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ABSTRACT

During the Late Mesozoic, the \',lestern Canacìian Sedinentary Basin

evolved frorn a simple passive rnargin to a complex foreland basin. Thís

thesis i,s an integrated cutcrop and subsurface study of the

stratigraphy, sediBentologJ¡, petrography and reservoir and source rock

potentÍal of the strata which record this transition in trestern

Alberta.

The Early to La,te Ju¡assic Fernle Fornation is a thin, condensed

sequence of narine 6hales, cherts. carbonates and highly quartzose

( craton-derived ) Eendstones. f?r€ overlylng Late Jurassi.r Cretaceous

Kootenay and Nikanassin strata corBprlse a '¡restward-thickening wedge of

quartz and chert-rich ( Co¡dilleran-de¡ived ) sandstones v¡hich are

truncated by the pre-Cadomin uncor¡forElty. This unconfornity records a

EaJor isosiatic uplift of the orogen, end associated foreland basin.

ThÍs uplift was probably lnitiated by collision-related crustal

thickening and accentuated as the tll¡ust sheet load was bevelÌed by

erosion. the overlying Early Cretaceous Blairnore, Mannville and

luscar streta record another episode of basin 6ub6idence resultlng from

additional thrustlng in the foreland fold/thrust be1t. The basal

Cadomin, ,31adstone, and equivalent Lower Ellerslie strata are Neoconian

to Aptían in age. This interval oontains quartz end chert-rich

sandstones which were deposited by north$rest-flowing riv€r systens

which traversed an aggraôing alluvia1 plain. The Upper Ellerslie,

Glauconite and equivalent lloosebar FormationË are Aptian to Late

Albian 1n age and comprise a northwe stward-thickening wedge of

brackish-marlne mudstones and sandstones lrhich were deposited durlng

(ii)



the episodic advance, and ¡et¡eat, of the boreal Clearwater Sea into

western Alberta. The overlying Beaver Mines and Gates Formatlons are

Middle Albian in age. These strata record a maior ínflux of coarse

detritus into the basin from a volcanic sorjrce terrane Ín the southern

Cordillera.

The chert and quartz-rich sandstones at the base and rniddle of the

Blairrnore-Mannvi Lle inter'ral conprise good hydrocarbon reservoi.rs in

western Alberta which typicaLl.y retain f,airgood prinary poroslty. The

hlghly-quartzose Jurassic sandstones are typicauy tightly cemented

with quertz overgroerths whereas the feldspathic sandstones ln the upper

part of, the Êection are plugged wíth clay-carbonâte cement. The

Jurasslc to Early Ctetaceous shales are nature in th€ western Plains,

overmature 1n the Foothl]lE and are moderately rich in type II and type

III organic matter.

(iii)
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CHAPTER 1 IÀ"TRODUCTION

In western Alberta, Jurasslc-Early Cretaceous cLastlc sedinentary rocks

record. lhe transition of the Western Canadian SedÍmentary B¿sin iron a sinple

passfve nargln to a ccnplex foreland basln. Masslve coal reserves are contalned

ln the Kootenay-Luscar strata in the FooEhills and equlvalent (lfarurvÍ1le)

strata Ln the western Plalns host lDportant reserves of conventlonal and heavy

oll. Despile ÈheÍr tectorlic and economic slgnificance, however, no

comprehenslve regionai syntheses have been published wtrlch docrrnen! the

detalLed deposltional facles and hlstory, paleogeography and reservoir and

souree rock poÈentiâl of these strata. To address these problens, a study area

wâs selected in !¡estern Aiberta anal a lârge rumber of drill cores arid q-rtcrop

exposures of lhese strata were studied Ín detail.

(A) oBJEsrrvEs

The objectives of lhLs study were:

l) to collecÈ, conpile and interpret ûttcrop and subsurfaee (drlll core and

geophysleal 1og) data for the purposes of reflnlng nomencLature scheEes ánd

resolving correlâÈion problens FÍthLn this lntervâl. Existíng nonenclature

schenes are based on slnpllstlc layer-cake depositÍonal nodels ç¡t¡lch are not

applicable in complex successLons such as the Jurassic- Early Cretaceous \redge

of Alberta wtrlch ls reported Èo contain lnÈerbedded uarÍne a¡rd nonmarine

sequences, loca11y dissecËêd by deeply fneised channels (ltopkíns Þ8f ;

Jackson 1984). Ùlicropaleontology, Eajor elenent cherdstry and llght mineral

petrogra?hic data were employed Èo support

correlatfons.

Ëhe revised stratigraphlc



il) to docurnenÈ and ínterpreE Èhe depositlonal facies and sequences present ln

different parÈs of the basln, énd to relate these facLes to deposltional

history. The paleogeography of the basin !¡as established by 1nÈêgrating a

series of isopach oaps, wtrích establlshed the gecrûetry of the various

llÈhostraÈlglaphlc units, \dth Ëhe facies, nicrofossil and paleocurlent data

coLlected,

lii) to evaluatê the provenance of the clastic deÈritus (i.e. discrl'nination of

craton versus Cordilleran sources) and to provÍde insight fnto the tectooic

hlstory of the Cordillera by studylng the framer¡ork conpo6itlon and najor

elenent chemistry of representative sáúples of Èhe Jurassic and Early

CreÈaceous sandstones. The d1âgeneÈf.c hlstory and ceoentatlon pattern of

these sandsEones was also studied ustng lfght mineral petrography and RD

techniques.

lv) to docunenÈ the source rock poteritlâl .of the shales depositêd during

different stages of basin evolution arid Èo estloate the total volume

hydrocarbons which night have been generaÈed by these strata.

(B) STUDY AREA AI.ID DATA BASE

The study area selecÈed straddles the bormdary of Èhe Roeky Mountain

Èhe

of



3

Toothills and Ëhe Plains of west-central Alberta (Ffg. 1), Dlrect comparison of
correlâtive

outcrop exposures and drill cores of v strata ls possible in thls area

because undisturbed straÈa $,tìÍch have been burÍed to depths of several

kiloneters in the ?l.aÍns ln Èhe eãstern portion of Èhe study area have been

uplÍfted, and exposed at surface, in the fold/thrust b€1t in the r¡estern

portion of Èhe study area. fhe Ewelve outcrop sectLons measured in this study

are locâted in the r.'est central FooEhllls and Èlaln Ranges of the Rocky

Mountalns betr¡een Sheep River and Grande Cache, Alberta (Ffg. l). The location

and access lnstructlons for each of fhese sectÍons is ltsted ln þpendix 1.

The subsurface data consisted of 200 drill cores and 1300 geophysical well logs

from wells ln Èhe area TtlP 36-56, R1W5-R25[J5 and the location of all cores

neasured fs llsted in Àppendix 2 and plotEed ln Flgure 2. This area totals
t

approximåtely 20,000 kú- (350 tor,mshtps) and the sanple denslty for the ãrtire

area ls approxlmâtely 1 core per 100 kn2 ln the central pâït of the study area

(TI,¡P 40-50, RLW5-R25W5), geophysical 1og" f.or.".r"ry non-onfÍdentlal borehole

were lncorporated lnto the sludy r,¡hereas in Èhe areas to thê north aìd souÈh

only wells r¡trich cored all or part of the Jurasslc or Early Cretaceous strata

were lncluded.

(c) HET[{0DoLoGY

The cores and outerops r¡ere neasured !n detail and described ln terns of

color, grain slze, abrndance and Èype of physical and organlc .sedlnentary

struclures, and the naEure of thê contacÈs between the various deposltlonal

facies. A detalled descriptlon of aLL cores ls contained in Àppendix 3A and the

outcrop sections âre plotted and correlated Ín Appendix 38.

For the subsurface part of the study, a series of stratÍgraphic cro€s

sectlons were consÈrucÈed (1 cross-secÈion per townshlp) to esËablish regional
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correlatlons across the study âreâ. core data was lntegrated \,¡tth these

sectlons Èo resolve sone of the correlation problens ênd the Jurasslc- Early

cretaceous strata werâ subdivided in¿o a series of "slices", based on thelr

relaÈionship to proninent contâcts such as the Jurass fc-cretaceous

unconfornity, najor coal horizons and a series of dÍsÈlnctÍve shale beds çhich

appear Èo Eårk najor transgresslve (flooding) events. sfx represenËative

subsurface cross sections are lncluded in the thesis and Èhese lrere integrated

with isopach ând net sånd rûáps (constructed using well log a¡d core dara) to

esÈablish the geometry of the varlous lithosÈratigrâphic units.

RepresentaÈive saropr-es of 6andstones fron each 6tÌåtigraphíc ro'iÈ lrere

analyzed using a \¡¿riety of techniques to docunenÈ aìd lnterpret stråtigraphlc

varÍations in franer¿ork composlÈion, provenânce, cesentation parterns and

reservoLr potenÈiaI. Thfn sections of one hundred sandstones were point

counÈed and fifteen sandstone sæples were also analyzed for naJor elenent

coûposltfon, ustng. lG.D and )RF techniques.

To establÍsh the sourùe rock characEerlstics of the Jurassfc- EarlyCretaceous

successLon, 95 shale samples were analyzed using RockEval instnmentaËlon. To

deÈerElne the age, and depositional environEent represenÈed by the proEinent

shale markers, 37 sæples nere selected for d.cropaleontologlc a¡al.ysls

(for¡nínÍnfera, dinoflagellate, and pollen cowits). þpendix, 6 lists the

locâtLon, depth ând strâtlgraphic iriterval and lnterpreÈed age and eri"ironnen!

represented by each of these shal-e sarnples .

(D) TI{ESIS FORMAT

A discussion of the objecÈives and r¡ethodology æployed ln this study

presenÈed in Chapter I and a sÈrâtlgraphic atd structural overvlew of

ls

the
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Western Canadian Sedinentary Basin is outlined ln Chapter 2. The sfraÈlgraphic

nonenclature sehemes employed in various parls of lhe basin are discussed in

Châpter 3 and a brief revie\r of previous seallnentologlcal lnvestÍgations ls

oullined in Chapter 4. ChapÈer S sumnarlzes the descrÍptlons and interpretâËions

proposed for each deposftional facies and Chapter 6 focuses on the recognítion

and correlatlon of the varlous facles sequenees âcross the study area. Chapter

7 is concerned wfth Èhe sÈratigfaphlc variaÈíon in sândstone corposltÍon and

relates Èhese changes ln fraroer¿ork compositlon ând EâJor eleûent

chenistry to chánglng source temare and dÍspersal patterns, Chapter 8 ls a

re¡¡iew of the diagenesis and reservoir poceriÈlal of these sandstones and

Chapter 9 relates the lintted ámotlrrt of paleocurrent daÈa collected 1n thfs

study \dth paleogeography of the basin. Chapler 10 ls a dfscussíon of the

aource rock characterlstics of the Jurassie-Early Cretaceous shales 1n the

study ârea r¡hich closes wltlh a nunerical estiEate of the vohEe of

hydrocarbons wt¡lch could have been generate-d by .these strata. Chapter 11

lntroduces a general depositionaL árid tectonic nodel to e:<plaln Èhe age,

dfsÈribution ãrd characteristfcs of the Jurasslc- Early Crecaceous clastic wedge

in the Alberta Basln and Châpter 12 su¡marlzes the conclusions of thls thesis

dlssertat{on.



CHAPTER 2 OVRVIEW OF THE !¡ESTERN CAMDIAN SÐII'ÍEI{TARY BASIN

The l.IesÈern Cânadian Sedimentary Basin 1s â wes ÈwaÌd-thickenlng wedge of

clastic ând carbonâte strata of Proterozolc-Phanerozoic age \,ñich onlaps an

eroded Precambrian (Archean-l{e11k1an) crystalline basenenÈ cmpl.ex. A schematic

sectÍon across Etlis basin ls shown ln Fíg. 3. The followlng surmary of the

sÈratigraphic and tectonÍc history of the basin is gleaned from conprehensÍve

çrorks by McCrossan arìd clalster (1964), Monger er âI. (1982), and Lanberr and

Chamherlin ( 1988 ).

(A) TECTOMC HISTORY

Tvo disÈlrict evolutionary stages are recognÍzed in the l,Iesterfi Cânadlan

Sedinentary Basfn. Ðuring Lhe lliddle Proterozoic to EaÌIy Jurassic, ræstern

North Anerlca was a relatlvely stable passLve Dargin in which shallow Earine

carbonates and htghly quarEzose (craËon-derlved) sandstones v¡ere ileposited.

Atong the extr€ine wëstwârd nargln of Èhe craton, klloneter-thick shale

sequences wêre deposited along the progradlng she1f, slope and rise wtrich

flanked the craÈon. Most of Èhe strâta ocposed in the FronE and ùfâfn Ranges of

the Rocky Molrntains were deposfted during Èhis passive nargin stage.

In the Late Mesozoic Era, the úresterî Eargin of North Anerfca evolved into

¿rn active ( eonvergenÈ) plaÈe ûargin. Tvo radically different tectonic nodels

have energed to explaln the coEplex teclorlic history of the Cordillera durlng

Èhis tiúe.

The nodel proposed by Þfonger et al. (1982), and Priee and Caruichael (1986)

suggested that Èhe coûplex structural geology in Èhe Cordlllera is the record

of Èwo separate coLlislon events ålong thls actfve m¿trgln âs exotlc terranes

were accreËed Ëo che craton. The first colllsion occurred duríng the Late

JurassÍc to Early Cretaceous, âfter the oceá.nic plate rnderlytng Èhe åncesEral
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(A)
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(B)

! ol Tectonic map of southern Canad:an Cordillera showing
Location of the study area relative to A) the maSoigeological provinces in the CordilLera and B) if,"allochthonous terranes in the Cordi1l.e¡.a (from Monger etal. 1932 ).
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"Anvil ocean" had been consuned belon a !¡estward-dipp tng subducEÍon zone, T?ris

resulted in the collision of a conposlte exotlc telrane, composed of the

Stlklnla, Cache Creek, Quesnellla, and EasÈern Blocks, againsË the r,resEern

margin of the craton (Fig.4). The eplsode of nagnatisn, netamorphlsm and rrplift

which acconpanled this coll-islon ls temed the Colunblân orogeny (Monger et al.

1982). In thÍs nodel, a second collislon event occurred during the l,âte

Cretâceous as a second composlte terrane was accreted to Èhe continent and the

resu!.t1ng tectonlsn and nagnarlsn w?rich acccmpanled Èhis \ras terDed the

Lara¡nlde orogeny. Ttrls second orogeny ended \dth a najor episode of

strÍke-slíp fauLtlng (Monger et aL. 1982).

Ldbert and Cha¡¡berlfn (L988) present án alÈernative interpretation of the

struc¿ure of the Roclry Mountains rtrlch lnvokes a single colllsion of the North

Anerlcan Craton wfËh a composlte allochtìonous Èerråne \,,tllch Èhey terúed

Cordilleria. They.elte paleonagnetic and paleontologlc data !¡hich lndicates

Ehat the smaller terranes coûprislng CordÍlleria were irÉÈially for €d at

least 2000 kilometers south of their present position. Ìlonger et al. (1982)

suggested EhaÈ this displaeenent occurred during Èhe Late Q¡s¡¿¿sous-Tertiary

sËri.ke-sli.p faulting although lt wâs laÈer recognized that fâults with thls

scale of displacenenÈ could not be found noÈ fn Èhe southern Cordillera (Price

and Carmlchael 1986). L"mhert and Cha¡oberlin (1988) suggesred Èhat the OnÍneca

Crystalline Belt (Fig.4) formed during the M:iddle Jurasslc, during r,*rleh tine

It was part of a separaÈe allochthonous terfane located far south of 1Ès

presenÈ posltlofl. Ttley suggest thaE mosÈ Jurâ,ss1c to EaiLy Cretaceous magrnatísn

and Detanorphlsrn r,¡hich affected thls allochÈhonous terrane occurred prior to

iÈs accretlon to the North Anerlcân Craton. In this nodel, nost of the relatÍve

displacenent between Cordilleria and the craEon (tndicated by the

palecmagnetlc clata) was taken up by oblique subductÍon below a lrest-dÍpplng
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subducEÍon zone. rhey also suggest thâË maximum dls¡rlacernenE along the

lranscurrent 
. 

fault syste's (e.g..' Tintina-Rocþ Mountaln Trench Faults) was

found ín the northern cordÍllera where cordillerfa had flrst collidecl lrÍth the

craton during the albian. ThÍs nodel ls diffleult to reconcÍle wíth

sedimentologicar evidence thâÈ the basÍn r¡as receivtn¡¡ westerly-dertved

sedinent prlor to the Albian (Stott 1984).

rn surnnary, several probl-ens exrst $dth both noders currentr.y invoked Eo

explaín the tectonic history of the cordlLlera and these problens, and an

alternatlve rnodel, wlll be discussed in rnore detail in Chapter 11.

(B) STRUCTURAL SErrrNC

The thesls study area straddles the westrênÈra1 plains ånd the Foothills

and Front Ranges of the Roeky MountaÍns. A slurpltfled geological nap and

cross-sectlon across Èhe study area ls shown ln Flgs. 5A anrl 58.

The structuraL style of west-cenËral Alberta rs classlc ,'thín-sklnned,.

ÈectonLsn as there 1s no evldence Èhat the crystalline trasenpnt was directly

lnvolved ln the deformåtlon. As nuch as 200 kn of crustd shortenlng has

oecurred and this has 1ed to lnbrlcate stackíng of sheets of sÈructurally

conpetent Pareozoic câ.rbonáÈes Eo forú a series of discreÈe ranges, each of

r,¡hlch ls rmderlain by a roajor wesEward-dipping llstrÍc thrust fault (spêng et

a1. 1981). Progressively oLder strata are exposed a! surface as one proceeds

westward. Three distlnct structural donains can be recognlzed in the central

Rocky Mountaln Belt. These are termed the central Foothllls, FronÈ Ranges ãld

lfaln Ranges and the distribution of each beLt ls shor,¡n tn Ftg. 5.

The cenÈral FooEhills Belt is 50 kn wlde ln west-cenÈral Alberta. The

eastern nargln of the FooÈtrills is ruarhed by the nost easterly oiposure of

deformed Llte g¡s¡¿ss.ts strâlâ and Èhe western boundary ls raar*eil by the
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Mcoonr.ell Thrust (Fig. 5B). The distinctive trÍangle zone, which Earks the

easËern l1niE of the southern FooEhllls, ls noË developed ln the cenÈral

Foothills. The BÍghorn and Brazeau Ranges are proúlnent sEnrctural

cultrinations ln the FoothlLls belt !¡hich have upllfted ?aLeozolc carbonâtes to

the surface. The thrust faults underlylng these ranges can be traeed for

several hundred kiloneters along strlke and have experlenced horizontal

dÍsplacements of at leaêt 30 lo (Jones and Workun 1978). The Front Ranges are

bounded by the Mcconnell Thrust on the east ånd the Plpestone Thrust on the

west (Flg. 5B). Up to 5 distlnct thrusts cán be recognlzed within the cefitral

Front Ranges and a strikirig feature of the geology ln this area is thê

coEplexlty of foldlng ln the ircourpetent off-reef facles of the Late Devonian.

Thts tight foldtng is not recognÍzed in the Front Ranges of the Banff area

$t¡ere competent Devonlan carbonatês fonn sirople wesÈward-dipplng thrust repeats

(Jones and Workun 1978). The Main R^anges conslst of Protero/olc and Paleozotc

carbonates, quartzites and slates which are underlain by maJor thrust faults,

sft011ar !o those of the Front Rãnges.

MosE of the outcrops neasured ln this sludy are located 1n the ceritral

Foothllls ',ùhere Ëhe competent Jurassic - Cretaceous strata ls

fntensely sheared and tfghtly folded, The amount of horizontal dÍsplaceuent

lrtrich these outcrop sections have rndergone couLd not be accurately deterElned

although R.E.Workun (pers. comn.) suggested thaË most have only been displaced

several tens of kd east of thefr origlnal location. All of the drÍll cores

examlned in thls study were fron wells drilled 1n the undlsturbed strata of the

western Plâins.

(C) MESOZOIC-TERTIARY CIASTIC l.lÐGES IN ALBERTA

The eqlacement of thrust sheets ln the foreland fold/thrrst belE



flanking lhe eastern nargin of Ehe col1Ísion orogen lnltiaÈed rapid

subsidence in the \{estern Canadian Sedl-Dentery Basln (Elsbacher et a1. 1974),

In excess of five kllomeLers of nãríne and non-.marine clastic strata were

deposlted in the aslrmetric, westÍr'ard-thickenlng basln. The. sândatones

deposlted during this tir€ vere chert and quartz-rlch as they were rer¡orked

from uplifted Paleozoic and Proterozoic carbonates and clastlcs wtrlch were

exposed in the ancestral Rockies (Schulthels and Mountjoy 1978). Eisbacher et

al. (L97 4) recognlzed two Large scale deposiÈlonal- sequences ln the basln, each

of which ls eomprlsed of a thlck basâl mârlne shå1e overlaln by a coatse

nonÍtrarÍne fntervâl. they terúed the ÈI,¡o sequences the

Ferrle-Kootenay-Blalrmore Assenrblage and the Alberta-Belly Rlver Assenblage. A

schenâtlc dÍagran showlng the age and facles characteristlcs of each of these

successlons ls shown tn Fig. 64.

. The Fernte-Kootenay-nlatririore Assenblage.was ileposited durlng the Juras€lc

to Early Cretaceous and Ís represented by a wedge of clastic strate Lùl.ch

exceeds Ëwo klloEeÈers ln thlckness Ín the south!¡estern Foothllls. The base of

Èhls sequence Ís marked by the marlne Fernle Shales r,rhich record a serles of

Early -Late JurassLc transgressíve events. In the southern Foothtlls, a thlck

regresslve marlne sandstone (Morrlssey Forúatlon) separates the Fernie shale

fron lhe coal-bearlng Mlst Mountain and Elk Fornâtlons of the Koot€riay croup

(clbson 1985). In the central foothllls, Èhe Fernle shales âre overlain by the

Nlkanassln Formatlon whlch appears to be a shallow úârÍne equivalent of the

Kootenay intervaL (Gibson 1985), The Jurasslc{retaceous boundary occurs near

Èhe top of lhe Kootenay-Nfkanassin interval although the exacË posltlon of the

cont3ct fs rarely preserved a9 subsequent (pre{adonln) erosi.on has renoved

mo6i of the Jurâsslc secÈlon ln the eastern FoothlLls and adjacent Plains. Ihe

overlylng Cadonln Formâtlon (Fig. 6A) forns a pronlnenÈ conglonerâtic horizon
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at the base of the Early Cretaceous Blaírnore-T,uscar interval, The

Blairmore-Luscar strata is couprised largely of nori-rarLne strata fn Ehe

southern and cenlral Fooctrills bu! contalns a northwestward-thickeni.ng,

brackishaarine shale (Èfoosebar Formatfon) çù1ch was deposÍted duríng a nåjor

southlrard incurslon of the boreal Clear:v¡ater Sêa fnto the foreland basln (F1g,

68). Throughout the FooÈhills, the upper part of the Blairúore-Luscar Group fs

comprised of úarglnÂl to non-Íarine straÈa whlch are abruptly overlain by

nårine shales of the Alberta Group.

The Alberta-Belly River-Paskapoo Assenblage spans the Late Cretaceous Èo

Tertiary and ls represented by a thlck ( 1-3k¡û) succession of clastic strata in

western Alberta. The black marine shales of the Alberta Group represent the

basal (narine) phase of this asseúblage uhereas the overlytng, largely

nonínarine Be1ly Rlver and Paskapoo FormêÈlons corDprtse the upper part of thls

second assenblage. Post{reEaceous érosfon has generally stripped off the

uþpermost part bf this âssemblage although â thln OlÍgocene conglômerate,

terned the Cypress Hllls Fornation , r:nconforoably overlíes the l-ate

CreËaceous strata in southeñi Alberta.



18

CIIAPTER 3 STRATI GR.APHIC NOMENCLATIJRE

Llthostratlgraphlc unils 1n the Jurassic-Ear_ly CreÈaceous clastic wedge of

the Alberta Plains and Foothills are described uslng different nomenclature

schemes because the stratlgraphic correlatÍons betr¡een the strata 1n these

areas renain poorly Grderstood. This chapter w'ill review the developnent, and

current usage, of these nomenelaÈure schenes.

(A) JIJRASSIC NOMENCLAIIJRE

(í) ourcRoP TERMINoLoGY

The nomenclaÈure sehene currently used to subdlvi.de the Jurasslc successÍon

ln the Alberta FoothlLls 1s shown ln Ftg. 7. In rhe southerr. Foothllls, the

Jurassic sequence conslsts of a relatlvely thln basal DarÍne shale (Fernie

Fornatlon) wtrlch ls overlain by a thick lntervåI of narginal to non-oârfne,

coal-bearlng stratâ terned the Koot€riay Group (Gtbson 1985). Further north,

the basal (Fernle) shale ls overlåln by a thick sequence of oarlne and

nomarinê sandstones which are terneä either the Nikacassin Formåtion

(central Alberta) or Èhe ùlirnes Group (northern Alberta and northeastern

British Columbta). the Kootmay-Nlkanassln-l[i¡nes lnterval 1s not preserved Ín

the southern and central Alberta Plains as ft has b€en truncaËed by pre{adomln

erosfon.

T,e¿ch (1903) flrst used the term FemÍe to descrlbe a recessive-r,reatherÍng

marÍne shale lfi the southern Foothllls and Jurassic-age almonlles were fÍrs!

recovered fron these shales by llhlteaves (1903). The Fernie was foroally

terned a formatíon by Mclaren (1916) and later upgraded to group status by

Frebold (1957) although lt ls currenlly considered as a formatLon (Poulton

1984; Davies and Poulton 1986). The Fernie shale 1s Earlyto LaÈe Jurasslc ln

age and comprises a condensed shale sequence which contalns ntmerous
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unconforEltiês and túatal surfaces. llaerofossfl (prinarily annonlte) and

mlcrofossil sLudíes have denonstrated Ehal slgníflcan! ttrue intervals ( e.g,

l4iddle Jurasslc) are absenÈ ln nost of the Foothills exposures (Frebold 1957

1969¡ Stronach 1984; Davies and Poulton 1986), The terú Nordegg Menber r¿as

lntroduced by Spivak (1949) to describean Early Jurasslc (Sinemrrian) cherty,

phosphaEic shâle and linestone which forrned the bâse of che Fernle ln the

central FooÈhills, The same tern ls euployed !o describe â successlon of coarse

sandstones and shallo!¡ !¡ater carbonates fn the wesE central plâins, neâr the

present erosionaL edge of the Jurassic slrata although the speclflc correlation

hâs not.been confirned with paleontologfc data ( poulton 1984). The EelTû Red Deer

Member was used by Frebold (1969) to descrlbe a thln fosslllferous shale and

ll.nestone eontalnlng Early Jurasslc (Pllensbachlan) anmonlËes rchÍch ls

restrÍcted to the central FoothÍlls (PoulÈon 1984). The tern poker Chlp was

Íntroduced by Spivak (1949) ro describe an EarLy Jurasslc (Toarcian) cherÈy

shale and llmestone r¡hlch 1s recognlzed Ehroughout the southern and cenEral

bothtlLs.

Ttre tern Rock Creek Menber \ras lntroduced by Warren (1934) to descrÍbe a

Èhin I'tiddLe Jurasslc (Bajoctan) narine sã¡dstone r¿hich conformably overlles the

Poker Chip Menber of the Fernle shâ1e ln the Èype secllon ln the Crowsnest

Pass area. Poulton (1984) suggested thaÈ thÍs sãldstone was only developed in

Èhe southern Foothills although llarion (1984) has recovered a Bajocían-âge

amoniÈe fron Èhe top of a sãrdstone ln west-centrâl Alberta wtrich he termed

Èhe Rock Creek Menber. Stronach (1984) Íntroduced lhe !err0 ttighwood Member to

describe the dark-grey shale of Bajoclân age r*trich eapped the Rock Creek

Member in southem Alberta. The lllghwood Menber ls overlaln by a thln

lfght-grey shale (crey Beds) v¡Trtch contalns Barhonian-Callovlan (M1ddle

Jurassic) amonites (Frebold 1957). A second s¿¡ndy fnterval, terned the plgeon
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Creek Member, ls recognlzed ln the Banff area, approxinately 50 Deters above

tlìe top of the Rock Creek Menber (Crockford 1949). A rhÍn grey shale overlying

the Pigeon Creek Menber in the southern Foothills has been tenned the Ri.bbon

Creek Member by Stronach (1984) but 1ts exact age has noË been establÍshed.

ïhe base Ehe LateJurasslc Ínterval ls represenÈed by a thln sequence of

glaucoÊiÈic rudstones r,rhlch were lerned Èhe Green Beds by Frebold (1957). This

unlt contâÍns an orfordlan arDmonite assenblage and apparently narks a najor

trânsgresslon. In the southern FooÈhllls, the Green Beds are overlaln by the

Passage Beds r¡trich mark the ËransÍtíon between the marine Fer-nie ForEatlon ánd

the overlyLng largely non.raËine Koot€nay Group (Ilanbltn and Walker 1979;

Glbson 1985).

(ii) S IIBS IJRFACE TERMINOLOGY

In southern Alberta, the Jurasslc strataare described using the AnerÍcan

(Montana) Èerninolory fntroduced by Cobban (1945). In ÈllÍs schene, the E1lis

GrqriÞ is dívided into the bâsal SawtooËh Sandstone, the .nfddle lljl.êrdon Shale

and lhe upper Swlft Formation (Weir 1949). The Sa\rtooth ls a quartzose

sandstone u'trich contafns abundanÈ belerrrites and a ¡{iddle Jurassic

(Bajocfan-Bathonlan) amonite assenblage. The overlÊng Rlerdon consists of

greenlsh-grey shâ1es and 1ÍEestones krhich appear to be Bajoclan-BaÈhonian ln

age (Poulton 1984). The Sw'ifÈ FormatÍon consisËs of glauconitlc shaLe and

thinly-bedded uarine sandstones whlch are ]-ate Jurassic in age (Hayes 1983),

In the westrentral Plalns of Alberta, the Jurasslc strata is subdlvided

usLng outcrop tenû.Ínology (l.e.rNordegg, Poker Chfp, and Rock Creek Members)

although these correlatlons have generally noL been substantiated w"ith

paleontologÍc data, Þ{arion (1984) recovered a t{iddle Jurassic (Bajocian)

axmonlEe fron a shale at the top of a sandstone which he terned the Rock Creek
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Menber and this appears to confim a eorrelation r,¡ith the SâwtooEh of the

southern Alberta Plalns and fhe type Rock Greek lnterval of the southern

Foothills. [tåÌine shales and sandstones overlÉng the Rock Creek såndstone

were Èerned "Upper Fernie" by Marlon (1984) and palynologieal data presented

in this thesis indÍcate these sÈrata are equivalen! to the Oxfordlan Sw-tfÈ

ForEatlon of the southern Plalns and the Green Beds of the Foothills.

(B) LOI,¡ER CRETACEOUS STRAÏIGRÁPHY

(1) ourcRoP

The Èerd Blalmore was flrst lntroduced by Leach (1912) to describe a

thíck successlon of contlnenlal stratâ ln the Crowsnest Pass á.rea of southern

Alberta. This fnterval was barren of ccrmerclal coal seâss and separated the

lor¡er coal-bearing " Kootanle-series " fron an overlying volcanic series wtrlch

l¡as later têrned the Crowsnest Volcanícs (Mclean 1982). Early researchers

considered that Early Cretaceous coal beds fn the centraL Foothllls r¿ere

equir¡å1enÈ to the KooÈeriay ForDâtíon of Éhe ClowsnesÈ Pass area, Mactay ifSZS)

later denonstrated that tlì:is correlatlon ¡sas Lneorrect as the coal neasures in

the Cronsnest Pass area were belorv the proninent conglonerate (ctrlch he naned

the Cadonfn Conglooerate) r¿hereas the coaL Íûeasures of the cenÈral Foothills

were developed above this congloEerate.

In the southern Alberta Foothflls (south of the CleaÌ\rater River), rosÈ

early workers (Leach 1912; Rose 1917; Douglas 1950) recognized a flve-fold

subdivislon of the Blaírnore. These trtiEs included a basal conglomerate, ¿tn

overlying, non-carbonâcous nudstone sectlon, a thln bioclasllc llmestone ånd

shale fnterval, and an upper green-colored feldspathic saridsÈone wtrich was

capped by Èhe Cro\rsnest Voleanics (Flg. 8). cl.aisrer (1959) proposed rhat thê

Cadomin eongloneraÈe be awarded fornration status and proposed thât the ¡fiddle
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Blair:nore llnestone beds be termed the Calcareous Ìlenber. Mel1on (1967)

suMivided the Blaírnore lnto the Gladstone, Beaver l,lines and ì[i]-l Creek

formåtÍons and deslgnated a series of type sections fn the crofvsnest pass area

(Fig. 8). Moreover, he downgraded Èhe basal (Cadontn) conglonerate and the

crowsnesE volcanLcs to aenber status n1thln the Gradstone a¡rd Mi11 creek

Forltatlons respecÈ1vely. Mclean-s (1982) recomendations that the Cadonin

congLomerate and the Cro\,¡snest Volcanics be re-assigned fornafion status were

accepÈed in the schene erployed in thls study (Flg. 8).

In the Nordegg area of the cenÈral FooÈhills, MacKây (1929) introdueed the

term Luscar to describe the coal-bearlng strata above the basal cadomln

conglonerate. In Èhe sane study, the term Motrlrtain park was fntroduced to

descrlbe the coarser-graíned, dark green-eolored, non-earbonaceous strata whfch

formed pronlnen! sândstone ledges at the top of the Blairnore succession.

Mellon and wa1l (1961) latgr recognfzed a oarlne shale tong'e r¡lthin the nlddle

of the Blalrmore intervalvthe Cadomin area whieh they correlaÈed \,rith, and

narned after, the Moosebar Shale r¡trich outcropped along the peace River Canyon

(Mclearn 1923).

The stratlgraphic reLationshfp and díscrinÍnatl.on betrreen thê Luscer anal

Mounlaln Park intervals has been debated at length and uuch of the dlfflculÈy

stens fron Èhe fact that no typè sectlon was deslgnated for these l.IfiÍts and

they were only briefly described by MâcKay (1929). Mclean (1982) recomended

that the term Luscer be abandoned and proposed a neu n¿tme for the Upper

Blairrnore lnterval (l{alcoln Creek ForDatlon) r,*rtch was subdlvided into the

Moosebar, Torrens and Grande Cache Mernbers. Iangenberg and Mcl{echan (19g5)

argued to reÈain and upgrade Èhe tenu Luscar to group status and subdivided lt
lnto the Cadomin, Gladstone, Moosebar and cates For'ations. They also suggested

that lhe Gates FornatÍon could be subdiuided into Ëhe Torrens, Grande cache and
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Mountaln Park Mer¡bers,

The study area of this thesÍs straddles the bourdary between southern

FooÈhflls, ¡,¡here Melean-s (1982) teûdnology nas enployed, and the central

ToothÍ11s, ç¡here a nodified version of Langenberg and McMechan's (1985) schene

ls eraployed (Fig" 8). The strallgråphic relationship beÈween the elenents of

these two nonenclature sche¡nes r¿lLl be discussed fn Chapter 6.

(ti) sltBs TJRFACE IERMrNoLoCY

The terr Marlfrvllle was flrst Lntroduced by Nauss (1945) ln east central

Alberta to descrlbe the Early Cretaceous clastic successlon between the

DevonÍan cârbonaÈes and lhe marlne shales of the Late Cretaceous Colorado

Group. Badgley (1952) elevated the Eerm Co group status and extended its usage

to lnclude the McMurray, Clear:\rater and Grand Råplds sÈrata of northeastern

Alberta. In southeni Alberta, early researchers (f.e. I Loranger 1951; Workuan

1959; and Glalster 1959) were able to.correlate and suMivlde Èhe Blaírnore and

Ma¡mville succession on Ehe basis of a calcareous marker horizon bearing a

dfstlnctÍve osÈracode assenblage, In central Alberta, Mellon ánd Wa1l (1961)

and Mellon (1967) eorrelated elenents of Èhe }fannville and Blaimore

successlons on the basfs of a thln ¡ûârÍnê shale ln the nLddle of the interval.

Subdivlslon of the Mannville ln the subsurface ls severely hørpered by a

plethora of local field narnes, nÍscorrelated regÍonãl oarkers, drd conplex

facles variaElons r¡t¡ich render slnpLe "layer-cake" nomenclature schemes

useless. In west-central Alberta, Rudkin (1964) subdlvlded the Marurville Group

into ffve unlEs (¡'ig. 9A) whlch lnclude the basal Ellerslie Formation, the

ostracode Zone, the GLauconlÈic Sandstone and the Upper Ma¡rrvÍlle

(rndifferentlated) . As presently enployed, thls tendnology does not eonform to

the North Arneriean StraÈÍgrâphic Code as the rank of several unlts ls r¡nclear,
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However, since these terns are firnly enErenched fn Èhe geological literature

of nesÈern Canada, lt ís reeormended that thelr status be cLarifled, ând

redefined if necessary, rather than being abandoned altogether.

The term Ellerslle Serfes was flrst lntroduced by l{r:nt (1950) to descrÍbe

theEaily Cretaceous strata below Èhe Ostracode Zone ln the Whi tenud fietd,

locaEed south of Ednonton. The Ellerslie was laÈer ar¿arded mernber slatus by

WlLlians (f963) who considered lt as part of the Mclfurray Fornation. Ttle reâson

for differen!íatlng Èhe Ellersl1e Menber fron lhe renainder of the ¡lc¡furray

Fornâtion was not clearly stated by l{illlans (1963) as llrmt-Ê origlnal (1950)

deflrlition of the E11ersl1e lncLuded all the Early Cretaceous strata belolr the

osÈracode narker, and not Jus! thê upper portion of the fnterval. It is

recortrended that the tern EllersLle be elevated to fozuatlon status and Èhat it

fncludes lhe enElre Early Cretaceous section berseen Èhe pre{retaceous

unconformlty and lhe overlying ostracode lnterval.

The tern osÈracode Zone Has lnÈroduced by Loranger (1951) to deseribe a

thLn bfoclaslic shâle ln cenÈral Alberta which contafned â dlstinctive fresh Ëo

brackish-r¿ater ostracode assenbLage. Thls shale r¡as correlated nlth the Ehln

bioclastlc L!ûestone ln the Blaf rmoredannvÍlle fnÈerval of southern Alberta

whlch contained a slnllar fossll assemblage (âlthough the stratfgraphlc

relatlonshlp between these two llthologles has never been clearly establlshed).

A recenÈ study by Ftnger (1983) noÈed thar thís is a facles-contro l1ed faunal

assemblage conprlsed of long-ranging species which Ís of lftnited use as a

precise blostÌatigrâphic dat'rú. Regardless of thelr relationshfp to lhe

ostracode limestones of southern Alberta, the bloclastlc shales comprisíng the

ostracode lnterval are a excellent lithostratigraphlc narker in the type area

(cenÈral Alberta Plains) and clearly nerit forrål status. However, in lts

presenE foro, lhe terl ostracode Zone ls lnapproprlate as zo:te ls a precise
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biostrattgraþhic term lihlch should not be used 1n llthosEratigraphic sch@es.It

ls reconmended that thls lnterval be redeffned âs Ostraeode Menber and included

as lhe basal parE of the (revised) Glauconite Formâtion, as deflned belo\r.

The têrn GlauconÍtlc SandsEone r,ras lntroduced by Láyer (f949) to describe

a highly glâuconItlc chert-rlch sandstone ln the Edmonton area although fts

status has never been clearly stated. Since thls term ls p""a"ntly used to

describe a wide range of U.thologles, lt ls recomended that the llthíc

desfgnatfon b€ dropped and Èhe lntêrval redefined as the Glauconlte ForTûÂtfon.

It 1s also recomended that the ostracode Member (redefÍned above) be included

âs the bâsa1 unlt ln Ëhe Glauconite Fornation. In the thesis study area, four

disÈinct narlne sandstones are developed ln the Èhe Glauconite Fon[ation ênd

these are ar¿arded renber status. Fornal nanes and proposed Ëype sectlons for

lhese sandstones are presented ln chryter 6.

The base of the upper Mannville lnterval is deflned at the base of the first

coal or carbnãceous shale capplng Èhe sêndstones of Èhe.Glaucoflite FoñnãtÍon.

The upper pair of the Mannville \ras no! subdivided by Rudkln (1964) or tn thls

study although local nar:l¡er horÍzons (e.g.Èfedfcfnê Rtver Coal) are recognlzed

by sone operators.



CHAPTER 4 PREVIOUS SÐIMENTOLOGICAL STIJDIES

(A) FERME FORMATION

The seditrentology of the Fernle strata has noÈ been extenslvely studied as

nosÈ reseàrchers, to date, have focused on the blostraEfgraptry and reglonal

correlaÈLons wiÈllin the íriterval. The thlckness and character of the Jurasslc

successlon changes dranatically between the Pla1ns ând Foothills ênd, in

cenÈral Alberta, Reglonal paleogeographlc reconstrucËÍons proposed by Loranger

(1951), Springer et al.(1964), Carlson (1968) and poulron (f984) all recognízed

thaË Èhe Jurasslc fntervâl thlckens westward ãnd thaÈ the deep-caÈer,

open-oarine shales found fn the Foothllls are equLvaLent to shallor¿a¿rine

sandstones and earbonates ln the !¡estern Plalns. These reglonal studles also

indlcate that a broad., 6ha11ow craEonic sea centered ln the Williston basin r¿as

connected to open ocean by ân east-trending Erough which traversed r,JhaÈ is now

southeril Alberta and northerî Montana.

Ccmplex facies varfatlons and nutrerous rmconfor¡citfes are recognLzed

nithfn the Jurasslc interval in the Foothllls and Plalns. In central Alberta,

the JurassÍc strata unconfornåbly onlap Triassic or Paleozoic strata ãtd the

contact wlth lhe overlylng Cretaceous straÈa ls generally marked by a oajor

unconfonniÈy whlch can be traced throughouÈ the basln. the Early and lfiddLe

Jurasslc sandstones are highly quartzose and rære probably derived fron an

eastern (Sh1eld) source (SprÍnger et a1. 1964) wtrereas some of the Late

Jurasslc s¿adstones (e. g. r Kooteay-Nikanassln) are chert-rich and were probably

dertved fron a western (Cordtlleran) source (Glbson 1985). Thts lnterval thus

records the evolution of Èhe bâsin fron a passfve nargin to foreland basin

although the transitlon beds are only preserved in the Foothills as

pre-Cretaceous erosion has tñ¡ncaÈed the LaLe JurassÍc successlon ln the
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western Plalns.

0nLy a few detailed sedimentological studies of Jurasslc strata have been

conducted ln lhe thesis area. HopkÍns (1981) studied a series of incised

channel-fil1 sândsÈones in the MedÍcine River area (TllP39 R3W5) and suggesred

lhât these sandstones were deposLted under non-rnarine (fluvlal and aeolian)

and bracklsh to nårfne subaqueous condíÈ1ons. lle recognlzed severál

rmconform.ities wlÈhin the va11ey-fil1 suecession and outllned the problems rith

resolving the age (1.e. JurassLc or Lower Cretaceous) of these sér¡dstones. He

correlated the hlghly quarÈzose, channel sandstones w'1Èh uineralogically

slnilar sequences (Roseray-Success Fornations) of southwesÈern SaskaEche¡¿an and

suggested that stratlgraphlc variations tn framelrork composLtfon recorded

tempo¡al fluctuatlons fn cl1r¡aÈe.

Marton (1984) studled the Rock Creek, Upper Fernle and EllersLle strara ln

ltest-cenÈral Alberta and concluded that the lliddle Jurasslc (Bajocían) Rock

Creek Sandstoñes werä deposited ln a stonF-donlnateal shelf setting and that the

overlying Late Jurassic (0xfordian-Kimerldglan) Uppêr Fernle shales were

deposlted fn a deep shelf settlng during a Eåjor úarlne transgresslon. I{e

interpreted the lo\.rer part of the Ellerslfe as fluvial deposlls árid suggested

that the upper part of lhe Ellerslle was deposÍted t¡rder bracklsh-oarine

conditfons.

Stronach (1984) sËudÍed the Fernie Fonûåtlon fn the Foothllls and

considered Ehat the srÈlre Jurasslc interval was depostted on a shallow,

nesl\tard-dípplng narine shê1f. I{e recognÍzed 5 dÍstlnct shallowlng-upward

cycles within Èhe Fernle and noted that bottoB sedlEent condÍtíons gfadually

changed fron anaerobic to dysaerobic Lo aeroblc wÍthln each cycle. Each cycle

was tentrinåted by a condensed sequence which contalned glauconite, calciEe ánd

phosphaÈe. I{e suggested that the organic-rich Poker Chip shales were deposited



?1

on an anaerobic shelf \'ùere !¡ave energy was da¡0ped at the shelf edge çtrereas

the Roek Creek Mer¡ber represented a tidally-influenced, shallow subrldal shelf

setEing. In the upper par! of the Fernle (PÍgeon Creek Menrber), Stronach (1984)

suggesÈed Èhat Ehe parallel-laninaEed and hurmocþ cross-stratiffed sândstones

were deposited by storns and sedinent gravity flows (Èurbidlty currents) r¡àÍch

traversed a shallow (non-tidal) shelf.

The only subsurface study of the Upper Fernie strata was restricËed Èo

southern Alberta Plalns r¿here the uniÈ ls terned the SFift Fornã.tion. Hayes

(1983) docrnented ÈhaË the Swift consisted of a basal shale overlain by thinly

bedded "rÍbbon sândstones" whlch were dark grey ánd bioturbatêd at the base and

tan to llght grey and weakly bioturbaÈed near the top. lle noted abrmdanL flaser

and wave rlpple lanlnatlon and nlnor trough cross - stratiflcatlou rdthin the

sandy lnterval ând fnterpreted Ehe unlt as shêllow r"u" ád currmÈ-lnfluenced

shelf bar deposlts.

(B) BLAIRÈORE-LUSCAR+ÍANNVILLE

Nuúerous sedlnentologic and petrographic studles of the

BlalrEore-lYaririvlLle sÈrata ln Èhe Alberta Plalns have been publlshed although

most of thesê are loca1 field studies whi.ch are of lfnited use for resolving

the regional correlations and paleogeograptr)¡. Due Èo space lirlilaElons however,

only a few reglonal sÈudies and those conducted w1Èhln the Èhesls study area

wl1l be discussed ln this sectlon.

The flrst detåi1ed reglonal study of lhe Mannvllle successÍon \ras

published by Glalster (1959). He established correlations between various

sandstones developed lri the Mannville (Gtauconite, Ellerslle, Cutbank, Súrburst

etc.) across Alberta on the basÍs of proxirity to the the Galeareous

Menber{stracode Zone mårlcer. He also docrmented pronounced changes in
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thickness ând pelrographic ccrposition of Ëhe varÍous ro.,its across lhe stud.y

ârea. Wllllans (1963) established corelatlons between the

E11erslle-clauconlte-upper Ma¡nvflle strata of west-central Alberta ãld the

Mcllurray-clean¡ater-crånd pe.pids successlon of northeastêrn Alberta. Ile noted

that the deposltlonal setElng chãrged fron fluvfal (Lower llcMurray) to

estuarlne (Elrerslle-Upper Mo\urray) to open mårlne ( Gr.auconlte{leansater) and

back Ëo non-aarine (Grand Raplds-þper Marurvtlre). I,Illriaros (1963) also

recognlzed dlsÈinctlve lrght and heavy roineral asse¡nbrages w.iÈhin the

Mannvllle and suggested that the change in fr¿mework and heavy rnineral

conposltion reflected a change fron Shleld to Cordilleran provenance .

Rudkln (1964) tnfornally dÍvided the Marurvir.Le-Blaf roore croup inÈo lower

(base Cretaceous to top Ostracode Linestone) a¡rd upper (top Ostracode

Llnestone to base colorado Group) 
'orits and constructed regional rsopach maps

for these fntervals across the western canadian plâins. He suggested that the

base of the rower MannvÍ11e rnterval r.pr"""nt"å nomarfne. ( f ruvtar) deposfts

across the southern Plains and. thaÈ the overlylng ostracode Lrnestone was

deposired ln a fresh ro braekish+¡ater lake or bay. Rudkin (1964) arso

recognlzed a thfn uarine intervåL at the base of the upper Mannville .-tt ln
central ALberta (Glauconltlc Sandstone) but noted Èhat the rest of the upper

Marmville was conprfsed of non-oarine facies ln southern ând central Alberta.

Mellon and Ha11 (1961) and Mellon (1967) publishecl deralled

petrographic-stÌatigraphtc studies of the Blalmore sandstones ln Èhe

Foothllls. They subdivide¿l Lhe interval lnto three urilts, based on prono,nced

changes ln the lfghÈ and heavy nlneral ccrnposftlon of the sãrdstones and the
:

floral content of Ehe shales . The lower ínterval, represented by the Gladstone

Fornatlon' consLsÈed of quartz and chert-rieh, nonmarine sandslones urhÍch

contâln an ultrastabLe heavy nineral assemblage, presrmably reflectlng a
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recycled sedinentary provenance. These sandstones were capped by

bracklsh-lacusÈrine lfnestones of the Calcareous Meúber (Mellon 1967). Ihe

niddle tnrÍt, terned the Beaver llines ForEatlon, consisted of non'tarine

feldspathic sandstones wtrich contained a metasËable heavy nlneral asse[blage,

reflectlng ê largely volca¡Íc provenance. This lnterval contalned a "prlüiËlve"

f1ora1 assernblage of glngkos, ferns and conl.fers. The upper unlt (Èfi1l Creek

Formation), wtrich contalned non-oarine, quartzose sandstones and a

dicotyledonous angiospern planÈ fauna, was absenE ln the Plairis and

central-northêrn FooÈhllls (Mellon and wa1l 1961).

Cameron (1965) atterçted to resolve the I'fáû¡vLlle-Blalrnore correlatton

problens by conparing the tâ,jor eLenent chenical composftion of shale and

sandstone sanples fron a series of outcrop and borehole locations. Ile noted

that the sodÍun contsrt was the nost rellable lndÍcator of provenance çhl.ch was

least affected by graln sLze variatLons. He grouped the Cladsione and overlylng

Calcareous Menber of Þhe FoothiLls, and the Ellers1le{stracode{lauconltlc

interval of the subsurface, fn hls "lower soda" group (nean .292 by r.teighÈ ) and

suggeêted that the low soda contenÈ reflected a highly weathered or recycled

sedinentary (CordÍllerar! provenance. His "nlddle soda" lnterval, h'hich concalned

rnueh higher sod1t¡n values (nean 2.29% by welght), lneluded Èhe Beaver lfÍnes of

the souÈhern Foothills and the Upper Ma¡u¡v1lle of the plains. Ca¡neron (1965)

suggested Ehat "oÍddle soda group" fn ¡.testern Alberta had a ofxed

lgneous-sedinentary Cordllleran provenance and noted that quartzoÊe

Shield-derlved EâlerÍâl was interbedded stith the soda rlch "mlddle soda group"

1n eastern AlberÈa. His "upper soda" group (mean .822 by neighÈ) wtrich lncluded

Èhe upper Blalmore (l4a ButËe equlvaleriË ) tn the Foothills and the vlkíng ãld

Basal Colorado Sándstones of the Plafns.

Rapson (1965) sEudied the petrography of a suite of Lâte Ju¡assfc-Early
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Cretaceous sandsËones exposed ín outcrop Ln the souihern Alberta FoothÍl1s, She

suggested that nost of the Koot€riay, Cadonin ând GLadstone sãrdstones had been

eroded fron uplifted Early Mesozolc, Paleozoic and Proterozofc straËa fn the

Maln Ranges. She also reeognlzed that a ninor igneous and netanorphlc ccErponent

rnay have been derived fron the Selkirk Metaoorphlc Provlnce and froo

Pernlan-Pennsylvanian voLcanÍc telranes ín south-cenEral Brltish Colu¡nbia.

Mclean (1977) and Schultheis and Molfitjoy (1978) studled the Cadonln

Fornâtlon Ln outcrop along the length of the ltocky Ùlormtaln Foothllls æd

suggesÈed thaÈ the naJor ureonfornity at the base of the conglonerate

represented a pedinent sutface. Both studies reported that the lnterval

t?Lickêned westnâ,rd and ËhaÈ Ëhls nâs accompanled by an westerly increase ln

naxlnun clast sfze. Mclean (1977) suggêsted that nost. of the detrltus r¿as

deposlÈed in alluvlal fan and braided rlver evLronnents. The notable absence of

lgneous and metanorphlc deÈrLtus was clted as evidence thaË the bulk of

material was derfved fron the Maln Ranges, w€ist of the Roclcy ÙlorEtÈain Trench

(Melean 1977; Schultheis and MountJoy 1978).

Mclean and Wal1 (1981) studled Èhe sedinenÉology and nlcrofossll contenÈ

of ouÈcrops of the Gladstone and Moosebar ForEatlons ln the central and

northem Foothills. They reported Èhat the Calcareous tfenber at the top of the

GladsÈone Formation could be recognfzed throughout Èheir study ârea. This

lnterval contâined shaly linestones which yielded a fresh to bracki sh-\rat er

olcrofossíl assemblage lri the southern FooÈhllls and wave-ripple-laninated

shalee and lhfn coal b€ds, assoclated !?lth brackl sh to resÈrÍcted foaríne

nlcrofosslls, 1n the central and northern Foothllls. The Moosebar FormãÈÍon, as

deflned by Melean and Wall (1981), eontained an open narlne (ealeareous ând

agglutlnated) foraninlfera asseEblage and r¿as not developed fn the southern

Foothllls. They suggested that the Torrens Menber represenÈs the progradaÈlon
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Flnger (1983) sËudied the oÍcrofossil assemblage of che Ostracode Zone of

west-cenËral Alberta and concluded that Ehe " spatial variations ln assemblage

conpositions and llthology suggesl a dÍverslty and rnlxture of coastal

environoents tnclucling lakes, rÍvers, swæps, lagoons ând esÈuâries ".

Taylor and Walker (1984) measured several Blalnnore ouÈcrops ln lhe

souËh-central FooÈhills and noted that the Moosebar Fornãtion could be

recognlzed as far south as Elbow Falls outerop, located âpprordnately 70 lo

southnest of Calgary. They reported thaÈ carbonaceous fluvlal strâtâ of the
vere

Gladstone ForE¿tlon v overlåLn by bracklsh nater shales, sendstonês drd

linestones of the Calcareous Menber ln the southern Foothllls ãrd by

bracklshrarine shales of the lloosebar ln the central Foothllls. They also

suggested that the Caleareous Member r¡as stratlgraphically equlvalenÈ to the

basal þart of the ¡loosebar Forûåtlon. In the Crescent Falls outcrop, Taylor and

WaLker (1984) reporÈed bracklsh to freshwâter ostracódes, gastropods and

pelecypods aË Èhe base of the Moosebar and open marine shales lt'fth âgg1utÍnated

forans lnterbedded r¿ith bloturbated and swaley-cross stratlfied sandsÈones at

the Eop of the lnterval, This ouÈcrop r¡as reneasured in thls sËudy and a nore

complete descËlptlon and interpretatfon wll1 fo1lo¡¿ 1n the sectlon on outcrop

facies and correlatlons (Chapter 6).

Burden(1984) sampled Lower ùfamvllle strata for palynonorphs fron widely

separaEed ouÈcrops ln northern Montana and northern Alberta and sæp1ed several

cores ln central AlberÈa lo relate Èo the subsurface ÈeroÍnology. llls study

e@ha€lzed that llthoslratigraphlc units \,rithin the I'fânnvflle were probably
1n

díachronous as the CaLcareous Menber and Sunburst Sandstone are B¿rrenlânr âge

ln Montana nhereas Èhe ostracode-Ellerslle lntervâl ln central Albertâ ranges

as young âs Aptlan (Burden 1984).
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Chiang (1984) studied the sedinentology of the claucordre Fornation Ln

central Alberta ánd interpreted a norÈheast-Ërending sa¡rd trend (Hoadley

Conplex) as a barrler bar capped by aeolian drrrie sands çrÌrich r¿as fntensely

dissected by tidal chênnels. Chlang (f984) and Relchenbach (1982) also

recognized Ehât norEheasE-trending lnclsed chãulel sandstones ln the I'ledlcfne

River area (20 kro south of the Boadley) as dtstrÍbutary chãmels wt¡ich fed the

Hoadley Barrier, although nelther explalned why the channel trend was oriented

parallel to lhe paleoshorelÍne.

Young and DoÍg (1986) reported that the sândstones fn the chænels

dlssecÈing the ltoadley trend coritafned narkedly cllfferent ltght and heavy

nineral assenblages and u6ed thls as evldence Èhat these chãtnels are flot

age-quivalen! tldal channels cuttfng the barrier bar, as Chlang (1984)

suggested, but ráther younger ínclsed fluvlal channels wtrlch record a

laËe-stage drop ln relatlve sea level.

ître Eost conprehensfve reglohal study 'of the Mánnvllle Croup ln the

Alberta Plafns was pubLlshed by Jackson (1984). Be subdivtded the lnterval lnto

5 r:nits wtrlch fnclude the Lower Mannvflle, ostracode-Upper Gethlng,

Bluesky-Glauconltê, and the Upper Ìfannville ( undifferenti.ated). He consÈrucled

paleogeographic Eaps for each lnterval, based on core facles and net sând

fsopach oaps. Eis correlatlons and overall lnterprêtatlons were slD-í1ar to

those forr¿arded by Rudkin (1964) although he differs on several key points.

Jackson (1984) recognlzed that a signlfleant thlckness of rÁÁrine to

brackish-water sedÍnents ls developed aË the top of the lower llannvllle

(Ellerslie) lnterval, dÍrectly beLon the nâln CLearlrâter{lauconite narÍne

shale. He noEed that thÍs bracklsh interval nas thickest along the axÍs of the

ancestral Ednonton and SpirlÈ RfveË Chánnels and suggested that the nârfne

waters l.n northeasÈern Alberta spllled through a break in thê Aptfan Ridge thus
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changed the rlver channel Lnto a drowned rlver valley (estuary), as described

previously by Williarns (1963) and Rudkin (1964). Ilowever, Eore recenr studles

(e.g. Banerjee 1986) have reported that bloturbated, bracklsh-water sedj-Eents

are developed throughoul the Lower }fan¡w1lle successlon 1n the Ednonton

Channel, Thls suggesËs that, tn cenÈral Alberta, the Ednonton "Channe1" was

actually a broad, shallow restrÍcted-flârLne enbaynent, rather than an fncised

fLuvlal channel.

The second irûportanÈ contrÍbuÈlon xnâde by Jackson's (1984) study ls that

Èhe Bluesky-Glauconlte lnterval was deposited during nultlple

Èransgressive-regressLve events. Although he did not resolve the age

relatfonship beÈween Ëhe sandstones deposfted durlng these evenÈs, he did

ouÈline the dlstrlbution of severâ1 narÍne sãìdstone trends withln thls

interval. In addítlon, thls sÈudy recognized Èhe sÈratlgraphLc equlvalence of

the regresslve narine sandsÈones and conglcmerates conprlslng Èhe Upper

Mannvllle (Fahler.Menber) 1n northweétern Alberta .!¡lËh the Grand. Rapids

sandstone of northeêstern Alberta. These correLatlons had been lnferred by

Rudkin (1964) although the speclflc correlatlon, and ispltcations for basin

paleogeograptry, had noÈ been establlshed.
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CHAP1ER 5 DEPOSITIONAL T¿CTTS 
,

Tnelve outcrop exposures and approximately 200 drtll cores of Fernie and

Blairnore-|tannville straËa were conpiled ln thls study. These strata r,¡ere

described in Ëerns of color, graln size, the presenee or absence of physical

and biogenie sedimentary structures, ând Èhe nâture of contacts between lhe

various Llthologies. Drâfted sectlons of each core and outcrop are Lncluded in

Appendix 3. This descripllve lithologic data !¡as "distÍlled" into a serles of

recurrent depositlonal facies. The salient characEerÍstics of, and

interpretations proposed for, each deposÍtlonal facles are sumarlzed 1n the

following sectlon.

(A) JIJRÄSSIC FACIES

Slx dlstlncÈive deposiÈional facies r¡ere recognized ln the Jurassic strata

exanlned and several of these have been subdfvtded Ínto several subfacfes. A

brlef descrlptlon and interpretâÈlon of each facles is outllned ln Table 1 and

a su¡nmary of nlcroþaleontotoglcal data ánd fnterpretations fs tabul.ated .in

Table 2. These facLes have been termed J-l to J-6 although lt ls emphasized

that the nr:nbers are descrlptlve only and do not have âny straÈlgraphlc

sÍgnificanee.

(t) J-r FACTES, CLEAN SHALE (<102 STLISTONE/S¿¡OS1ÞWB TNTERBEDS)

The J-l facies conslsts of massive Èo thlnly bedded shale r.'hlch contalns

rare (( 102) sharp-based sandstone lanínae. This facles fs d.ivÍded lnto two

subfacies on Ehe basÍs of color.

The J-14 sub-facles consÍsts of a lfght grey to green, slightly dolomltlc

waxy shale which ls non-bioturbated and devoid of any sedlmentary strucÈures.

This facles 1s generalLy non-fosslliferous aLthough scattered bele¡ûnites were
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presenË fn one core (Í.e. 1-2-54-8w5). SubfacÍes JIB fs dark grey to black 1n

color and was only observed in i:he outcrop secELon on Pralrie Creek wtrere it

is developed belor¡ ancl above the thÍn quartzose sandstone which was roapped as

the Rock Creek Mer¡ber,

The J-l facies corûprlses a thin, laterally €r(tenslve shale r"ùlch fs

correlated nlËh the Early Jurasslc Poker Chip Menber (Fernie Forúåtion) ln the

Foothllls, according to the Alberta Energy Resources Conservation Board.

Hovrever, the single sanple of thÍs shâle whlch was processed for ricrofosslls

ln thls sÈudy (/f 4, Table 2) contalned â Late Jurassie, openmarine pollen

assenblage and (probable) naríne foran assen:blage. This shale was resæpled and

by ån lndustry nicropaleonlologlst $?ro tnterpreÈed the Eeagre d.crofossll

assenblage as EarlyJurasslc ln age. Ilowever, the specfflc speeLes data and

envl.ronnental lnterpretatlons proposed for this saple were stil1 confldential

åt the tine thls thesis was nrllten and lhls apparent cllscrepancy hâs noE

yeÈ been resolved.

INTERPRE"TATION

The absenee of dlagrrostic trace or body fosslls or sedlmentary structures

grecludes a delai.led interpretaÈlon of depositlonal enviroÍoen!. The flne-grain

slze and presence of beleurltes (e.g. , 11-2-54-8W5) and Eãrlne foræinlfera

(e.g,10-29-56-11f,I5) suggests thât subfacles J-l probably represênts a

relatlvely deep, openrarine envlronmenË.

The dlfferences in color probably reflect lhe degree of o<ygenatlon of the

substraËe during deposltlon. Èlarion (1984) and Stronach (1984) lnterpreted the

dark-colored Poker ChJ.p shales fn outcrop âs (anaerobfc) shelf or slope

deposlEs. The llghter colored (J1A) facies ln western Alberta PLalns nas

probably deposlted under well-o:<ygenaÈed conditions in shaLlower water.
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(Ti) J-2 FACIÊS, INTERBEDDÐ SAI{DSTONES AND SHÄLES

The J-2 facles (Tab1e 1) conslsts of lntercalated sardstones, slltstones

and shaLes qtríeh are eíther thinly la¡nlnaced ârid non to weakly bioturbated

(J-24 and J2B) or highly bioturbated (J-2C). This facles 1s restricted to the

Upper Ferníe and Rock Creek lntervaLs.

The J-24 sub-facles, tnforrnally terned the ltght rÍbbon facies, consists

of subequal proportlons of thin (less Èhan 2 cn) Iight gÎey slltstone and

sandstone lãûinae lnterbedded r¡lrh tan-colored shale (Fig. 10C). The sandstone

lanlnae are sharp-based, non-bioturbaÈed, â,nd contain r¡ave and current ripple

laÐlnatlon. The Ewo shâle samples (SH-2, SIt-86, Table 2) fron thls sub-facles

which were processed for oicrofossll/palynology content were both barren.

The J-28 (dark-rtbbon) sub-facles ls a oedft¡n to dat'* grey shaLe !*rich

contalns rying proportions (10-802) of thin (0.1-5.0 co) sharp-based

sândstone laninae. MosË sandstone laElnae contalfi current and/or wave rlpple

lanfnatfon (Ffg. 108). Pyrite nodules, snall scale normal faults, soft sedinent

defonEtlon strucÈures and scâttered snal1 Planolltes, Chondrltes, 'SkoliEhos,

Helnlnthopsls and Teichlchnus burrows, and rare synaeresÍs cracks, were also

observed in thls facles. Ifl cores wt¡ere a thlck (greaÈer than 10.n) lntervâl of

the J2B facies ts deveJ-oped, several neter-scale coarsening and

thlckening-upward sequences are recognlzed and Èhese are Èyplcally capped by a

crthlck pebbly, glauconltlc ûldstone. The J2B facies fs generally devoid of

fossÍls although abu¡rdant belemrites ltere reported in the 6-14-46-10W5 core.

Several shale sarples (SH-5, 6, 13, 31, 42, 64, 65, 74, 75, 87 and 89) fron the

J-28 facles were analyzed for nícrofosslls and these data are conplled in

AppendÍx 6 and sumarized in Table 2. Only lr{o samples were analyzed for

fora¡rinffera content ând of these, one (SH-5) was barren. The other sanple

(SH-13) contalned a sparse fora-nlrriferal assenblage whÍch was interpreted as a



Figure 1O Core photos of representatÍve Ju.rasslc llthofacies (all
photoÊ Êame scale ).

(A) Core photo of highly bioturbated argillaceous sandstone (Facies
J-4). Note absence of preserved physical sedinentary structures or
recognizable burrows (Rock Creek Menber, Fe¡nie Fornation,
7-11-49-10!J5 , 2212ß) .

(E) Corê photo of darl< ribbon facies (FacÍes J-23) Ehowfng abundant
wave ripples, slmaerisis cracks and rare Planolftes bumows (Upper
Fernie Member, Fernie Fornation, 6-13-49-111115, 22a3ø),

(C) Core photo of lieht rlbbon facies (pacies J-24) Êhouring
distinctive tan-light grey nuds lnterbedded lrith rlpples,
non-biotu¡bated Êandstone (Upper Fernie MeDber, irernie ForEation,
8-33-4O-3W5, 21298)

(D) Core photo of cur¡ent-ripples, non-bioturbated sandstone (Facies J3A)
Fernie Member, Fernie Eornation, 4-36-4G-8IJ,r5, 25908
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restricEed to shalLor¿ uarÍne shale of lndetermlnaËe (Jurasslc-Early Cretaceous)

age (Table 2). The lnterpreEed age of Eost sarples of this facÍes, based on

palynoLogy and dinoflagellate content, ranged fron Middle to Late Jurassic

alEhough several of lhe sæpLes contalned long-ranging specles of lndeÈerniná.Ee

(Jurass ic-Cretaceous) age (Table 2).

The J-2C sub-facl¿s conslsls of highly bloturbåted sandy n:dstones Lùich

are resEricted Eo the Rock Creek ïfember. The exÈensÍve bloturbation has

obscured any physlcal sedimenÈary sEructures and no nacrofosslLs were present

ln Èhis facÍes although the trace fossils Telchichnus, Planolites and Rosselia

were recognized 1n a fer¿ cores (e.g. 10-18-55-12w5). The only sanple of this

sub-faeles r¡hich r¡as analyzed for nierofosslLs (SH 88, Table 2) contained a

resËricted Eárine dínof lågellate assenblage.

II¡TERPRETATION

Although thê gross llthology of these three sub-facles ls siÉiLar, they

probably represen! different depositfonal envlronments. Sub-facles J-24 is the

nost difflcult to lnEerpreE as Ít 1s devoid of any. slvironE€ntally dlagnostic

features. The flne-graln sfze and presence of lnterbedded wave-rlppled

sandstones ánd shales 1s characÈerlstic of o{¡ter shelf depostts hrhere

alternatlng faln¿eather and storo conditíons are represenÈed (Walker 1984).

Ilowever the generâl absence of bloturbatlon, glauconlte and nierofossils ls

difflcult to reconclle wÍÈh a shelf environEenE. The lnterbedding of ltght and

dark ribbon facies (J2A and J2B) described in soue cores (e.g. 4-33-39-5W5)

suggests thal they represenE sinilar depositional envLronnenÈs Þùich öffered

only ln the degree of oxygenatíon of the substrate, whleh !¡ould affecE the

benthfc lnfauna and color of Èhe sedinent.

Subfacies J-28 contains mâny physical sedinentary structures

characEerlstÍc of shelf deposÍts (Walker 1984) and the presence of glauconiEe
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(odirn and Matter 1981) and narine rnicrofosslls (Table 2 ) supports this

lnterpretatÍon. the low-density, 1ow-diverslty bioturbation nay reflect

restricted narine condiÈíons (Ekdale et â1.1984) and thls ls further supporEed

by the rare occurrence of synaeresis cracks r,¡Trlch cormonly record sâl1nity

fluctuatlons 1n a standing body of water (Ph:mner and Gostin 1981). The

ubiqultous wave ripple lanination probably records frequent storn wave

activlEy whereas the current ripple laninåtfon nay record stoñn ebb, tidaL or

geostrophic currenEs Ín a shelf setting (Walker 1984).

The highly bioÈurbated sandy rudstone (subfacies J-2C) was probably

deposíted ln a marlne settfng but lack of dlagnosËic crlterla precludes a Eore

detâlLed inËerpretâ.ÈÍon. The assoclatlon of th.ls facles w1th J-4 facles 1n the

Rock Creek ls consLstent wlth a opemarlne shelf fnEerpretation proposed by

Marton (1984).

(lf.i) J-3 FACIES, SANDSTONE f{ITrr LESS l',HAN 102 SHALE

The J-3 facies ðonslsts of clean (non-argÍll- âceous ) flnèZraíned, hlghly

quartzose sandstones contalnlng less that 10 Z lriterbedded shale la¡ri.nae. This

facles 1s sub-divlded fnto 4 sub-facles on the basis of grâln slze ârid the

presence or absence of various sedimentary stnictures. Subfacles J3A ls very

fÍne to fine-gralned and conÈalns abu.darit current ripple lenÍnatÍon (Flg.

10D). Sub-facies J3B is flne to Eediun-gralned and trough-cross sËratlffed

whereas zubfacles J3C ls very flne to flne-grained, sÈructureless and devoid of

beddlng. Subfacies J3D fs also very fine to fÍrie-gr¿i.ned but contains

abúrdant paral1e1 and low angle convergenÈ lån'inaÈlons.

Fael.es J-3 sandsEones are typÍcally non-bioÈurbaÈed and are restricted Eo

Èhe Upper Ferîie lnterval. This faeies often contains angular Eudclasts, either

in dÍscrete layers or scattered randomly throughonE the unit.StyloliËe partings
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are comon fn more highly lndurated cores of thls facies (e. g. ,8-30-50-13w5) .

IN1ERPRETATION

The clean ( non-argillaceous) to<ture and loeal presence of upper flow

reglme bedfonns (e.g. para1lel lanination) Ín the J-3 sandstones ls lndicative

of htgh energy conditlons at the site of deposirion (Harms er a1. 1975).

I{onever, not all exanples of facles J-3 s€ndstones are formd Ln the s€me

6tratfgraphlc context and thus they presunably do noÈ a1I represen! the 6áne

depositlonal envíronænt.

In geveral cores, faeles J-3 sandstones cap coarsøringilpward sequences

conposed of restrlcted narine (J2B,JzA) shales (e.g. 4-33-39-5W5,

10-24-54-13$f5) , and these are probably slorÉ and r¿ave fnfluenced offshore bar

deposfts, analagous to lhose by Brenner and Davles (1974) and Hayes (1983). No

evldence of subaerÍal exposure was noted at the top of the sequences and they

do not appear to represent energent regressfve narlne shorelLne-delta deposlts.

The pâuclty of bloturbaElon ls öfflcult to reconcile with â narfne

lnterpretatlon but tllis nay result. fron dífflcultfes ln reeognlzing .burrow'

forns ln cores of very clean, structureless hlghly lndurated sãrdstones.

In several cores (e.g. 1È29-29-11W5, f0-28+0-3W5) the cleân quarrzose

eandstones comprise the basal part of thÍck (10-20n) flníng-upward sequences.

In these cores, the sandstones have a sharprscoured base and grâde upwards lnto

1lght ribbon facles (sub-facies JZA). These sequences are superffclally slnilar

Èo l{olocene transglesslve barrier lsland sandsÈones (Reinson 1984) although the

absence of bloturbatlon or nårine nicrofosslls 1n the overlylng nuddy strata ls

enigûatlc, An alternatlve lnterpretation was proposed by liopkins (1981) rño

studied the deepi.y incised channel-forn Jurasslc sêndstones ln the Mediclne

River fleld ( TI,IP39 R3W5) 1n the sourhern part of the srudy areâ, Ile reported

f1uvia1, aeolian andshal lor¡narine facles Írlthin the deeply incised channels



4/

and suggested lhaE the fining-upward sandscones could be interpreted as a

valley-f1ll deposlÈ, forrned by progradatlon of a river lnto a standing body of

wacer. AddÍtional work ls required to resolve the age relatlonshlps and

geoneÈry of the Jurassic sandstones before nore detalled envlronn€ntal

lnÈerpretations can be proposed.

(tv) J-4 FACIES HIGHLY BIoIJRBATED ARGrr.r.ACEoUS SANDSTONE

This facles coff!1sts of highly bioturbated, arglllaceous quârtzose

sândstone which retalns few, 1f any, prfmary sedimentary structures (F1g,1OA).

Generally, the e)rtstsive bioturbaElon has completely churned the sedLnenÈ srrch

lhat no trace fosslls could be recognlzed although fn so¡ne core€ (e.g.

6-14-46-10f,f5) a diverse sulte of rrace fosslls,including Telchlchous,

Terebellina, Paleophycus, Chondrltes a¡rd Cylindrl.chnus r*ere recognized. Thls

facfes ls conffned to the Rock Creek Member of the Fernle FormaÈton.

INIERPRETATION

The hlgh denslty-high diverslÈy bloturbatlon which characterizes the J-,:4

sandstones of the Rock Creek Menber fs slmllar to the qrpztana-ichnofacles

t¡hich is corúon 1n open narine shelf settings (Frey and Peoberton 1984). Ttre

absence of dlagnostlc sedÍnentary structures precludes a Eore detalled

fnÈerpretatlon, The coarsenfng-upward sequence descrlbed ln the Rock Creek 1n

olher areas (Stronach 1984) ts not apparent ln the study area as the bâsal

contacÈ wlÈh Ehe mderlying Poker Chip (e.g. 11-25-54-12W5) ts very abrupt and

probably represents an unconfornity.

(v) J-5 SILICIIIED ARGIIJ.ACEOUS CARBONATES

This facles consists of tan to llght grey-colored argillaceous l1rne and

dolonÍte m-¡dstones and cherÈ. This r¡rít was only observed ln a few cores (e.g.
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6-18-54-7f,I5) and ls conffned to Lhe Nordegg Menber. In general, the tfric ls

fractured and extens lve diagenetic nottLfng, sillcÍffcation and extenslve

pyrlte replaceDent has destroyed nosE prinary sedimentary structures. Sponge

spicules and crinoid fragænEs were reported in the 6-18-54-î,ù5 core but no

other lrace or body fossils were recognized,

IMERPRETATION

The Light coloratl.on and presence of crinoids and sponge splcules in

carbonates of Èhe Nordegg Men:ber are lndicatlve of deposltlon 1n a shaLlor¿

subtldal narine environnent. Intense dlagenetic alteration has obscured Èhe

deposltlonal fabric and prevented a roore detalled environ¡¡ental lnterpretatlon.

(vf) J-6 ?yritized regoliÈh

The Jurassl.c strata ln nestern Alberta contåin 6everâ1 unconfondties and

each of these ls narked by sone type of regoLith or exposure surface. The

Nordegg-Poker Chlp contact was only el<ælnèd ln one ôore (e.g. 6-18-54-7115) and

ls represenled by a 3 neter-ihlck, siltcifted, cherÈ-carbonate breccia. This

breccla-regollth facies grades downwards lnto rmaltered lÍ¡oe o¡dstones ntrlch

are dfssected by vertical fractures fnfl11ed with green sandy sha1e.

The Roek Creek-Poker Chlp contacÈ was only observed 1n one of the cores

studied ln thls reporr (t.e. 1-25-54-12I{5) and 1r fs âbrupt and narked by a

thln shaLe clast breccla. The contacÈ of the Rock Creek sandstone wlth the

overlylng Upper Fernie fntêrval was exælned in several cores (e.g.

5-34-48-12w5) and ln all lnstances, the sândstone fs capped by a Deter-thick

slllcified, pyrittzed alteratfon zone ¡,¡hÍch probably represents sone type of

paleosol proflle.

A fourth Jurassic exposure surface is recognlzed the Upper Ferîie lnEervâl

tn the 10-13-55-12W5 core. ltris 1.0 EeÈer-Ehlck paleosol 1s developed
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ínrnedíately above the reservoir sandstone and conslsÈs of a bright orange-green

mudstone çhich has beeñ replaced wiÈh siderite, sillca and hsmrite.

In general, the Jurass ic-€reEaceots contact is knife sharp and is not

narked by a pa1eoso1. Ilowever, in one core (i.e.r 6-18-54-7W5) the upper 2 rn of

lhe subcropplng Poker Chip shale are intsrsely fractured and pyriEized.

INlERPRETATION

The differences in the thickness, diagenetic textures and nÍneralogy in

eâch of the five Jurassic-age exposure surfaces idêntified is probably a

funcrion of the suberopping bedrock lithology, duratÍon of exposure ând nature

and lntensily of weathering processes (Retallack 1986). rn rhis study they \¿ere

not studled Ín sufficlent detaÍ1 to nake any clinaÊic or envfroru€ntal

lnterpretatlons.

(B) EARLY CRETACEoUS DgposlrroNel, FAcIrs

Nine deposiÈÍonal facÍes were recognized in cores and outcrops of Èhe

Mannville-Blairnore strata ex¿rrined ln. this study. These nlne depositional

facies were grouped into Èr,¡o facies associations or "groups of facies nhich

occur together and ¡¡hich are consldered !o be geneticaLly related,, (ReadÍng

1986 p.5). Each facies was divided Lnto several sub-facies and the sálfenr

.charact eristics of, and interpretations proposed for, each of these facies is

outlined in Tables 3 and 4.

When thís facies data was lntegraEed with gross interval or net clean

sândsÈone isopach naps, Èhe geooetry of Ehe sãldstone bodi.es could also be

delerm.ined. An over\¡iew of the gecmetry and diagnostic characterisÈics of the

faeies cooprisÍng each association will be presenÈed Ín the followlng seclion.

The chapter will close with a detailed discussfon and interpretation of each

deposiElonal facÍ.es recognized in the Early Cretaceous Blairmore, Luscar a¡rd

Ma¡nville strala èyåmined in this thesis.
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(Í) ovB.\rrEw 0F FACIES AssocIATroNS

The first facies group, lnterpreted as a narÍne assoclation, conslsÈs of

wave-rippled, bioturbated sandstones and shales, and thick trumocky

cross-stratified, parallel-laninaEed and Èrough cross-sÈraElfj.ed sándstones.

Ttris associaÈion conprises nost of the Glauconite ForEÂtion ln the subsurface

ând Lhe lfoosebar Formatlon 1n the Foothll1s as r¡e11 ãs a s$all part of the

upper ELlerslie ln Èhe northem part of the study êreâ. SandsÈones and shales

of thls assocÍâtlon are typically organized Lnto coarssting and

thickenirg-upward êuccessions t¡trich could be readlly correlated across the

study area. On gan!ê ray J.ogs, these coarserilng-upward sequences exhlbi ted a

cleanlng-upward .proflle and the sândstones at the Èop of thê sequence typlcally

exhibit an elongate bar or sheet-1ike gecmetry. Four Èhick (2-25n) sheet-lfke

narlne sandstones were ldentlfied ifi the Glauconite FornâtÍon fn Èhe study area

and the approÉmêÈe areal extsrt of èach ls shown tn Ftg. 11. These sandstones

were fnforually' terned the MedÍclne Rfver, ltoadlêy, Drayton Valley and ModesÈe

Creek sandsËones and theLr stratlgraphic relatlonshlp ¡rlLl be dÍscussed 1n

Chapter 6.

The second facles group, lnterpreted as a bracklsh Èo non-lnarlne

assoeiatLon, conslsts of rooted carbonaceous mudstones, lreakly bioturbated

Eudstone with abundant synaeresis cracks, and thfck, cross-stratlfÍecl a¡rd/or

structureless mediurn-gralned sandstones. T'his âssocLatfon compËíseS rûo€t of the

Gladstone-E1lerslle lntervaL in the study area and, ln the Glauconite

For¡oation, is conflned to a series of deep (1G-40n), narrow (t-5k¡n) channel

trends \rtÌÍch âre outllned in Fig. 11. These channels were difflcult to Eap

using gama ray logs as they can be filled wlth elther sandstone or n¡dstone

and are readlly identlfied only wtrere the llthology of the ffll contrasts vith

that of rhe enelosing sÈrata, The channels typically e:<hlblt a blocky or
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fining-uprvard profile on gãma-ray rogs and lhe base of each chánnel rs nFrked

by a thíek clay pebble ( lntraclasr) breccia. The core facies and fsopach data

are lntegrated wlth detalled geopþslcar 1og sections to deterûÍne the age of

the channels, rêlative !o reglonal nat'*er beds (e.g. coals or transgressive

shales) ln lhe surroundrng strate. rn a1r cases, Ëhe channels are rnclsed ,iown

into, and are Eherefore younger than, the surroundlng strata. A cc'plete

dlscussion of the orlgln and relative age of these incised channels rrlll be

presented in chapÈer 6.

(it) OPBT UARINE ASSOCIATTO¡I

Thls group was subdivided lnto 5 facies on the basls of lltho1ogy ánd the

lndividual facies r¡ere further subdfvfded on the bâsls of textures and types of

gediEentary sÈructures wtrfch were dcmfnånt \r'ithin any core or outcrop.

FACIES 1 SHALE ( <2OZ SANDSTONE/SILISTþNE I,.A¡YINAE)

This facles consists of dark grêy to black shale ând ludstofle rr'trlch

contalns negltgible (less Èhán 202) sandstone erid sflËstone lanlnae. Ttrese

shales couprlse nost of the GlauconlEe and Moosebar Fon¡ations throughouÈ the

sEudy area and a srnall part of the E1lerslle lnterval ln the northern part of

Èhe study area.

Subfacies 1A consists of thlnly laÍ1nâÈed, non-fossillferous shale whlch

typically conÈafn up to 202 thin (0.5-5.0 m) silt larlriåe \¿tr1ch âre not

dfsn:pted by bioturbatlon, The only subsurface sanple of this facies r¡hlch was

processed for ûÍcrofosslls (f.e. SH-l, Tab1e 5) yielded a sparse assenblage not

diâgnostic of any envfronrnent Hhereas the ouÈcrop sanple (1.e., $l-111, Table

6) ytelded a dlverse oarine foranÍnlferal assenblage.
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Subfacies 18 ís a black shale which conrains abtrrdan! (f0-B0Z) bioclastlc

detri.lus (ostracodes, dlsartlculâÈed pelecypods and high-splred gastropods)

ellher "floaÈing" wÍthin the nud natrix (Flg. 12À) or concentrated ln thin

sharp-based lartrinae Ëhroughout the interval (Flg. 128). Thls subfacles contains

rare (Less Ehân 102) sharp-based, normally graded and uave-rlppled

sandstone/s1lls tone lanlnae and nay be weakly bioturbåted. Flve sanples of this

facies were processed for rricrofosslLs (1.e,.SH-107, 110, 113, 116, Table 5 and

SIt-8, Table 6) and all yfelded a freshÌraÈer to bracklsh (restricted narine)

ostracode assenblage. 0n1y one sarnple (SH-8, Table 6) was processed for

pâlyno1ory and thls contalned a dLverse dinoflagellate assenblage r*rlch was

lnterpreted as Earginal narine (Table 6). This facies ls characÈeristic of the

ostracode Menber (basal Glauconlte ForûÂEion). ln the subsurface (e.g.,

6-18-54-7W5) and the Lor.¡er Moosebar of the Foothills.

SubfacLes 1C 1s a dark brown to black shale wtrich ls thlck-bedded, non to

weakly bioÈurbated, non-fossflf ferous, and conEafns abundant slderÍti.c

concretlonary horLzons. The sÍngle sæpLe of thls facÍes processed for

nlcrofosslLs was barren (SII-35, Table 6). This facles Ls restricted to ên

inporÈant narker horizon ln Èhe Glauconlte FornâÈlon (Bmarker shale) in the

cenÈral part of the sÈudy area (see Chapter 6).

TNIERPRETATION

The fine-grain slze and wldespread distrlbution of these shales a¡rd

ûudstones indicate that they were deposÍted in a large stånding body of

water. Þlclean and WaLl (1981) eited fhe dlfferent nlcrofossil assenblages as

evidence that salinlty levels fluctuaÈed ín the Early Albtan Moosebar Sea. They

noted lhaL brackish Lo fresh!¡ater mlcrofossi!. assemblages were dotrinant in the

lower part of the ¡foosebar, pârtlcularly ln the soüthern part of the study

area, and that open-rârlne assenbJ-ages were dcminant ln Èhe upper part of the



Figure 12 Core Photos of mudstone and Êhale facies, Glauconite and
E]1ersl1e FornatÍons.

(A) Core photo of black ÊhaLe (Facies 18) containing abundant
disarticulated bioclastic material including pêIecypods, gastropods,
and ostracodes floating in nud matrix (ost¡acode Menber, Glauconlte
Formation, 6-3-52-4W5, 1497n).

(B) Core photo of black shale containlng abundant sha¡p-based
bloclastíc lamLnae (Faces 18) (ostracode Menber, Glauoonite FormatÍon,
6-19-55-5W5, 1441n ) .

(C) Core photo shovring interbedded sandstone and 6ha1e (Facies 28 )
6howing normally graded beds, wave ripples and synaerisis cracks
(ostracode Menber, Glauconite FornatÍon, 7-6-47-LOW5, 2442û). Fleld
of view I cn.

(D) Core photo of interbedded Êandstone and shale (Facies 28) Êhowlng
abundant normally graded, weakly bíoturbated Êandstone laninae and
diÊtinct abÊence of wave ripples (ostracode Menber, elauconite
Forrnation, 6-30-56-3!J5, 1233n). Field of view 6 cm.
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Moosebar Forxûatlon, particularly ln the northern part of the study area. They

suggested that these salinlty variations resulted from restrlcted circulation

between the Moosebar enbaynent (Fig. 68) and the naín ocean nass to the north.

The non-bloturbated, organÍc-rich black shales of subfacles 1A nay have

been deposited under anaerobic or dysaerobic condltÍons, posslbly below an

o:<ygen ninlEum (Stronach 1984), The bioclastlc shales of subfacles 18 are nore

diffÍcult to lnterpre! because it fs not clear lf the benthic lnfauna are

1n-siÈu or lransported. Soúe of the larger fossll fragments "floâtÍng" in the

rud matrix are possfbly ln growth poslÈion and this would clearly fndicate ân

aeroblc substrate. The disartit,rlated sheU hash in the sharp-based. lanÍnae was

probably resedinenled, or at least reworked, by storm acÈlvl¿y bu! the ulÈimåÈe

source of the bioclastlc nâterial ls problenatlcal. The origln of the slderlte

horizons fn subfacles lc probably reflects rapid deposltion of lhese shales fn

a restricted. basin wfth linjted clrculatlon. eautLer .(1982) reported Èhat

slderiÈe ls preclpftated during very early diagenesis of rapldly. deposíted,

organlc-rlch shales . Siderite folns when organlc Eåtter Ls left ln the

sedinent after aerobic and sulphate-reducing bacteria have been elin_Lnated by

depletlon of dlssolved oxygør and sulphÁte 1n the porewater durÍng burlal.

FACIES 2 INTERBEDDÐ SANDSTONE, SILTSTONE AND MIJDSTONE

Thls facles conslsrs of shale or rn:dstone fnterbedded with thin,

sharp-based sandstones, and totally bioturbated sandy rtdstones,

S)maeresis cracks and a 1orv denslty-low cllverslty trece fossll assoblage

(FiC. l2C) eomprlsed of planolites, Chondrttes ând Telchlchnus is

characÈerlstlc of this facies. EighE shale sæp1es fron this facies \,¡ere

processed for nÍcrofossils (Table 6) and the inrerpreted erivironnent ranged

fron freshwater to bracklsh (sH-3, 8) ro open{arrne (sn-i2, 115). This facres
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ls developed in the Glauconlte, Ellers1ie and Moosebar I'oroaclons and Êyplcally

ccmprises the niddle porlions of eoarsenlng-upward sequences, above Facies 1

shales and be1or,¡ clean sandstones of Facies 3. Thts facies fs divided into

several subfacfes, bâsed on Èhe proportlon and thickness of the

sandstone-siltstone Lâminae, ând the type ánd abundance of sedinentary

slructures presen!.

Subfacles 2A Ís thlnLy bedded and contains abundânt nonnålly graded

s¿ndstone and slltsÈone lamrinae (Flg. t2D ). Indivldu"l beds range fron 0.5

to 5.0 co ln thÍckness and ccoprise 25-5Oi( of. the core laterval. Subfacles 28

conËalns abur¡dant wave-rlppled sandstone lanlnae and the índtvlduål larn-lnae âre

1-10 cn in thlckness, conprise 25-50% of. the interval and typlcally h¿ve a

sharp top and base (Fig. I2C). Subfacies 2C contafns a higher proportlon

(n-75"/.) of Èhícker (5-50 cn) såndstone beds and contalns low angle curvlplanar

convergenÈ låûinatlon fnterpreted as humocþ cross-straElflcatlon. Subfacles

2D cbnsists of totally bloturbaced sandy Eudstone whlch retalns llttle or no

sedidentary structr¡res. In nany cores, these four sub-facÍes are intinately

lnterbedded, suggesËing thaÈ they \.rere deposlted in a slmilar deposltional

envlrorunenÈ.

TNIERPRETATION

The presence of eoarser-gtalned sedlnents tnterbedded wlth shales appears

to record episodic hlgh energy (storr) events ln a shallow uârlne basln fn

whích uuds aceurn¡lated t¡rder fal.rs¡eather condltions (Walker 1984). The

lorÈdlversity-low densfty bioturbåtlon and presence of synaerisls cracks is

atypical of shelf sedinents and nay reflect the restricLed to brackish nature

of Early Albian Moosebar Sea, as descrlbed above. A thorough discusslon of the

processes v¡?rlch are capabre of transportlng and rer"rorking sedinent ln shallow

marlne basLns Is presented ln Walker (1984) and sone of the iúportant coûcepÈs
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will be highlighted.

Shallow marine sedi¡¡entatlon is lnflueneed by €torÉ, Èidal, and wave

processes and waËer depEh is the prlncipal factor deÈernining wt¡ich of these

processes are dominânE fn any given setting. Walker (1984) employs the lerrns
the

falñ{eather and storn wave base to descrLber rnaxlnun depth at \r?rlch oscillatory

\,¡aves cån signÍficantly nodify and rework Ëhe boÈton sediúent during "nornal,'

and storn conditions respecth€ly, During ná.lor storns, coarse sedÍnen! Ís

initially rnoved across the shelf by efther some Èype of offshore-direct ed

density current (Walker 1984) or sËorf, surge ebb f1o¡¡ (Nelson 1982) and wf1l be

deposfted as a sh¿rrp-based, normalLy graded bed. In relatlvely deep wäter

(be1ow storo wave base), thls bed wíll not be reuorked by stono currents €nd

Ehis " turbldlte-ltke" bed w111 be preserved. At lnteñnedlate depths (belween

storm and falrwealher wave base), stonn kraves and currenÈs can rework these

graded beds, forning osclllâEory or conblned flow ripples and humocky

crass-stratlfi€atfon (Harr0s eE.â1 .1975). Ttre hydrodynanics of ccmblned

oscfllatory and rnidirecclonal. flow and the fornãtlon of hrmocky

cross-sÈratlflcaÈion rer¡afn poorly rmderstood, prlnarfly due to problens of

nodèlling these conditions Ln wave tânks ând observlng theo Eider nalutal

condÍt1ons. Ilolrever, Èhere exists a general concensus among researchers that

humocky cross-stratlfLcatfon records a stonû event fn a relatfvely shalLow

setÈing ( Duke 1985¡ l{alker 1984).

The preservation of nornal grading and general absence of wave rlpple

laninaÈlon ln subfacies 2A ts probably lndicative of deposltion below storm

r¡ave base. NuEerical estÍnates of waÈer depth are di.fftcult Eo nake as wave

base ls largely a functÍon of (unknor.rn) paleæwave mergy ln lhe systen.

Hôwever ,R, G,Walker (pers. com.) has suggested nlnlr¡uru water depths of at

least 50rû for subfacies 24. The abrndance of wave rippllng and humtocky
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cross-str¿tification, ând absmce of hlgh angle foresels, Ln subfacfes 28 and

2C ¡¡ou1d represent shâllower conditions, presunably between falrweather and

storn wave base. The hlghly bioturbated sandy ûtdstones of zub-facfes 2C

lndicate that organisEs churned the sedinent faster thæ physical processes

such as storD r¿aves eouLd rework then. This ruay reflect slosrer sedinentetíon

raÈes during their deposlÈlon although nany other envÍronmental facEors can

lnfluence degree of bloturbaÈion (Irey and Penberton 1984).

FACIES 3 BION'RBATED ARGII,IACEOUS SANDSTONE

This facles ccnprlses a sûal1 proportlon of thê Mannvllle-Blalrrûore strata

in the study area ând consists of a totally bloturbâted, argillaceous,

flne-gralned sandstone whfch ls devold of any rellct sedínentary strucEures.

These arglllaceous s¿rndstones are developed ln the Glauconite and ELLersIle

Formatlons ln Ehe subsurface and 1n the Middle Moosebar of the FooËhllls (e.g.

lower twin sandstone, Cresceát Fál1s sectlon, Apperdix 3B). In nôst 
""""", ,hí"

facies marks the transltlon betlreen a shale or interbedded sândstone-shale

fnterval, and a rel.atfvely clean sandstone and appears to grade lnto both the

overlyfng and underlying facies. lrace fosslls recognlzed in this facLes

lnclude Paleophycus, . Cylindrlchnus, RosseLla, Terebelllna and I'facrooichnus

segregaÈus .

IN1ERPRETATION

The assoclation of ttÉs facles with open narine uuddy strata (I'acies 1 and

2) and humnocky cross-slraÈlf1ed, glauconltic sandstones (Factes 4) iridicates

that this facies was deposlted fn â shallow, open nârlne (she1f) seÈting. The

ubLquitous bioturbation clearly indicates that btologic processes dooinated

over physlcal sedin€ntary processes and thls âpparenlly reflecÈs opilmum

conditlons for colonizatlon by benthic fauna .



Figure 13 Representative t¡ace fossils in MannvilLe cores. AII cores
approximately 10 cm wlde.

(A) Core photo shor{íng fnterbedded Ëandstone and Êhale (Facies 7C)
containing abundant synaerisis cracks and soft Eedinent deforoation
structures and Planolites burrows (ELlerslie Fornation,4 -36-40 -8WS , 2568 m

(B) Core photo of PaleoÞhycus burrows (Hoadley Menber, Glaucontte
Formation, 2-16-43-4W5, 20338).

(C) Core photo of Macronichnus Êegregatus burrows (Hoadley Member,
Glauconite Formation, 2-16-43-4W5, 20348).

(D) Core photo of funnel-shaped Rosselia burrow (Ellerslie Fornation,
6-21-48-161'i5, 9597').

(E) Core pható of nud-lined Skolithos bur¡ows (Ellerstie Formation,
6-27-4L4wa, 6970').

(F) Core photo Ehowing 6harp transition between Eandstone and shale
$rith abundant Êoft sediment defornatlon Êtructures (Facies 7C) and
argilJ.aceous rooted aandEtone (Facies 7A) (Ellerstie Fornatfon,
6-18-47-6W5 , 67 45' ) .
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FACIES 4 O,EAN SANDS1ONE (LESS THAN 1OZ IITTERBEDDÐ SHALE)

Thls facles consLsts of relatlvely clean (non-arg11laceous) , very fine to

nedlurn-gralned sandsi:one contalnfng ninor ( (l-02) shå-le laninatlons. This facles

ls Èyplcally found at the top of coarsenlng-upward sequences ln the Glauconlte

and Moosebar Fornations but is also present in the E1lerslle lnterval 1n the

norÈhern (subsurface) part of the study area. This facÍes has been suMtwlded

inÈo a serles of subfacies based on the presence or absence of varlous

sediEentafy structures.

Sandstones of subfacles 4A are typically flne to very fine-gralned and

contafn abrmdant curvlplanar paral1e1 ând convergeriÈ laúlnatlons (Fig. 14C).
either

These lanlnatÍons are lnterpreted asv humocky (HCS) or swaley

cross-stratificatton (SCS), as defined by Harms et aI (L975) arid Leckle and

Walker (1982) respectÍvely,

Subfactes 48 sânalstones are sfnllar to 4A except the convergent laninae

recognlzed in lhe cores are planâr (Ftg. 144) rather than curvÍplanar as Ln

subfacles 44. The sandstones ln strbfacfes 48 are typlcal-ly coarser-grained and

are generalli developed above subfacLes 48 !n any coarsenlngilpward sequence

(e. g.¡ 8-5-41-5w5) .

Subfacles 4C typlcally conslsts of fine Èo rnedlum--grained sandstone últch

contains angle of repose, steepening-upward foresets r,¡tlích o<h1btt a htghly

variable orfentatlon 1n cores (Flg. 148). These foreseÈs are lnterpreÈed as

Èroughtross straÈlflcâtlon and are cmonly developed near the top of

coarsenlng upward cycles ln the Glauconlte Formation, Just below a rooted zone

( e. g. ,10-35-40-7w5) .

Subfacles 4D conslsËs of htghly bloturbated, non-arglllaceous (clean)

sandstone (Flg. 14D). Ihls facles fs relatlvely rare ând is typlcally



Figure L4 Core photos of harine sandstone facies, Glauconite
Formation. Field of view in all photos approxlmately 10 cn.

(A) Core photo of clean narÍne sandstone exhibltlng parallel and low
angle convergent laninations (Facles 48) (Hoadley Menber, Glauconlte
Formation, 8-8-41-61¡i5. 2384n).

(B) Core photo of high anele cross-stratifÍcatlon (probably trough
cross-bedding) (Hoadtey Member, Glauconite Fornation, 1O-3S-40-7!Ja,
z4oJm ) .

(3) Core photo of huEEocky cross-stratified êandstone (Eacies 4A).
Note abundant curviplanar lan1natlons, 1ow angle truncation

eurfaces and conplete absence of angle of repose foresets (Drayton
VaIIey Member, Glauconite Formation, 6-30-56-3VJ5, 1236n).

(D) 'Core photo of highly bioturbaied norr-argtttaieous sandstone
Besresatus
6t¡uctures

(Facies 4D). Note excellent Terebelllna and Macronl.chnus
burrows and absence of preserved physfcal sedinentary
(Hoadley Menber, Glauconl.te Fornation, 2-L6-4y41tt5, 2034m).
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lnterbedded wifh hulûnocky and swaley cross-sttatl.f ied sandstones of sub-facles

4A (e.g. , 11-26-45-2W5). Trace fosslls recognízed ín this faeies

1t.1ud"Pd"ophy"r", tu"""l ,

and 0ph:ionorpha(Fig. 134, B and C).

Subfacles 4E conslsts of massive, structureless sandstones urhlch contaln

no recognizabLe physieal or organic sediúentaq¡ str:Jctures.. Tt.is sub-facies

comprLses nost of the Glauconlte sandstones fn Ehe Hoadley-Strachan and Drayton

Valley trends (Fig. 11) and comonly forns Èhe bulk of the clean sandstone

capping Èhese coarsening-upward sequences (e. g. r 1-30-43-1W5).

Subfacies 4F conslsts of dark grey-green colored, hfghly carbonaceous,

crudely bedded, flne to ædfurn-gralned sandstone. Ttris facles ls only

recognized 1n the GlauconlÈe Tolratlon along the Strachán+loadley trend

(Fig.11) çrhere Lt caps a thÍck coarsenlng-:pward sequence (e.g., 1G-22-42-5t5).

Thl.s sandstone ls poorly sorted aàd and less porous thãr other clean saridstone

facles 1n the Ho4dley trend ând appears to have a very erraeic dfstríbutlon. ..

IN'TERPRETATION

Sandstones of facles 4 typlcally ccmprise Èhe middle and upper parts of

coarsening-upward shallow marlnê sequences. Eech subfacfes ls fnterpreted

differenÈly, depending on the dor¡lnant type of sedlnentarf¡ structures present.

The humocky cross-sËratifled sandstones (subfacies 4A) were probably

deposlÈed 1n a stoFinfluenced shallor¡ narlne envíronmenE betrseen storû and

fairweather r¡ave base (Walker 1984). The sand was prestmably strÍpped fron

adjâcent sandy coastal zones during storms and redeposÍÈed fn the shallow

ÍnarLne environmenÈ wTrere lt could have been reworked by storo waves. The

absãrce of high angle cross-straEificatlon 1n thLs facles probably fndicates

that the sand was redeposlÈed below fafr-çreather wave base where the waÈer r,¡as

loo deep to perElt faimeather oscillatory waves to rer,¡ork the sediûent (Walker

1984). Ilowever, the absence of htgh angle cross-stratl flcatlon aay also be a
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consequence of the grain size of subfacles 4A s¿ndslones as there ls no

stabillty field for sand ¡¿aves and dunes Ln very flne-grained sandstones

(Hanos er al.1975).

The parallel and low angle eonvergent laminated sáridstones (subfacÍes 48)

are very slmilar to beach deposils ln ç¡ave-dominated enviroruænts (Refnson

1984). The laninatfon r¡ould be formed by swash-backwash procêsses in the

foreshore. The frequent developoent of a rooted zone capping subfacles 48

sândsÊones supports a foreshore ínterpretaÊLon âs nâny beach seìdstones âre

capped by vegêtation (Retnson 1984).

The Èrough cross-sÈratiffêd eandsEones (subfactes 4C) occastonalLi found

near the top of the coarsenlng-upward sandstones were probably deposfted in an

upper shoreface setÈln€ ntrere breakfng waves caused Èhe nlgration of

megarlpples across shorellne-âttached bars (Cllfton et al.1971).

Thê. bloturbated sândstones of subfacles 4D a¡rd the stnctureless

sandstones of subfaðles 4E are dlfffcuLt to interpret as th€y contain no

depth-dÍagnostic sedinentary sÈructures. The clean (non-argillaceous) texture

of these êandstones and thelr assoclâtlon wlËh husmocky cross-stratified

sandsÈones and conglonerates ls indlcatlve of a hlgh enerry (probably

shoreface) narlne en\rironú€nt.

The htghly carbonaceors sandstones of subfacles 4F are very slnllar to

dlsÈrÍbutary cha¡rnel deposiÈs descrlbed ln úodêr'n deltalc settings çhich

contafn rarge anounÈs of organlc r¡aÈerlal rrcomninutated coffee grounds"

(Colenan 1981). As thls facles ls restrlcred to the Hoadley-Strachan Conplex,

which is fnÈerpreted as a wave-doninated shorellne, Èhe earbonaceous sandstones

EusE have been deposÍted in a channel systen âs the organic naterial ç¡ou1d have

been winnowed froD Ëhe sands in the hlgh-energy shoreface or foreshore.

A nore detalled dlscussion of deposfÈlonal erivfrorinents represented by
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these sandstones will be presented in ehapter 6.

FACIES 5 CONGLOMERAIES

In the extrene southr,rest eorner of lhe study area (Strachan area), a Èhtn

conglonerate ls developed at the top of the Glauconite Fornãtlon (e.g.,

l0-22-37-9t¡15) , A slnllar conglonerate was recognized ln the equlvalent Middle

Moosebar lnÈerval 1n the nearby Tay Rlver outcrop (Appendi.x 38), The

conglonerate ls clasÈ-supported and conÈalns varl.colored cherË and quartzlËe

pebbles up Èo 4 o ln naxlrnr¡n dinenslon. These congloroerates arê elther !¡e1l

sorted and ratrlx-free (Ftg. 158, subfacies 5A) or poorly sorted and contaln e

fine-gralned, glauconftic sandy EaÈrix (Ffg. 154, subfacfes 5B), The contacË

wtth thê uderlylng narLne sandsrone ls sharp (Fig. 15C) although the

underlying sandstone Eây contaln several thlck (5-30 cs) sharp-based

congloEerâte beds belors this contacÈ. The largest clasts and highest proportlon

of sandy qaÈrfx ls found near the base of. the conglqnerate and the Eaxinun

clast slze and the proportion of Éandy Eâtrlx decreases upward. No

sÈratlflcation, inbrleation or bioturbatlon was recognlzed in the core although

low angle (15 degree) foresets, posslbly representlng lateral accretion

surfaces, were recognlzed ln the Tay lLlver outcrop of the Upper Moosebar

conglomeraËe (Flg. 15D). The uppermost parÈ of the Hoadley fntervâl was not

cored ln the l0-22-37-9f,15 well alrhough geophyslcal logs from rhis well

indlcate that it fs capped by a Ehin coal hoÌlzon whfch ls correlâtive \{ith the

coal whÍch caps the adjacenÈ ltoadley ÉandsÈonès (e.g., 7-12-38-9W5). ThÍs

conflrms that these congloneraÈes are age-€qulr¡âlent Èo, and comprlse part of,

the sane wave-donÍnated shorellne deposlt as the Hoadley sandstones.

Thin stringers of glauconÍtic conglomeraÈe (sub-facies 58) up to 15 cn ln

lhlckness were reeognfzed withín the flne-grafned sandstone throughouÈ the



Figure 15 core and outcrop photos of marine conglomerates, Glauconite
Formation and equivaÌ.ent niddle Moosebar intervaL.

(A) Core photo of ctast-súpported conglo!ûerate with sandy natrlx(Facies 58) (Hoadley Member, Glauconlte Fornation, l.iç2â47-gu5,
,3131n ) .

(B) Core photo of clast-supported conglomerate without Eandy Eatrix(Facies 5A) (Hoadley Member, Glauconite Formation, !c-.2â47-gll',
3124n). Core width 10 cm.

(C) Core photo showing sharp contact betlreen nassive structureless
Earine sandstone (Facies 48) and clast-supported conglor0erate wíth
sandy hatrix (Facies 58) (Hoad1éy Member, Glauconite Formatlon,
1r22-37-SU/5, 3132¡n).

(D) Outcrop photo of clast-supported pebble conglomerate (Facies SA,
B). Note low angle lateral accretion surface in conglomerates above
the erosional ecour which cuts dovm Ínto Faral1e1 laminated sandstones
(middle Moosebar, Tay River section). Field of view approxinately 5m.
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lengfh of the Strachân-Hoadley trend. These thin beds are not randonly

distrlbuted withín the Hoadley sandstone but appear to Dark soEe type of

transgressive 1ag vhich caps a lower coarsenlng-upward sequence withln thls

composLte sandstone body (e.g. 6-10-44-3W5).

INTERPRETATION

The stratígraphlc equlvalenee and lateral contfnuity of the Strachân

conglonerates fr-Ith sandstones fn the Hoadley trends confirEs that the:/ were

also deposited along a wave-donlnaÈed coâstline. Cant (1984) has lnÈerpreted

slEilâr conglonerates fron Ear]y CretacecÃts Fahler ForuatLon of northern

Alberta as regresslve wave-donlnated shorellne. deposfts. He inÈerpreted the

nell-sorted, natrix-free conglonerates åt the Ëop of the regressive Earlne

sequences as foreshore deposlts and Èhe underlylng, poorly sorted, sand-rich

conglonerate as distributary channel or shoreface deposiÈs. Iack of data

precludes.a oore detalled lnterpfeÈatlon for the Strachan conglornerates at

thls polnt.

the thln conglonerate in the nlddle of Èhe narlne sandstone comprislng the

HoadLey-Strachan trerid apparenEly records a transgressLve event as Èhe u:ddy

sandstones overlylng the congloEerate ls a deeper-r¡ater facfes than clean, well

sorted sandstone below the conglomerate. Siollar transgressfve conglcmerates

have been descrlbed 1n other Cretaceous narine sequences ln the Alberta Basin

including Èhe Cardírn ( Plfnr eÈ aL. 1987), Viktng (Leckle 1986) and rhe Chungo

Formatlons (Rosenthal and Walker 1987). A derâlled dLscusslon of the

orÍgln of thesê congLomerates this w111 be presenÈed in the chapter 6.

(tti) BRACKISL 10 NoN-IíARINE FACIES ASSOCIATIoN

Four depositionaL facles have been recognlzed ln the bracklsh Èo non{arlne

assoclaÈion and the sallent characÈeristlcs. of each Ís outllned !n Table 4 .
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The four facles are defined prinarily on lhe basis of 1lthology and the

varlous sub-facles are differentiated on the basis of the presenee or absenee

and abrndance of roots, trace fossils and sedimentary struclures.

FACIES 6 MIJDSTÐNE Í'ACIES (LESS THAN 1OZ INTERBÐDÐ SANDSMNE)

Thi.s facies consLsts of mldstones and shales wtrlch contafn less than 102

admixed sandstone. These midstones are masslve Èo crudely bedded a¡rd contain

abrmdant siderÍte concreËLons, carbonaceous lanlnae and rare (less than 102)

sharp-based, wèak to non-bioturbated sandstone laninae. This facles comonly

forms 1atera1ly dlsconËl.nuous nud "plugs" withln lncised chánnel trends fn the

Glauconite lnterval (e.g. Thorsby area, 14-33-48-LW5) and grades laterally

across very short dlscances (1ess than 2 kn) into coarser sandy channel-fill

sequences (e,g ' r 4-34-48-1I,15).. Thts facies ls notably devold of any signs of

energence (rooEs, paleosols etc.) and Ís typtcally non:bioturbated. Both

sarnples (Slt-ll, 20, Table 6) of thls facles r^*rich were processed for

olcrofossils rvere barren of foramÍnifera and one (SlI-11) ¡,¡as lnterpreÈed as

contLnentâL on the basls of pollen assemblage and absence of dlnoflagellates

(Tabie 6, Appendlx 6).

INIERPRETATION

The dark coloratÍon and very flne2raÍned (nuddy) nature of thls facles ls

superflclall-y slnllar to Ëhe open narlne úudstones of faci.es L. I{owever, lhe

m-rdstones of facles 6 are clearly restricted to narrow channeL trends

(dlscussed in the followlng chapter) and are assocíated ldth non-bloturbated

sandsËones !*ì1ch are lnterpreted as fluvial or estuârlne valley-f1l1 deposlts.

The lentlcular gecmetry and sand-free nature of thls subfacles ls typicål of

"clay plugs" forned during the åvulslon and abandonnen! of meander loops tn a
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high-slnuoslty fr.uvral systm (walker ancl cant 19g4). sínilar sequences have

also been deseribed tn the sinuols upper reaches of tldally lnfluenced

estuarlne syste's (Dorjes and l{oward 1975), A detâlled dÍscusslon of the

(estuarine versus fruvral) origin of these ehannels r¡r1r be presenÈed in
chapler 6.

FACIES 7 INTERBEDDÐ SANDSTONES AND MIJDS1þNES

Facres 7 conslsts of Ínterbedded sandstones and nudstones r¡trlch o<hlbir

very dlfferent depositíona1 to(lures ând stnrctures thãn rûfxed sardstones and

mudstones of facles 2. A æagre ostracode assenblage recovered frm one

sample of thls facles was interpre'ed as fresh to bracklsh (Table 6, Sl{_7)

l¡hereas the dinoflagelrate?ol1en assenblage frcm thls and another sæple

(sH-9) was lnterpreted as marglnal narlne. sand-f.llled shrlnkage cracks fn the

nuddy sedÍnenÈ have a spíndle-forn in plan vlew wtrlch is characterlstic of
synaeresis, rather than desiccaÈron cråcks . (pl'mer and Gostin r9g1).irhese

structures probably record episodes of fLuctuêtlng saJ.lnlty ln a

seni-restricted narlne erobayment.

subfacÍes 7A corprlses Ehe bulk of the Ellerslte-Gladstone intervar and fs
also recognized r¿lthln incÍsed cha¡urel trends ln the Glauco¡rfte Fon[atlon. Thls

facÍes consls's of dark grey to black carbonaceous mldstones utrich contaln

varlable proportions of crudely bedded sandstone contarning numerous root

tracesr synaerisis cracks, curren! rippres, paral1el and convergent ra'Ínåtion,

and soft sediment deformation stncÈures (Flg. 138,F). Tïe thlckness of

lndlvldual sândstone ranlnae ranges up to r50 cn and no conslsterit changes in
Èhe proportion, thickness or graln size of these sândstones were recognlzed iÍ
thls facles.

Sub-facles 78 has a si¡dlar lfrholory to 7A bur is devold of any signs of
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abrmdance of weakly bÍoturbaEed sandy horlzons wtth dÍffuse upper and lower

contacts (Fig. 168), this sub-faeies was only recognized r¡lthin inclsed

channels ln the Glauconlte Fornarlon and is best developed in the Thorsby area

( e. g. rl 4-22-48-2\t5) .

Subfacies 7C also conêi.sts of adnlxed sandstone and nudstone but ls

non-rooted and bfoturbarion is generally absent âlthough rare planolites and

skolíthos burror¡s r¡ere observed ln a few cores. soft se¿linent deforoatíon

strucÈures, synâer1sls cracks and snall scale normal faults were presenl in

nany cores and osEraeod and pelecypod she11s r¡ere oftm observed "floating" ln
the nud Ð.atrlx. _ This subfacies repeatedly o<hLblts saall (rneter-scale)

coarsenlng-upward sequences fn r,¡trlch bfoturbaÈed argillaceous sandstones

(subfacles 7D) grades upward into rooted úldstones (subfacles 7A) over very

short stratlgraphic interva ls (Flg.13E).

Subfacles 7D conslsts of llghE greJ Èo Èan-colored ',bleached,, paleosol

horizons wtlich are extenslvely rcoËed and e'(hlblt ablmdant pyrite and

siderite aLteration. These horlzons typfcally ø<hiblt a gradatlonal lower

contact and a sharp upper contacÈ. In sone cores of the Ellerslie Fonnatlon, up

Ëo flve paleosol horlzons were recognized (e.g.r8-24-50-2W5).

Subfacies 7E consists of s<tensively bloturbated argíllaceous, calcareous

sândstone which contaíns nunerous nud-lined skolithos burro¡¿s. ThÍs faeles ls

restrlcted Eo the Ellerslfe Formatlon and is typfcally represeriÈed by thin

(1ess than 1 n) trtlts whlch grade fnto nore arglllaceous rmits

(e. g. 7-3-48-14w5).

INURPRETATION

The mrddy te:<ture, low densiÈy-1ow dlversfty trace fossiLs, abrmdance

synâeresis cracks and bracklsh to narginal ûâ.rÍne microfossil content are

of

all
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Figure 16 Core photos of re stricted-non-na¡íne
facies, Grauconile and Er.lerslie F";r;il;;:-'ìir pr,oto" sane sca1e.
(A). core photo 6howing sharp contact between bioturbated argillaceoussandstone (Facles 3) end trough cross-st¡atified sandstone iF;;i;;-õ;;( EllersLle Formation, }-2L-44:4WS.2OO3;i:

!B) Core_ photo showing weakly biotu¡bated sandstone /mudstonefnterbeds (Facies 78) near top of rncised channels ln the i;¡i;;
"1"": Note diffuse upper and lower contacts of the sandstone U"A"-ãnãabundant 6mall ecale nud-lined Skolithos burrows (Cfaucãr_,IïeFormation, 6-1-50-71'J5, 1253n ) . -----:-
(C) 

.Core photo Ehowing intraclastic b¡eccia (Facies BF) typÍcallyfound at base of incised chari¡rers (Glauconite For'ation, io-r:ãõ:iwil
1400m ) .

(P) Core photo showÍng tidal couplets along high angle foresets fnchannel Eandstones dissectlng Hoadley bar trend (Glauãontte rã.Ã"ti"ilL0-L2-44-2\'t5, 1781$ ) .
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lndÍcaEive of relatlvely low ørergy, restrícted naríne to non-1tråríne

condiEions. The presenee of m¡d-lined Skollthos burrows in_ sub-factes 7E

supports a! leasË a lÍrnlted narine lnfluence as freshwaËer organlsm which form

SkolÍthos burrows do not line the sháfts n-lEh mud (RâËcllffe ånd Fagerstron

f980). The dark coloralion and inÈlrláte lnterbeddíng of rooted and non-rooted

zones is very sinllar to poorly dralned overbank (backswap) deposlts ln an

alluvial setÈlng (RetaLlack 1986) and also to bayf1ll sequences ffl

rÍver-doElnated deLtas (Colenan 1981¡ El1Íot 1974).IÈ is difficulr to

Lnterpret specifi.c depositlonal envfroruenÈs (f.e. Levee, crevasse splays) for

the vârÍous subfacÍes because they are lntlnately fnterbedded and the lateral

relationships of the various subfacles tô chânnel trends could noÈ be

establlshed llith the exlsting data bâse. 0n1y a few long continuous eores are

avallable ln the Ellers1le tr'ormatlon (e,g. 14-31-52-8tI5) ãtd these revealed

Èhat the lower par! of the lnterval was donlnated by hlghly carbonaceous,

rooÈed.(erærgent) sedinents (subfacles 7A) whereas the upper part of the

lnterval was nore highly btoturbated and contâlned abuidan! ostracode-bearing

shales (subfacies 7C, E), suggesting donfnantly subaqueous brackLsh condltlons.

This appears to record a gradual naÌine transg¡essÍon over a lorrlylng, 1ow

energy coastal pla1n. The presence of repeated coarsenlng{pward sequences and

alternation of eEergenË and subaqueous facles ln the Ellerlslle was probably

the result of recurrent fluctuations ln relatlve sea level,

Sub-facies 7B is disÈlncË froro the rest of facies 7A ln that 1È 1s

restrlcted to the upper portlons of fnclsed channel sequences wiÈhin the

Glauconite Ínterval. The ubfquitous loru-denslty, low dlverslÈy blotu¡båtíon

t¡trlch characterlzes this facles 1s s1n1lar to brackish esÈuarine channel

sequences descrlbed by Wightmánn et â1,(1987). This suggests that the incÍsed

channel trends úåy have been lnundated by a transgressfng sea, at 1eâst durlng
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Èhe laler stages of aggradation. The origin of lhese incised eha¡¡re1s wlll be

discussed in nore delaÍl tn chapter 6.

FACIES 8 CLEAN (NON-ARGILLACEOUS ) CI{ANÑE, SANDSTONES AND CONGLOMMATES

This facies consists of Light colored, clean (non-argillaceous),

well-sorted, fine to rediun-grained sandstones r,¡tlich contain less than loi:

oudstone interbeds. This facÍes is interbedded wlth restricEed to non{rrine

mudstones (facies 7) in the Ellers lle-Gladstone and Beaver ìtines intervals ãnd

ls confined !o deep, narrow incÍsed ehannels in the GlauconiÈe FormÂtion. Thls

facies was divided into 5 subfacies on the basls of Èhe type of sedlmentxry

stn¡ctures presen! and â brief description of each 1s lÍsted 1n Table 4.

Subfacies 8A consists of structureless to crudely bedded, well sorted

non-bioturbaEed sandstone. Rarely, the sandsEone exhibÍts crude parallel !o

low angle convergent lamination ahd conEains.thin shale interbeds.. This facles.

comprtses Èhe bulk of sandy channel- ffll sequences in nosE incised cha¡rnels ln

the GlauconiÈ e Fornation ( e. g., 7-5-45-2!t5 ) .

Subfacies 88 has â sinilar lithology but contains abundan¡

steepeningllpr.rard, angle of repose foresets which s(hibÍt a highly ,,¡artable

orientation across short core inÈervals. These foresets are lnterpreted as

trough cross-strati fj.carion, and r¡ere probably foroed by r¡nidirectional currenEs

which caused the m.igraEion of lorver flow regime, sfnuous-crested subaqueous

sand dunes (Hanls et al, 1975).

Subfacies 8C also consists of clean (well sorted), fine Eo rediunFgralned

sandstone with hlgh angle foresets buÈ Èhe lnclination of these foresecs is

uniform (20-28 degrees) and, across long cored interval, mosE foresets dlp in

the sare direcEion. These foreseLs are lnÈerpreEed as planar tabular
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cross-stratif icâtion f,¡hich was probably generated by the Eigration of

slralght-crested sând waves rmder lower flow reglrne, rmldirecElonaL florq

conditions (llarms et a1.1975). Very ecmonly, lhese foresets have a "banded"

appearance vtllch results fron the concentration of carbonaceous and uicaeeous

ûaterial along the foreset beddlng planes. In soEe cores, these carbonaceous

lanlnae forn tldal couplets (VÍsser 1980) ln r¡trlch there exfsts a rhyÈtnÍc

alternatlon of sand lânlnae separated by uuddy, carbonaceous ÍnÈeruals (Flg.

160). Thfs subfåcles ls generally non-blocurbaÈed although it måy contaln

lnterbedded weakly bloturbated Erddy sândstones (subfacies 78) ln sone cores

(e.g., 14-3-49-1r{5).

Subfacles 8D conslsÈs of clean, non-arglLlaceous, very flne to

finezralned sândstonê which contatns abrmdânt current rlpple lanLnatlons and

rare flaser lnterbeds. This facles ls relatlvely rare and was described fn the

Ellerslle Forrnåtlon (e.g. 1G-14-46-14W5) and çrirhln the fncfsed channels ln the

Thorsby area (e.g. 1ó-36-48-2f,¡5).

Subfacles 8E conslsls of clast-supported congloneiateè and pebbly

sandstones wtrlch contaln chert and quartz pebbles up to 5 cB ln dlâneter, The

conglorûerates typlcaily have a sandy natrix, are crudely stratffied an¿l exhibit

no inbrlcatlon. This facies was presenE fn the Ellerslfe Fonûatlon in one core

ln the subsurfaee (e.g. 5-12-50-5W5) and ccmprÍsed the bulk of the Cadomin

ForEaLion ln nost Foothll1s outcrops. The conglonerates of Èhls facies are very

slnilar Èo the narlne conglonerates (factes 5) described previously and

dlstlnctÍon beÈv¡een these Èwo facÍes ls based primarily on the straËlgraphlc

context of the lmlÈ.

Subfacles 8F consists of coarse intraclastic breccla drich contaLns

ångular pebble, cobble and boulder-sized blocks of shale ánd nudstone Ln a

poorly sorted carbonacecÚs sandy Eatrix (Flg. 16C). No physfeal or organlc



78

sedlmenEary structures were recognlzed Ín the fnÈraclastLc breccla faci.es and

the clasÈs exhibit liËtle or no evidence of rounding or abrasion, This facÍes

cormonly forns a lag aE the bå.se of lncfsed channels ln the Glauconfte

ForrnatÍon' ln nost lnclsed cha¡rnels, several lntraclasÈic breeeia horizons are

developed (e.g, L4-22-48-2W5). This facies r¿as also recognlzed a! rhe base of

Ëhe Beaver ¡lines Forf,åtlon Ln the Ran River outcrop and at the top of the

Luscar interval ln the Ruby Creek section (Appendlx 3B).

INTERPRETATION

Most of the sedfnenÈary structures and tërtures fn facies g sandstones

(i.e. trough and planar cross straËfficaÈlon and lntraclast brecclas) lndicate

thaË re1¿Ëlve1y hlgh energy condilions prevailed during thelr deposltlon.

Eowever, these strucÈures are noE .mlquely diagnostfc of any €nviromrenr and

the sandstones courd represen! an Lnclsed fluvlal systen, slnilar to the noderrl

South Saskatchewan RÍver (l,lalker and Cant 1994) or a drowned rivêr valley-type

estr¡ary! sinilar Eo Ehâ,t descrlbed by Dorjes and Howard (1975). The presence of

weakly bloturbated sandy orästones (facfes 78) neer the top of Eâny

flnlng-upward sequences, and local occurrence of tldal couplets, suggests that

a Earlne influenee was present, at least durlng the 1ater sÈages of valley

aggradatlon. In Dost of the lnclsed channels recognlzed in the study area, the

drilling denslty r¿as lnsufflcienË Èo resolve the gecmetry of lndlvidual

sandstone bodies. However, closely spaeed drilltng ln the Thorbsy area revealed

that these sandstones exhlbited pronounced (1È25 o) thfckness varlatlons over

very short (<1,0 kn) distances. The dlscontlnuous nê.ture of the sandstones,

presence of repeated urddy flning-upward sequences,and eomon occurrence of

facies 6A mrdstones (abandoned chamel clay plugs) suggest that nost of the

facles 8 sandstone \,rere deposiEed by sone type of rneandertng channel within an

lncised valley, The processes wtrieh led Eo the lncfsion and aggradation of
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lhese channels wlll be discussed in chapÈer 6.

FACIES 9 COAL AND CARBONACEOUS SHALE

Thick sectlons of coal and carbonaceo:s shale were observed in cores and

outcrops of all the Lower Cretaceou€ units described in thls study, Clean

(non-shaly) coals were included ln subfacles 9A whereas those wÍth appreciable

clastlc lnterbeds were lncLuded Ln subfacles 98. The coals are Èyplcatly shlny

black in color, well bedded and retain nuûerous plant inpresslons on the

bedding planes. the peÈrographfc and chenlcal characËerlstlcs of the coal and

carbonaceous shales were not investlgated Ín thls thesis.

Most of Èhe thlck (up Ëo I n) clean coâl horlzons (subfacles 9A) were

developed above marLne stratâ. Exe¡nples of this assoclatlon include the

Glauconlte Coal eapplng the Hoadley and Medlclne Rtver sãtdstones Ln the

subsurface and the Jewel Seân capplng the Torrens MerDber of Êhe Ìtoosebar

Formation ln the F.oo¡ht1ls (e.g. Caclomtn sectfon, Àppendix 38). Anorher thlck

coal horlzon, informally teroed Èhe Mediclne River Coal by loca1 otlfleld

operators, reaches a naxlmum thlckness of 8 u and extends over at least 10000

7kE- ln the southern part of the study êreâ, Thls coal 1s developed

approxlûately 20 n above the top of the Glauconite Fornaclon and Ís lnterbedded

r.rfth non-rarlne strata of the upper Marmvllle (e.e,13-17-44-2W5). Alrhough thfs

coal is not cllreetly assoclated wlth marlne strata, lt appears to be

stratlgraphically equfvalent to a fhfn narlne shale developed in the upper

Mannvllle ln the northern part of the study area (see chapter 6).

In addftlon to these thlck "reglonal" coal ûat*ers, nunerous thln

dlscontinucars coals and carbonaceous shales r¿ere also descrfbed Ín the largeLy

non{arlne Gladstone FonEtLon 1n the norÈhern and central FooEhllls and Ín

the basal ELlerslle and Upper Mannville of the Plalns.
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INIERPRETATION

The carbonaceous strata of facles 9 was clearly deposlted in sorne type of

lagoonal ot slræp setting, but, as noted by Mccabe(1984), thís ls analagous to

lnterpreting all carbonates as shâLlo\r marine sedinents. Moder¡ peat

accuDr¡lations occur in a variety of restrlcted erivlrorìÐents, tncludlng

delta-bayflll, back-barrier-1âgoona1, estuarÍne and fluvlal overbânk settings.

IÈ is difficult to Eâke envlroûæntal lnterpretatlons of coals based only on

Ëhe deposltÍonal facles of the ericlosing strata as the exact age relationshlps

are dlfficult to resolve Ln nodern and anclenÈ strata (Cohen 1984). Moreover,

few modern analogs for rhlck coå1 deposits have been described as oost nodern

peats have a relatlvely hlgh clastlc conteni r,¡trlch r.ould ccnpact to foño

carbonaeeous shales, and not clean coals (McCabe 1984).

0n1y a few rnoderrr peat-fornlng enviroruents appear capable of foruing the

thlck, non-shaly eoals of facies 9A r"'htch are typically developed above a

regressivè Eårlne sandstone.,In tldally-lnfluenced coastal settlngs fn hu¡nfd

troplcal clÍrnates (e.g. Klang-Langat deltá), densely v€getâted ralsed swanps

are ccrmonly developed fn a suprâtldal envLronmm! (HcCabe 1984). These waps

consists of elevaÈed islands of peåÈ, rlslng up to 7 æters above the

surroundÍng tldal channels. These raised s!¡anp peât bogs may e<eeed 13 n ln

thickness (McCabe 1984) and Èypically have very low clastíc content as the

sEeep margins t€rid to divert sedÍnenE-charged floodnaters away fron the peat.

Slnrilar clean (nud-free) peats up to 5.9 m ln thiekness have been described ln

the freshwater $r€rp{arsh eonplex fn Ehe Okefenokee Swãp of the

Georgla Coast (Cohen 1984). The clean coals capplng the regresslve

lloadley-iledicine Rlver and Torrens Member sandstones could have been deposlted

ln eilher seÈting although Èhe Okefenokee aodel fs favoured as there ls llttle

evldence of a strong tidal lnfluence ln the strata âssoci.aÈed wilh Èhese coals.
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These coals above the Glâuconfte and Moosebar sãrdstones are very disslmllar to

clastic rich estuarine-lagoonal peats deposÍted behlnd barrier lslands, a¡;

described by Cohen (1984). lhls ls slgnlficant ås fr fnplles thar lhe

Hoadley-S Erachan Complex prograded seaward as a shorellne-attached strandplâin

(Reinson 1984) wtrhùut an assoclated lagoon, and ls thus not a barrler ccnplex

as Chlang (1984) suggested.

The clean MedÍcÍne Rlver Coål 1s oore dlfficult to lnterpret as it is

thtck, nldely distributed and interb€dded wlth non-oarine strata. Ryer (1984)

has noÈed Èhat the thickest coals in the WesterTl Interior ate devêloped near

the points of naximuÉ transgression and reg,ressLon of the Interior Seaway. The

Medieine River Coal flts thls roodel because lt fs stratfgraphlcally equivalent

to, and developed landr¿ard of, a Èhln transgresslve narine shale which overlfes

the Torrens-Modeste Creek sandstone ln the northern part of the study area

(see chapÈer 6). Thts transgression presunably resulEed ln á, rlse in relative

base leve1 which v¡ould create "slonly shlftlng shorelLnes and perlods of

etagnatlon" (McCabe 1984) which r¿ere tdeal peat-fårdng conditlone. The rÍse in

base level could elevaEe the water table and decrease the sedlnent-carrylng

capaclÈy of the rfver systerns, such thãt that llttle clastic sedlnent lras

lnËroduced into Èhe poorly drafned peat swaûps ln the lower coastal plaln.

The carbonaceous shaLes of facies 98 could have been deposlted in a

variety of narginal and nonaarine envlronments. The rare occurrence of

carbonaceous shales capplng the Hoadley Member (e.g. 7-12-38-9115) suggests that

sone form of restricted embaynent, analgous to Cohen's (1984) lagoonal salt

úarsh, nay have been present behlnd the shoreline at certain tines. The

carbonaceous shaleg of subfacies 98 ln the GladsÈone Fomation á.re assoclated

w-J.th non-bioturbated, extefisively rooLed sedinent r,¡hich presunâbly records

nonuarine overbank deposÍtion in a lorrlylng coastal plaln setting. In the
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êqui lenÈ Ellerslie Fo.'Âtion in lhe subsurface, Ehe carbonacecius shales are
interbedded with bracklsh to resÈricted EarÍne sedimenEs (subfacles 7C) æd
apparenlly reeord periodic energence esÈuarlne or lagoon. pet¡ographic anal-ysis
.¡ould be requlred for nore detaÍled 1nÈerpretatiôn of the coâIs.
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(6) DEPOSIEONAL SEQIJENCES AND REGIONAL CORRH,ATIONS

Dra'atic lateral and vertical facres ehanges rn the Mesozolc clastrc r¿edge

have obscured strali.gråphic correlatrons wtthin the l,Iestern canadran

Sedlnentâry Bas1n. These correlation problerns, fn Èurn, have obscured the

deposltlonal hÍstory of the basln and prevented accuraËe reconstruction of the

basln paleogeograpþ. Thís chapter w111 open wÍth a discussion of the reglonal

correlatlons within the Blalrnore-ruscâr intereal in the FooÈhills and the

MaruliLle ln the western plains and will close ¡¡lth a dÍseusslon oE

outcrop-subsurface correlatrons and the deposlttonar hrstory of the basin.

(A) FooT¡rIILs CoRRELAfIONS

To resolve Èhe correlatr.on problerns rn the Foothills, tnelve outcrop

exposures ¡vere neasured beÈween sheep River and Grande cache, Alberta. rn thls

areâ, the Early creÈaceouê successlon can be divtded into three distlnct

stratlgraphlc lntervâ1s :

1) a basal conglonerate overlaln by a ¡n:ddy non-rnarlne lnterval (Cadonln and

Glâdstone Foroations).

2) a niddre urddy interval çtrich ls doninated by bracklsh to racustrine

bLoclastlc llmestones ln Èhe southern Foothills (carcareous Menber of

Ç1aÍster,1959) and open oarlne shales in the central Foothills (Moosebar

Fornation).

3) an upper non{arine unrt shlch fs comprtsed of coarse feldspathlc sandstones

(Beaver [lines For¡EÈion) ln Èhe southern Foothills and coal-bearing sândstones

and n:dstones (Gates Fomatlon) in the central Foothllls.

To descrfbe the lateral facles ehanges recognized aLong the rength of the

Foothills' the outcrops ln the southern and central Foothills w111 be described

separately and the correlaÈ1ons betereen these areas w111 be dlscussed later.
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(1) SoUftIRN FoOTHTIJ.S

Five Blafnnore cutcrops were exa¡lned ln the southern FoothiLls (Gladstone

Creek, Sheep River, Elbow Falls, Waiparous Creek and BurnE Tlnber Creek), T\,ro

of these sectlons (walparous and BurnE Tlmber creek ) were neasured ln detail

and these dala are plotted on the cross sectlons (Flg. 17, AppendÍx 3B).

The base of the Blalrnore is narked by a congloneraËe or pebbly såndstone

(cadornln Formatlon) hrtrich overlies an uneonformity at the top of the underlylng

(coal-bearlng) Kooteriay FoñDaEron. rn the r,talpaþus creek section, the basal

pebbly sandstone ls 8rn Èhlck and grades upwards lnto approd.naÈety 50n of

rooted carbonaceous nudstones (facfes 7A) whfch contains a Sn-thick, trough

cross-bedded channel såndstone. rn other sectlons, the cadomln appears to

flne-upwards into the overlyrng Gladstone and no dlscrete chãmel sândstones

are developed wÍthin the Gladstone lnterval.

.The contact of tire non-oarine Gladstone ând the overlying biolurbated

rauddy intewal (calcareous Men:ber) nas noË exposed tn elther Ëhe waÍparous or

BurÌÈ Tlnber creek secÈlons. This bloturbaÈed interval ls at least 90 E thick

ln the Waíparous Creek section and ls conprlsed of numerous, meter-scale

coarserlng-upward sequences. Eaeh seçence ls comprlsed of biorurbåted

calcareous shales (facles 14, 28) at the base and wave-rlppled and hrmnocky

cross-stratified sandstones w-lth synaeresis cracks (facies 28, C) at the Èop.

No signs of emergence (e.g. roots) were recognLzed at the top of these rfllEs

although severar cycles were capped wlth shary bioclastic l1me wackestones. rn

the Eermlnology employed by Glalster (1959), only the uppermost (l0-l5n) part

of the lnterval containlng the lfroestonê beds rsould be mapped as calcareous

Menber and the underlyi.ng bloturbated, wave-r1ppled lnterval would be included

ln the m1ddle part of the Gladstone Form^aÈÍon. Eowever, fro' a sêdinenÈologÍcal
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perspectlve' Èhe contacE of lhe bioturbated wave-rÍppled sháles \,)"ith the

underlylng rooted, carbonaceous nudstones Ls rdore significant as ft records Ehe

lrútial advance of the brackish clearç¡aEer-voosebar sea ln this area (Fig. 68).

For this reason, ft 1s recomended Èhat the term carcareous Mer¡ber be used !o

descrÍbe the dltire lnrerval of bioturbated, \rave-rlppled sandstones, 6håles

and Linestones developed between Èhe basal çrron*..in"; part of the Gladstone

and the overlylng Beaver Mines Fornation.

rn the Gladstone creelc and sheep River sectlons, the calcareous Member Ís

capped by a dark greenlsh-black shale. The sharp basal conlact of thls shale is
probably an unconform.ity surface âs rÈ ls narked by a crn-thrck pebbly veneer in

the sheep Rlver sectfon. Marine dfnoflagellates were recovered froo thls shale

1n the cLadstone creek (sI{-14, Table 5) and sheep Rivêr exposures (G.Nadon,

pers. conttr. 1986). TtrÍs greenlsh-black uldstone ls overl¿in by coarse,

greenlsh-grey feldspàthic sendstones of the Beaver r,ftnes For'atfon ln ã11

.outcrops in lhe southern Foothills. The Beaver Mines sandstone is typtcally

strucEureless Èo crudely stratíffed (facÍes 8A) and occasionally cross-bedded.

(facles 88, C). Thin (1-10 cn) discontfnuq.rs lenses of cherr pebbles are

scattered Ehroughout the sendstone. No conplete secÈlons of the Beaver ì,fÍnes

sandstones have been reported ãlthough Mellon (1967) estinated thaÈ the

thlekness ranged froro 900-1200- (30G-400 n).

(fl ) CB,TTRAL FooTRr-r,f .s

seven outcrops of Blairnore-Luscâr strata were measured ln the centrar

Foothllls (F1C. 17 ). In thts area, a uodiffed verslon of Langenberg and

McMechan-s (1985) terminology was used to describe the strata (Fig, 38). In

sone âreas (e.g. Nordegg, Grande Cache), no conplete sections of the

Blainuore-Luscar inÈerval were exposed and composfte sÈrattgraphÍc secrions
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\,¡ere constructed by "pieclng together" cl-osely spaced ouÈcrops lihich exposed

different parts of the succession. Each of the stratlglâphic uriits v.il-l be

descrlbed separaËe1y in Èhe followlng secLÍon.

CAÐOMIN FORIIATION

The Cadonin FornatÍon was exposed in the Rãm Rlver, Shmda Creek, Ruby

Creek, Cadonin and Grande Cache sectlons. In all exposures, Èhe CadoÍin

consists of a clast-supporred, chert-pebble conglornerate (facles BE) wlth ûinor

s¿adstone lnterbeds (facies 84, B). the base of the Cadonln is fnvariably

abrupt and the contact r¡Ith the overlying Gladstone was efther grádatfonal

(e.9. Shunda Creek, Grande Cache) or abnrpt (e.g. Cadcmin), Ttre rhickness of

the Cadoú1n ranged froo 1ln (Grande Cache) to 16n (Shurda Creek). In ourcrop,

the Cadonln conglonerate ls Easslve to crudely stratiffed a¡rd conÈains no

cross-beddlng or apparent lDbrlcatlon. In the Shrnda Creek sectlon, t-lve

ffnlngtpward sequences were recognlzed. Each conslsted of clast-supportêd

conglonerates grading . upwards lnto. pebbLy, nedÍr¡n to coarsê-graÍnèd

parallel-laninated sándsËones (factes 8A).

GI,ADSTONE IORMATION

Thlck sections of the cladstone Foruâ.tion were exposed iri the Crescent

Fal1s and Grânde Cache outcrops and shorter secÈions were exposed in the Rån

Rlver, Shrnda and Ruby Creek sectLons. In all exposures ln the central

FooÈhiLls, the Gladstone consLsts of rooted, earbonaceous ur<istones and

sândstones (factes 7A) lnterbedded wlth stnrctureless to crudely bedded,

cross-stratifled channel sandstones (facles 8). The thickness of the Gladstone

FormaEion ranges from 65n (Ra¡n River) to 100m (Grande Cache), In the Cadonin

outcrop, the Gladstone fnterval ls badly faulted and the true strâtlgraphlc
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thickness couLd not be determined. The sígnificance of lhese Èhickness

variatLons is difficult to evaluate since the contact with the cadonln is

gradational frr some exposures (e.g.r Grande cache) and thick conglonerates

fncluded fn lhe Gladstone may actually ccmprlse part of the cadonin incerval.

rn the crescenÈ FaLLs section, the cladstone Formåtion contains two thick

(14-16n) sharp-based, finíng-upward chánnel sandstones r¡trich are separated by

34 m of rooted (overbank) sedioents. Both chênnêls are floored by a thln

pebbly lag and exhiblt excellant lareral accretl.on surfaceg (Flg. 19A). Taylor

and l{alker (1984) reconsÈnrcted paleohydraullc paraneters of these channers and

suggested they \rere deposited by hlghly slnuous strems wIEh depths of g n and

nidths of 30-58 n. Ìn the Grande cache seetion, a thick flnrng-upward

successLon conprises Èhe upper part of the Gladstone Forûãti.on. This successlon

l3 floored by a l7n:thick conglqtrerâËe and grades up into sandstones, thln

coals arid carbonaceous rooEed rudstones. overall, the Gladstonê lnterval fs

much cciarserjrained in.the Grande.cache section thári fn all other. secËlons

exa.nlned 
"

I'OOSEBAR FORMATION

Conplete sectl.ons of the Moosebar Fonùatlon were exposed in the Ran RÍver,

Crescent Falls, Ruby Creek 1, and Grande Cache outcrops and short sectÍons

were exposed Ín the Fall Creek, Ruby Creek 2, Cadonin õld Tay River cutcrops

(Flg, 17, þpendix 3B). In general, the ¡loosebar conslsts of bracklsh to Earlne

shales and sandstones whÍeh ranged in thÍckness fron Born (Grande cache) to 1l0m

(Crescent FaLls). The contact wlth the rnderlylng Gladstone is typically abtupt

and the coitacÈ w1Èh the overlying Torrens maríne sandgtone (Gates Fon*tion)

is grâdatlonal, In the cenÈral Foothills, three deposiÈional sequences are

recognÍzed fn the Moosebar (Flg. 198). The thickness, depositfonal facles and



Figure 1g outcrop photos of representative .edimentary structures,Blairmore-Luscar Group.

(A) outcrop photo of eynaerisis cracks fn interbedded aandstone andDudstone (Facies 7C). fn plan view, these structureÊ exhiblicharacteristÍc spindre shapes. photo taken 2 meters ¡erow top--Jil,ower Moosebar interval, Bighorn Ri.ver outcrop. Lens cap for ""ãi".--(!) outcrop photo of symrnetrical wave ripples at top Õfurtraquartzose Êandstone at top of r.ov¡er Moosebar- Fornation, ciã""""IFa11s Êection. o¡ientation of_long axis of ripples at thi; i;;;iil;approximately 70/250. Hamner for Êca1e.

!C) Outcrop. photo of parallel larnination, top Torrens Member (Gates
Fornation), Mclntyre Mines outcrop, Grandé Cåche area. if"*", .iÀ.
sca1e.

(D) Outciop photo of lntraclastfc breccia near thefeldspathic Beaver Mines aandstone, Ram Rlve¡ outcrop.
sca1e.

base of tiie
Lens cap for





Figure 19 Outcrop photos of BlairEore-Luscar strata
(A) outclop photo showing large-scale laterar accretiôn surfaces intrough cross-stratified non-narine channel sandstone in GladstoneForEation. Base of channel iÊ approxiuately 50n above base ofneasu¡ed section, Crescent Falls outcrop. Field of view approximateit
50n.

!B) outcrop photo showlng 3 narine .andstone cycteÊ in the MoosebarFormation, Crescent Falls outcrop. The lower and uppermost sanOstonesêxhibit coarsening-upward trends and y Barks the trrin congronerate 
"ithe sharp base of the niddle Eandstône. x marks the thin coal ho¡izonet the top of the lot,er Moosebar; Z urarks the Tor¡ens Mer¡ber (C;i;¡

Formation). ApproxÍmately 60 m of sectlon exposed in field of view.

_(C) Outcrop photo of hunrrocky cross-stratífied sandçtone (Facies 4A).Note abundant cu¡vipranar row angle truncation surfaces a'a at"e'c" ãiangle of repose stratíficatlon. lower t,twln Eandstoner', mÍdAie
Moosebar, Bighorn RÍver outcrop located 2.5km upstream of 'C¡escent
Falls. Field of view approxÍmately 5 neters.

!D) Outcrop photo of clast-supported pebble/cobble conglonerate
developed at base ôf Glauconitic upper I'twin sandstone',1 nfddle
Moosebar ínterval, Bigho¡n River section. Camera lens for scåle.
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nicrofossll conlent of each succession changes along the length of the

FoothÍlls. These sequences are inforually teñrcd the lo\,¡er, niddle and r-pper

nenbers and ¡¿iLl be descrlbed separately in Ehe fo llowing sectlon.

The lo\.rer member of the Moosebâr consfsts of a thlck section of black,

bloclastlc shales (faeies 18) wtrlch contain variable proportÍons of

bioturbated, wave-rippled sandstones (facfes 28, C). The basal contacÈ of the

lo¡¿er Ìloosebar 1s generall-y abrupt and the top ls narked by a carbonaceous

shale or coal. the thlckness of this rmir ranges froo 20ro (Grande Cache) to

76n (Crescent Falls). this lnterval contalnn several Èhfn (2-5¡0)

coárssrlng-up\¿ard sequences" wtrlch are capped by hr:nuocky cross-stratiffed,

wave-rlppled sâ¡rdstones (Facfes 28, C). In the Crescerit ¡alls

sectlon, the lower lloosebar 1s capped by a 6n-thick, hlghly quârtzose, v€ry

flne-gralned narlne sa¡rdstone ( facles 4B). Thts sa¡rdstone is overlaln by 5

Eeters of bracklsh+¡ater Erdstones (factes 7C) wtrlch contalns abundant

synêerlsls ciacks (Flg.l8D) .and ls capped by a 20 cn-Ëhtck coal. Ttrè trace

fosslls Planolltes, TeÍchl.chnu6, and Paleophycus were observed at the base of

thls quartzoEe sândstone. Four samples of the lower Moosebar shales lrere

processed for ulcrofosslls (gH-107, 110, 113, and 116, Table 5) a¡rd all

contalned a freshwater-to brackish ostracode assenblage.

The base of Èhe Elddle Moosebar conslsts of open narÍne shales (factes 1A)

and wave-rippled sandstones ând nudstones (facies 28, C) whtch abruptly overly

the thiri coal at the top of the lower Moosebar. In the south-cenÈral Foothills

(e.g.r¡"rr Creek), Èhe nlddle Moosebar shales ¿re overlaLn by a coal-capped

sandstone whereas further north, Èhe nlcldle Hoosebar shale fs overlain by

pebbly, glauconltfc narine sândstones. In the Crescent Falls sectlon, two thlck

uarlne sandstones are recognlzed in the nlddle Moo€ebar (Fig, 198) ãd these

were lnfornally term€d Èhe "Èwln" sandstones by Taylor and Walker (1984).
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sanples of rhe niddle Moosebar shaleê conÈaln a ræagre forarosÈracode

assenblage which nas interpreted âs narÍne (Taylor and Walker 19g4). An open

narine environment ls also supporËed by the abundant glauconÍte and presence of

a diverse trace fossil suite lncludÍne planolites, Rhlzoccralli'Ja, .As:ercsc=.å,

TeÍchlchnus and Paleophycus 1n the niddle Moosebar sándstones. rn the cresceriË

FaLLs area, the lo\rer twin sandstone has a gradational base and ls highly

bloturbated whereas Èhe upper È'rLn sandstone has a sharp base (eontalning chert

cobblês to 10 cn in díarneter (F1g. 19D) and contains o<cellant h'rírrocky

cross-stratl flcatlon (Ftg, l9C).

In Èhe Fal1 Creek sectlon, a thlck (30n) regresslve Earine sandstone is

cleveloped tn the nfddte Moosebar and thls sectlon ls capped by a rooËed

carbonaceous shale (Ffg. 17), Overall, thfs sÉndsËone ls massive to

structureless (facles 4E) although parallel lanlnated and hunoocky-cross

stratlfled sandstones (facles 44, B) are developed tmredlately belo!¡ the rooÈed

zone' This sandstone contafns à few thln ((Io cn) sharp-based conglomerate beds

near Ehe top of Ehe sectlon, In other outcrops 1n Èhls area (e.g. Tay Rlver )

the nídd1e Moosebar sandsrone ls cãpped by a thlck (5.0rr) dast-supported

congLomerate wlth a sandy natrlx ( facles 5B). In the ltan Rlver sectfon, the

ì{iddle Moosebar has been scoured out, and replaced by, a Beaver ¡tlnes chs¡riel

sandstone (¡1g. 17). A rhlck clay pebble breccla (Ftg. 180) ls d.eveloped near

the base of this channel sandstone.

The upper Moosebar shale ls no! recognlzed south of the CrescenE Falls

secLlon. !¡here present, thls shale abruptly overlles narlne sandstones of the

rnlddle Moosebar and 1s overlaln by the Torrens såndstone (Flg. 198). thts

lnterval consists of fisslle black shale (factes 1A) which grades upr,rards lnto

wave-rippled and hurunoeky c ross-stratlfled sandstones (facies 28,c) at the base

of the overlying Torrens sandstone (Fíg. 17). onty one sæple of thls shale rras



93

processed for nicrofossÍls (sH-rll) and this contarned a diverse (open marlne)

foran-lniferal assenblage (Table 5).

GATES FORMATION

0n1y one complete secÈion of the GaÈes Fornation ¡¿as rneasured 1n thls
thesis (Ruby creek) although the basal sandstone (Torrens Menber) was oeasured

1n alL of the cenrral Foothills outcrops (Flg. 17). rn the Ruby creek, cadornln,

and Grande cache sectÍons' the Torrens Member rs a nassr.ve to crudery-laninated

feldspathlc sandstone ( facles 4A, B) which rs cappecr by a rooted carbonaceous

shale or coal (Fig. 17). rn Èhe Ruby creek section, the Torrens sãrdstone Ls

exposed on two separate thrusE sheets, each of wtrlch dlsplays a different

facles sequences. In Ruby Creek 1, the Torrêns is relatively thin (9.5n) and

Èhe l¡llit appears to scour down lnEo the underlylng upper Moosebar shale. In lhe

second exposure, the Torrens ls much thlcker (30n), has a gradatlonãl base and

contafns a clay and cherr-pebble 1ag (facles gE,F.) overlain by highly

carbonaceous sandstones (facres 8c) and para11el lanr.natear sândstones (fácies

4B). rn the crescent Farls section, the top of the Torrens uenber is noÈ

exposed.

The upper part of Èhe Gates Formatíon (Grande cache and. Mourtarn park

Members) was exanined in the Ruby Creek, Cadomln ând crande Cache areas

although only the Ruby Creek section was measured fn cletaÍl (Flg, 17). In thls

secLion, the Grande cache Mernber i5 144n tn thlckness and c.onslsted of

sÈructureLess to crudery bedded, greenfsh-grey carbonaceous rooÈed Eudstone

(facles 7A) interbedded with crudely bedded sãndstones. The overrytng Mo.-tarn

Park tteÐber is a 70 E-chick' crudely strarrfied channel-forn sandstone r*rich

contains a 2 n-thlck clay pebble 1ag at Èhe base. This sandstone flnes-upwards

and the upper 20n consists of carbonaceous Euddy sandstones, The Þtountaln park
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lfenber is capped by a 60crn chert pebble conglonerate ånd overlaln by rnarine

sha.les of lhe Alberta Group (Fig. 17),

(B) SIJBSIJRFACE FACIES SEQIJENCES AND STRATICRAPHIC CORRE,ATIONS

Subsurface correlatl.ons in the Jurassic- Eafly Cretaceots clastie wedge of

western Alberta are poorly understood, prfnarily beeause most previous studles

have not lnÈegrated facies and rn1eropaleontologlcaL data \rlth geophyslcal log

datâ. To establish the reglonal correlations across the study area, a series of

eastìtest orÍented stratlgraphlc cross-sectlons were constructed for --very

tordnshlp across the area Tf,lP40-TWp55, between Èhe flfth neridlan and the

easlern ltnlt of the disturbed belt. Four north-south cross seetLons ¡¡ere also

nm Èo establish the correlatlons betrseen these east-vJest cross sectLons. The

sectlons eryloyed a Èop lilafmvflle datun and preltntnary correlatlons were

establlshed by plotting H.cB (Energy Resources conservation Board) forúatfon

tops for Ëhe Glauconlte, OsÈracode, EllerslLe, ând JurassLc lntervals.

In general, the ERCB formâtlon tops were of 1in1Èed use as they enployed

dÍfferent crlterla and nomenclalure to deflne lhe formá.tion tops in dlfferent

areas. When the core data was lntegrated wlth the 1og sectlons, a serles of

rnarker beds lrlth ¿istlnctive core or Log slgnatures rlrere recognized ãnd these
/

fomed the fræework for a revlsed stratlgraphlc nomenclature scheme. Four

straÈLgraphlc t.IflLts were dffferentlated in the study area on the basis of core

Llthofacies and thelr geophyslcal log s lgnâture and lhese include:

Fernle Forúatlon.

E1lers11e FornÁ,tfon.

Glauconlte Formation.

Upper Mannvl11e (r:ndifferentlated).

Tvo of Èhese lntervals (Glaucorrite and Fernle Fornatlons) were furlher

êubdLvlded lnto several- nembers and detailed descrlptlon of each of these .mlts
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Ls presenÈed Ín the follow'Íng sectlon.

(1) FER¡IIE FOR}ÍATION

rn Èhe subsurface of \restern AJ.berta, the Fernle Fomation Ls represenÈed by

a complex sequence of unconf oñDlty-bo¡.¡rded shale, sandstone and earbo¡rate rmits

which exhibit dranatíc facLes and thlckness changes across the study area.

Previous zubsurfaee studÍes (e.g.rMarton 1984) reeognfzed four units in the

Fernie (Nordegg, Poker chrp, Rock creek and upper Fernle) and thÍs ter'lnology

ls eoployed in this study although the upper contact of the Upper Ternie has

been revlsed slightly. À stratigraphlc cross €ectfon showtng the GR

slgnature of the Nordegg, Poker chlp, Rock creelc and upper Fernle 'fiits ând Ehe

age of shal-es, based on nicrofosslLs, is shor"m tn Ftg. ZO. An lsopach nap

sholr-lng the cotrposlte thlckness of the poker Chip, Rock Creek and Upper Fernie

Me¡nbers 1s shown tn Ftg. 2L. A schemaÈic cross-sectLon showlng . the

stratigraphic relationshfp bet¡¿een the unconfor'Lty-bounded æhbers of the

Fernie Formåtion ls shown tn FLg.22.

Nordegg Menber

The EarlyJurassic ( Nordegg) Mernber is a shaly chert-carbonate lnterval

whlch 1s difficult to differentlaÈe fron the trnderlying paleozoic carbonåtes ln

the subsurface' springer et a1.(1964) noted that the Nordegg conslsts of chert

and deep-rsaËer shales 1n Èhe Foothllls and western plains and shellon water

carbonaÈes and clastLcs in the wes!-central pfains, near Lts subcrop edge. As

the Nordegg interval was only eored in a few wel1s, the sedÍnenËology of this

interval could not be studíed in detâlL. In nost of Èhe Nordegg cores e:<ained

fn thls thesis (e.g.r6-18-54-7f{5 and 6-35-43-fu5), the lnrerval consists of

sllicffied line mldstones and wackestones contalning sponge splcuLes ánd
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crlnolds (factes J5) $¡hich were overlain by bioturbated quartzose sã¡dstones

(factes J4). I{o!¡ever, 1n one core (i.e.r13-32-38-4W5), the Nordegg consisËs

of a nediun-grained cherty sand.stone, The relationship b€Eween Ehe different

facles deseribed above could not be established wlth the lftnlted nunber of

cores exa¡n-ined ln this thesls. The contâct of the Nordegg wiÈh the overlyfng

Poker Chlp shales was cored Ln two rcells (e.9..,6-32-49-3W5 and 4-4-51-4W5) and

Ín both cases iE ís marked by a regoi.ith-breecla (facíes J-6) wtrlch probably

represents an unconfoûûity surface.

Poker Chlp Menber

In the western Plalns, Èhe term Poker Chlp ts used to describe â lfght

grey-gfeen clean' (non-sandy) shate wtrich is developed between the Early

Jurasslc Nordegg Menber and the Middle JurassLc Rock Creek Member. ltrls shale

fs correlated niÈh the black flssfle shales of the. Early Jurassic Poker Chtp

Menber of the Foothll1s although thts correlation. has not been conflrroect rdth

pâleonÈologlc data. The Poker Chip shale reaches a maxlmm lhlckness of 25n ln
to

Èhe cenÈral Plains and thlckness r¡arlations âre prÍnårily due v öff erentÍal

erosion belon Èhe pre<retaceo.rs unconforolty. The contact w1Èh Èhe overlyfng

Rock Creek was only cored ln two of the r¿e1Is exa¡ulned (f.e.r 6-11-50-9W5 and

LL-25-54-I2W5 ) and in both cases, the âbnrp I contact ls narked by â thin

pebbly horizon.

Rock Creek Menber

The Rock Creek Mer¡ber eonsists of bloturbated, highly quârtzose narine

sar¡dstones (facies J4) whÍch is 1ocâlly lnterb€dded with sandy u:dstones

(facies J2C) and rarely wlÈh bloclastlc llmestones (e.g.¡ 7-3-49-91f5). the

correlatfon of Ëhis unit wtËh the Mlddle Jurassfc (Bajocian) sândstone 1n the
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FoothÍlls has been conflrmed by the presence of an armonlte of that age at the

top of Ëhê Rock Creek sándstone j.n a dri11 core f.n the western plai.ns (Ì4arion

1984). A sllghtly younger (ILiddle Jurasslc) age (Bathonlan{a11ovian) ls

lndicated by the poLlen assenblâges recovered fron shales lnterbedded rrith

these sandstones (Ffg. 20) but the reason for thls apparent age discrepancy

couLd not be establÍshed. The Rock Creek unconfonnably overlfes thê poker Chlp

Menber ln no€t sectLons (e.g. 11-25-54-12f{5) al.though near its subcrop edge, lr

roay onlap the Nordegg carbonâtes (e.g. 6-35-43-7W5). The contac! wtÈh the

overlying Upper Ferîle 1s abrupr and narked by a siLtcffied, pyrlElzed

a1Èeratlon zone (facLes J6) whlch is capped by a glauconlÈic, pebbly sãtdstone

(e.g. 7-11-49-10W5). Án lsopach nap of net elean sãrdstone ln the Rock Creek

Member could noÈ be constructed, due Eo the pauefty of core control although

several general trends were recognLzed. The ghlckêst Rock Creek sãldstones were

developed ln the cenÈral part of the study area . wtrere three sãldstones,

separated by narine shaLes, are developed (e.g, fÈ24-54-13W5, Flg. 20), The

sandstone thlnned to the nesE, presunably due to a facies change into nore

argillaceous facles and the rmiÈ wâs cmpletely absent ln the east, due to

truncâtlon âlong eilher che pre-Upper Fernle or pre-Cretaceous t¡nconfornlÈ1es

(Flg.22).

Upper Fernle Mernber

The EerB Upper Fernie was lntroduced by ¡lårion (1984) to descrlbe the

Jurassic strata above the l¡ock Creek sandstone and belor¿ the pre-Cretaceous

unconfornÍty, tfarton (1984) reported Ehat the Upper Fernie was generally less

Èhan 5rn in thickness ln the nesË-cenEral plains. Ilowever, the

Jurass ic{retaceous contacÈ lrås very dlfficult to pick ln core and on logs and

nicrofossil data wlll be presmted 1n this secËion ¡¿hich conflrm that nost of
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the strata lncluded ln the Early cretaceGrs Ellerslie-Basal Quartz tnterval by

Marion (L984) are actually ¡tiddle to Late Jurasslc in age. Thls ls sÍgnificant

because this lntervâl includes the reseruolr ssndstones in several lnportanE

flelds ln the study area (e.g. Nlton, ediclne River, F1g. 2r). A naxiruun of 45

n of Upger Fernle strata was present tn the B-30-50-13W5 well (Fig. 2O).

The basal upper Fernle typtcally conslsts of dark rlbbon facies shales

(facies J2B). Eleven sæples of these shales were proeessed for oÍcrofosslls

(Table 2) and nost ylelded a LaËe Jurassíc age although one sarnple fn the

NiÈon area (sII-87, Table 2) produced a Mrddre Jurassrc assernbrage. Tbe upper

part of the upper Fernle conslsts of interbedded dark and lfght rÍbbon

ûrdstones (facles J2A, B) lnterb€dded r¿irh thfck (2-10 n) hlghly quartzose,

sttuctureless to crudely straÈlf1ed sãndstones (Facles J3 and J4). Ttrese

sandstones comprlse part of elther coars€nlnglpward (e.g 4-33-39-5W5) or

flnlng-upward (e.g. 8-33-40-31.¡5) succesglons and there fs no evidence of

elærgence (1.e. paleosols, roots) ât the lop of these sequences. .These

quartzose sandstones are generally capped by ltght rÍbbon facies mldstones

(factes J2A) and the Èwo sáûp1es of these shales processecl for nfcrofosslls

(St{-2 ) did not yield any age-diagr¡osrlc fosslls.

SI]T'MARY FERNIE FÐRMATION

The Fernle Fornation ln the study area Ls represented by a serÍes of

condensed narine sequences wtrlch are bounded by paleosols and o<posure

surfaces. The EarlyJurasslc ls represented by a basal shary lirnestone and

chert lnterval (Nordegg Mernber) nhich ls overlar.n by open Earine shales (poker

chip tfernber). The presence of an unconforriEy between Ëhese Erits suggests that

parÈ of the Ear1y Jurassic record fs rûissíng. Ttre ìfiddle Jurasslc fs

represented by bioturbated open rnarine sandstones of the Rock creek Menber.
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T?ìese sandstones exhiibi t ê. widespreád, sheet-Like gecmetrJ ãnd probabry

represenË shelf deposits. The Upper Fernie is Late Jurasslc fn age and

consisÈs of open to restrlcted naríne shales çhich unconfornably overlie the

Rock creek Menber. These nudsÈones are lnterb€dded with thick, highly quarrzose
considered

sandstones çhieh r¡ere previously u to be Early Cretaceous fn age. These

sándstones probably represent Late Jurassíe shelf deposlts which ere

equivalen! ro the s$ift Formá.tlon of the sourhern plains (Hayes 19g3) although

their €r€ct âge has noÈ been unequiv ocally establlshed.

(11) rr: gRS1¡¡ F.RHA*ON

The Ellerslle Fotratlon includes all strata between the pre-cretaceors

uiconfomlty and. a lfny bioclastfc shale (facfes lB) wirich can be recognizeil

Èhroughout rhe study areâ.. This shale ¡¿as ter'€d lhe osËracode Zone by Lora¡ger

(195r) and in Èhfs study is Eãpped as the bãsal unir (ostracode Me'ber) of Èhe

Glauconlte Forn.tlon (Fig. 9). În sooe cores (e.g.¡ 6-32-50-gt¡5), the Ellerslie

ls abseiÈ and rhe ostracode E^ar{<er resÈs dlrecrly on the prê{retaceors

unconforElty. The Ellerslle reaches a uaxlru:n thlckness of 192o near the

eascern ltEir of Èhe dtsrurbed belr (i.e., 14-30-46-1gW5) alrhough rhe

Èhickness is less than 30 ueters over Eost of the study area. The thickness

variêtions aeross the.study area can be seen on a gÍoss lsopach oap r¡hlch ¡¿as

constructed uslng data fron appro:drnately 1000 wells in the area (Flg. 23). lhe

thickness dfffererices on Ehls Eãp reflect irregular Èopograpt¡y on the Èop of

the pre{retacedrs unconforElty. In generâl, the interval is thin to coupletely

absent ln the central parr of the sÈudy area (pembina lligh, Flg. 23) and

thlckens nestward lnto Èhe spirlt River channel and easEward into Ehe Ed.Eonton

Cha¡meI.

The EllerslLe Fornation was cored ln only a fer¡ wells as it does

constiÈute ãn iûportant reservoÍr in the study area. It Èypically corisisEs

noË

of
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bracklsh to non-îarrne rrudstones (facies 7A, c) lnterbedded ¡¿rth thin
hloturbated and trough cross-bedded sandgtones (facies 7E, gB, C).

The searcity of cores and large thickness varlatl0ns hanper subdivision
of the Ellerslle Formãtlon. Only two we11s cored signfflcant thícknesses of
the E1lers1ie Fornation (e.g. 14-31-52_gW5, 1O_15_50_7W5) anal borh eonraln a

thick sectlon of rooted non-rarine stratâ (facres 7A) at the base of the
lnterval. In most cores, the upper 1G-3fu of Èhe EllersLie lnterval conslsts
of brackish to Earine shales (facles 78, 1A) tnterbedded wlth narfne sandstones

(facies 4). Marlne dlnoflagellâtes and freshwaÈer to brackÍsh ostracodes \¿ere

recovered fron a thin shåle at the base of the Ðarine serdstones fn the
Alexander field (Table 6, sr{-3). Thrs confirms that a srrong narine infruence
wâs presenÈ ln the basin, prLor to the trânsgressfon represented by the
ostracode lnterval.

The thfckness of thls bracklshaarlne interval.at the top of the E11erslie

' fncreases to the nor¿h and easË and tn the extrene northêast co¡¡er of the
study area (T1'JP56 R1w5, Frg. 23), a thick (5-10m) oarine sãrdslone caps a

coarsenlng-upnârd sequence developed at the top of the Ellerslle ForfnaÈlon.

Thls narine sandstone forns a northf,rest-trendlng bar trend ãrd co*prrses the
reservofr 

'n 
the prolÍ.flc Alexander gas field (Ffg. 23). sfnllar llthofacÍes

are developed at the Eop of the Ellers]ie along the crest of Èhe pembina lligh
(e.g. ltÍghvale-Bigoray flelds) alrhough rhe sandstones do nor appear Èo exhiblr
a bar-Llke gecnetry Ln these areas.

In the Mlnlhfk Lake fleld (Flg. 23) the thÍn quarrzose sândstone developed

near the Eop of the Ellerslle Formå.tion probably represents sone type of
channel deposit. This field is siËuated orr"" , topographÍc 1ow on Èhe

pre-€retaceous ureonfornÍty (Ftg. 23) and the cross-stratlfied s€ndstone whÍch

comprlses rhe reservolr (e.g, g-2r-44-4w5 ) tn thfs fle1d appears Èo scour down
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lnto Èhe uiderlyÍng bracklsh Eudstones (F1g. 16A). The origin of rhis cha ¡el

could not be establlshed wíth exlstlng core control.

The thick clean sandstones conprÍsing the E1lers11e FornatÍon along the

axis of the EdnonÈon chãrnel have been lnÈerpreted as fluvlal to estuarine by

tr{flllans (1963) and Jackson (1984) and restrrcÈed marine by Bannerjee (19g6).

0n1y one well fn the study area cored Èhe E1lêrslie sândstone fn the Ednonton

channel (i.e. 1-32-56-26w4). rn this core, Èhe basal E1lerslie was comprÍsed of

bioÈurbated quarÈzose sándstone contalnlng short, urd-llned skolfthos burro¡¡s

(facles 7E). lhe presence of this bíoturbated rnartne facres near the base of

the Ellerslle lnterval supports BanerJee-s (19g6) suggestton that the Edmonton

"channeL" ls not actually a drowned-rr.ver valley, as wfllfans (1963) suggested,

buÈ râther Ls a broad, shallow restricted marlne enbaynent. Thls trnterpretatlon

w"111 be dlscussed 1n Dore detail at the errd of thls chapter.

rn the r¿ester¡ PLalns, near Èhe easÈern lfm1t of the dlstubed berÈ, thick

clean sandstones r¡trich are developed at Èhe bese of the ELlersl{e interval were

correlated wlth the CadonLn congloneraËe of the FooÈhl1ls by Ëhe E.R.C.B. fhe

distrfbutlon of EhLs besal c1eân ssndstone ls plotËed on the fsopach roap of the

El1ers11e For'arion (Fig. 23)' The thtck sand developed rn the rhe Edson area

ls restrfcled to a northeast-trendlng lo\r on the pre{retaceols eroslon

surface.

(111) G:LAIJCoNITE FORÌ'ÍATrON

The Claucorlite Formâ.tion conslsts of a northr,resterly-thickening wedge of

bracklsh to narine strata r{tlich separates the (nonaarlne to braekish)

Ellerslle Fornation fron the overlying (nonaarine) upper ¡fannville seccton.

The base of the Glauconite Fornatfon fs deflned here as Èhe base of the liuy,

bioclastlc shale (redeflned as the Ostracode Menber, Glauconfte ForIoatfon) and
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the top of the GlauconlEe ForlÉtion ls marked aÈ the top of Ëhe firsË coal

overlylng this narker sha1e. A gross interval isopach nap $ras not consthrcted

for the clauconlte Form,aÈlon although a general northwaïd lncrease in thickness

was ûoted. An lsopach rnap of meters clean sandstone (less than 332 shale on

g¿ nna-ray logs) was constructed for the GLauconíte FornÂtfon to shor¿ the

dlstributlon of narlne bar and lnclsed channel trends in the sÈudy area (Flg.

11) .

ln wesË central Alberta, the Glauconlte Fornatlon conslsts of a serles of

sheet-llke marine sandstones separated by Ëhln narlne shales, ç¡hÍch are locally

dissected by a series of lnclsed fluvlal charnels. Four årtne s"rrdstones were

recognLzed and each had different spatlal and strattgrâphlc dlstrlbutlon. lt ls

proposed ln Ehis study that eâch of these sandstones be ar,¡arded ænber status

(Medlclne River, I{oadley, Dråyton Valley and Modeste Creek Members) and

descrlptlons and type locations of each urilt ¡¿tll be presented tn Èhe followlng

secEion.

Tte relative age of the oarfne sandstones and lnclsed fluvlal channels was

establlshed by notlng thelr stratigraphic posltÍon, relatlve to three

reglonally extenslve shales (Ostracode, and A and B-markers) and two

coal/carbonaceous shâle horlzons r,Jhich are terlreal the Glauconlte and Double-x

Coa1s. A schematlc cross-sec!Lon showlng the stratlgraphic relatlonshlps

bec\reen the narLne sandstones, tnelsed channels and Èhe shale and coaL narkers

described above ls shown fn Ftg. 24. A cross section shordng the 1og slgnature

and stratlgtaphlc relaÈfonshlp between these mfts 1s shol.rn fn Ftg. 25.

Proposed type sectlons (locatlons and deserlption) for each of the narine

sandstones ln the Glauconite Formâtlonare presented 1n the next secÈion,
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(A) I{ARINE SANDSTONES IN T]{E GLAUCONITE FORMATTON

MÐICINE RIVER MEMBER

The tern Medicrne River Menber ls proposed to describe a thin, very

fine-grained, quarEzose mârine sandstone whlch rs developed. just sourh of the

strachan-Itoadley trend (Fig. u). The type section for thrs unlt is the nudsons

Bay Medlcine Rtver 13-32-38-4Iù5 core (Flg. 26A). rn rhis core, the base of rhe

GlauconÍte (ostracode Menber) 1s mar{<ed by bJ.ack broclastrc shares (facies 18)

overlain by bioturbaÈed, wave-rippled sandstones and nudstones (facies 28). The

overlylng Medicine Rlver Mer¡ber rs a 4-n thfck, flne-gratned quartz arenite

whlch fs weakly bloÈurbâted at the base and exhiblts paraLlel -a to*-"rrgt"

convergent laninatfon (factes 48) near lhe top. This sandstone ls capped by fwo

Eeters of bioturbated sãndy nudstone (Brarker sha-Le) whlch is abruptly

overlaln by a rooÈed carbonaceous shale (Glauconlte coal). Thls sãrdstone has a

thin sheet-lÍke geqtretry r¿hlch has been össecËed by the northeast-trendÍng

carollne channel ând the horth to northrr€sÈ-trendlng Medicine Rlver channels

(FÍe. 11). :

HOADLEY MEMBER

The ter' lloadley Menber r.s lntroduced Èo describe a Earine sandstone

developed ln the middle parE of the Glauconlte lnterval in the southern part

of the study area (Frg. 11)' The Hoadley ÈIenber conprrses the reservolr in the

northeast-Èrendlng Hoadley gâs frerd (Frg.11) and. the proposed type sectlon for
thÍs unit is Èhe Sundanee l{oadley 10-34-43-3W5 well (FÍg. 268). In the type

area, the Iloadley Member conslsts of a 10-20 fûeter-thlck, flne to

nedluro-gralned, slightly feldspath-r.c lrthareniÈe. Ttrls sandstone caps a

coarsening and thlckening-upward sandstone/rnudstone sequence above Èhe B{arker

shale ånd 1s overlaln by the Glauconite Coal úarker (Flg. 268). The base of the

sandstone ls noderately bloturbaled, sltghtly graucoûÍtic and argfllaceous
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TYPE SECTION
MEDIC¡NE RIVER MEMBEF
GLAUCONITE FORMAT¡ON

H.8. ME0rctNE FTVEF 13-32_38_4W5

TYPE SECTION

HOAOLEY MEMBEF, GLAUCONITE FORMATION

SUNDANCE HOAOLEY 1o-34-43-3Ws

I.IOAOLEY MEMEEF

B-MAHKEF SHAIÊ

OSIFACOOE MÉllIAEF

(26)(A) Log signatu¡e and core description for proposed
type section, Medicine River Member, Glauconite Fornation"

(B) Log signatule and core description for proposed
type section, Hoadley Menber, Glauconite Formation.

(For legend see p. 271)
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(Faeles 3) rqhereas the upper part ls doninated by paralle1 and loeangle

convergent (beach) larnlnation (Facles 48) and ls capped by a thln rooEed

horizon. Along the southr{est lfnit of thls trend (1.e. Strachán area, Ffg. 11),

the uppêr 5-10 meters of the Hoadley Member conslsts of clast-supported chert

pebble conglonerate (e.9, 10-22-37-9W5) r.¡hlch has a sándy nåtrlx ât Ëhe base

(facies 58) and grades upward into a oatrlx-free conglonerate (faeles 5A). In a

few cores Ín Ehe type area, (e.g, 9-3-45-2W5), a second rooted horÍzon ls

developed approd.mately 10 neters belolr the upper rooted zones. The

Iloadley-S trachan trend 1s lnter¡sely díssecled by a

northwesÈ-Èrending, largely nud-f i1led channels (Fle. 11 ).

serLes of

DRAYTON VALLEY MEMBER

The terrn DrayÈon Va11ey Uånber ls proposed to descrlbe a thlck,

glauconÍtic €andstone r,:trlch for¡s a sheet-11ke sand body trendj.ng

sub-para11e1, to, and located 30-50 kn seaward of, the ltoadJ-ey trend (Ftg. 11).

In the type section (1.e. Huber Penblnã 6-32-50-8W5), the sândstone contalns

2-102 glauconJ.te and consfsts of flne to nediurgralned, sllghtly feldpathlc

chert lltharenlte whlch contalns loFangle convergent laolnatlons throughout

(facÍes 44,8, ELg. 27), The sandstone overlles the B--narker shâle and Èhe basal

contact of thê sandstone ls typlcally abrupt. In a fer¡ cores (e.g.

6-25-49-6Í,5), the båse of the Drayton Valley Menber ls marked by a crn-thlck

chert pebble congloneraÈe l¡hich 1s overlaln by arglllaceous, btoturbated

sandstones (facles 3). No roots or coals are developed at the top of the

Drayton Valley Mernber and the sandstone fs êbrupÈly overlaln by the A-¡narker

shale (Flgs, 24, 27),



TYPE SECTION
DRAYTON VALLEY MEMBEF

,,s,'jiffi :i I: ljiÏ::',î *,

3lt7-6237 Ft

MARIER
¡
I
I

I
H VALLEY MEMBER

I

OSTRACODE

MEMBER

(2i )
type

Log signature and core description or thesection, Drayton VaIIey Member, Ctaucontte-
(For legend see p.271)

proposed
Fo¡nation.
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MODESTE CREEK MEMBER

The term Modeste Creek Menber is lntroduced to describe a thick marlne

sandstone at Lhe top of the Glauconlte ForEatlon drlch has a sheet-like

distrlbutlon in the northern part of the study ârea (Ffg. l1). The proposed

rype secËlon for thÍs rmlt ts rhe Pan Am Lobsttck 6-2-50-6W5 eore (Flg. 2g). In

the type area, this såndstone abruptly overlies the A-marker shale capplng the

Drayton Valley sandstone (F1gs. 24, 28) and conslsts of LO-25 reters of

feldspathic lltharenlÈe. this sândstone ls generally massíve and structureless

although low angle corwergent lanlnatlons and hlgh angle foresets are deveroped

JusÈ below lhe rooted zone in rhe type secrton (Ftg. 2B).

(b) CHANNE, SYSIB'IS IN THE GLAUCONI1E FORMATION

The narine. sandstone and shale sequences in the GlauconlÈe are loca11y

di.ssected by a serÍes of lncLsed channels. The distrtbutlon of the nâJor Èrends

ltåpped ín the study area ig shown ln Flg. 11. The regionaL trend on. Èhese

cha¡ureló ranges fron noftheasÈ (caroline chaurelj to northwest (Medlclne Rlver

Channels ) although 1ocal1,y, the channels appear to foLlo¡, topogrâphic lows on

the pre{retacecr¡s rnconfornlty, A core showlng a typlcal channel sequence ln

the Thorsby area ls shown ln Flg. 29. The sharp (scoured) base of each channel

ls generally marked by a shale clast breccla and the channels are typically

infllled wlth restrlcËed to non*arLne sãrdstones and nudstones (Facies 7, g).

At least four separate chdmellng systens are recognlzed ln the Glauconlte

Fornatlon and the age of these charnels, relattve to the shale and coal marker

beds, ls shown schæÂtfcally fn Fig. 24 and described 1n detall ln the

foll-owlng sectíon.

CAROLINE CITANNEL

The oldest charurellng evenÈ recognlzed in the Glauconlte Formation ls

found ln the the Carollne area (Flg. 11) and a geophyslcaL log sectlon across



TYPE SECTION

MODESTE CREEK MEMBER, GLAUCONITE FORMATION

PAN-AM LOBSTICK 6-2.50-6W5

IAL MAâKER

:K MEMBER

SHALE

IBLE-X COAL

ï

I
ASIE CFEEK

t

I

I
.MAñKEF SH,

VALLEY MEMBER

I

l¡"'-

(28) Log signature and core description for the proposed
type seciion, Modêste Creek Member, Clauconite FormatiÔn'

(For legend see p,Z7L)



PCP THORSBY
14-3-49-1W5.

14t8-1a93 M

(29) Log signature and core description of typical
Íncised chãnnel sequence, Thorsby area.

lHORSSY

CHAN¡¡EL+ILL

I

I

<-scou' I

I

+scouR I
+BASE A.MARKER SHALE

DFAYÍOI{ VALLEY MEMEEF
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lhis channel is sho¡vn Ín Ftg. 30. T'hls norlheast-trending cha¡rnel cuts through

the Glaucon:ite Formatlon and the rmderlying Ellersli.e lnterval and Ís overlaln

by the B-.oarker shale and the Clauconlte Coal narker. Thls channel ts inftlled
with mudstones or hlghly quartzose sandstones (e.g, 7-15-45-2W5).

MÐÏCINE RTVM, CHANNB,S

The second ehannellng event recognlzed tn the study area is represerìted by

Èhe northr.Jest-trending, nud-filled Medlclne Rfver chánnels. These channels cut

through, and therefore postdâte, the Clauconlte Coal and the Mediclne River

cornplex (Ffg. 30), the SÈrechãt-I¡oadley trend (Ftg. 3l) and rhe Carollne

chamel (Ffg. 11). These channels v¡ere âpparently lnclsed and inflLled prior to

thê A-marker transgression and are best developed ln the souÈhem pârt of the

study .

THOP6 BY-PEMBINA QIANNtr,S

the thlrd stage of charmelfng ls recognlzed throughouÈ the study area

(Thorsby, Penbina, I{oadley and MedÍclne River arêas) ãtd j.s represented bi

deeply incised channels r,¡trfch are tnfflled !¡Ith feldspathfe sandstones. The

lnclslòn of these charurels post-dated deposltion of the A-marker shale as \re1l

as the overlyfng Modeste Creek Sandstone and Double-X Coal nerker (F1g. 24). In

the l¡horsby area, several stages of channel lnclslon âre recognlzed âs most

cores contâln at Least Ewo shale clast breccla horfzons above the A-narker

shale (e.g. 14-3-49-1f,¡5, F1g. 29). A 1og section aeross Èhls channel (Fig. 32)

shows three eplsodes of channellng \rith Èhe earllesË pre-datlng deposltlon of

Èhe A-marker shale (e.g. 7-11-49-1W5) ând rhe other two post-datlng rhe

Ararker shale (Ffgs. 29, 32), Cores fron the penblna area also exhlbit several

stages of channellng althûugh Èhelr relatlve ages could noÈ be deterûlned r¡ith

Èhe Llmlted core conÈlo1 ln thls area,
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EDSON CHAXNE L

In the Edson area, a pronlnent northeast_trendlng channel trend fs
recognÍzed in the Glauconite Formâtron (Fíg. 11), Thrs channei. rs probably

age-equlvalent to the carollne channel as it has a siEllar trend ã,d ls
fnfllled r¿lth slnllar (non-feldspathle) sandstones. Irowever, the precrse ttming

of rhe lncision ánd aggradaÈion of this chsnner fs poorly constrained as the

core and log data base ln thls area ls thited and the Ostracode and A and

B-.marker shales could not be dÍffersttÍateil in thls area. A geophyslcal 1og

secÈLon acro.s thls ch*'ner rs shown in Ftg. 33. Thls channel is tnfilled !¡iËh

elÈher non-blorurbared cross-stratlfled ssrdsrones (e.g, 7-19-53-1gr{5) or

bf oturbAEed arg{llaceous sanilstone.

(1v) UPPm. MANWILLE IN n{E SIJBST RFACE

the Upper Mannvllle secËlon nas rarely cored as it does not host any

hyilrocarbon accuu:latrons ln the study area. This lnterval rs probabry

nonrarl.ne as numerous coal horizons are recognLzable on geophysfcal lójs and

the lnterval contains severar sharp-basecl flning-.pward sequences whÍch are

probably flulrlal sândstones. These sequences develop at approxfnately the sa'e

stratlgraphLc lnËerval ln adlacent welrs and the thrckest, and nosÈ consist€nt,

of these lordeflned ehannerlng evenrs fs developecr at the top of the Mannv re

sectLon' direcÈly below the Jort Fou shale. The onry core of this såndstone ln

the study area (i,e. 9-6-4g-6t{5) conslsËed. of non_bioturbå.Èed,

cross-stratf fled feldspathrc litharenites (Faeies gc) ovêrr.afn by nonmarrne

(claynlug) nudsrones (factes 6).

(C) STRATIGRJPHIC RELATIONSIIPS BETIIEEN THE EARLY CRETACEOUS IN OUTCROP AND

SIJBSURFACE

The stratlgraphlc relatlonshfp between the Early CreÈaceous straEa

Blainore and T.uscar Groups Ín the Foothflls and the llannvllle Group

ln the

of the
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nestern Plains has not been clearly establlshed. previous r¡orkers (e.g., yrellon

1967; ùfcI-ean and Wal1 1981) correlated the Cadornfn and lor¿er (nonaarine ) part

of rhe Gladstone with the Ellerslie Fon'ãtion, the calcareous Member of the

Gladstone with the ostracode LlEestone, and Lhe Mooeebar Eorr0atlon v¡ith the

Glauconite Formation (Fig. 8). wtrile these correraÈions outline approÉ.nate

stratigraphic relationshlps, Èhey do not recognlze the coEplex cycllcity

developed 1n the Moosebar-çlauonlte inÈervâ1E ând are thus of linited use for

resolving detaiLed deposiElonál hlstory of thls interval. To illustrare the

Foothills-Plalns correlaÈfons proposed in this thesls, å cross section was

constructed beEween Èhe crescent Fal1s sectlon fn Èhe FooÈhi1ls and a series of

key wells in the wesi-central Plalns (Iig. 34).

The correlatlons outLfnêd ln Ffg. 34 fndlcate Èhat the noÊîarlne

Gladstone Fortratton (and wrderlying Cadoroln ¡¡trlch is not el<poseal in the

Crescent Falls outcrop) are equlvalent to the lor¡er (nonaarfne) part of the

Ellersl1e ForÌåEion fn che ilalns. The shales at the bâse'of the lower'Mooseba¡

are correlaled wlth the bracklsh-restricted Earine strata at the top of Ehe

Ellers1ie and the bfoclastic shales fn the Efddle of Èhe lor¿er Moosebar are

correlated wfth che ostracode Mer¡ber of the Glauconite Forná.tlon 1n the

subsurface. Ttese bloclastlc shales both contain Èhe dlstlnctÍve lGtacypris

persulcata osÈracode assenblage. Eowever, since the sae assenblage t¿as fosrd

in the Ellersllê shaLes ln the r¿esteñi plalns (SIl-7, Table 6), lÈ does not

appear to constLtute a useful bÍostratlgraphlc ua¡ker. A sfuilar interpretaÈíon

r¡as fon¡arded by Finger (1983) r¡tro noted that thls asseEblage is comprtseil of

long-ranglng specles and that frs disrriburion was probably conrrolled by

ent¡lronnental conditions. The presence of this assenblage fs clted here only as

evldence that the Lor¡er Moosebar, El1erslíe and ostracode lntervals ¡¡ere all

deposlted under s1úIlar (brackish-r,rater) condltions.
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The quartzose sandstone at the top of the lower Moosebar is correlated
wlËh the Mediclne River Menber (clauconLte Forrnatlon) ln the plafns. The

coal-cappecl regressÍve Earine sândstones in the Fall creek sectÍon, and the

rnarlne congrorneraÈes rn the Tay Rrver sectlon (niddre Moosebar) are correlated,
and are on deposltional strlke wlth, the narine saf¡dstones and conglcmerates

conprlsing the Hoadley-S trachán Èrend in the subsurface (Fig. 11). The

glaucorlÍtlc "upper twin" sandstone (rn-lddre Moosebar) ln the crescent Falls
section r's correlâted r,r-tth the Drayton valley Menber of the Glauconfte

For¡ntlon 1n the plalns. The upper Moosebar shale, and overlylng Darlne

sandsÈone (Torrens Menber, Gates FormÃtion) ln the Foothitls is correrâted with
the Glauconlte-A shale and overlÉng Ì,lodeste Creek Dfenber (Glâuconite

Formatlon) ln the plains. The feldspathLc sáridstones in the Ra¡n River section

are correlated !¡ith the feldspathic Beaver MLnes of the southern Foothllls and

thorsby-Petrbinå channel sandstones in rhe platns (Fig. 34).

.:
(D) EARLY CRETACEOUS DæOSITIOI.TAL HTSIþRY AND PATEOGEOGRAPITY

The revrsed stratfgraphlc correlations pres€fited 
'n 

this thesis provide an

*nproved strati$raphrc franer¿ork for resolving the detarred deposÍtlonar.

hlstory of the Ealty cretaceous successlon in westerï¡ canada. The outcrop érid

subsurface data compiled ln the thesls was integrated nLÈh paleogeo$aphic uaps

publlshed by Jackson (I984) co "Èie lnLo" deposlrlonal trends recognLzed wiÈhln

the succession in other parts of the basfn. The BLalrnore-Luscar-Ùlannville

strata of onestern Albêrta cen be fnterpreted ln terns of slx drstfnct
depositÍonal even.s and paleogeographlc maps for each of these events are shown

1n F1g. 35.

(f) The rnconfornity at the bâse of the Early cretaceous fntervar records a
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major epÍsode of uplift, tiLËing ând erosLon which affected the entire western

canadlan sedimentary Basln. The origln and tectonic signlficance of this

rmconfornÍty 1s discussed in uore detair- in chaprer 1r. rn the FooEhills, the

overlying cadonln congLornerate fs lnterpreÈed as a bralded rlver or hunfd

al'Luvial fan deposit which overlles a pediment surface (Mclean 1977; schulthels

and Mountjoy 1978). Paleocurrent data, isopach naps and plots of oaxrmurn pebble

slze ln the conglomerate lndicate that the paLeosrope dipped northeasterly,

away froro rhe upltftlng cordÍ1rera (Flg. 36A). The sharp-basecr channel

sandstones in the overlylng Gladstone Forratlon are interpreted as polnt-bar

deposits r"rhlch were deposfted by northwest-flowrng rlver systems Lrhích forlowed

splrit River channel and debouched fnro the G€thing Delta of northeasterïr

Britlsh colu'bta (srort 1984). The câdooln{ladsrone fntervaL rhlns eastwârd

and ptnches ouÈ along rhe crest of che peEblna Eigh (F1g. 35A). Tte basal

Erlerslle strata fn the Ed'onton chsrnel. ts probably equrvalent to the

cadcnln-Gladstone l.nterval although the age ånd sedfnentology of Ehese srratE

håve noÈ been well docunented.

(1i) Ttre second stage of Early CreËaceous sedinentatfon records a major

southward incursion of the Moosebar-cleañrater sea iûto lhe elongaÈe foreland

basln (F1g. 358). Ihls transgresslon ls represented by the bracklsh Èo

freshwater sÈrata in the basal lower Moosebar tn the Footh1l1s and the upper

Ellerslie 1n the Pletns. Across the wesÈern plains, this interval ls generally

less Èhãr 30m thick although lt thlckens to nore Èhán 60n ln sone outcrops irì

the western Foothills (e.g. crescenÈ Falls) wtrere Èhrust-lnduced substdence

rates would have been greaEer. The geographic lirolts of thfs transgression are

poorly constrained in the west.ern plains although brackrsh-water facies are

recognlzèd Èhroughout the study area and across the Edrûonton channel ln the
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east (Banerjee 1986). It is no! clear !¡hether sandy shorellne-delta systems

were developed along the narglns of this seaway a1Ëhough porous sandsüones are

developed in thls intervâl ln the EdnonÈon "Cha¡ure1" (Banerjee 1986) and around

the nârglns of a serles of sma1l energent islands (e.g. I{lghva1e, penblna, árid

Blgoray flelds) along the axls of rhe Penblnâ High (Ftg. 358).

(1ti) Continued lransgression of the EaÌLy Alblan Clearrvater-Moosebar Sea (Fíg.

358 ) led to the deposltlon of a north!¡estwârd-thlckenLng lnterval of

bracklshaarine strata Ln western Alberta. At naxlnum transgresslon, thls sea

blanketed most of southwestern Alberta (Flg, 35C) although a ferv smal1

"lslands" âlong the crest of the Penbfna Hlgh nay have renalned @ergent at

this sËage. Thl.s transgressfon 1s represented by the bloclastic shales 1n the

lower Moosebar and slnilar llthofâeles ln che equlrralent Ostracåde ùfenber in

the central Plains (Ffg. 358). The presence of abt¡ndant synaerisls cracks,

ubiqullous wave-r1pp1e lanlnatlon, a low density-low dlversfty trâce fossÍl-

assenblage, and a bracklsh Èo freshwater mLcrofossll assemhlage records

deposltfon ln a shaLlo¡¿ senl-restricted basln r¿hich was subjected to perlods of

fluctuatlng saltnlty, The cause of these saltnlty fluctuâtlons could not be

establlshed although lt fs possible that they record elther clinatlcally or

seasonalLy-eontroLled chsnges ln freshwater lnput or basln clrculaÈlon

patÈerns.

(1v) The strata overlylng the bloclasÈfc shales ls eomprlsed of a serLes of

dlachronous, northward-offlapping regresslve narlne sandstones, separated by

thin transgresslve Eârine shales, wTrich are locally dissected by

deeply-lnclsed fluvLal -estuarine cha¡mels. These sandstones record eplsoilic

fLuctuê.tlons 1n relative sea 1evel which ultlnately resulted ln the reÈreat of



r28

the Moosebar-cleañ{ater sea fron Ehis parË of the foreland basln. rn southern

Alberta, these fluctuations ln relative sea level are repressrted by a series

of deep, narro¡¿ channels which r¿ere lncÍsed during a drop 1n sea level and

aggraded during a subsequent rlse. in sea level (D.Jánes pers.cormì. 19g7),

Although the exact correlatlons betr¿een the lneised channels of the southern

Plains and the regresslve narine sandstones ln central Alberta have not been

establlshed, a serles of hypothetlcal reconstrucclons fs shown in Flgs. 35 DrE

and F.

the lnltlal reËreat of the Cleanrater Sea resulÈed fn ileposftÍon of the

thin' coal-capped quartzose Eãrine sandstone aÈ the top of the lower Moosebar

in the Foothllls, and the equfvarent Medicrne Rlver sardstone ln the wêsterrr

Plains (Flg. 35D). Thls sandstone comprfses the reservofr in the Chigwell and

Medicfne Rlver flelds and probably correrates wtÈh the flome sandstone of the

Turner valley area (Mellon 1967) and the Bluesky sandstone fn norlhern ¡berta

(Jackson 1984). Thd.clean, well-sorted !e)<ture ând abundance of r¡ave-laninatlon

and h"Írnocky cross-straËlflcaÈlon Ln these DarÍne sandstones records a strong

storm/wave lnfluence ln the basin during their deposition. rn souÈhern Alberta,

this regressive event fs narked by the bioclasEic limestones capplng the

calcareous Menb€ir-ostracode lnterval. rf thÍs correlatÍon fs correct, it
suggests that the lfnestones were deposltecl in sone type of lagoon or bay,

developed south (landward) of a sandy shorerlne-delta conprex developed fn

cenÈral Alberta.

rn the Medlcine Rrver area, the trend of the (lncfsed) carolrne channel

suggests thaË local paleosl0pe dlpped to the northeast during thÍs lnltlâl
regresslon. The aggradarlon (inf1lling) of rhe caroltne channel probably

occurred fn response !o a rfse rn sea level which curmlnated wlth the overlytng

nlddle Moosebar (B-narker shale) transgresslon.
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(v) A subsequant advance of the clearwaEer sea led to deposltion of the n-tdd1e

Moosebar shale fn the central Foothills and the B-marker shale ln the western

Plalns. A barríer lsland conplex deveroped along the south nargín of the

Hoadley-s trachan corplex. Durlng the ansulng regresslon, thls barrter island

evolved lnto a regresslve, wave-dornlnated shorelfne-delta system. Thê Hoadley

Merlber, and equivalent sândstones and congloneraEes ln the raiddle Moosebar ln

the Fal1 Creek ând Tay Rlver seetions, record approd.mately 15-20kn of sear¡ard

progradatlon of thls corplex. An excellent nodern analog for thls progradatlon

ls the costa de Nayaralt rn Mexfco ( curray et al. 1969) \dhich has prograded

sear,¡ard as a shorellne-aÈtached strandplaln. The northeast elongatlon of the

Hoadley{trachan cooplex demonstrates that thrs regressfon was accoopanled by a

pronounced change in basln geonetry 
"" 

p"1"o"10p" had shlfted g0 degrees to the

northwest (Frg. 35E). The presmce of a second rooted horlzon ln the nÍddle of

the Hoadrey inrerval in a few cores (ê.g. 9-3-4s-2f,¡5) lndÍcares that, at leasi

locally' the Eoadley trend represents a stacked regresslve narrne sequence. The

thlck Glauconlte coar r¿hich blankeËs both the Hedlclne River and Hoadley areas

lndicates lhat an areally extenslve ralsed snãry developed r,¡tren this area

became energenË.

the llnear Hoadley-Strachan trend fs dissected by nu¡nerous

northwest-trending inclsed channels which âpparenrty record a dra.natle drop 1n

relallve sea level. Ttrls apparently resulted Ín the rapld northward

progradation of the shorellne and establishment of a younger (lowstand)

shorelÍne ln the Drayton VaLLey area (Ftg. 358). A sche:natlc dlagran showing

the basin conflguration durlng thls lowstand is shown tn Flg. 36. The sharp,

pebbly basal contact of Ehe Drayton Valley sândstone \{ith the mderlying

narine shales confirns Èhat the sand r¿as transporÈed onto the shelf during a
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pronounced drop ln relatlve sea level. Although the Drayton Valley Complex does

not exrend lnto the disturbed belt (Fíg. 1r), the glauconltic sandstone

underlain by chert pebble/cobble congloneraEe ln the Ruby Creek and Crescent

Falls seetÍons ÞIas probably deposlted by the sme deposiÈlonal event. A

subsequent rfsê ln re1âtlve sea 1evel resulted in the lnundatlon of thls
(lowstand) shorellne and reworking by sharrow roarine processes Èo fom so'e

type of shelf sand rldge ccmplex.

(vi) The flnal major advance of the cleanr¿ter sea fnto central ALberta

deposlted the upper Moosebar shale in Èhe Foothllls and the Ararker shale

(Glaucontre Fonnåtion) in the plarns. rn the Foothflls, this shale rs not

developed south of Nordegg and appears to have prncheil out against the seaward

nårgin of the Hoadley-strachan conpr.ex. The subsequent regressfon of thls sea

ls recorded by the thlck sheeÈ-r.rke ferdspathrc E.rine sândstones eo'prisfng

the Torrens Menber fn the FooEhills and the equivalent ¡lodeÉte creek sandstone

in the Plafns. thls regresslon was followed by another dranaÈtc drop in
relative sea leve1 whtch tnltfated the Ehird channellng event recognlzed in the

study area. Thls channellng post-dated deposition of the tJpper

Moosebar{rauconlte-A shales ánd r.s represented by Èhe penbfna and Thorsby

channels ln the subsurface and the Beaver lfines channels in the Foothills (e.g.

RåE River sectlon). The petrographic st'llarlty of the Torre¡rs ard ModesÈe

creek narÍne sandsÈones with the Beaver Mines sandstones ln southern Foothllls

(Chapter 7) suggests thât Ëhe Beaver Mines-age rfver systens Here supplying

volcanlc-rich detritus from a southern cordilleran source to this prograding

shorellne-delta complex fn central Alberta(Fig. 35F).

rhe top of the Modeste creek-Torrens sandstone reeords lhe end of rnarine

sedlnentaÈion 1n central Arberta âs the overlyrng upper !{ånnvÍ1re{âtes
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lnterval conslsts of non-marlne coal-bearlng sandstones ancl urclstones. Ðuring

Èh1s tine (ìdddre albian), the locus of Earginal marfne sedimentatlon shlfted

northward to the Peace Rlver Àrch (F1g. 35F) where regressrve nârlne sándstones

and conglo'erates of the Falher{ates FormaÈion lrere deposrÈed (Leckie and

Walker 1982).

(E) A DæOSITIOML I'ÍODH,

the three transgressLve-regressive succesêl.ons recogntzed ln the

Moosebar{lauconlÈe rntêrvar record the eplsodrc advance, ãrd subsequent

retreâÈ of the clearerater sea ln certral Alberta. Each successlon is conprlse¿l

of a basal (transgresslve) narfne shale overlaln by a regresslve (coal_cappecl)

marine sandstone and is locally dissected by lnclsed fluvrâl-stuarrnê

char¡nels. A deposftlonal nodel r¡hlch explains the stratlgraphlc distrÍbutfon of

all three eleænts of thls succeèsion ls shown fn Ffg. 37 and ls dlscussed ln

the follordng section.

The thfn transgressive share at thê base of each succession records ru¡d

deposition on a shallow sherf durfng â, rrse rn relative sea level (F1g. 37A). A

subsequant drop in relatlve sea leve1, or lncrease in. seclÍnent supply,

lnftiates seaward progradation of the shoreline a¡ìd deposltlon of a thlck

regresslve roarlne shorelíne-dêlta sandstone (Flg. 378). .qn ensurng drop in
relative sea 1evel resurts rn very rapld progradation of the coastlrne âcross

the shelf and fncision of fluuial ehannels fnto previousry deposlted strata.

During thls drop ln sea level, a yor¡nger ( lo&rstand) shorellne is establlsheal at

soúe pofnt lândç¡ard of the orig{nãl shoreline (Flg. 37C). Durfng a subsequânt

rlse fn relative sea level, the lowstand shoreline deposiÈ is transgressed ând

the prevlously lnclsed channels aggrade \rlth sedlment. Any coâls or roots at

Èhe top of the lowstând shoreline are renoved durlng shoreface retreat
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(Numnedal and Swift 1987) and the sand body is reworked by shallow marine

processes to form an offshore sand rldge conplex (Ftg. 37D). A lloloeene analog

for this type of sând rldge complex fs present on the slorn-domlnated Atlantlc

shelf ¡chere transgresslon of a coastal depocenter hâs led to preservatlon of

thlck sândstones Ín a rnid shelf settÍng (Swlfr et a1. 1973). A slnilar nodel

has been proposed by Pllnt ând Walker (1987) to explaln rhe distribution of

thlck shelf sandstones and conglornerates ln the Late Cretaceous Cardlum

Forfûation fn lrestern Alberta,
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CHAPTER 7 FRÁMEI,¡CRK COMPOSITION AND MA]OR E,EME¡¡Î CIIB,{ICÁL COMPOSIÎION

For Eore thãr a century, sedimentary peÈrologlsts have undersËood 1n a

qualitative sense that the franework conposLtion of såIrdstones wâs related to

the type of rocks ex?osed 1n the source area. This chapter r+t1l open r,rith a

discussion of Ëhe provenance interpretaEions previously forwarded for !hê

Jurasslc-Early cretaceous sandstones fn Alberta. The renalnder of the chapÈer

will focus on the documentatlon and inËerpretatlon of the frame¡¡ork composltÍon

of Èhese sandstones.

.(A) PREVrolß t{cRK

SlgnlficânÈ. varfaÈLons ln the franework ccmposltion of Jurasslc-Early

cretaceous sandstones have been reported by prevlous workers lncrudlng Glalster

(1959), I{llllans (1963), F,apson (1965), Mretlon (1967), Vlgrass (tg77) ,

Schulthefs and Mounrjoy (1978), tlopklns (1981), purnåm and pedskalny (1983),

anrl Leckle (1985). rÈ 1s dtfÉicult ro conþåre thêse data. alrrectly as the

speclfic stratLgraphfc interval exanined, the type and locatlon of sæples

(outcrop or subsurface) and the methodology enployed r¡as different for each of

these studies, In a regtonal sense, however, three distlnct fraoervork

assenblages could be dÍffer€ritlated 1n the Jurasslc and Early cretaceous wedge

ln Alberta and each of these 1s sr¡marized belo¡¿.

(1) The Mtddle Jurasslc (Rock Creek-SawrooËh) and basal Late Jurassíc (Srr"lfÈ)

sândstones) are hlghly quartzose, very well-sorted, and contain only traces of

chert ând feldspar. These sendstones are probably mútlcyclic ln origÍn and

were inltially derived from the exposed Canadlan Shteld to the east (Sprlnger

eÈ al. 1964; Marion 1984; poulton 1984).



136

(2) rn the southern FoothilLs, the uppermosE Jurassic-Earry cretaceous

Kootæay-Nikånass in sândstones, and the basal part of the overlying Blalrmore

Group (Cadonin and Gladstone FormaËions) are quartz and chert_rich and

vlrtually devoid of feldspar and igneous and ne!â.norphlc rock fragrnents. These

sandsLones contaÍn an u1Èrâstable heavy ofneral assenblage and ç-ere probabry

reworked fron uplifted procerozoÍc, paleozoic and Early Mesozoic sedlmentary

rocks exposed in a foreland fold-thrust belt flanklng thê ancestral cordillera

(Rapson 1965; MeLlon 1967; Sehulrheís and MounËjoy 197g; and poulton l9g4).

rn the western Plains, the KootqrarNfkånassrn rs largely eroderl and where

presenÈ, has not been studÍed fron a petrogrephic perspectwe (Springer et al.

1964). The strata equivalent to the cadordn{ladstonê ínterval ln the plains

(Ellers lier\oYurray-Dina-Basal QuarÈz Formarlons) are typically fine-gralned

and highly quarlzose and thelr provenance is controversial, f,Irl-lÍarns (1963),

Rudkin (1964) and Hopkíns (1981) suggested rhar the quartz sánd r¿as derived

fron an Eastern (Shleld) souree çrhereas others (Mccookey et a1. 1972;

Ghristopher 1975) have proposed EhaÈ northlrest-f lowing river streans drained a

r'{eslelï¡ rnterior source area r¿hlch extended as far south as Nen }lexico.

(3) Sandstones Ín the upper par! of the BlaÍÌmore and Mannvllle Groups

Èhroughout Alberta and saskatchewan are highly feldspathlc and eontain ab*idant

volcanic rock fragûents, cherÈ ând quartz and a netâstable heavy rnineral

assemblage (G1aÍster 1959; Ì,11111ams 1963; Rapson; 1965; t{ellon 1967; and purnan

and Pedskalny 1983)' The bâsal eonract of the feldspathÍc tnrerval is ryplcally

sharp, partÍcularly ín southeFi Alberta, and this appears to mark an abrupt

change ln provenance (tiellon 1967; Vigrass 1977). The proportlon of

volcanically-derived material 1n Ehe upper Blairmoreryannville sanclstones is
greaLesÈ ln the southern Foolhills and appears Èo deerease !o Èhe north and
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east. As an exarple, feldspar conprises an average of rs.Si! of the framework of

Beaver Mines sandstones rn the southern Foothills (Mellon 1967) and only 4.32

of the frâr'ework of equívalenÈ Gates sãrdstones ln the northern Foothills

(Leckie 1985). volcånic rock fraguents are also more abr¡ndant in the southern

FooEhÍlls although it is dffficult Èo cotrpare these data drrectly as }felron

(1967) and Leckle (1985) ernployed differenr llrhíc fragrnenr classÍficarion

schemes. ln eastern Alberta, the ferdspathic ( westerry-derived) a¡rd quartzose

( easterly-derived) sandsÈones are interbedded in the upper Mannville lntervâl

(Vigrass 1977).

(B) METI{ODOLOGY EMPLOYÐ IN TIiIS STUDY

To coruplenenL Lhe peËrographíc work compreted by the researchers described

above, 106 thin sectlons were cut from core and outcrop sanples of Jurasslc and

Early Cretacea.rs sândstones Ín \rest-central Alberta, Each thin secÈion was

lmpregnated wilh blue-dyed epoxy reslh €nd stalned for ferdspar using a

technlque introduced by Houghton (1980). Tvo hwrdred grâins were counted in

each sllde along 8 traverses which included 25 grains/traverse. These data are

tabulated in Appendix 4, stmnarized ln Table 7, and plofted in FÍgs. 3g+6.

Poroslty was also labulated in thÍs count (Appendix 4) although it appears that

exterisive plueking had occurred during the preparaÈlon of thin sectr.ons as some

of the sarnples have nr¡ch higher count porosily than was recognized !)ttøt Èhey

were exarnined wlth a bÍnocular nÍcroscope. The fra¡nework data co!.lected in the

flrst cormt lvere plotted on QFL plots proposed by Folk (19g0) and rock names

were âsslgned Eo each of the strarlgrâphlc unlts. on these p10ts, the chert

population' as r¡ell as Èhè polycrystalline quartz grains, nere asslgned to Lhe

L (llthic fragú€nr) pole and rhe Q (quarrz) pole included only nonocrysralline

quartz grains. The franework corûpositíon of eleven representative sanpres was
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recalculated (Table 8), using Dickinson and Suczek.s (1979) para¡neters, and

plotted on thelr QFL and @FLt dlagrans (Fig. 45) to evaluare the provenanee of

the defritus,

After rhe irdEtal ( franework) count \ras coúpleted, a slaller nunber of

sampres were seJ.ected for detalled analysls of the quartz, feldspar and rock

fragnent populâtlon. The second count was designed to ccnpâre the crystalli¡rity
and degree of r:ndulosity of Ehe quartz populatÍon arid to inËerpreË Ehe

provenance of the clastlc detrltus, based on cornparison wlth sÈudies of

unconsolldaÈed sands presented by Basu et al. (1975). Eleven nedi'un--graÍned

sandstones were exa¡¡-ined and 100 quartz grains were analyzed fron each of rhese

sarples (Table 9, FÍg. 46).

The third and fourth counts foeused on the ferdspar anil rock fragnenr

populatlon respectively (Tables Io and lt). As fdentrfication of these

components was difficult fn the fine Eo very-fine grained sanples, only

medíuro--grained samples wêre exanlned.

(t) pRoBL¡ì.fs 0F pErRocRApHIC Aì{ALYSIS

Most of the Cretaceous sandstones concained significant a$ounts of clay,

either as nâtrlx or eemenE, and it was very dlfflcult to dlfferentiate these

cornponents from squashed lithic grafns and highly aLtered, sericitlzêd

feldspars ln thÍn secllon. rn additron, nost of the quartz grains e)<hiblred

varying degrees of quartz overgroürths and, in Eost grains, the margin of the

original decrÍtal grain wrth the overgrowÈh could noÈ be readÍry discerned. To

lntroduce sone conslstsrcy tnto the point-countlng process, only clearly

ldentifiable rock fragments were included as framer.Jork ând any clayrarbonare

naterial wfthout distrncr graln boundaries was co.nÈed as u¡rdifferentrated clay

ceúen!-rûatrlx. Quartz overgrowlhs were counted as part of the franework gralns.
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These arbitrary designaÈions would exaggeraÈe the quartz/llthlc ratÍo but are

coneldered to be lhe only consLstqrt manner of evaluåting the modal conposltion

of the clay ce'ent and marrÍx-rich sandstones r,'hlch contalned abuidânt quartz

overgrowths.

(C) STRATTGR.APHIC VARTATIONS IN FRÁMEI4CRK COMPOSITION

f.lheri the franework cmposltron data fron a1r of the sæp1es were coryiled

(Table 7)' syst€natlc varlâtLons ln the franework cmposltf.on of the JurâssÍc

and Early Cretaceous sãndstones were recognlzed. The petrography of each

stratlgraphlc untt wtll be descrlbed ln the foLlowlng sectlon atd the

iEpïfcations of thls on outcrop-subsurface correlatlons and chenging

provenance of the detritus, w111 be presented ln a separate seetLon at the end

of Èhis chapter.

(1) FER¡IIE SANDSTONES

Fourteen sãmples of !'errrle sândstones were polrit corolted and these data are

tabulated ln Appendlx 44, srmarlzed ln Table 7 and plotted on the QFL p10t in
F1g. 384). these sandstones are typlcaLLy very fine to fine-gralned, well

sorted, hlghly quartzose and exÈenslvely cenenÈed by quarEz overgrowths. Most

of the Jurasslc sandstones have a low clay-cernent natrfx content and

recognlzable franework gralns (detrltal gralns plus quartz overgro\rth6)

comprised ¿rn âverage of.84,47" of the Èhln sectlons (Table 7). There fs no

sfgrilficant difference betr¿een the conposltlon of the Roek creek ânal upper

Fernle sândstones as both protted in the guartz arenr.te or sublitharenite

flelds on Folk's QFL plot (Ftg. 38). pie dragrans showrng the conpositÍon of

all of the Jurassic sandstones are shov¡n ln Fig. 3gB.

Monocrystalllne quartz co'prrsed the bulk of these sandstones (oean
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75.4Á) and índivrdual grarns were typicarly non-undulose and inclusÍon-free,

Where original graln boundarles could be dlscerned, due to the presence of

cloudy or inclusion-r1ch rins, the original grâins are sub to $7e11-rourided.

Polycrystalline quartz coupríses a srna11 proportion of mos! FernÍe sandstones

(nean 5.12) and each graln typically consrsts of 2-3 elongate crystals sutured

Eogether. chert ts the nost ccrmon rock fragDent 1n the Jurasslc sandstones

(average 3.5%) and conslsts of subequant, nlcrocrystalline to cryptocrystalllne

quartz which ls colorless to brownish-grey under plane light and dark grey to
black under the blnocular mieroscope. No feldspar was observed tn any of the

Fernle sândstones. Bright green glauconlte gralns were observed in mosE Rock

creek sauplee alEhough, ln Eost casea, these ccmprised a sna11 proportion (nean

L.8%) on the sanple. Opaque olnerals, chlefly detrltal magnetite, conprised a

snall proportlon (nean I.O7") of most of the Jurasslc sandstones exa¡nLned,

(f 1 ) KOOTEI'¡AY-MKANASSIN SANDSTONES

seven samples of Kooteriay-Nfkanâssln sáridstones were polnt cormted and thfs

data ls tabulated in Appendix 4A, srmarlzed in Table 7, and ploÈted in Flgs.

384 and B. All seven samples were ccmprlsed of varlable proporÈlons of chert

and quartz and plotted ln the llrharenlre fleld on Folk.s (1980) aFL

p1ot. All of the samples plotted along the Q-L axLs as they contalned no

fei'dspar or igneous rock fragrnents. rn generâl, the Nikanassin sãrdstones

contalned a hlgher propottlon of quartz although lt is not clear lf thls is a

frmctlon of their generally flner graln slze or a laterâl chãnge in provenance

wfthfn the Latt Jurassic interval.

The Kootenay-Nikanass in sandstones were donlnaced by nonocrys!âllfne

quarfz (nean 34.8%) and contained subequal anormts of chert (nean 29,3%) and

mlnor proportlons of polycrystallfne quartz (nean 2.62), carbonate rock
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fragnents (rnean 3.02)' The sandstones were typically tightly cenented with

quartz overgrowÈhs and sone saples contalned significant proportions of

undifferentlated clay cenenË and/or rnatrix.

(111) CLAÐSToNE-E LB.SLTE SANDSTONES

Sfx outerop sarnples of såndstones fro¡n the Gladstone Formation and lg

core samples fron equlvalent Ellerslle sáridstones were poLnt counted and thls

data ls conplled ln Table 7 and plotted in Ftg. 39. In general, these

såndstones are coarser-gralned, less well sorted, and contalned nuch nore chert

thæ the tmderlylng Jurassle sândstones (Ffg. 39). On rhe QFL plot (Flg. 39A),

the sandstones range Ln ccmpositLon from quartz arenite, subllthârenlte to

LlÈharenlte and there is a crude relatlonship betlreen quartz/llthic ratio and

the graln sizê. In general, the vêry fine to flne-grained samples (plotted as

small cfrcLes) are highly quartzose whereas the nedi'n ând coarse-grâined

sandstoneö (larger clrcles) are ehert-rich and piot cLoser Èo the L-pole.

Feldspar ls ccmpletely absenÈ ln most sæp1es and, wtrere present, ccmprises

1e6s thã¡ 1Z of the sârple. Íhese sandstones Ëyplca1ly contaln low proportion

of clay cen€nt-oatrfx (nean L0.77.) anð, are extmslvely cemenÈed by quartz

o!€rgro\rÈhs and, ln sone Lnstancea, by carbonate ceúents.

Ple dlagrans conparing the c@posltlon of E1lerslle and Glailstone

sandstones are shown tn Ftg. 398. ùfonocrystalline quartz conprfsed the bulk of

the sandstones 1n both the ELlersLte lnterval (nean 54.2'l) and the Gladstonê

(nean 31.02). PolycrystaLltne quartz was nore abundant in the Glaclstone (nean

7.8%) as coopared to the E1lerslie(roean 3.92) 'hereas chert \ras ntrch nore

åbEtdånÈ lri the Gladstone-Gethlng (nean 28.52) as compared to the Ellerslie
(nean 16.32). Host of the monocrystalllne gralns r,¡ere non-undulose and uost of

the polycrystalllne gralns contained lnany nore thõ¡ three crystal-units per
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graln' tlany polycrystalline quartz gralns contarn elongare, stralned crystals

wiLh sutured boundaries and others contalned a wide range in crysËal slzes. The

chert populâtlon consists of rnlcrocrystalllne quartz r¿hich is htghly

arglllaceous and comnonly contâlns narrow fracÈure flllings of nlcroerystalllne

quartz. Detrftal carbonâte rock ffâgnents are pres€nt Ln nost outcrop sãDples

(nean 6.02) and conslst of subrounded frâgnents of cârbonate nrdstone. The

slÍdes were not stained for carbonate so Èhe nlneralogy of the gralns (1,e.

dolonlte or calelte) courd not be determined, rtrtldenttfred rock fragænts

corprlsed an average ot. lr.5% of the cladstone sandstones a¡td 2.7 il of the

Ellerslle sandstones. T.hese gralns are typlcally hlghly argillaceo:s, very

flnely follated and probably represent shale or 1ow gtade (slaÈe, phyllfte)

netanorphic rock fragnents. No lgneors rock fragnents vrere recognfzecl ln any of

these sandstones.

( fv) GLAUCONITE-MOOSEBAR S AI\TDS ToiVES

sandsEones 1n the Glauconite and Moosebar and. Gates Fo,-atrons exhlblÈ a

wlde range of franework ccmposltion as thts interval records the ÈransiÈlon

frorn the quartz-chert assenblage at the base of the Blalrdore-Månnvflle to the

feldspar and volcanlc-rich sãndstones at the top of the interval. The three

Dårl.ne sândstones recognlzed ln thls lnterval each exhlbft dffferent fræer¿ork

conposltlons as do the various lnclsed chsrnel sandsÈones. The conposition of

Èhe narfnè and chsnel ss¡dsÈones wl1l be discussed separately.

(a)MARINE SA¡IDSToNES

Thirty-slx saEples of narLne sandstones fron the Glauconlte+Ioosebar{aÈes

lnterval were polnt counted and plotted on the QEL dtagran (Flg. 40). The

composltlon of these sandstones ranges from quartz arenlte, sublithareniÈe,
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litharenire' feldspathlc lÍthareniÈe to lithic arkose (Flg,40). However, there

ls strong stratigraphic controL on franework compositlon within the lnterval as

each of Ëhe three narine sandstone sequences exhibtt different frane'ork

compositíons (Fig. 41).

MÐrcrNE RIVER-LoÍ'¡ER ÙxlosEBAR sANDsrþNEs The subsurface sdples of rhe

Mediclne Rlver Menber (SH-152, 153), a¡rd the equlvalent Lower ¡foosebar

sandsÈones in rhe FooÈhills (sI{-163) are very flne to flne-graÍned, hlghry

quarEzose ând plot ln the quartz arenÍte to êublltharenlte fÍe1ds (Fig. 40).

Both the core and outcrop saanples are domlnated by EonocrystallÍne,

nonrmdu-Lose quartz (nean 84.s2 and 9gz respectivery) ând the sándstones ãre

extenslvely cenenEed by syntaxlal quartz overgro\rEhs çhich obscure the outrine

of the original grains. No feldspar r¡as observed ln these sêndstones although

subequanÈ graÍns of mlcrocrystalllne chert comprise a snall proportion of the

franework (3.52 and 1% respectively). clay-carbonate marrfx andy'or cenent fs
virtually absent ln these sandstones (Tab1e 7).

I{OADLEY, DRAïION VALLEY AND EQUTVATENT MIDDLE ¡Í]OSEBAR SANDS1ONES

Twelve subsurface (core) sanples of lhe marÍne gandstone conprising the

Iloadley-s lraehan complex (I{oadley Mernber) and s1x outcrop sæp1es of the

equivalent middle r'loosebar sandstones in rhe Foothir.ls ¡rere analyzed. These

data are tabulâted Ín Appendix 4, sumartzed in Table 7 and plotted in F1gs. 40

and 41. In general, these sandstones are fine to medium-grained, well sorted

and plot in the sublltharenite to lltharenrte fleld (Flg. 40). These sándstones

contaln negligible clay cenenÈ ând natrix (Less thæ 5z in core and outcrop

samples) and eonÈaln nore cherr and ferdspar thân the underrying ltedicine River

sándstones (Figs. 40,41). Monocrystalllne quartz domÍnates both the core and
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outcrop sa¡p1es (neaa 47.9"/. and 4o.5"r respectivery) whereas polycrystarline

quartz conprlses a smaller, but signÍficant proporÈion (6.92 and 6,3"/,

respectívely) of all sanples examined. Traces of rmaltered and/or serÍcillzed

and carbonati2e¿ plagloclase are found in the Hoadley sandstone (nean 1,7%) and

J.n the equl\¡aren! uppèr Moosebar sår¡dstones (canbÍned mean 3.gz). The rock

fragmenc population tn the Hoadrey and equivalenÈ upper Ìfoosebar sãìdstones is

dqrinafed by chert (nean 15.32 and 2O,Oi! respectlvely) and argillaceous, finely
follated grains (share and 1or¿ grade metanorphic fragrnents ) whrch conprise an

average of 8.5% and and 11.82 of the total modal count respectively.

Six core sanples of Ehe shelf sândstones cûmprÍsing the Drayton Valley

ccnnplex, and Ëhree saxûples of the equlvalent niddle Moosebâr sãrdsEones fron

the crescent Fa11s and Ruby creek sections, were enalyzed. Arl of these sanpres

plot as elther lirhârenfres or feldspathÍc lrrharenltes (rie. 40). The DrayÈon

valley sandstones contaln nore slightly nore altered and unaltered feldspar

(eombined nean 5.7z) than rhe Hoadley Menber sãrdstones (ccmbined mean r.gz)

and considerably less nonocrystallir¡e quartz (nean 33.g2) than the Hcadley

Member (nean 46.32). chert fragnents and undifferentlated forlated argillaceous

llthi.c grains r¡ere also nore abt¡ndant rn the Drayton valley sândstones (Table

7).

MoDES1E CRSEK AND EQUWATENT 1ÐRRENS SAÀTDSTONES

Tte Modeste creek-Torrens sandstones contain u¡:ch more feldspar, less

quartz âfid a nuch hlgher proportlon of ltthíe frâg'oenrs anal clay-carbonate

matrix and/or cement thârì the older sandstoneg rn the Glauconi Èeryoosebar

lnÈervar (Figs' 40' 41). These sandstones are typlcâlly frne-to oediun-grained

and plot in the feldsparhic lirhârenite Eo Lirhlc arkose field (Ftg, 40).

Monocrystalline quartz comprises a significant proporlion of Èhe lrodeste creelc
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and Torrens sandstones (L7,2% and 162 respectively) uhereas polycrystal.lÍne

quartz conprises a much smaller percentage (nean 5.2% and 7.O %) respectlveLy.

HighLy altered, serieítized ye1low-stained feldspars, retalning rerlct albrte

or carlsbad rwinnlng ' are co'mon r.n the Torrens (nean 19%) and Modeste creek

sânds'ones (nean 15.62). chert coÉprÍses a sÍgniflcant proportion of both Èhe

ÈlodesÈe Creek and Torrens sandstones (13,42 and lg.gZ respectively). The

undifferentlated rock fragrnents conslsÈ of brorn, fottated, occaslona-i-Ly

micaceous grains which probably represent shále ând 1ow grade netåmorphic

fragnents. These sandstones are typlcally tíghtly cernented by a clây{arbonate

natrix cernenÈ and it r¿as virtuålly iupossible Lo dffferentlate this material

fron squashed llthic grains. Fraer¿ork ¡nateríal conprises only 6g.g2 of the

[fodeste creek sándstones and 75.32 of the Torrens sandstones and Ehe rerulnder

of lhese slldes consrsts of mdlff erentratecr clay-carbonâÈe matrrx ãrd cenent

plus squashed llttr-ic grains.

(b) GIANNEL SANDSI0NES

1\renty core samples of channêl sandstones from Èhe Glauconite ForEá.tion

and t\,ro outcrop samples fron Beaver Mines channel sãtdstones were point

counted. ïhese data are tâbulated in Appendix 4 and plotted in Flg. 42. The

franeworlc c.*lposítlon of these sândstones ranges fron guartz arenfte to

sublitharenite, subat'<ose, ritharenlte, feldspathic ritharenÍte and ltrhic
ad<ose' The conpositíon of the incrsed channel sandstones is stratigraphicauy

conÈrorled' as the older channel sa¡rdstones (e.g. carorrne) are quartz-rlch

ånd the younger chânner sándstones (e.g, Thorsby) contain abrndanr felcrspar and

vorcånic rock tragrnents. The franework ccmposition of thê sandstones Ín each

channel trend will be discussed 1n more detail in the following section.
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CAROLINE CITANNE.

fhe northeast-trending caroline channel whlch euts through the lredÍclne

River Menber in the southern part of the study areâ r.s tnfilred with r,¡elr

sorÈed' highly quartzose sandstones wtllch are petrographicalry very siniler to

the adjacenÈ marlne sandstones of lhe Medicine River Member (sH-49, 50 and 155,

Ftg. 42). Quartz co'prises an average of. g5% of. the frme¡¡ork l¡trereas llthlc
fragnents (primarlly eher!) ecmprlse the rest of the frane¡sork. No feldspar is
presenË ln these sandstones.

MÐICINE RTVER CIIANNH,S

the norlhra€st-trmdlng MedÍcfne River-age channels, r¡trtch lnclse down into

the Mediclne River and Hoadley-s tracher conplêx are generally nud-fflleil. As a

result, no sandstone samples were analyzed from these trends.

THORS BY-P EMBINA CI{ANNELS

The sandstones ln the youngest chænels ir the study area contaln a hlgh

proportion of feldspar and clay-arbonate cernent and/or rnatrlx anil typlcally

exhlblt a dirty "greywacke" to<ture. rhese feldspathlc channel sãrdsrones

cc'[prÍse the reservolr 1n the pemblnå and rhorsby fleLds and are arso

reeognlzed along rhe Hoadley trend (SIt-156, 157) and in the cilby area (SH-75,

76, ELg, 42). The conposftlon of rhe feldspathle cha¡nel sãrdsrones is highly

varlable âlthough the factors conËrolling thls vartabllity could not be

deterolned wlth the llnlted nunber (16) of sæp1es exæ1ned in rhls srualy. The

Thorsby and Penbina channel saldstones contaln 1ow to noderace ámounts of

quartz (total quartz averages 36.47. of franework), abundant feldspar (conbined

altered and unaltered feldspar average 15.12), and abrndant chert (mean 17.12)

and volcanlc rock fragrrents. Ttrese channer sqrdstones âre petrographtcally
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siú-llar to Ehe feldspâr-rich ÈlodesEe creek sandstones rvhieh they fncíse down

1nÈo.

On the QFL plot (Flg. 42), the Thorsby sandstones plot ln a separate

fleld fron the rest of these channel sandstones as they âre nore quartzose

(conbined nono- and polycrystâ1line quartz avetage 45.L7.) ând feldspar-rtch

(conbÍned aLtered and unaltered feldspar 18.92).

ÐSON CIIANNEL TREND

The slngle sanple (ss-154) of sandstones fron the Edson channel trend

(Fle. lf) ls a nedfuæ.gralned 1ÍÈhareniÈe (F1g. 4Z). This sã¡dstone is
Eoderately quartzose (ccrnblned nono-and polyerystalline quertz 34.02) but 1s

dominated by lithic fragrnents (prÍmarily cherr) and 1s totalry devoíd of

feldspar. This sa¡ple ls petrographically srrntlãr to the older

Gladstone-Ellersl1e.sandstones and very dlfferent fron other (quartz arid

feldspar-rlch) sándstones in the Grauconite Form.ation. Although the exact.

stratigraphlc posltÍon of the Edson ChanneL is not well establlshed (see

châpter 6)' the lack of feldspar in the sáridstones and the northeast trend of

the complex suggests thât rÈ rs age-quivalent !o the caroline channel of the

Medicine Rlver areâ.

(t) SIJ¡üARY oF STRATIGRAPHIC VARIATTONS IN FRAMEWoRK CoMPOSITION

In sr¡rlary, there êxisÈs a very strong stratigraphic control on the

framework coúposlÈion of Jurassic-Early cretaceorg sandstones rn western

Alberta. This stratlgraphlc variatlon Ís best lllustrated by plotÈing the

average ccrtrposition of core and oulcrop sæples of each rnajor stratigraphic

unit on a serles of pie diagrans beside a stratigraphic colutrl (Fig. 43). Three

distincE franervork suites cån be recognizecl and include:



AGE (mi1lron Years)

(43) Stratigraphic section of the Alberta Basin showing
theframervork composition of Jurassic-Earl.y Cretaceous
sandstones exanj.ned in this study¿ Chronostratigraphic time
scale, and eùs"atic sea leve1 and coastal onlàp clrrves
from Haq et.al. (1987) and infornation on the age of
stratigraphlc units fron Poulton (198a); Stott (1984)¡ and
Rudkin (1964).
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(a) the highly quartzose, flne-gralned Middle to Late JurassÍc sandstones of
the Ferrrle Formåtion uhich contâin vlrtuarly no ferdspar and only traces of

llthic ( largely chert) fragnenEs.

(b) Ehe chert\uartz-rlch, Late Jurasslc Kootenay-Nikånâssin lnterval, and

the overlylng Early cretaceous cadonin-Gladstone-Elrersr.ie interval. These

sandstones conlaln rro feldspar and little or no lgneous and hlgh grade

meLanorphlc roek fiagrnents. There ls no pronounced conpositl.nal dífference

betneen the Kootenay-NÍkanassin and Cadonin-Gladstone sãldstones.

(e) the f eldsparr'lithic ' rich Beaver Mines, GaÊes and upper 
'4arurvilre

sándsËones. The Glauconttel{oosebar inÈervar. appears to record lhe change in
provenance during the Early cretaceous ãs the basal Medlcine Rlver-Lower

ìloosebar såndstones contain no feldspar or volcanie fragrænls, the rnicrdle

lnterval ( Hoadley-Drayton valleyrfiddle Moosebar sandstones) contalns only a

few percent feldspar and volcanlc rock fragnents, and the uppermost Modeste

creek:Torrens sandstones contafn subequal proportÍons of quartz, Èock fragrnents.

and cheit.

(E) PROVENANCE OF JURASSIC - EARLY CRETACEOUS SANDSTONES

(1) MESOæIC PALEOGEOGRAPIIY OF THE ALBERTA BASIN

rn order !o rer.âte the cûnposítion of JurassÍc-Early cretaceous sandstones

in Alberta Ëo potential sourcê terranes a paleogeographic ,nãp showing Èhe

basin conflguraÈ1on at the Ëine of deposition wes constn¡cred (Ftg, 44). The

eastern margÍn of the Alberta Basln was reconstructed by p10tÈ1ng the erosional

edges, and llthologies, of Eajor stratigraphie ttrits suberopping below Èhe

Pre-creEaceous urconforoiuy (Frg. 44), sands derived frso an eastern (cratonic)

source should be dominated by quårtz (etther lreathered fron precanbrian

crystalline rocks or recycled from older Jurassic sandstones) and chert
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(reworked fro' the broad belt of paleozoic carbonaEes wtríeh subcropped belor¿

the Mannville throughout nost of the wescern plains). The presence of nt¡nerous

thick coals in the Jurassic and Eafly cretaceous successfon ln lhe study area

suggests that hurdd climates prevailed durlng thelr depositÍon, IJnder these

conditions' rE is rmlikely Èhat slgnlficanÈ amounts of feLdspar would have

survived Ehe 1c00km (nintruurn) of transport between central Albêrta and the

closest exposures of crystalline precanbrian rock.

Reconstructing the paleogeography of the western rargin of the basln is
rnuch more probLenatÍcal as the spatiar dístrlbution of the allochthonous

terranes ln the cordillera during Èhe Earry cretaceous is poorry constrained.

rf no palinspastic correcEions are atteûpted, three potentiar source areas

r¡hich could hâve contributed sedinent to the bâsin include:

a) the foreland fold/thrust be1È, conslsttng largely of non to lreakly

.rûetanorphosed Proterozoic-paleozoic sedimenÈs (Spang et al. 1931 ).

b) the Shuswap Metanorphlc Complex, consisclng of anphibolite-facÍes

rûetamorphosed sediments, and. assoeÍated granftlc rntrusions of the Kootenay A.rc

(Archlbald et aI. 1983);

c) the Internontane Belt ( Quesne!.11a-S tlkfnla-Cache Creek terranes )

conslstlng prlmarlly of Late paleozolc-Triass lc volcanlcs ârid deep $raËei

sedlnents (Monger et a1. 1982).

the major probleru wlth reconstructing Ehe lfesozofc paleogeography of the
there

cordillera ls thatvexists a r.ríde rânge of esEímetes of displacement across che

major strike-s1lp faurts rn the areå. The tectonic nodel proposed by price ancr

cañ¡ichael (1986) advoeates that as much as 450 h of posË-Earty cretâceous,

north-souÈh dlsplacêmen. has occurred along the Rocky Mountarn-TinË1na Trench

ln the northerrt Cordillera, Although they suggest that much less displacement

ls noted across this feerure in Èhe souÈhern Cordillera (i.e., south of 52
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degrees lålitude), the poLentlal source terranes for the BlairrnoreryannviLle

sandsEones could have been displaced several htndred kÍloneters since the Lover

cretaceous. The tectonic model proposed by r,anbert and chanberlin (19gg)

invokes much nore relallve displacernent (1500-2oo0kxû) between the allochthonous

terranes and the craton but lhey suggest Ehat nost of this was tâken W by

obllque subduction durlng the Jurassic. us tng this tectonic scenario, there rs

llttle evidence that extensÍve, strrke-slip displacement has occurred in the

southern cordrllera since the Early cretaceous. sÍnce Ëhere is no agreer¡en! on

Èhe ámounE of displacenent along Èhese fault systens. no atteûp! was made !o

pallnspastically restore the potentral source telranes to thelr posltion durrng

Èhe Early Cretaceous.

(iÍ) METHoDOLOGY

To evaluate the provendnce ofJurassic- Cretaceous sandstones Ín the sturly

area, a select nu¡nber of reprèsenEatl; samples were exa¡rined in detaÍl,

Several different petrographi.c lechnlques were ernployed and lhese data and

lnterpretations are outlined ln the following section.

The bulk frane¡¿ork ccmposl'ron of Èhe Earr.y cretaceous sandstones was

plotted on a series of diagrams proposed by DÍekrnson and suczeck (1979) r.trich

relate franer'rork coropositÍon !o tectorlic settrng. Tn addítlon, the quarÈ,,

feldspar and 1iÈhic fragnent populatlon of several sanples was analyzed

separately for any provenânce data which could be extracted. The quartz gralns

rqere deseribed Ín terns of crystalliniÈy and undulosity and these data were

plotted on diagrans proposed by Basu et a1. (1975) r,¡h1ch relate Èhêse

characteristícs to tectonÍc setEÍng. The composlticn and twrrurrng habrts of the

feldspar fracci'on fn several sampres were conpared uith those descrÍbed in
various lgneous and Eetanorphic rocks by plÈtmari (1970). As a fÍnal test of
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provenance' the major elenen! chertricar- compositl'n of the Early cretaceous

sandstones was plotEed on a series of ternary cllagrarns proposed by Bhatia

(1983) and Roser and Korsch (1986).

(a) BIJLK FRAMEI,DRK coMpOSITroN

Dieklnson and Suczek (1979) demonstrated that the tectonic settÍng of e

sedimentary basin could be deduced fron anarysis of the frame¡sork cornposltlon

of sandstones. To evaluate the provenance of the Early cretaceous sánd.stones in
cenlral Alberta, the framework coñposltion of fourceen sa¡oples of

Early cre.aceous sândstones was recalculated rn terms of therr

franework paraneÈers (Table 8) and prottêd on therr QFL and Q$F'LE triangles

(Flg. 45). 0n these plots, the framework population r,¡as recarculated to 1o0z

and subdivtded as follows;

1) Èstable quarrzose including en (uonocrystalline) plus qp (polycrysralline

quarlz and chert grains ).

2) F-feldspar includÍng p (plagloclase) and K (K-feldspar),

3) L-'nstable llthlcs lncluding Lv (volcanrcs plus netavolcanics) ând Ls

( sediEentary and meÈasedinentary)

4)Lt-total 1irh1c6 includlng Ls plus Lv plus Qp.

Although Dlcklnson and suczek (1979) specificar.ly excluded heavy uinerals

and calcareous grains from Èhelr modal cottrlts, nore recent studfes (e.g., Mack

1984) have demonstrâEed Ëha! detrítal carbonateg do carry a srgnâture of source

terrain and should be included ln the Ls populatron. Ttre detrÍtal carbonaEe

grains in the sandstone tn thls study r¿ere lncluded as llthic sedinentary (Ls)

grains ln the frå.ne!¡ork recalculatlon although it 1s euphasÍzed thaÈ Ehelr 1ow

abundance ln all samples would not significantry arEer Eheir posiÈion of Ehe

diagran.
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Sample f
GRAIN SIZE

Stratigraphic
Unit

Folk
L)iekenson

& Suczek 1
lrickenaon

& Suczek 2
(¿!'lJ AF L QmFLt

ss 118
FG

ss 115
FG

SS 160
LFG

ss 123

UFG

ss 121
UFG-FG

ss-2
UFG-MG

SS-3
LMG-LCG

SS 128
UFG-LMG

ss 149
VFG-FG

Torrens

Torrens

Upper
Moosebar

Upper
Mooseb¿r

Beaver
Mines

Beave¡
Mines

Gladsione

Glod.tott"

Gladstone

33 36 31

33 24 43

640

+¿o

26 53 2l

28 11 61

050

069

058

54

71

50

31

42

5536 I

62 24 74

79615

9055

4353 4

ó9 11 30

90010

76024

66034

28 36 36

24 24 52

45 649

66 529

20 53 27

t7 11 72

40 060

2t 079

g4 066

ss 145

UFG

ss 85
UFG

ss 152
VFG

ss 101

UFG-LMG

747SS Modeste Creek

Drayton Valley

Hoadley

Medicine River

Pembina
Channel (Gl

31 26 43

59 635

093

73 522

26 18 56

13

10

81

6426 1 0

I

6

l)

0

85

99

67 18 15

o

46

tt5

91

5526It
648

530

0

20 18 62

g)
6¡

Ê
ts
õ6
ÍL
o
o

o

v,g
clç
6
st
o
oo

Table 8 Petrographlc (franework) composltlon of
Blalrmore-Mannvill.e sandstones BeLected for provenance
evaluatLon showlng the frarnework paraneters employed by
FoIk (1980) and Dickinson and Suczek (1979).
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GLADSTONE SANDSTONES

All three samples of the cladstone Forna.rlon (l¡3,L29, and 149) plor along

the Q-L axls ln the recycled orogen field on both the QFL and @FLt dlagra¡ûs.

AccordÍng to Dlcklnson and suczek (r-979) thrs (recycled orogen) field 1s

conprÍsed of three distlnct sub-fields wtrlch include;

1) a subductlon zone complex source r¡hrch generates chert-serpentrne-îaftc

volcanlc-rich sandstones,

2) a foreLand fold/thru't belt source whlch recycles quartz and chert-rlch

detritus froû from older sedfmentary sequences, and

3) a collisfon orogen source from wtrlch quartz, chert an¿l llthlc-rtch
6åndstones are produced from eroston of netasedlmentary rocka exposed ln nappes

and thrust sheets which flank Èhê suture zone.

I.Ihíle the subductlon zone eomplex can be ellnlnaÈed as â potentlal source

area, due to the absence of diagnostic serpentine, thê illstlnctlon betr¡een

foreland fold/thrust belt and coLllslon orogerì provenances on the QFL plot is

nore dlfffcult. Mack (1981) ¡vas able to discrinlnate between recent detriEus

eroded froo a sedinentarf/ (foreland fold/thrust) terrain fron sand eroded fron

a lowgrade netâ[orphLc rocks ln a colllslon orogen by comparing the

ccmpositfon of the llthlc fragnents. He noted that the sedlEentary rocks

contrlbuted quêrtz and chert-rfch sands ç¡hlch contalned a slgnlflean!

proportlon (average 27%) of. pelltlc rock fragnents. Low gracle

Eetanorphfc terrainscontrlbuÈed subequal anc.rnts of nono- and polycrystalllne

quartz ând follated quârtz-nlca aggregates (Mack l9g1). sandstones derlved fron

hlgher grade metanorphl.cs ln a collision orogen (e.g. Tertlary sandsrones fron

the Bay of Bengal) are also quartz-rlch but contain ân average of 30% felclspar

(doolnantly plaglocLase) and an average of 152 llthic fragñents r.rhlch were
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donÍnat.ed by quarEz-Êica aggregates (üack 1981).

The bulk framer,rork coúposiEÍon of the quartz and chert-rich, and

quartz-ûicâ and feldspar-deficient Gladstone sæples (#3, 12g, and 149)

lndicate rhat rhese sandstones were probably derived fron a non to r¿eâkly

netanorphosed foreland fold/thrust belt which flanked rhe âncestral cordillera.

There is no evidence of rniddle to high-rank Eetarmrphic or plutonic rocks

contributing sedlrnent Eo the basin during thls tine.

BEAV¡R MINES -TORRNS-IÍODESTE CREEK SANDS1þNES

The feldspar and volcanÍc-rlch Beaver Mines and Torrens-¡{odeste Creek

sandstones (/l 101, 115, 118, 121 and 147) are uore difffcult to lnrerprer âs

they sÈraddre the eonrinental block-recycled orogen fle1ds on the QFL plot anc!

fall within the magmaÈic arc fleld on rhe Q'FT.È tiiangle (Fig. 45). The abserice

of K-feldspar Ís Ínconsisterìt !¡ith a conËinental block Þrovenânce or a high

gráde netamorphle source (DÍckinson and Suczek 1979). Moreover, the pauclty of

foliated quartz-mi.ca aggregates (Table 11) and abundance of volcanic rock

fragnents In these sandstones is inconsistsrc wLEh a metasedlmentary (eollison

orogen) source (ì{ack 1981).

The feldspathíc, volcanie-rlch sandstones (Beaver ltines -Cates Formations

were probabry derÍved fron a conposlÈe source terrane r¿hich incLuclecl a weak

to non-Eetamorphosed foreland fold/thn¡st belt, as well as volcanic highlands.

The fresh, unaltered nature of the feldspars and rock fragnents have been ciÈed

as evidence for coeval (Eatl,y Cretaceous) volcanism in the Cordillera

(Glaister 1959; Mellon 1967; Purnân and Pedskalny 1983) alChough large voh:rnes

of volcanic rocks of this age are not presently preserved ln the southern

Cordillera (Souther 1977), 
^ 

detaÍLed dlscusslon of posslble source te:¡ranes

wlll be presenEed ât the end of lhÍs chapter.
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GLAUCOMTE-MOO SEBAR SANDSTONES

The l{oadley and Drayton Valley sandstones in the plains (# g5, 145), and

equivalent rnÍddle }foosebar såndstones (/i123 and 160) tn the Foothills exhíblt a

fra.nework conpositÍon on the QFL ând qmFlt plots rftÍch is rnrermediate bet\reen

that of the rnderlylng quartz and chert-rlch Gladstone and the overlying

feldspaEhíc, volcanie-rlch Beaver uines-Torrens-Modeste creek sandstones (Ftg .

45)' These sandstones thus record the transltlon fron a sediûentary proven¿rnce

co a volcanic plus sedinentary provenânce. Ttrls change r.n provenance was

âpparenEly abrupÈ as the trânsiElon generally occurs over a few ætres of

straÈlgraphic section and Èhere rs rittle evidenee of a uajor depositional

hiatus or unconforrnlty separatíng the different coûpositÍonal sultes rn Èhe

study area. rn this sense' the transrÈlon does not appear !o represent a

grad.ual unroofing of a co111sion orogen, as Rapson (1965) suggested, slnce this
process probably generates grailual changes .in composition . over , very large

stratigrâphlc intervals (e.g.1Dorsey 1988). The provenânce change in e¡estern

Alberta appeârs !o record Èhe abrupr introductr.on of vorcanfc oateriar fnÈo a

foreland basin r,¡hich had prevrously received only recycled sedinentary detriÈus

eroded fron a non !o weakly-netanorphosed fold/thrusÈ belt.

(b) QUARTZ POPULATICN

The petrographic characteristlcs of detrlÈâl quartz r,¿ere f irst related Èo

the type and characler of rock exposed ln the source area by Sorby Ín 1g77 and

have since been lnvestigated by nany peÈrologrsts (see BtatÈ and christie (1963)

for a review) ' Early workers constdered EhaE monocrystalline non-undulose

quartz was diagnosEic of a plutonlc proven¿¡nce whereas polycrystalline and

hLghly $dulose i¡uartz was characÈeristically derived fron oetanorphlc
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terranes. These generalizacions were challenged by Blatr and christie (1963)

r¿ho docr¡¡nenred rhat highly strained, undulose grains could be derived frou

both plutonic ånd retanorphic terranes anrt concluded that only crude

interpretâtlons of provenance could be nade on the bâsis of quarlz

charact eristics. This controversey fras resurrecEed by Basu et a1. (rg75) ç,tro

dernonstraÈed that the sôurce terrane of modern and ancient (nedÍum--grained)

sands of differing provenance could be discrrninated if the crystalllnity and

the degree of unduloslty of the quartz was considered, They dÍviiled thê quartz

population into four groups whích include:

1) nonocrystalllne (less than 5 degrees undulosÍty)

2) nonocrystalllne (nore Ehan 5 degrees undulosity)

3) polycrysralline ( 2-3 crystals/graln)

4) poLyerystalllne ( nore than 3 crystals/grain)

They de'onstrated Ehat rnoder¡ sands of dÍffering provenance plottecl 1n

separate fietds which reflected the degree of netanorphlsm, .na trre. proportion

of plutonic rocks ex¡rosed, ln Èhose source areas. ltreÍr data conflrned earlier

observations that plutonic-derfved quartz gtains were coarser-grarned, Less

undulose, and contained less polycrystalllne grains than lower to upper grade

neÈanorphic rocks.

lhree Ëhin secrions ôf rhe Cladsrone FornaEÍon (1t3, l2g, and 142), four

sæples of the clauco.ire+foosebar sandsrones (llT3, lO2,l47 and 154), and one

sa¡sp1e of the Beaver Mr.nes Formati ot (ll2) were counted ând rhe data are

rabulaÈed in Table 9 and pl0tted tn Ftg. 46. The quartz popularions of all 0f

Èhese sanples plot in the 1o\rer trlangle and span lhe lower to upper

nelanorphÍc fields (Fig. 46). There appears Eo be sone sÈratÍgraphic conÈrol

on Ehe quarÈz populatÍon as the oldest (Gladstone) sandstones plot ín the low

rank netanorphic field r¿hereas the younger Moosebar-Grauconite and Beaver ìfines
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Beaver I'lines

cladstone

45

34

58

22

37

Dra!¡lon

ss102
Dra]¡Èon Vê
(F¡rst cou¡t) I at

ssL02
(second count)l 43

ss128
cladstone

ss142
cladstone

ssL47
Þlodeste creek I O¡

ss154
Edson charmel I S¿

(delete secolf; counÈ +10 
l) 44'1

30

60

12

29

16,0

rasLE (9 ) petrographLc cha¡acte¡lstics (undulosÍW/
poLycrysta1linlty ) of quartz popuLatlon

14
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11

10

!2

1l-

L7

II

24

7

6
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f19? Undu.l.o s i ty and poJ.ycrystall inity of quartz
ö talrmore-MannvÍ l-le sandstones, plotted onplots p¡oposed by Basu et af. (íszà).

Undulotory
q u orlz

T BEAVER.MINES-GATES FM
. HoADLEY-MIDDLE MooSEBAR

  GLADSToNE FM

grains Ín
triangular

.t. ¡
,' t,.7 7 Low RANK

i" / METAMORPHIC



168

sanples p1o! in the rniddle/upper rank metamorphic field.

The low-rank meÈanorphic source terrane Interpre¡ed for the Gladstone

sa.oples is consisÈenE !,¡ith the foreland fold/thrust belt provenance lndÍcated

by the bulk franer¡ork composition, described previously. However, Èhe middle to

upper rank rûetanorphlc proven¿rnce suggested for lhe Glauconlle-ùí00sebar and

Beaver Mines sândstones ls problernatlcar. Although Late Mesozolc niddle-high

rank metanorplÉe rocks of are presently exposed in the southeastern cordillera

south and \,rest of the study area, (i.e. Shuswap Metanorphic Ccnplex and

Koorenay Arc)' tt âppears that these were not unroofed prlor !o the Eocene

(Archibald er al. 1983). Moreover, very few K-feldspar grains (Table r0) or

follated quârtz-{lca lithrc fragmenÈs (Table 11) were noted in the sánples

examlned in this study (Table 11) or in previous sEudies (Rapson 1965; r{e11on

1967). signiftcant proportions of both of these cornponents r¿ould be generated

by Èhe erosion of a hlghjrade metenorphic or plutonic terrane (Mack l9g1). It'
\ras noÈed Ëhat the daEa pr.esented by Basu et al. (1975) did noE inclu¿le

volcanlcally-clerived sandstones, and Ít appears Ehat these plocs can noc be
to dete¡mine

used thevprovenance of the Beaver Tfines and Gates saridstones. The presence of

volcânlc quartz, liùÍch is nonocrystallÍne, nonundulose and petrographically

fndistlnguishable fron pluronic quartz (Blatt er al. 1990, p.2g9), would skew

lhe poÍnts ro the plutonic apex, even 1f no plutonÍc rocks were exposed rn the

source area.

In surrnary, detailed analysis of lhe quartz population ln the Gladstone

sa'ples suggests that Lhey were derived fror¡ erosion of low rank Eetanorphic

rocks and this is conslstenÈ r,rlth lhe interpreÊaÈion made on the basls of bulk

franework conposÍtion. The provenance of the feldspathic, voleanic-rieh þper
Blairmore-rYa*vÍlle sândstones côuld not be esEablished with Èhis method.
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(c) FELDSPAR PoPIJLATIoN

Prevtous studles (e.9. ì pLttnan 1970) have noEed that provenance

informaEion can be also be derived from detailed analysis of the feldspar

fracËion in sandstones. Four feldspar-rieh sandstones were selected fron Ehe

upper (feldspathic) part of the stratig?aphic interval studled (Beaver lrines

and Thorsby channels, and the }fodeste creek Meruber) and the trdirìning and zoning

characteristics of one hundred feldspar graÍns in each sanpre was tabulated

(Table 10).

In all four sanples, the enEire feldspar populatlon iras conprised of

plagioclase. ¡fost of the graíns were unEwlrined (average 65.52) and roost (g7%)

of the grains showed no evldence of zoning. Arbire t*Ínning r,Jas nost cor'tron

(average 29.87" of grains) and carlsbad and conbined albite<arlsbad twinning

was much less conmon (average 2.8 and O.5Z respectively). In nost g?ains, the

high degree of alleratÍon hindered detemination of the style of zoning (Í.e.
progressÍve versus oscillatory) Ín .the gralns although, progressive zoning

(PiEtnan 1970) was recognizable in a few gralns. AlÈhough nos! grains are

partially to completely alLered Lo sericite arid carbonate (see chapEer on

dlagenesis), the composilion of slx urzoned feldspar graÍns was deteroined

using a conbined Carlsbad-Albite t(.¡iffilng nethod (L. D. Ayres, pers. comtr,,

L977) ranged frorn hg-26(average Anrrr,

The feldspar populatlon of sandstones is nore dlfficult to interpret Ehan

the other fra.rner¡ork conponents as this fracEion is particularly susceptibre to

diagenetÍc alteretion, If the detrital plagioclase has noE been altered, then

its ccmposition can be 1Ínked tô Èhe type of igneo,rs rocks and the grade of

netamorphic rocks fron whích ft is derived (pit'man 1970). On thÍs basis, the

albite-rich plagioclase rn the Earty cretaceous sandstones exanined in thls

study could have been derived fron either felsie intrusive and/or exrrusive
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rocks' 1ow-grade ( greenschist-l0wer amphibollte facles) rnetamorphrc rocks, or

spiJ.irized basalrs (Hyndrnan 1985, p. lg3, 252, 297 and 458). Horrever,

prevÍous researchers (e,g.rGhmt and ltiller 1974; Mellon 1967; putná.o and

Pedskalny 1983) doc.rnented exterslve arbitizatlon of the plagioclase grains ln
Early cretaceous sandstones equival.enr to those studíed fn this thesls. The

trniform, albitic cornposrtion of the feldspar grains exan-lned fn this thesis

suggesËs that these gralns have been diageneÈical1y altered. For Lhis reason,

the composition of the feldspars can noE be used to interpret provenance of the

detrlLus.

PlÈtnan (1970) noted Ehat twlrurÍng characteristics of plagioclase was also

lndicallve of provenance as netâmorphic plagloclase was largely tErtwlnned

whereas volcanic and plutonic plagioclase crys!ârs cormonly exhibit both albite
and sirnple (Carlsbad) twiffilng. Zoning, particularly the osclllatory variety,

is índicative of volcanrc or hypabyssal fntrusive source rocks. Based. on these

observatlons, the predonÍnance of non-twÍnned plagioclase and virtual absence

of zoning (Table 10) 1n the Ear1y CreLaceous sandsrones exa¡nined in this reporE

1s indlcatÍve of a 1ow grade rnetarnorphic source. This rnterpretatlon rs

difficult to reconcile \rirh the observatlon that that foliáted quartz-ûica

(netamorphic) grains are rare in the Early cretaceous sandstones whereas

volcânic fragments are very cormonly associated I,-ith these feldspathic

sandstones (Rapson 1965; Mellon 1967; Table 11 of Ehis study). The reason for

lhe discrepancy ln provenance interpretation ls 'lliclear but lt ls possible that

any relict zorling textures ln volcanrcally-derlved detrltal plagioclase rnay

have been destroyed during subsequent diagenetic alteration.
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(d) MAIOR EI-EÍB{T cHEMrsrRY i STRATTGRAPHTC vARrATroNs AND pRovENANcE

IMPLICATIONS

Fifteen sâûp1es of Early Cretaceous sãìdstones were analyzed for major

elerrenE conposition by the x-ray fluorescence laboratory at the Geological

Survey of Canada in Calgary. This data, expressed ln terms of weight percenÈ

oxides, 1s sumlarized 1n Table 12 and pLotEed as points on a series of

hlstograms (Flg. 47). These graphs !¡ere consth.¡cted by grouping the data on the

basls of stratlglaphy and plottlng the welght percent o)<ide ln each sæple on

the histogräns. The three groups ldentlfled include:

1) lower sulte, consLstlng of Gladstone channel sãrdstones.

2) mlddle suite, conslsting of the Medlcfne Rlver-Itoadley-Drayton Valley and

equlvalent Moosebar marine sandstones.

3) r:pper suite, consisÈlng of Modeste Creek-Torrens marlne sãldstones, plus.

the feldspathlc sandstones froE the Beaver I'llnes Formatlon, and the Thorsby and

?emblna chafmel systens.

0n these grâphs (Ftg. 47), the welght percent oxide values fron the oldest

(lower) sulte) âre pl.oÈted on the left verllcâ1 llne, the niddle sulte ls

plotted fn the center of the dlagr 0 and the youngest (upper) sulte is plotÈed

on the right vertlcal 1lne. systeúâtlc stratlgraphÍc varlations in chenlcal

coûposftion are evldenÈ and these âre besÈ denonstrated by conparing the range

of values for sândstones wtrlch comprise each sulte. Three generalizatlons can

be nade concernlng chexnlcal coxrposltion.

1) The lower såndstone sulte ls characterized by very htgh sio2 vaLues and low

N420, A1203, Feror, Mao, T1O2, K2O, MgO, and SO, values, conpared ro the nÍddle

and upper sultes (F1g. 47). This ls conslstslt wlth the petrographlc

observatLons that these sandstones are domlnated by quartz and cherÈ and
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SåÀpIe ño. Fe2ol HnO 1102 Ero Cå0 R2o P205 À¡203 St02 ¡80 Nå20 S03

IJ¡ÞER SIJTlE
NODESlE C¡E'K.IORRENS HARINE
5/\N¡STO|¡ES PIUS n!L^tE0
CHÄIIN¿L SÀ¡.¡DSTONÉS
(PEH¡iîìÂ nto¡sBy-ûE¡v¿R HINES)

sstl5 2,5â o,O2 O.5Z
(¡)

ssll8 2.79 o.tl 0,33
(r)

ssl{7 7.96 0.13 0,55
(rc)

ss93 l.l8 0.05 0.4ó
(tH)

stlor 7.t5 0.09 0.19
(P)

ss2 3.52 0.08 1.02
(tH)

sst2l t,9ó 0. Lr 0.77
(¡H)

0.09 0,69 2.00 0,I¡ 17.2i 69.22 0,6\ 2.24 0.0

0.01 14.17 0,86 o.t4 6.18 21.30 l.4t 0.95 0.01

0.0ó !,04 2.Ió o.19 14.42 61.07 r.50 r.82 0.12

0.09 3,ó9 r.r{ 0.15 10.¿9 ó9.1ó 1.89 r.64 0,rt

0,04 13.14 0,81 0.t5 E.76 42.t0 5.15 l.t4 l.r0

0.21 1.85 3.03 0.4r 21.85 5¿.96 1.23 1.79 0,06

o.o7 z.t4 r.ó5 0.20 t7.ó3 59.?5 t.79 I.90 0.03

¡ ED r c r-r c oi;i itE R-ttoaDLEY-
DRAIf OI¡ VAI,L'Y-¡lIDDLÉ
HooSE¡ÄR HÀRt¡lE S¡{¡lD Sl0¡¡ ES

0.04 0.4r 0.05

0.04 ¡.42 0.02

0.30 t.52 0.21

0.29 0.56 0.6ó

0.73 r.L3 0. t4

t,72 94,71 O.12 0.Ll 0,02

5.35 E7,0E 0.43 0,25 0.43

6.06 05,07 o.ó0 0.43 o.aa

2.81 92.8r 0.20 0.09 0.0r

6.a2 80.5t r.20 0.81 0.12

sst52 0.79 0,00 0.44 0.03
(HR)

s585 1.54 0.00 0.20 0.06
(n)

ssl45 2,36 0,Or 0.25 0.07
(Dv )

ssl23 0,9¿ O,Ot O.l4 o,O2
(w)

ssl60 5.lt 0.06 0.25 0.04
(H¡r)

¿Iõ3Ìõ¡E-õHÀÍri¿L
SAN¡SIONES

0.01 0,23

0.03 0.27

0.0¡ 0.60

0.3t 0,79 0.20

3.7r 1.2¿ 0.L

0.66 0.29 0,03

6.31 A3,94 0.25 0, Ll 0.08

2-12 0.1¿ 0.01

0,25 0.22 0,O2

ss-l
(c)

sst26
(c)

ssL49
(c)

0.05

0.02

?.92

0. tlr

ó.3ð 76.27

3,08 92,42

(12) Major element composition of representative Êanples
of narine and non-narine BLair¡nore-Man¡vilLe sandstones.
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contain virtually no ferronagneslum or ahminosll-lcate Einerals or lgneous or

netanorphlc rock fragnents.

2) The upper suite contains substântlelly lower values of SÍ0, and much higher

values of all other oxides, than lhe lor,¡er suite descrlbed above. This 1s

consistsrt wlth pètrographic observations that these sandstones contaln

abrmdant feldspar and volcanlc rock fragænts and a much htgher proportlon of

clay-carbonate matrix. One sæple ln this suite (/l 118) contalns much higher

values of CaO ar¡d lower values of StO, and 41203 thãr all other sæples (Tab1e

12). fhese anomalous values reflect the pervaslve carbonaÈÍzaÈion recognlzed ln

thls sllde.

3) Sandstones fron Èhe mlddle sulte generally exhlblt o>dde values which are

lnternedlâte between those of the upper and lower sultes. Thls is conslsteriÈ

I'1Èh the lnÈerpretatlon that Ehese sandstones cornprlse a Eransltlon sulte

betseen the older quartz and chert-rlch sandstones and the. younger,

feldspaÈhlc, volcanlc-rlch såndstones.

CHEMISTRY AND PROVENANCE

In the past decade, several studies (Bhatla 1983; Roser and Korsch 1986)

have systenatleally lrwestlgated the relatlonshlp between Èhe najor elenent

chemical composftlon of sandstones and the tectonlc settlng of Èhe basln ln

whlch those sândsÈones were deposlted. BoÈh studles noted that sãtdstone€ are

partlcularly dlfficult to classlfy and lnterpret on the basis of bulk che!ûlstry

alone as their cháracterlstlc hlgh porosity and permeablLlty perüÍE then to

behave as "open" geochenicaL systens durlng burlal. Thus, during di.âgenesls,

the bulk ccmposttlon 1s subJect to change, due to the addltion of authlgenlc
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phases' or the dissolutlon or alterarion of unstable fra¡ne¡,¡ork or maErlx

material. DespiEe lhese problens however, the tecEonic setting does appear to

lrpar! a charâcterlstic si.gnature r¡hich overvhehns the effects of

post-diagenetÍc alteration, and can thus be used Lo interpret Ehe Þrovenance of

sandstones of unknown pârentage.

Bhatla (1983) introduced four brnary plots wirich di.fferenríated

sandstones dertved fron various tectonlc settings. To evaluate the

provenance of Ehe Lolrer cretaceous sandstones, Èhe wefght percent oxlde values

were recalculated on.a volatile-free basls and total lron r¿as expressed as

Fe203. the sandstones comprrsing eâch of the three chemicar surtes (described

above) were plôtted using differenr synbols (Fig. 4g).

In general, the Early Cretaceous sandstones exanfned fn this study

exhiblEed a wide range ln ehenicar coûposrÈion and shor¿ed a much higher

varlablity rhan Èhose plorted by Bharia (19g3), þpro:drnately 209," of the

sanples fron Èhis study plotted off scale on these dlâ,grãEs and sæp1es froo

Èhe sa¡ne lnterval' and which contalned sÍnilar petrographlc (franework)

conposlElon, showed narkedly different najor eleænt coùposLÈions. Despire this

high variabllty fn conposiÈion, ánd poor correspondance rrfth the tectonic

flelds designated by Bhacla (1983), several generalizatlons can be nade

concernÍng the provenance of the sãtdstones exanLned ln lhls study,

consÍderable overlap exists beÈween the lower and rniddle sãrdstone sultes

on aL[ of these plots (Flg. 48). These sã¡dstones generally plot in, or near,

the passive rnargin field 'hich consÍsts of "hlghly nâture sândstone derLved.

fron the recycllng of older sedlmentary rocks" (Bhatla 1983). Although he does

not dlfferentiate a disÈínct field for foreland basin sardstones, this

correspondance is to be expecled as the foreland basin sandstones are lypically

reeycled fron older passÍve nargín sequences (Dickinson and Suczek 1979).
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Sandstones 1n the upper 6uite exhlblt a wide range in conposltlon and

generally plot ouslde of rhe fields ourllned by Bharia (1983). The hÍgher Fe2O3

and Mgo cont€nt of Èhese sandstones, relatlve to serdstones fron the lower arìd

rolddle suites, forces these polnts to the rlght of all of the diagras, towards

Èhe oceanlc or contínental lsland arc fields. f.ihiLe thls 1s conslstent w-lth

petrographlc observatlons that these sândstones contain a slgnificanÈ vorcanic

cooponent, the large range in thelr composltlon hlnders nore precise

lnterpretatfon.

A second plot introduced "by Roser and Korsch (1986) dlfferentiates

sandstones on the bâsfs of slo2 versus qo/Nâ20 values. These paraneters were

also caLiulated on a volatlle-free basls and the sandstones conprislng each of

the three chenlcal suites (described above) nere plotted uslng separate symbols

(F1g. 49). ThÍs btnary plor acccmodates the data collected ln thls srudy Erch

becter than those.proposed by Bhatia.(1983) as only one of the sæptes (the

pervasively carbonatlzed sanple /i118) plotted off scale on thls diagran.

Èforeover, the data plots ln fwo dlstlnct flelds, and thls is conslstent w"Ith

petrographlc observatlons that a dráûatlc change ln provenance occurred in

westelTr Canada durlng the Early CreÈaceous.

SaryLes fron the Lo!¡er and nlddle suite exhlblt conslderable overlap and

fal1 wlthlri Èhe pâsslve nargiri fleld, as defined by Roser and Korsch (1996).

Although they have noÈ di.fferenÈfated a foreland basln fleld on the dlagran,

thls ls !¡here these saoples should plot as Èhe quartz and chert-rlch foreland

basin sandstone are typlcally derlved from reeyellng of quartzose passlve

margln sequences (Dlekinson and Suczek 1979).

Samples fron the upper sulte exhlbit slgnlflcantly loçrer SiOz and KrO/NarO

valueg and xûost ploE l,t'ithtn thelr active c,ontfnental margfn fleld. Thts fteld

typtcally conprlses quartz and feldspar-r1ch Êatdsfones fron conËlnental margln
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arc-Lrench systems and strike-slip basins. The lwo sarnples of the upper suite
or near

vhich plot inv the oceanic island arc fteld (/lro1, 11g) both exhibrt mrch rûore

extensive carbonaEe replaceoen! Ehan rhe other sæples and it is posslbte that

diagenetic alteratÍon has obseured Ehe Eectonic slgnature of these saldstones.

(e) SI]M}ÍARY OF PROVÐ.IANCE I¡IERPRETATIONS

Analysis of Èhe petrography and najor eleEent chertrÍstry of flfteen

representatlve sandstone sæples reveaLs that drarDåtlc changes ln the

provenance of detritus oecurred durlng the Early Cretaceous.

. The Late Jurassic Rock Creek and Fernle and Early CreEaceous

cadonin4ladstoñe-Ellerslfe and basal GlauconÍEe såndstones are çartz and/or

chert-rich, contaln vlrtualLy no feldspar or igneous and metanorphic rock

fragllenls, and contaÍn an ultra-stable heavy rnineral assernblage. These

sandstones were probably recycled frorn fron older (proterozolc, paleozoic and

Early }fesozoic) niogeocllnal clastlc and carbonate 
""qu"n""" urtlich r,¡ere

exposed ln the foreland fold/thn-rst belt r¿htch flanked the \,¡esterrl nargin of

the basin.

A úåjor chãnge ln provenance occurred during the Early Albian as the

Beaver Mines-Torrens sandstones 1n the Foothills, arid equivalen! sãrdstones ln

the upper Gl.aueonite Formá.Llon in the subsurface, contain abr¡rdant

(plagioclase) feldspar and volcanic rock frågnents, in addÍEion to the chert

and quartz. These sandstones contain vtrtually no follated quartz-úica

(netanorphic) grains and contaln a petrographtc ( frane¡¡ork) and chenical

cornposition consistent with â contlnental magnâtic arc, or strike-slip fault,

tecÈonic setËing.

The abundance of volcanically-derlved detriEus in the upper part of the

Blalrmore-Luscar has been nored by prevlous Ìrorkers (Glalster 1959; Rapson
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1965; Ifellon 1967; Purnan and pedskalny 1983) bur rhe source of this úarerial

has never been clearly established. since coeval (Jurass Íc-È arJ.y cretaceous)

volcanic sequences are not widely preserved in the southern cordillera (souther

L977 ) ' Lr appears thâÈ this detrltus could only have been derived fron one of

Ètto source terlaneè vhich lnclude:

a) Late Paleozotc-Early llesozoic (Triasslc) volcanlc piles Ín Èhe

alloehthonous terranes ln the Intermontane Be1t,

b) a norreroded volcanlc arc system whlch. was centered in the southern onlneca

crystalline Belt ( shushwap-Koot eriay Arc area, Fig. 44), Although volcanic rocks

of Ëhis'age are not presently found ln thls aree, nunerous granÍtlc pluÈons of

thís age (approxiuately 100Ma) have been descrlbed (Arehibald er al. 19g3) and

these may represenÈ Ehe roots to a now largely eroded (disseeted) magna!1e arc.

These plutons fntrude, and therefore post-date an. older ætaEorphic "core',

compleX whÍch formed during during a Cretaceous eollfslon of the North

AmerÍcan 
"r"aon "nd 

the allochchonous terranes (Archfbal.d et a1.l9g3). l,lineraL

assenblages in thÍs conplex suggest lhaÈ 13-17 kn of eover has been strfpped

off sfnce these granitÍc plutons were ernplaced. This unrooflng process could

have strÍpped off the upper (extrusive) parts of Ëhe pi1e, such that only the

plutonlc roots are presently preserved.

The relative âmounts of deÈriÈus contrlbuted by these rwo volcanLc source

terranes could not be establlshed using petrography. However, Ewo lndlrect

Llnes of evldence sugges! that a mâgúåÈic arc i.n the southem cordillera is a

nore llke1y candldate for the source of Èhe volcanic derritus.

(1) lt is unrikely Èhat volcanic detritus fron the al1óchthanous terranes ln

the lnteûnontane Belt could have traversed the elevaEed foreland fold/thn-rst

belt to be deposlted in the Alberta Basln, Dickinson ênd Suczek (1979) note

that the fold/thrust belLs typically shield the adjacent basLn fron receiving
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sedÍnent from the overÍdÍng plate.

2)lncreased Eectonlc shorËening and absence of large scale strÍke s1i.p faults

in lhe souEhern cordlllera have been clled as evidence thât more exLensive

(oblique) subductlon occurred rn this area durlng the Early cretaceous,

relative to Ëhe northern cordillera where ûosL displacement was taken up along

strike slip faulcs (Lanberr and Chanberlin lggg). If sfgnlftcant

suMuctl.on did occur in this area, Èhen large arnounts of nâgmå must have been

generated. The concentration of Earty cretaceous prutons in lhe Kootenay A.rc,

end the local developrnent of Early cretaceous ex!rusÍve rocks (cro\rnest

Volcanics) are probably the only record of Èhis nâgnatlc event aê úost of the

volcanlc pile was apparently bevelled by erosion and redeposited Ín the

adjacent basln.

Exlsting rnodels of Cordil-leran evolution (Monger et aI. l9g2; Lambert ând

cha¡nberlÍn 1988) do no! explarn why an abrup! chmge in sandstone provenance
.:

oecurred durfng rhe Early cretaceous. A¡r alternatÍve tfro-stage tecEonic nodel,

suggested here, invokes a shift in polârlÈy of the subduction zone along the

westerrr mårgin of North America as the cause of thÍs chæge in provenance.

During rhe lnltlal stage, thrusE sheets vere piled rp fnto a foreland

foi.d/thrust belt as Ehe the underriding (Norrh Anerlcân) plate was consuned

along a lrest-dipping subduction zone \rhlch separated the allochthonôus terranes

fron Lhe craton, as deserlbed by Monger et a1 . (19g2). These uplifEed EhrusÈ

sheets acted as source for the quartz arid chert-rich lower Blairnoreryannville

sandstones in lhe adjacent Alberta Basin.

During the flnal stage, when rhe accretlon of Ehe alrochthonous lerranes

wlth North AmerÍca was essenlially complete, subsequent convergenee \ras taken

up al.ong an east-dipping subduetíon zone which developed along the westerrr

margÍn of Ehe âllochrhonous blocks. During thrs stâge, the North AnerÍcan
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cratonr coupled nÍth the newly accreted allochthonous terránes, forned the

overridÍng plate and acted as a platforn upon whlch a contlnental margín

nâ$É!lc arc deveLoped. This arc, HhÍch acÈed as the source of most of the

volcânlc detritus in the upper Blairmore and Mannville sândstones, ls now

largely eroded although the Early cretaceous plutons ln the southern cordillera

conprise the rooÈs Lo thts complex. A nore detailed discussion of the tectonÍc

evolution of the southern Cordj.llera will be presented in Chapter 11.




