um( Bi ¢t Redkieradviad eataitngconcr et i ons
i kaite crystals f oit®newda Ifueosm spiomielwdario ethod ws & ahw
exi &t sedi ments near the seafl oor.

Bul k glendonites in concretions-lcampri se
Cal ogcwmpre than 90%70.f The wiohmitifhevidiFues i n

of -Calbul k glendonites in concretions from
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shell f ds)sm d idchdatfe g .he 1 kai t e -2t rcaemsefad rama toino n
occurredemdearenthesur faces

| Kaist ef ommedows ronment s;risihc maas noer gsaerdii cne
submarine or t erPraeudtyr,i a3lQ é8r iend 4ad (. e .T¢gh.BE 2
factons riol dfiictmegnantuiscdonn se alelr enviphgsmewotcde mi c a
charactlgrihsas clseensbrpwaritmant adidgyc ephosaphatn

pr omokapirteeci pi t at(iHun eat ,adtHh bdi KR&ikteen, c rbeehads e

ti mé hceeonver si on of i kaitBe scdoV &tTentcisaudl .dand 96
bebecause phosphate iinhibitsphtatwal s pcraelcciipuim a
carbonat e, such a(sBicsac hcaoftfe. @arnvdarlad,a gldNddi)e s
repadrhplydisphate concent eMt(iiothss oarmreadretrr d thiamr
seawater i s eMMpNorzoaxkiimant2eDlyg 2por ewat emtof mar
several |l ocalities whkoe@i naaet ealcr $583@03; az

Mg*'concentrations as high ialkaptrtlkeccs @i t at is@
around pH 10 or higher, typS$Stcadkmdnml &tal aln.e
Toll efsen.etkKaaluwg@2 0alBe.d 2t'cdharn c eMgti ma ttihcen s

porewater of amrase imn dnasrd dniemesmdtdsinwearmntido ut |1 kai t

(@)

rystansit tattchgcental @aavrieeons a controlling fa
formation in .fMm&andhenisiewhcndeingtisb wt h ( Meyer, 1
and their c otnhgeeorr terweatt ceré@aisienng or gani,c decor
accompani ed iy raedlu dnl Romxgiednessen andl Kablgen,
Féf and¥ior tMne porewater ar e tchrey sotndly ffoarcmaotr
i n marine sedi mentex,pliati ni ¢ hei fl fiimeuletd f i ndi

mari ne sedi ment s.
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XRF analyses of ttheemrgbendongt eognhBndti ons
concentrations of Theptrtomesmaheighed xtwbh &n ©€ha
(TalR.e ConvéeMgel Fe, camdc e Mtirnattilmensgl endoni t
concretions are at thexesanfd)alhdeelr age thaste
gl ob(aGrloymet e.t Aallt.h o uigoh8Htdhaen?ddgvimt r i cdbauklido n's
not be completely ruled out, the high P co
that the high phosphathdee emmp o ©in toie ayta Ng fs mdse a d
pl aystale duricgognghrendomi f@®r mati on

EPMA analyses show the selectivelR.distri
P concentrates in the con&€r etsi ocnasl ca ruoru npdh ogs
i nclusi &n;s Hgwdderost no CR11i & addeereievcetlle dc alnc i t
This selective sPhodwns tgrliebnudtoinoint eiss falosno Sak ha
Barents ShEeMifkhdi IRuwsas ieat al . ,. 20a&nls i dvarsii i g v
hi ghosphat e daamModeek &ficaremaotnison, t his P distri]
p hos pgheanteerf atoemd decdempdsiomgani sms was di ssol
f or matoi direkvapirteec i pAftt atri ark aiitper efcoirpmattaitoend, as
phosphat et o nibnecuosripoonrsact2e daatalncr.et Beoma&ws € e
i ncor mor pthedsuprhiantge pr( ¢Hai pintda Wa atgh e 2ddRDdnce o
Cal i1 scomdtr aadihdtgehd phosphat e ken wvier of noomematt i cowunr.
the phosphate concémabkesdowobhheni ktaknt eobseadi &
due to cal cpuec ipphiotbgpthiadre ab e gttt prreycsitmiltsat e
consuming the remaini ngr yosiftamalmionimat iec alr ocaldc
concreMuoami ya .et al ., 2022)

Phos pohdastoer pti on/ desorption on/from ferric
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aut higenic phosgprhpd et me8 nphad phat e .cdrmeent r ¢
phospdhanteenbcauronng as calcium phosphate
concretilons T i-heag.c htahe precipitation of aut
mi neclad tghees phospédmt matcioon dacwmicmetgloandaonmima
BecausegpHfaifd gedlsylodtudd Mechg et phesphBatib)

concendo wltdooimter ol | ed by porewater pH, deter
t heer ganigce neciadi og ©rganic decomposition an
seawater. Assuming that the porewater pH tr
as that of moddf@8d( Maao net, smyld.e.mdahkG)e concr e
presumably fboemedptncdemdi t({idDh&3p Kordti ench  teht i
assumpteiponthiamg t he porewater pH of mar i ne

crystalBs was 7

44. The formation process of glendonite con

Pr evi owslnyernectliadnesmgsover eet hought to have
i kaite transf(dQumetti an .t,0 2daNgsiVeEeka) st edal a)|l
Howe webrs,er vat ilnen deoinr fisd#@eu d tnu rtehsi ssh osm utdhya t
concrledd obeenbkefoo em&dtiat ®nsf oWhman | ick ayistteal s
transf agomr e g agriaomusl gorf adgaglr cigtag f ano esr be g b me
(Jansen et al ., 198 m;heTaoaloluegfhs esnu refta ceels. ,0f2 Qg
concretivehsd$  6twhgpeg htart an sif loaimtag i omy otfal s i n wu
sedi manutsdd surroundongreddi mehbsthe pores
granul ar cal clint e n targagshte g ast mooont. h surfaces of

concretvanségliedwgt hat ctoon ccroentsiroabrnisd@éf taekme d e cr
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before the transformation, preventing the
sedi méemdesnd | ami hhe aoocneti onborarhatoi oinndo fc
concretions in uncolnjps.oli dated sedi ments (Fi
Figure 16t tseenguaernitzieass process tooorekabhe
formamidomhe r el at e dd gtedoecchoemmpdoesa bn go hghige s ms .
formation scenari o danm gd eoadmotaiti @rrmceo nrca lea ti i
gl endoinagteéoee t he surrouf@Bilpghe otmicmienhgowns$ char
p h o sepchoantc e nti matpioorneswat er c arepemmoneson hien t h
organisms wused to f cremm pthkaes fclwantceEat r atx aonp | &
mai ntati n\edhi gh | evel wuntil the | ate phase o
orgamiisms havsvedbdéem i kaittheercerfysteswb wp cecontmom i t
moderladrede ncriieit go.nligpfth otsiphat e wamaiemt aian e dn
high throughout t he cde choomuphaalsviet iboene np rcoocnessusme
form i kaite crystawst fobhe scaB#@lpleofi agdretnrdeosnti
whenphbeggxhatceent rati onreade yr pdhsaese oy alaecompo
tiamamount of carbon will havengleendosedef wpui
be smal lcon@&i g) i ol g h otshpehcantceent r at i owasi n por
mai nt ail oevdl @weaghout the dewicdap dDidediaoth pr oc
or gamiosuthelve been consumed to preciApistogt e c a
i f the temperature waslttthhoear h D gdeeiahdo ro rigkaanii tsems
wouhdweaemnsumed to fdhms abbomedplroeeasts
gl endoni t ei ncdoimcdaraeetgied@®esi phos phat,e pcroenscuemmatbr| ayt

controll ed Kwyrporge vatrdry pmHhHMageeame syias.e(t Fiad .. , 1 ¢
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45. I mplications ofurmgdemdtoaindieng oemarrley i dina d

Early diagememsi@émcuocrhdf agmati on on the pal
i n sedi mentary rocks as chemical and i sotorg

ear |y dpramgdeameshbeasen st udiednfdordemany syeaare be

especially from studies on carbonate concre
lijima, 1981; Carpenter et al ., 1988; Col en
al ., 2001; Hendr yt teit etl .al .2,00601%A).essandr e

Al t hough por®iw@n iegfra rqedtimetit € r at hat control s
speciation of wvarious substances (Chuan et
Mi |l |l ero, 2002; ,aMa celca ientg alh.ed enGelmenalal f ciy ma
in early diageéinfftiosydditielrind mebedn reveal ed
formation process of glendonite croenlcateitvieons
size of glendormiones et ooparewaheEBamgels dur i n
earl vy di agenesi s. Therefore, gl esdentital c
i nf or fnautnideerrisntgh@edgeoc hemi cal pr.ocess of ear/|

The formati on c orhdiivteiidresersotfi ggd teend ofnri o ne sg |
sedi mentary rocks and natur al or synthetic
Teichert and Luppold, 2013; Zhou .et 2a0l2.0,) .20
Thi s gtessdiyyisshes hiomportance of p ocroemwcarteetri omH
f or mah o wenv,er , t he ef fseuccths %desb nvige h earraef iasothisl yl s
under conAdiedearidteidonunder standi ngvidfl tfhuaitrhefr

clarify the usefulness of glendonites and g
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Chap%erCongl usi on

A liteuaveye geol ogi coals eir Iy a¢asntain grd 0 wme nma nc
analryesveedaHeedf or mati on process and eR®@fi ronmer
the geol ogicafounvesti e tvhepmdyo :ssemiadtdad e t o |
Eocene Poronai Formation, Mikasa, Hokkai do;
Hok k ag adrol;y Ol i gocene Asagai ;amd madrn loyn, Mil avad
Toyohama For matAiomhi Mi nami chit a,

Theompi |l ed inulfenmdarni tosmbows Uhffamamatl earsd
yi egllde ndonMMbetsmad o mmrsg rsaeeyd t mu dd ya c k owcekrse an d
deposittlesshadaimmopbdOBever al hundirredt bnaettienrgsai t e
crystals tend -tbchH omar iime osregdinmen ts.s under
Gl endoni t ewecroencao ggrtii ®ends iwii t1h9 nf oarlmha tgiloemnsd o ni t
f or magtaindlmstieempor al and s patsiianiwidrhshteriirbut i o
di striThet gl bernedgoomictreet i oins fnoortmaat iposnpeli &1 cc a s
region or geologic age.

Gl endoomd¢reeti ons from the Asagai sa&tor mati

the ceahdrthbeeofhem formations contain f o:¢

c hnofGd eqniddosdiriskes r r ocndcngawegail® veal ues and

hi gphhosphate conlcheent natuonsnce and geochen
concreti onshesghroew ftolramegilani ¢ carbon in dead
organic matter i n sedi ments. Tecenphetspbaste

nde st dote tnag e s i n Eehomcemiactaen ti rdoys! epor ewat er p
determhaedi migme wehl mi mat i omy sathadlisk & etthset ar t o]
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formation of sumBredumgminiga e oarc o eundoenfoonrcmeed i ©
ichnofassdibst i o®, vahdes csomawfed h@mantaison w

compl eeséadllow part of sedi mMédntss fwirmiaitnomompt
could be appl i ed atnane dpeotreerwnaitneer tphH duri ng e
Porewatersi gHIi dasrcaamdotnetrr ohé i mgner al formati o
di agetnlesn,&sfho sepstowd yd e si nefsosrefmattiiaolm d eerasrtlayn di n g

di agenesi s.
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