
Diagenesis of arc-derived sandstones of
Cretaceous formations in the Queen Charlotte
Islands, British Columbia, Canada(MEMORIAL
VOLUME TO THE LATE PROFESSOR
TERUHIKO SAMESHIMA)

言語: eng

出版者: 

公開日: 2008-01-25

キーワード (Ja): 

キーワード (En): 

作成者: Yagishita, Koji

メールアドレス: 

所属: 

メタデータ

https://doi.org/10.14945/00000314URL



静岡大学地球科学研究報告　20（1994年3月）153頁～165頁
Geosci．Repts．Shizuoka Univり20（Mar．，1994），153－165

Diagenesis of arc－derived sandstones of Cretaceous

formationsin the Queen Charlottelslands，

British Columbia，Canada

KojiYAGISHITAl

Abstract Diagenesisofsediments derivedfromamagmaticarcprovenancemaygreatly dif－

fer from that of sediments derived from anintracratonic－Or foreland－type prOVenanCe．

Sediments fromthe magmatic arc are compositionallylmmature and richin voIcanic and

Sedimentary rock fragments．Sandstone samples ofmid－tO Upper Cretaceousformations
intheQueen CharlotteIslands，British（フolumbia，Canada，COntain eitherlarge amounts of

pseudomatrix or authigenic cements．Aninverse relationship between the content of

pseudomatrix and that of authigenic cements suggests that ductile deformation of soft

rockfragmentshas reduced much oftheorlglnalporosity andhas preceded the formation

Of authigenic cement．The describedinverse relationship clearly contradicts the recent re－

portofdiagenesis ofsandstonesrichinvoIcanicrockfragments（Hawlader1990）．

Key words：diagenesis，POrOSity，pSeudomatrlX，authigenic cements，arC－derived sandstones，

Queen CharlotteIslands，Cretaceous

lNTRODUCT10N

Clastic sediments depositedin sedimentary ba－

Sins along convergent plate marglnS generally

form quartz－pOOr，and feldspar－　andlithic

fragments－rich sandstones．Some types oflithic

fragments，SuCh as voIcanic and soft sedimentary

rockfragmentsinthesesediments，areVerySuSCeP－

tible to rapid diagenetic alteration．Processes of

Cementation and compaction of such sediments

gTeatly differ from those of quartz－rich andlithic

fragments－POOrSedimentsderivedfromintracratonic

PrOVenanCeS，and they also differ from those of

quartz－rich，feldspar－and voIcanic rock fragments－

poor sediments sourced from foreland－type PrOVe－

nance（Dickinson　＆　Suczek1979）．　Thus　the

COurSe Of diagenesisis profoundly controlled by

the preburial tectonic setting of sedimentary ba－

Sins and by thelithology of source rocks
（Nagtegaal1978；Hayes1979；McBride1989）．
AlthoughStudiesonsandstonediagenesisinthe
foreland belt andin the passive plate margin have

been frequently carried out（e．g．，Loucks et al．

1984；Land et．al・1987），fewer reports on sand－
StOnediagenesISundergonein the convergent plate
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margin have appeared to date（e．g．，Galloway
1979）．　This paper will describe and discusS

aboutsandstonediagenesisofmid－tOUpperCreta－

ceous formationsin the Queen CharlotteIslands，

BritishColumbia，Canada．The discussion willbe

focused particularly on processes of mechanical

COmPaCtion and authigenic cementation of arc－

derived sandstones，Which orlglnally hadlarge

amounts oflithicfragments．

GEOLOGICAL SETTING

Themid－tO Upper Cretaceous Queen Charlotte

Groupis distributedin the central part of　the

Queen CharlotteIslands．　The group consists of

theHaida（Albian to Turonian），Honna（Turonian

to Coniacian）and Skidegate（Late Cenomanian to

Coniacian）Formations（Haggart1986）（Fig．1）．

The biostratigraphic relationship between　the

Skidegate Formation and the other two forma－

tions，however，has not been thoroughly clarified
yet．The Haida and Honna Formations are well

exposedin coastal areas，Only gently deformed

and amenable to sedimentologlCal studies．These

1DepartmentofGeology，Faculty ofEducation，Iwate University，3Ueda，Morioka，020Japan・
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Fig．1Stratigraphic column ofthe Queen Charlotte Group．Modified after Haggart（1986）．

formations make two contrasting marine sedimen－

tary facies：the Haida Formation consists of the

lowersandstonepredominantanduppershalymem－
bers，Whereas the Honna Formation comprlSeS

thick conglomeratesintercalated with thin sand－
stone beds（Fig．2）．Totalthickness of the Haida

Formationis reglOna11y uniform，aboutl，300　to
l，400m，Whereas the overlying Honna Formation

has a variable thickness，ranglng from　400　to
2，400m（Yagishita1985）．
Sediments of both　the formations were derived

from the east（Yorath＆Chase1981；Yagishita
1983，1984，1989）and deposited along a half－

gTaben troughformed byverticalmovement of the
RennellSound Fault（Yagishita1983）．Despitethe
COntraStlngSedimentaryfaciesbetweenthetwofor－
mations，Sedimentationisinterpreted to have been

continuous（Yagishita1984；Haggart1990）．Sha1－
low，nearShore marine sediments displaylng a

transgressive cyclic sedimentation pattern charac－

terize the early stage of the Haida Formation．

The sequence fromthe shaly upper member of the

Haida Formationto the basalconglomerate of the

Honna Formationis thought to have been made
by a rapid change of depositional environment

from a broad basin plain to the gravelly fan de－

POSits of the Honna Formation．The abrupt ap－

PearanCe Of gravelly fan deposits was probably

due to the rapid upliftin the source area（Yagi－
shita1983）or to the rapid sea－level fallin the

Turonian（Haggart1990）．

PETROGRAPHY OF SANDSTONE

Procedure：Modal and textural analyses were
carried out onlOO thin－SeCtions taken from both

the Haida and Honna Formations．　All thin－

Sections were stained with sodium－CObaltinitrite to

distinguishK－feldsparfromplaglOClaseand quartz．

They were alsoimpregnated with blue－COlored

epoxy to highlight the poroslty．Classification of
detritalgrains for modal analyses was based on

themethodofDickinson’sschool（e・ざ・，Graharヮet
al．1976）andwas detailedin the wrlter’s prevlOuS

paper（Yagishita1985）．

Many sandstone samples were found to have
wel1－developed authig・enic cements or to exhibit re，

Placement by diageneticminerals such as carbon－
ates，Clays and opaqueminerals．Most of these
thin－SeCtions were reexamined with reflectedlight
toidentify the opaqueminerals，and30　samples
that had authigenic clayminerals were examined
inascanningelectronmicroscope（SEM）．
Clast types：Sandstone samples from both the

Haida and Honna Formations have framework

modesthatplotinthecentralpartofQFL（quartz－

feldspar－lithic fragments）diagrams（Fig．3）．Be－

cause the matrix contentis quitelow（mostly

lessthan5％，Tablel），Sandstonesofboththefor－
mations are classified as either lithic or

feldspathic arenite．Althoughthematrixcontentis
Verylow，1arge amounts of pseudomatrix are con－

SPICuOuSin sandstones of both　the formations

（PlatelF，1G）．In response to overburden pres－

Sure，thepseudomatrixhasbeenformed bysquash－

lng and twistlng Oflabile grains，SuCh as shale，

Siltstone and schist rock fragments，between

harder framework constituents．For purpose of

modal analyses these constituents have been allo－

CatedasdetritalgralnS andnotasmatrix．Crite－

ria for this allocation was outlined by Dickinson

（1970）．Althoughthe totalamount Oflithic frag－
mentsis almost equal between the Haida and

HonnaFormations（QFLdiagrams of Fig．3），VOl－

canicrockfragments（VRFs）aremuchmoredomi－
nantin Honda sandstonesthan sedimentary rock

fragments which characterize Haida sandstones

（Fig．3andTablel）．
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Fig・2　Lith010gicalsections ofthe Haida and Honna Forrrtationsin the centralpart of the Queen CharlotteIs－
1ands．The sections displayed were measured by the wrlter and partly supplemented bylinformation from

Sutherland－Brown（1968）・Ha：theI中idaFormation（L：lowermember，U：upPermember，Um：upper mOStSub－
member），Ho：the Honna FormatlOn，Sk：the Skidegate Formation，B：basement（modified after Yagishita
1985）．
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こ慧1．。鵠竺geCOmpOSitionofmodalanalysesoftheHaidaandHonna sandstonesofmeangraindiameterbe－

Q F

′　⊥　ヽ

Ls Lm Vrf

Haida Fm．　　31．3　　26．8　　　9．8　　3．1　6．0

（∩　＝　34）

Honna Fm．　　22．3　　34．1　　3．6　　2．817．5

（n　＝　46）

Oth Mx RepJ Cement

′　一一一一⊥一一二一一ヽ

Ch ZI Ca Misc

Pr

5．6　1．9　　8．3　　　5．5　　0．6　　0．6　　0．3　　　0．5

4．1　2．4　　5．6　　　5．1　0．7　　0．6　　0．8　　　0．8

Q：tOtaJ quartz grain，F：tOtal feldspar grain，L：Jithic fragments（Ls：Sedimentary，

Lm：metamorphic，　Vrf：vOIcanic），Oth：Others incJuding biotite，OPaqUeS etC．，

Mx：matrix，RepI：　replacement by calcite，Chl0rite etc．．Cement　（Ch：chJorite，

ZI：zeoJite，Ca：Calcite，Misc：smectite，hematite etc・），Pr：visuaJ porosity，

n　＝　number of sampies．

HAIDA

FORMATION

Q

HONNA

FORMAT10N

Q

Lv∠ALsLvAALs
Fig・3　Q－F－L and Qp－Lv－Ls diagrams．of
sandstones from the Haida and Honna FormatlOnS．

Mean diameter of sandstone samples ranges from
l．O to3．O phi．Samples having more than　20％re－
placement of detrital grains by calcite，Chlorite and
Otherdiagenetic minerals are omitted from these dia－
grams．For　theindividual plot of each sandstone
Sample，readers are referred to the writer’s earlier

paper（Yagishita1985）．
Qp：pOlycrystalline quartzincluding aphanitic

quartzose．grainssuchas chert，
Lv：VOIcanlC rOCk fragments，
Ls：Sedimentary rock fragments．

DIAGENESrS

Authigeniccements：Fourtypesofauthigenicce一

ment are presentin sandstones of the Haida and

Honna Formations；they are chlorite，ZeOlite，Ca1－

Cite and smectite．　Silica cements（quartz over－

growth）are very rarein sandstones of the both
formations．

1）Chlorite cement：The dominant authigenic clay
mineral encounteredin this studyis green to
yellow－green Chlorite．This authigenic cementis

PreSent entirelyin the both Haida and Honna

Sandstones（Fig．4）．Most of this chlorite occurs
asapore－linlngClaycoatlngform，Or aSWellcrys－

tallized flakes that are oriented perpendicular to

the silicate or voIcanic rock fragment substrate

（i．e．，radiatingchlorite，McDonald1979）（PlatelA

andlB）．Inmostsamples，theradiatingchlorite

COmPletely fillsintergranular spaces．However，ln

SOme CaSeS，Other authigenic constituents，SuCh as

zeolite，fill theinterior of pores（PlatelD）．The
Chlorite cementis clear and transparent，and the

absence of other detrital materials andimpurities

Clearly differentiatesitfromthe detritalmatrix．
All cements observed with SEM were confirmed

WithSEMX－raySpeCtra．AccordingtoSEMobser－

vations made by Wilson＆Pittman（1977），there

arefourtypesofauthigenicchloritecement；plate－

type・rOSette－tyPe，honeycomb－tyPe．and cabbage－
head－tyPe，in order of decreaslnglrOn COnCentra－

tion．　The most commOn tyPein boththe Haida

andHonna sandstonesistheplate－typeChloritece一

ment（Plate2A and　2B），followed by a　miⅩed

rosett and plate type．Althoughthe chlorite ce一

mentis easily recognizedin the well－SOrted Haida
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Fig．4Stratigr甲hicdistributionoffour．representativeauthigenic cements；Chlorite（CH），ZeOlite（ZL），Calcite
（CA）andsmectlte（SM）cements．Chlorlte Cementis the most common authigenlC Cement，but the cement does

notshow any．systematic paragenesis．with other cefnentS・Numbers　2，4，5and6，COrreSPOndtothose num－
bers of stratlgraPhic columnar sectlOnS Shownln Fig・2・Arrowsin the columnar sections show the
stratlgraphic positions oftheindividualthin－SeCtions observed・

sandstone beds，itis muchlessin those sandstone

beds which havelarge amountS Of pseudomatrix・

The average amount of authigenic chlorite cement

in the Haida Formationis5．5vo1．％，Whereasin
the Honna Formationitis about5．1vo1．％．

2）Zeolite cement：Zeolite cement andits replace－

mentarecommoninboththeformations（Fig．4）．

With SEM X－ray SPeCtra，mOSt Of the zeolite ce－
mentswereidentifiedaslaumOntite，andoneexcep－

tion was recognized as mordenite．Opticalcharac－

teristics of zeolite cement are a pale－COlorunder

crossed－nicoIs together with　thelowindex of

refraction（PlatelC andlD）．Some zeolite ce一

ments which fill theinterior of pores are sepa－

rated from detrital gralnS by authigenic chlorite

coatings（PlatelD）．Replace血ent of plaglOClase

bylaumontiteis common，aS Shown by partialor

entire destruction of twinlamellae（Yagishita
1985）．

3）Calcite cement：Pore－filling calcite cement，in－

cludingbothsparryandmicritictypes，islesscom－
mon than chlorite and zeolite cementsin both the

formationsandislessprominentintheHonnaFor－
mationthanintheHaidaFormation．In some thin－
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ALL AUTHlGENtC CEMENTS（％）

Fig．5　Amount of soft rock fragments plus matrix
（detrital matrix）versus amount of all authigenic

intergranular99mentS Of the Haida sandstone sam－
ples．ComposltlOnal data having more than15％re－

placement of detrital gTains by calcite and chlorlte
and other diagenetic mlnerals were excluded・The

soft rock fragmentsinclude detrital grains of shale，
siltstone，SChist and biotite．AuthigenlC CementS are

chlorite，ZeOlite，Calcite and smectite・Mean diameter
of sandstone samples ranges froml．O to3・O phi・

Sections the calcite cements are separated from

thedetritalgrainsby coatings ofauthigenic chlo－

rite．

4）Smectite cement：Ti1eOCCurrenCeOfthe smectite
cement wasidentified with SEM X－ray SPeCtra，

andthe cement occurs as thick crystallized flakes，

oriented perpendicular to the rock fragment sub－

strate（PlatelE and Plate2E and2F）．The ce－
mentisless commonin the Haida Formation than

thatin the Honna Formation．

Order of cementation features：In both the Haida

and Honna sandstones the followlng Order of

cementationisobserved；1）pore－lining chlorite ce－

mentcoatingondetritalframeworkgrains，2）pre－

cipitationofradiatingpore－fillingchloriteinthein－

teriorofpores，OrPreCipitation of zeolite orca1－

cite cementin the center of pores not completely

filledbyradiatingchlorite・Thecalciteandzeolite
cements coexist evenin　the center of a pore

（PlateH）．Ⅰtishardtodetectthetiming（order）
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Fig・6　Amount of soft rock fragments plus matrix
（detrital matrix）versus amount of all authigenic
intergranular cements of the Honna sandstone sam－
ples．Sampling data are based on the same condi－
tions．

of smectite cementation．The cement often shows

the entire pore－filling without coating by chlorite

cement ondetritalgraln Surfaces．

Mechanical compaction and secondary porosity：

As described earlier，the matrix contentin both

the Haida and Honna sandstonesis verylow．

However，large amountS Of pseudomatrix are con－

spICuOuSinboththeformations・Aninverserela－

tionship exists between the amount Oflabile rock

fragments（including detritalmatrix，Whichis de－

finedhereasagrFinfinerthan5phi）andthe
amoumtOfauthigenlCCementS（Figs．5and6）・Al－
thoughthecontentofsedimentaryrock fragments
in the Honna sandstonesislessthan thatin the

Haida sandstones，theinverse relationshipln the

Honna sandstonesis clearly discernible as wellas

in the Haida sandstones．

Despite the existence oflarge amountS Of

pseudomatrix orintergranular authigenic cements，

dissolution of suchintergranular materials and

frameworkgralnSCannOt beseeninboththefor－

mations．Namely，thestudiedsandstonesarechar－

acteriZedbythe totallackofsecondaryporosity・



Diagenesisofarc－derivedsandstones

DISCUSS10N

Diagenesis beginsimmediately after deposition．
Theprinclpalfactorsdeterminlngthediagenetichis－

toryforthesedimentsincludetime－dependentexpo－

SureStOVarylngtemperatureS，PreSSureS，and pore－

fluid chemistry（Galloway1979）．However，
Preburial conditions，SuCh as textures and

mineraloglC COmPOSition of detritus，also exert a
markedinfluence on the course of diagenesis

（Nagtegaa11978；Benson，1981；Fontana et al．
1986；McBride1989）．

Cementation and compaction are“competingln

the race”to obliterate the orlglnalinterstitial po－

rosity（Hayes1979）．If the abundant softlithic

fragments are presentin the orlglnal sand－Sized

Sediments，however，the mechanical compaction of

the ductile grains may precede cementation，andit

drastically reduces the orlglnal porosity．　This

COmPaCtion by burialpressure retards circulation

Offluids fromwhichinterstitialauthigenic cements

Can be precIPltated．In the case where ductile

grains are not abundant，the porosityloss due to

ductile grain deformationislessimportant than

that by geometrical rearrangement of gralnS

（McBride et al．1991）．However，the sandstones
havingsuchdetritalgralnSaremuChmoresuscepti－

ble to the poroslty－reducing processes，When com－

Pared with very mature quartz arenitesthat may

undergo only geometrical rearrangement of

detrital frameworks（Nagfegaal1979）・Benson
（1981）revealedinhisexperlmentSthatporosityre－

duction heavily depends on the content of ductile

gTalnS；the more ductile gralnS，the more poroslty

loss．The reason for theinverse correlation be－

tween the amount of pseudomatrix and that of

authigenic cementsin the Haida and Honna sand－

stones（Figs．5　and　6）Obviouslyliesin the

intergranular poroslty－reducing process by ductile

gTalnS PrlOr tO the formation of any slgnificant

amount of authigeniccements．

However，Hawlader（1990）hasinsisted　that

Sandstones richinVRFs mayundergo an earlyln－

terstitialprecIPltation of various authigenicminer－
als at shallow burial depth and that the

Cementation may retard mechanical compaction of

Sediments．But the studyin this paper obviously

reveals　that the mechanical compaction preceded

the formation of authigenic cementation．Such a

diagenetic orderis particularly evident evenin the

Honna sandstones that are very abundantin

VRFs．

In addition，the most common cementin the

studied sandstonesis chlorite，and the cement

mostlyshowspore－liningcoatingongralnSurfaces

Or radiating－form filling completely the pores

（PlatelA，lB）．Obviously the chlorite cementis

not so competent as theother hard detritalgralnS

SuCh as quartz or feldspar．If the mechanical

159

COmPaCtion took place after cementation by chlo－

rite，those orlglnalforms of pore－lining or radiat－

lngWOuld be totally deformed and squashed．How－

ever，thisis notthe case．From such a diagenetic

appearance the writer believes thatthe mechanical

COmpaCtion took place prlOr tO the chlorite
cementation．

VoIcanogenic sandstones are generally charac－

terized bylittle or no silica cementation（McBride

1989）．Thealkalications derived fromthe dissolu－

tion or breakdown of feldspars，mafic　minerals

and voIcanic rock fragments easily combine with

dissoIved silica，reSultingin the formation of

authigenicclaysandzeolites（Hayes1979）．More－

OVer，authigenic clays coating detrital grains can

retard orinhibit quartz overgrowth byisolating

detritalgralnS fromwaterthat may be capable，if

any，Of precipitating dissoIved silica（McBride
1989）．Thus，unlike the sandstones derived from

theintracontinental provenance，quartZ OVer－

growths are rarely seenin the voIcaniclastic

sandstones．Thisis the main reason for the fact

that silica cementation was recognizedin neither

the Haida nor Honna Formation．

Althoughthe breakdown of maficminerals or

VOIcanicrockfragments（VRFs）ispresヮmablythe
main cause for producinどthe authiどenlC Clav or

ZeOlite cements，many thin－SeCtions from both the

formations display　minor amounts of VRF t0－

gether withlarge amounts of chlorite cement．

This fact suggests that the mlgration of pore flu－

idswasnotrestrictedtoalimited stratlgraPhicin－
terval．Thebestexampletoshow thislackofrela－

tionshipbetweenthe content ofVRF and the pres－
ence of chlorite cementis the sandstone beds of

the Haida Formation at Queen Charlotte－City sec－

tion（Fig．7）．The well－SOrted but almost VRF－
free sandstone bedsin thelower member of the

formation containlarge amounts of chlorite ce－
ment．Thereis no VRF－rich sandstone bed above

and below，atleast over the stratlgraPhicinterval

Of hundredmeters．Judgingfromthelackofcor－
relation between　the amount Of chlorite cement

and that of VRFs within the same stratigraphic

level（Fig．7），the　migrationノOf the pore fluids

Which carrymuchof the dissolved maficions may

have occurred over a wide stratlgraPhicinterval．

Thelimitedoccurrenceoftheauthigenicchloritece－
mentinthe Haida Formation was controlled by

the presence of softlithic fragments that were

SquaShed and twistedin response to overburden

pressure and formed pseudoITiatrix．Most of the

Chlorite－richbedsinFigure7arewe11－SOrted sand－

stone beds（sortingranges fromO．4to O．6in phi
scale）．

Although　the mlgration of the pore fluidis
very discernible，itis hard to detect the orlgln Of

thefluid．Theuppermemberofthe HaidaForma－
tionispredominantlycomposedofthickshalysedi－

ments．There may be a possibility that the fluid
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Fig・7　Amount of VRFs and authigenic chlorite．ce－
mentin sandstone beds．of the Haida FormatlOn
（Queen Charlotte－City sectlOn，Stratigraphic columnar
section No．4in Fig．2）．Note that the amount of
VRFs and that of chlorite cement of each sandstone
bed are！10t COrrelativeこ

might have been derived from the compaction of
theuppermemberof the HaidaFormation．To de－

termine the orlgln Of the fluid，however，thereis a
need for more detailed studies，including oxygen

isotope data．

CONCLUSIONS

l）Sandstones from the　mid－　tO Upper Creta－
ceous Haida and Honna Formations are classified

as eitherlithic or feldspathic arenite．Although
the matrix contentis verylow，large amounts of

pseudomatrix are conspICuOuSin both the Haida

and Honna sandstones．

2）Sandstonesinboththeformationsdisplaywell－

developed authigenic cementation．The dominant
authigenic claymineralis chlorite，and the most
COmmOntyPe Of the cementis the plate－tyPe Chlo－
rite．

3）InboththeHaidaandHonnasandstonesthein－

VerSe relationship exists between the amount of

lithic rock fragments thatinclude pseudomatrix

and the amount Of authigenic cements．This sug一

gests that dtlCtile deformation of soft rock frag一

ments has reduced much of the orlglnal porosity

and has preceded the formation of authigenic ce－

4）ThemaiりCauSe for producing the authigenic
CementationlS PrObably due to the breakdown of

mafic　minerals or voIcanic rock fargments

（VRFs）・HoweYer，theamountofVRFsandthat
Of the authigenlC CementS，Particularly the chlorite

Cement，are nOt COrrelativein many thin－SeCtions．

Such a non－COrrelative relationship suggests that

the rmgration ofpore fluids took place throughout
the two formations．　However，the orlgln Of the

fluids has not been clarified yet．
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Explanation of Plates．

Platel．Photomicrographs showlngauthigenicintergranular cements of the Haida
and Honna sandstones．

A．Well developed authigenicchlorite cement（CH）．The entireinterstitialpore

SpaCe．is filled withthecement・HaidaFormation（thin－SeCtionNo・KY－26）・
PolarlZerOnly．BarlengthO．1mm．

B．Well，developedchloritecement（CH）．HonnaFormation（thin－SeCtionNo．KY－
149T）．Polarizeronly．BarlengthO．2mm．

C．Welldevelopedzeolitecement（Z）．Ahighreliefdetrital epidote（EP）in the
lowerleft．HonnaFormation（thin－SeCtionNo．KY－144）．Polarizer only．Bar

length0．2mm．

D・Zeolitecement（Z）separatedfromdetritalframeworksbyauthigeni？Chlorite
cement（CH）．Haida Formation（thin－SeCtion No．KY－05）．PolarlZerOnly．

BarlengthO．1mm．
E．Authigenicsmectitecement（SM）．Thisphotographdisplaysatypicalstyleof

pore－1ining cementation．Honna Formation（thin－SeCtion No．KY－194）．
Polarizeronly．BarlengthO．1mm．

F・Shale fragment？aSPSeudomatrix（PS）・HaidaFormation（thin－SeCtionNo・
KY－28）．PolarlZerOnly．BarlengthO．2mm．
G．Shale fragmentsaspseudomatrix（PS）and a twisted biotite（BT）．Haida

Formation（thin－SeCtionNo．KY－04）．Polarizeronly．BarlengthO．2mm．

H・Pore－filling calcite（CA）and zeolite（Z）cements are PeParated from
detritalframeworks by chlorite cement（CH）．Haida FormatlOn（thin－SeCtion

No．KY－05），CrossednicoIs．BarlengthO．1汀皿．
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Platel
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Plate2　SEM（Scanningelectronmicroscope）photographsofauthigeniccements．

A＆B．Authigenicintergranularchloritecement．A，0VerView．B，detailedfig－
ure．The photograph shows a typical plate－tyPe Chlorite cement．Honna
Formation（sampleNo．KY－156）．

C＆D．一Authigenicintergranular zeolite cement showlng maSSivepore－filling

cementation．C，OVerView．D，detailedfigure．Haida Formation（sample No．
KY－20）．

E＆F．Authigenic smectite andillite－mixed cement．E，OVerView．F，detailed
figure．HonnaFormation（sampleNo．KY－194）．
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Plate2


