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Eramination of 32 cores and over 100 well logs in
Mortheastern Fembipa allowed 8 facies to be distinguished.
The facies within the Haven River Member comprise a shelf
saguence which begins with deark bioturbated muddy

giltstones, and coarsens upward into pervasively bioturbated
-
muiddy sandstones, bhiotwbated sandstones and nonbipturbated

gandstones. Theé most characteristic sedimaentary structure

in bhe nonbiotuwrbated sandstones s hommocky cross

stratiftication which is formed during storm reworking of
gftshore sedimsntse.,

An erasion surface separates the Ravern River Member
from the overlying conglomerates of the Carrot Creek Member.
Maximum erosion on fthis swrface ocouwrs within a deilling gap
present in northeastern Fembinas aﬂd.m¥{ the northern
houndary of the field., On elther side of the drilling gap,
tacies 7 iz present beneath the conglomerates. However,

within the drilling gap there is a oronounced thinping ar
caonplete absence of facies 7. Conglomerates form a very
thin venesr on top of the erosion swface which may indicate
a second period of erosion atter deposition of the
conglonerates. OFFf the northern boundary of Lthe field, the
Cardium sequence 1s partially o completely absent. The
prigin of the erosion swface may be due to a relative
lowering of saa lavél in the Alberta Rasin. This would
cadss bthe shorslineg to advance many kilometres Dasinwarod and

a new shoreface to hecoms estabhlished aon sedinents which
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ware previously offshora,. Mewly incised rivers cowld then
carery sand and gravel to ths new shoreface.

The Carrot Creek Membesr is overlain by the Dismal Rat
Plember , the base of which is characterized by pebbly
mudatones that fine vpwards into laminated dark muwdstones
and massive dark mudstones. This sequence may reprasent a
ralative rise of sea level within the Slherta basin, P@bbl?
mudstones may be the result of gravel on top of the erosion
5ur$a¢m i ng reworked by gstorms into the transgressive
mitedes .

The morphology of the datum (used for correlation of

wll logs) in northeastern Peobing is characterized by

undulations and discontinuities. These structures were
originally thought to he tectonic. However, the taopography

mimics that found on the erosion suwfane above the Raven
Fiver Memher. The morphology of the datum may represent the
draping of sediments on top of the srosion surface above the
FRaven River Member. Alternatively, the morphology of the

datiuum may reflect srosiomn on bhis sweface.
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This theses ls part of an mngmiﬁg.ﬁtumyq wider the
suparvision of Dr. R.G. Walker, of the Upper Cretaceous
Cardium Formation, within the Western Imterior Seaway of
Alberta. The Cardium-Fmrmatimﬂ iw onae of many Interior
Seaway deposits and appears to bhe conposed of long, linear
en echelon sand ridges o bars, totally encased in sarine
mudstones, For simplicity, the ferm "widges” will bhe wssd
throughout the rest of this thesis. The ridges contain
moarsening upward sequences thalt are capped by sandstongs
and conglomerates, and they appear to have formed several
kilonetres ﬁmmward-m$ any apparent time-souivalent
shorel ina. 14 the ridges were initially depogited
"offshore”, Lbwe major problems ariegs

1) how were the sediments transported across the shel

and

2) how were the sedimentes focussed into long, naryow

ridges?

The purpose of this stuwly iz to evaluate Lhe
deposi tional history of the Cardium Formation in the
northeestern reglion of Fembina oil +ield, in light of the
problemns listed above, associated with transport and
forussing of sedimsnts. In particular, the sand body
geometry and bmth lateral and vertical facies relatiaonship
will be examined. The hypothesis that these sediments wer

deposited many tens of kilometres from the shorelineg will
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avaluated in view of their observed geometry, facies

relationships, and pverall stratigraphic position.

3

1.

Problems With Linesar Ridges

]

Linear ridges similar to those recognized in the
Fardiam Formalion havm-bmmn reted in obher %mrmatimn%-withim
the Western Interior Beaway and includer the Viking
Formation (Raddysh, 1986&), the Shannon Formation (Tillman
ard MartiﬁﬁEﬁ, 19@4), the Frontier, Ferron, and Gallup
Formaticons (references in Blatt, 1984, Traditionally,
these ridges have been described as long, narrow, offshora
bare which trend obliguely or parallel o the
time—~aquivalent shoreline. dMarine shales totally encase the
ridges, which appear to lie many kilometres from the nearest
documented shoreline. Originally, it was thought that the
ridges represented progressive coarssning upward seguances
with sandstones and conglomerates at the top of the
sedquences. Mowever, 1t was not olear why these sequences
goourred.  (One interpretation suggested that the ridges
formad due to oan overall aggradation of the sea floor within
the Western Interior Seaway (Bwift amd Rice, 1984). In
addition, it was bhelisved that the sandstone and
conglomerate at the top of the ridges had a gradational
contact with Lhe underlying marine shales (Tillman and

Martinsen, 1984). However, Swagor et al. (1978) recognized

an unconftormity separating the conglomerates from the
underliving mudetones at Carrot Creek field, in &Glberta.  He

interpreted the coanglomerates as offshores deposits

associated with storm currents.
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Bergman (1984 also recognized an erosion suwface beneath
the Cawdiumlmmnglwmﬂrat@ﬁ al Carrot Creelk. v an srosion
suwrface s present below the conglomerates then they are nob
part of the previously described progressive cosrsaning
upward segquence.  The ﬁew: approach towsards an
interpretation of the Cardium ridges involved noet only the
estions of trangport and focusging of sediments, but also
a machanism capable of transporting gravel many kilomaetres
Ffrom the shoreling and depositing it on tap of the

praviowsly formed ridges.

1.3 Shelf Processes

MNumerouwes processes interact fTo branspart and Feworl
sediment in the shallow marine environment . Fowe mechan i smes
ot sediment transport were discusssd by Swift et al. (1971
and includes

1} intruding ocean cwrents

2) tidal currents

2 peostrophic currents

4y turbhidity currents

These processes may act separately or combine Lo
transport sedimeant on the shelf. Intruding ocean cuwrrents
are rafrg, baving been rgmmgnized o only A4 f mocsrn mardone
ahal ves., Bince they do nobt represent & common mechand sm of
gerliment Transport they will not be discussed further. In
the previous section, it was smentioned that the
conglomeratss were deposited offshore by storms (Swagor,

197&) . I+ the conglomgrates were deposited by storms, it is



implied that they were deposited bhelow $airwwathﬁw W VB
bage., Tidal currents can transport and rework seimeEnt bk
only above falrweatbher wave bDasw.  Thus, tidal cuwrrents oo
not provide a mechanism for tramnsport of the Cardium
conglomerates if thay ér@ associated with storm dmpmmitimﬁn
below fairweather wave base. Obther observations that
suggested stora deposition of the Cardium sedinents were the

nature of the trace fauna, and the pre

SErs e oF nammoic by
eross stratification in the sands (Harms et al., 1978
Wiright and Wal ker, 1981). ’Eimae shtorm deposition bheoamns
assaclated with the Cardiam, mechanisms of transport on fthe
ahael + bhecame centeraed on storm dominated sheld processes.
Tw ma o memhaniﬁﬁﬁ rf sedinent transport on storm
gdominated shel ves ares

1) geostrophic flows, and

3 bwrbidity currentes.,

Geostrophic flows are set up by wind blowing water
onshare. A seawdard presswere gradient e crested dus to
elevated coastal waterg. There iz & resullant bottom return
Flow which ig deflected to the right (in the northerns
hemnisphere) by Coriolis foree.  The flow then evalves into a

geastrophic flow moving garallel to ischaths.

eliment is
transported during each storm, incrementally, parallel to
the shoreline (Walbker, 198480,

Turbidity cuwrprente are density driven curvents whoere

the excess density of the flow is due to suspended sediment,



These currents are able Lo transporli sediments directly
spaward, across lsobeaths, over long disteances aven on low
angle slopes such as thalt of ﬁhm ghalf., Twhidity cuwrrent
deposits tend to bhe characterized by sharp based, gradad
mandstones that do ﬂmtrcmntain Bummacky oross ﬁtratifimati&ﬁ
(Walker, 1984a).

Problems with Geostrophic f1

s apnd JTurbidity currents

Al though both tarbidity cuwrrents and geostrophic Flows
can transport sediment below falrwesther wave base, they do
reot éamwumt fore thee Livear ridge sorphology of the Cardidum
gediments,. Thers are aleo problems comcerning the
genaration of turbidity currents on low angle slopes such as
that of the Alberta basin (Dewiel, 19563 Walbker, 1984a).
Deponsits below falrweather wave base from bobh geosteophic
fFlows and twrbidity currents can be reworked by storm waves
it they are above storm wave base. Tt was suggested that
thie may account for the presence of humnmocky cross
stratification in the sands of the Cardiwn Formation.

1.4 Etfects O

Relative BSea Level Lowering

Extensive study of the Cardium Farmation, especially of
the Carvot Creek Member (Plint et al., 1928848), suggests that
the initial approsch to the preblems of bransport and
focussing of the Cardium sediments was wrang. Flint &t al.
(19846) recognized & seriss of regiomally extensive srosion
surfaces present in the subswrface (Figure 1), Bl tChrouwgh
E7. These surfaces are mosbly overlain by a thiin venese of

conglomarate, although thicker accumulations up to 19 mebves



FIGURE 13 Stratigraphy of the Cardium in the subsurface

{Plint ek al., 198&4)
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have besn observed (Beegman ancd Walker, 192B8&) in the Darrot
Creask Member. Plint et al. (19848) suggested thalt the
erosion surfaces are the result of a rapid lowering of zea
lavel , with erosion due Lo wave scowe on the bed. The
ahorel ine advancedd rapidly many kilometres basinward and au
new shoretace was established an Eeﬁimmntﬁ which were
prmvimﬁﬁly aoffshore. As a result of the lowersd base level,
newly inclised rivers supplied samd and gravel to Lhe newly
Ratablished shoreface. This coarse material was
subsequently reworked alongsbore Dy waves. A @nsuing
transgrassion transported some of the gravel baok agross the
@rosion surface, while storme reworked gravel seaward into
Lransgressi ve made. With continued deepening, the entire
area became blanketed wilth mud. At Safrmt Creel fiaeld,
conglonerates rest on an erosion suwrtface, ES, which
indicates that they are not part of the wnderlving basinal
aggradational sequence containing hummochky cross sbratified
sands at the top. These observations can he explained using
the hypothesis employed by Flint, where the lowsring of sea
lavel causes a new shoretace to becoms established in
sediments which ware once previaously offshore (de. hummooky
cross stratified sands).  Thus, the elongate Cardium ridge
deposits appear to represent btransgressed, resnant
shareftacses which are now totally encased in marine shales
and located many kilometres from any Uime—eoul val ent
shoreline.

There are olther examples of @rosion suwifaces of this



&

type found in Slberta in the Cardiwn (Flint et al., 1984
and the Badheart Forsations Plint and Welker, in preses),
the Viking Formation (Reddysh, [986), and the Hallup and
Tocito sandstones of Mew Mexico (Tillman, 19685 . Howaever,
there are problems witH the recognition of these srosion
swrtaces, since thelir expression may be wvery subtle

{Bergman, pers. oomm.)

Bt Pembina oil field, a subsurface study has reveal el

the syistence of an erosion suwwiace, S, which ooows in the

nertheasgtern region of the Flald. Qonglomerat Form & hhin

VEaneer, approximately 0.467 setres thick, on top of the
grosion surface. _Thiﬁ mame ®rosion surface has bean
racognlzed at Carrot Creelk, although the averlying
conglomarates are auch thicker, up to about 20 metres
(Bergman, 1984). Tt is the purpose of this thesis o study
the sand body geometry and facies relationships of
rortheastern Fembina field in order to define the erosion
surface, ES, and its implications on sedimertation. The
Cardium deposits appear Lo ocour many kilometres from a
time-~equivalent shorelinsg and this will bhe discussed in
light nf the hypothesis which proposes sea level changes for

the apparent origin of the Cardium Formabtion ridges.,
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2.1 Regional Selting

The Upper Cretaceous (Turonian, 88,591 Mad Caedium
Formation crops ouwl sxtensively in the Foothills of the
Canadian Rockies. Lt iﬁ approdimately 100 metres thick iﬁu
putocrop and contains & maximin of @ight coarserning wpward -
soauences (Duke, 19835). Bix coarsening upward ssousnces

P

Mave been recognized in the subsurdace Cardium present in
“Alberta {(Flint et al., 1984). Deposition of the Carddum
sediments oocowrad during e tectonically guist period within
the Western Interior Desaway. The Cardium Formation
repregents the main s=andstaonsg wnit of the Alberta (or
goguivalent, lemradm) Group. Three formations are included
within the Alberta Group: the Blackstone, Cardium, and
Wapiabi Formations, The Blackestone Formabtlion consists of
2E0 metres of marine shales and represents the |lowest
stratigraphic formation. Overlying the Blackstone Formation
im the Cardiun Formation which comprises approximately 100
metres of interbedded sandstones and shales. The uppermost
Wapiabi Formation is 300 metres thick amd ig composed
primarily of shales (Figure 2. Obther Turonian eguivalents
af the Cardiam Foremation include the Frontier, Ferron, and
Gallup Formations which alse ocouwr within the Western
Interior Beaway.
Z.2 Outcrop

Modern oubtocrop work on the Cardium was initially begun

in 1954, a yvear aftter the discovery of oil in the Cardium



L

FIgUreE 2 Stratigraphy of the Alberta Group in the Foothills
of Alberta. Ages given on the left are from

Falmer, 1983 (from Walber, 1984bh).
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Formation at Pembina figld. Stotdt (19643 defined six
stratigraphic memberd, emphasizing the "layer oake
ztyratigraphy”" of the Cardium. Later studies of the Cardium
in owterop (Wright and Walker, 1981 pointed towards
inconsistencies In Etmﬁt’g givigions., Stott’'s Cardium
menbher boundaries crossed ocoarsening upward deposiitional
sequences. Thus, Stott '3 scheme was modified by Wal lker
(198240 and Dubke (1985,

Flimt et al. {198&) sstablished a formal stratigraphy
For the Cardium Formation in the subsurface of Slberta bhased
on the recognition and correlation of ergsional and
transgressive surfaces.  The Cardium Formnation extends
Foughly from the Brand Prairie area to south of Calgary in
the subsw tface. The erosion and transgressive swiaces
become almost coincident when conglomsirate overlving the
erosion swface le present as & veneer {(these are noted as
E2/T2, for gxample). The EL/TL surface defines the base of
the Cardium Formation and the E7/7T7 surface designates the
top of the %uwmatimn (Figure 1),
2.4 Pempbina - Gubsurface

In the northeastern region of Pembina field, three
gtratigraphic members have bheen recognized in the
subsuwrface: the Raven River Member, the Carrot Creek Member,
and the Dismal FRat Member (Figure 1. The Raven River
Member is defined between the bhoundary surfaces T4 and ES

angd represents a cogrsening upward segusnce, It bhegins with
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dark Riotwibated muddy silistones which grade upwards into
pﬁﬁ?&%ively hioturbated nuddy sandstornes, biobtuwbated
sandetones, and finally into hummocky cross stratified,
masbioturbated sandstongs at the top of the seguence. The
Carrot Creek Member consists of onglomerates which rest mﬁ
top of the ED erosion surface. Conglomerates form a thin
vareaer, J9.67 m, in northeastern Fembina, spproxisating a

thickness of 1 metre in most Cardiam filelds, and re

aching &

marximum thickness of 20 metres at Carcot Cresk fisld

(Bawrgman , 1984} . In northeastern FPembina, Lhe pase of the

Dismal Hat Member is present as a pebbly mudstone and
pverlies the Carrol Dreelk Fember. Fabbhly mudstones $1ne
wpwards into laminated dark mudstones and massive dark
mubdetones. The top of the Dismal Rat Member is designated
by the E&/TéE suwrface, corresponding to the log marker known

as Lardium "zone".



CHAPTER 3Z: HISTORY OF THE CARDIUM

Many hypothesses have been put forth in an effort o
grplain the apparent linegar ridge geometry and sedimentology
of the Cardium Formati csh.

Imitial interest in this marine sandstong was generated
hy the discovery of ol at Fembina field in 19335, Yhus, it
hacame important to obtain infarmation on Cardium
lithmlmgieerand depositional environments.

Inm 19385, both Harding and Farsons suggestend an offehore
gnvironment for Cardium deposition, close {0 & major wiver
moulth and near Lo wave base.

Duwring the same yvear, Floyd Beach (1955) suggested
Cardium sediments had been deposilted by turbidify cuwrrents.
HMe based his reasoning on the fact that thaerse existed great
wni formity and continuity of pebble horizons in both the
Cardiam and Viking formations. This criterion, cosarse
sedimente of great lateral uniformity, hagd been described iy
Fassega (1994) as indicative of twhidity cwrrent deposition
and Beach emphasized this point.

Dewi el (19%94) abijected to the twhidity current
hypothesis as applied to deposition of Cardiuam sediments.

He pointed oub that the main problem with the hypothesis was
that the Cardium ssa was shallow, possessing too low 5 sl ope
far the generation of turbidity cuwrents.

The discussion sureounding Cardiduwn deposition then

hecame centered around shallow depositional envicronments due
=



to problens assoclated with the genevation of buwbidity
curreants within the shallow Cardiuan sea.

Mielean (1%07) suggested a shallow walter enviraonment
fior the Cardiuam sedimnents.  Me srgued that the Cardium sands
do not exhibit twhidite characteristicsy they do nob ehmwu
grading bul are well sorted, the sands and muds are highly
irregularly interbedded and there 1is esvidencs of soowr. He
auggested that the sands were initially deposited in a
shal low sea followed by uplift and erosion of the ses floor.
These events were accompanied by wuplift of & sowrse Lo tThe
west which provided an influxs of conglomarate into the sesa.

Michaelis (I9257) agreed with a shalliow water origin far
Cardium deposition. He suggested numerous enviconments
including: tidal Flats, beraches, distribotary channels,
baach bars, and offshore shoal s,

In a detailed descripbtion of Fesbina field, Fatterson
and &rmeson (U9E7) praesented conflicting environments $or
the deposition of Cardidn conglomerates and sands. They
suggested a nearshore environment due to the conglomeratic
matuwre, lenticvularity of the sands, and carbonaceous content
of the GCaurdium sediments.  However, the fine grain size and
wall sorted sands suggested a far offshorse anvironment.
Shallow water deposition was indicated by the cleanness of,
and sedimentary structuwres within, the sands.  Turbidity
currants were also sentioned as & possible mechanism for
Cardiun deposition but there were problemns concerning the

maintenance of flows at such great distances Ffrom & SO0OWSE.
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At this point, the idesa of tuwrbicdity cuwrrents was abandoned
for depepsition of Cardium sediments due to problems of
generation amd-maintmmaﬁaa af these flows wWwithin the
whallow, Albsrite basin.

Btott (1963 described the sands and gravels of the
Cardium as deposits of 8 transitional environment which

A

included shorelines, beaches, shallow-water n

~shor e
gnvironments, barrier beaches and barrier barg. MHe
suaoested that the conglomerates represented beaoh deposits.

In 1989, interpretations of the Cardium becamns
azsoclated with storm deposition. Michaelis and Gixon
(L9469 described the sandstonss and conglonsrates at Fembina
as offshors ﬁhmﬂlﬁAwithiH a shallow sea. They rscognised
Bummacky cross stratificstion in the sands and scoured
surtaces which they associated with storm depositicon.

Gwagor et al., (1974) described the conglomgrabes at
Carrot Creek fisld as offehore deposits associated with
gtorm currents, He noted that the conglomerates were
separated from the underlyving mudstones by an uncondormity.

Currents associated with storns were once again
suggested as o possible sechanism for deposition of the
Cardium sediments. Wedght and Walbker (1981) noted the
presercs of bhummocky oross stratification in the Cardium
mands, in outorop at Beebe, Alberta, and also noted scou
gurfaces.  Thay attributed these features to storo current
ampl acement of the Cardium sands and gravels,

Due to the peroblems of transporting Cerdiuwe sedinents
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many kil ometres offshore and then tocussing them into linsar
ridges, hypeotheses sugoesticng storn deposition had to bhe
reasseesed.

During a subsuwface study of the Cardiuam Formetdon,
Flint @traln {(1784) recognized seven erosion swifaces, k1
through E7 which are overlain by varying tﬁimkm@&aea 0
conglomerate. They suggested that the swdfaces were oresated
as the result of a rapid lowering of ses level. Due to the
Towaring, the shoreline advanced marny kilomebres Dasinward.
Fewly incised rivers Then carried sands and gravels to the
new shorgface. & subsequent tranﬁgr@mﬁiwn.rwwmrkmd the
gravel witil with progressive deepening the area was Finally
Ilanketed by mud.

Using this hypothesis, the original problems of
sediment transgort and fooussing of the sedissnts into
iridges no longer apply. Froblems are now centersd on bhe
oprigin and implications of rapid sea leval changes.

3.2 Recent rk

Recaent work on fthe Cardiom Foroation includes a
detalled conglomerate stody abt Qareot Creel by UM, Hergman
(Fha D A prrep)y & study at Fembios Fielad by 8.8, Loggltd
(M. Be. in prep), detalls of the btransgreseive surfaces in

the Cordiuan Foemation by J.J. Bartlett (M.8c, in prep), and

a study of Ferpier field by D.J. Molean (Mo8o. in prepd.

The discovery of oll in the Zardiom Formation at

Fembina field, 1233, generated interest in this smarine



ﬁandﬁtmn@ and it became important o obtain information an
gtratigraphy and sedimentation.  Since much of the history
f Pembina is included in the previouws section on the
hiwstory of the Cardiam, only major contributions will be
brietly discussed here.

The Lardioam sediments at Pembina field were initially
anstciated with an offshore snvivronment neayr to wave base
(Harding, 1%35: Farsons, 1983). Beach (1993 swuggested that
the Cardium was emplaced by twbidity cuwrrents, Possible
deposi tional esnvironments then became shal lower dus te
problems associated with the generation of turbidity

>y

it

currents in the shallow Cardium sea. Michaslis (190
suggested various shallow settings for deposition, inclading
delta, tidal and besach environments. Interpretations of the
Cardiun Fornation sediments then bhecame asssociated with
storm cuwrrent deposition. Michaelis and Dixon (196%)
dascribed the Cardium deposite at Feabicna as offshore shoals
characterized by hummocky cross shratified sands and sooar
Sl F ACES . These featiurss they attributed to storm
deposition.

Frause (1984) suggested Cardium deposition alt Fenbina
Fielid by geastrophic flows, high discharges from ssasanal
river floods, and shifts in shorelines due to changes in sea
level. He specifically mentioned that the conglomerates
were transported by geostrophic flows and then reworked by

etorms.
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The focus of this study is the northeastern read on of
Fembina (Figuwre 3. Fembina oil field was discoversd in
May, 192855, The discovery well was Socony-Beaboarcd ¢ Fenbina
Ma. 1, 4-1&6-48-8RE, TH@ field has an aresa of nore Lhan
2,EEL soguare kilomebres, making it the largest single oil
Field in western Canada. Froduction ocococurs $r-om
approdimately fouwr separate sands and a conglonerate.
Fesarvoirs are separated by shale breaks.

The data For thise study includes 32 cores and over 100
well logs. Well logs include mostly resistivity log
sigratures and gamma 1og signatuwes when avadllable. Thes

gamma ray log sigrnatwre essentlially mirrors the resistivity

signatuwre and is of scaree availability. Thus, ros

logs (and gamma ray logs, when resigtivity logs were

unavailabhle) are correlated in the croass sections preasented.
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location of Fesmbina fleld.  The iﬁﬁ@t—tm the left
ghows the location of the region in the fFigure.
Fositionsg of Calgary and Edmonton are included for
raference and the approdimate sastern limit of the
deformed belt (thrust belt) of the Focky Mountaing
iw shown. The positions of two Foothills Cerdiuam
@rposures, Clearwater Rliver and Beebe are shown,
Im black are sppronimate locations of produacing

Cardiwn Fields (Plint &t al., 1988).
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CHAFTER 4: FACIES DESCRIPTIONS

4.1 Defioition Of Excies

Facies are distinguished by the lithology, sedimentary
gtructures and paleontological characteristics of & group of
rocks {(de Raat et al., 198635).

4.2 Method

Measwring and desco-ibing odrill core involves dividing
wp the roack into a series of units characterized by distinct
ar gradational braéaaks between recognizable faries in the
rock sSeduences. Facies are +irst distivgulshed acoomrding
to lithology and then sach Lithological wit is studied in
more detail. Grrain size of sands are measuwred, sedimentary
structures are d@ﬁﬁribﬁdg the degrees of bioturbation is
noted and any distinct fossils are recorded, This method
was uwsed to describe the 22 cores studied in the study area.

In the northeastern region of Pembina, eight facies
wers recognized from the 32 derill cores studied. These

e

facies are identical to facies 1,32,%,

5,7 and 8
described by Walkere 983D and (Bergman and Walker, 198&7.
Facies 1: PMassive Dark Mudstones (Figure 4f)

Thia facies consists of monotorows dark gray to black
mudstones. EBEvidence of biotuwbation is indicated by &
backgrouwnd mottling. Trace fosails inclade the pin worm
Fordia, and some indisbtinct, pyritized bhurrows, Bometimes
this facies contains a few scalbtered, sharp based sand

laminae which show grading. Faciess 1 is somewhat rare in
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northeastern Feambina, bhaving heen recognized in only bwo of
the 32 cores studied. When present, 1t overlies facies 2 in

the Dismal Rat Member. It has recorded thickhnesses of 2,85

are F.59 m.

This facies is recognized by thin sand laminae (vFU-FL

encased in black sudstone. Most laminas are 2 - 2 min, buat

thicker laminaesbheds of 3 ~ 1% mm also nocuwe, Marny of the
lLaminas are sharp based and show grading whils others bhave a

"ohewsd” appearance due to bictuwrbation., Ten oub of 25

g

cores in which this facies is present show an increase in

the number of sand laminas upwards. Five of the 28 cores
contain gritty horizons (Figuwe 80}, three of which ocowr at

the top of the unit. Body fossils include

paelecypods (rare, Figurse 9B) &and an ammoni be

only one corael, The only distinguishible btrace fossil is

The average thickness of tGhie wumit s 3.9 m.

Due to the presence of thickser sand laminag, Lhe above
description deviates from the original descrigtion of facies
2oy Walker (1983%b). However, since the facies cccuwrs at
the same stratigraphic horizon as the facies 2 descoribed by
Wallker, it can he considered esguivalent.

Facies 3: Dark Bioturbated Muddy Siltstones (Figuwre HA)

Fagies 3 is recognized in 11 of the

coros studied,

It is characterized by patchy, discontinuous sand laminae

CeFUl-41L) with average thicknesses of 3 — 5 mm suwrrounded by

dark mudstones. Thicker sand beds 20 - &0 mm are present
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Facies 1, massive dark mudstones.  Nobte Uhe
absmence of any lamination. Band lamirnae are
rare and patchy. From above the Carrobt Cresk

Meamber, 1é&~17-49-7W5, 4640 FL. Seale 1n oo

Facies 2, Lamimated dark mubdetones. MNote the
sharply bassd fine sand laminae (2 - 5 mm).
Thicker laminas/beds of 3~ 15 mm &l 80 ococuwre.
Discontinueuds Iaminae sdugoest biotuwbation.

16H=R20-49-7WS, 4593 Fi. Scale in om.
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but Ffew in number. Modules and layers (6.4 - 24 om’ of

miderite ocow in 4 of the 11 cores. Ine core contains a

very thick layer (24 cm) of gritiy siderite. Trace fossils

Biotuwrbation appears most irtense in the

and
gsand laminaes. The average thickness of facies X is %.15 ma
Facies % has a gradational contact with facies 4 which
overlies 1t.

Facies 3P: Fehbly Dark Bigturbated Muddy Silistones

s

Facies IF averages 1.3533 metres in thickrness and is
recognized in 10 of the 32 coregs studied. It is
characterized by scattered pebbles in a oud mabrix., This
facias i somebimes distinguished by only one pebble or by @
single, isolated pebble stringer present in daric,
bicturbated maddy siltstones. Faclies 3F lles above the
conglomerate (facies B) when it is present.
______ 4: Pervasively Bioturbated Muddy Sandstone (Figure )
Facies 4 averages 4.19 metres in thickness and confains
gqual proportions of sand OvFU-FLD) and mud. This facies is
present in 31 of the 32 cores studied. Thicker samd beds
(2 - 8 om) oare quite common ancd may show hummocky cross
ghratification and wave ripples. Alternating muddiaer and
sandier portions of this facies ococwr with a general sandiee
trand near the top of the unit. fAlmost all cores show
anundant siderite nodules and Jayvers 0 — 21 om) dncluding

"patchy" siderite o partially sideritized sand. Gritty

sidearite ooocurs In only one core and two grithty horizons are
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potablas in twe other cores (Figure BE). Trace fos

i:*"
hl
e
—
i

include Fhize

by CF i 98,

Skolithes, Helminthopsis, Ophicmorpbha,

Ghondrites,

Terehel Biotwhbation is

@ehensive in this facies. A gradational contacht ooouwrs
batween facies 4 and fthe overlving facies 3.
Facies 3: Bigturbated Sandstones (Figure EC)

Thisg +acies is characterized by sand (80 - 85 2 and

muted . Facies B occurs in 31 of the 32 cores which were

atudied. tMany cores contain thicker sand beds (vFlU-fL)

with thicknesses of 1 - 10 om and they may show sharp bases,

grading, parallel lamination, wave ripples, hunmmocky cross

atratification, o inhense bisbturbation, Alternating
maddier and sandier portions of the facies ocouwr with an
increase in sand nesr bthe top of the wunit. Gigerite is
ahundant throughout facies 9 as nodulas, partially
sideritized sand, and layers (4.5 - 12 ¢m). Five cores
contain gritty horizons within this facies, one of which

also contains a gritity siderite (Figure 80 . Trace foOEs

include Rhizoc

Skalithos,

inthopsis

Eipturbation is pervasive in this facies,. The average

thickness of thie unit is 4.49 m.

Facies 7: HNonbiocturbated Sandstones (Figure &)

ra

Facies 7 cansists of sand {vwFlU-FL) with 5 om ~ 3 om

shale partings and ooowrs in 10 of CThe 32 cores stucdisd.

-

Fiost sections of facles 7 show hummocky oross stratificati

ile

L O
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FIEURE S A0 Facies 3, dark bioturbated muddy siltstornes.
Mote bthe mottled appearance and only few
partially preserved fine sandstaone Lamionas (3
=& mwm) . Thicker =and bede (20 -~ &0 ;@) are
present bhut few in number. Blioturoation
apgears most intense in the sand laminae.

1E-R5=-4%-TWE, 4484 Ft. Scale in om.

Br Facies 4, pervasively biotwrbated muddy
sandstonegs. Mote thorowghly churned appesrance

and remanant sand laminae. A& Rhizogorallium

12wR&~43-7WE, 4474 Ft., Boale in om.

2y Facies 3, bioturbated sandghones., Mote the
intense Dicbtwrbation with fo preservation of

priginal lamninas. B BEe WG LS FE,

Hoale i cm.
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and wave ripples. Hiderite i= oommon as nodules and lavers
(2.8 -~ 10 em) and partially sideritized sand. Blam, geitty

harizons occur in two cores at the top of the unit. Trace

1

fossiles inciuwde Ophigonorpha, P

Leophyous, Shelithes and

1

Moest Bigbwebation is evident in the shale

partings. Facies 7 av&*ag@é Oedl m in thickness and forms -
& sharp contact with the underlying facies G. In some
coregs facies 7 is interbedded with facies 5.

Facies 8: Longlomerates (Figure 7)

Facies 8 48 a thin wunit, averaging O0.67 m, of moshly
mad-supported conglomarate. Clasts show no preferred
fabric or imbrication and range in size from 1 to 30 mm.
Clast supported pebble stringers and lavers appear in 10
CHo e . Two other cores show clast supported openwork, and
clast supported closedworbt pebble layvers with & sand matrix.
A noticable trend of larger clasts fowards the top of the
unit is present in five of the cores. This facies is
contained in 26 of the 32 cores studied., The body fossil,
Inpceramas i recognizaed In some Cores, Trace fossils ares
searce but dnclude Goedlia amd pyritized indistinguishable
hurrowes . Facies 83 has & sharp contact with underlying
units, facies I and faciess 7. Facies 3P overlies facies 8
in ten cores studied and forms a gradational contachk.

Faciws 2 commonly overlies facies 8 and has a sharp contact

with thisg unit.



FIGURE &2 fAr Facies 7, nonbiobturbated sandstonegs.  bNote the .
vary subtle low angle intersectiaone of sand
laminae which could Fapresent hummocky Dross
gtratiftication. Bideritized sand ocouwrs at the
hase of Lhe core. Mote the sidesitized mad rip
ups present above the massive siderite.

fom 20— 4722 . Beoale in oom.

Br: Facies 7, nonbiocturbated sandstones. Mote
shale partings (1 cml. - Ehondrites i present
i the centre shale layer, on the left side
(amall , circular sand-+illed burrows).

fy-e 1 G- @7 4T Ft.  Broale 40 om. -

s Faciaes 7, nonbiotwbated sandstones. Wave
ripplaes distinguwished by symmetrical draping of
foreset beds. 16-17-49-7, 4&73F Ft. Brale in

Cifia
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FIGURE 73 A Facies B, mud supported conglomerate. Mobte bhe
Fandom orientation of the pebbles., Some
pebbles are scatterasd into the underlying wunit,

facies 35, lés-B0--49—&, 4265 Fi., Beale io om.

Br Facies 8, mud supported conglomerate. Febbles
are randomly ariented and are scattered intg
the top of facies 95, the underlying wunit.

Maximum pehble size is I cm. =204 5T L 4054

jj'l

Fi. SQeale in om.
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FIGURE 82 As Gedtty horizon in facies 3 of Lé-2i-9%-7RE,

45586 Fh. Geale in cm.

i
ca

Gritty horizon in facies 4 of |2-&-50-5405
Mote the sideritized sand below the ity

harirzon. 4074 Ft. Seale In cm

[xn Gritty siderite in facies 9 of 1&6-E0-d49-HW5H

4271 Ft. Beale in om.
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éy Trace fossil -~ Zoophyveos burrow {(centre of

photo) . E-I54-48-6W3, 4302 L,

i
:

! Body fessil - pelecypod, in 8~34-48-4W5,

4401 Fb. Scale in om.
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The typical facies sequence in northeastern Peabina
pegins with facies I, dark biotwbated muddy siltstones and
coarsens upwards into facies 4, pervasively bioturbated
mucldy sandshones, Faciéﬁ 8, bioturbated sandstones, and
facieas 7, nonbiptwhated sandstongs. Huammocky oross
stratification is charscteristic of facies 7 and is
associated with store reworking of sands present in an
offshore enviconment below falrweather wave base (MHarms et
alsy, 1973,  Thus the sequence seems to indicate a %ﬁﬁl%
anvironmant below fairwsatbher wave base bul above storm wave
HAsE.

Conglomerates (facies #8), which are indicative of

shoreface deposits, rest on top of an srosion surface which

separates them from the wnderlying seqguence of shalf
depasits. Their presence above sheld deposits can bhe
guplained wsing the hvootheslis employed by Plint (Flint et
al.y 1984) which suggests a rapid relative lowering of zea
level. During & lowering of ﬁ@ﬁ‘IEVElq the shoreline could
advance many kilometres basinward and a new shoreface oould
he sstablished on sediments which were previouwsly offshore.
Mawly incised rivers could then carry sand and gravel to the
mawly established shoreface.

Above the conglonerates, pebbly muwlstones, facies 3R,
f+ine upwards into laminated dark oudstoness, faclies 2, and

magslive dark mudstones, facies 1. Mudstanss characterizs @

low energy environment, offshore and below Tairweather wave



-

base (Wal ker, 1984a). This seguence may represent a
relative rise of sea level within the Alberta basin,  Febbly
mudstones may be the result of gravel from the shoreface
beirng reworked by storms into the tramnsgressive muds (Flint

@t al., 1986).
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Eight cross—-ssctions (Figure 10) were constructed with
correglatian based on markers in the induction - resistivity
log signatures. Separation between wells on the crosse |
sections does not represent true distance bhetween wells.
Core lines were congstructed for three corresponding loag
crosg-sections (Figurese 12, 14, 1&). Cross—-sections wera
drawn from the soubhesst to the northeast.

The Cardium seguence is represented on the resistivity
log by a ;arg@q Blocky deflection to the right of the scale.
Fouwr induction log markers were noted above the main Cardium
e LI 8 . The Cardiwn "rone” dinduction log marber was osed
as a regional datum for both trméﬁmﬁectimns arnd core
sections. This datum will be referred to as EhHATEH, using
the terminoleogy of Flint et ail. (12846). The marker thatl
lies above E&/Té correlates with.Plint'ﬁ E7/T7 Log markar.
Two induction -~ resistivity log markers were noted beimw e
main Cardium serquenca. These only appesar in four of the
aight cross sections since not all wells pensetrate below the
Cardium. These markers correlate with Flint's EL1/71 and
ER/TE-E4/T4 lag markers,

£ solid bar indicates the cored interval in gach well.
Core depths were adjusted to the corrssponding well log
depthe Dy choosing an obvious core angd log markee, the bop
of the conglomerate. This marker is recognized on the
rasistivity log by a sharp deflection baok towards the scale

at the top of the blocky responssg representing bthe Cardium
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Loacation of cross-sections in northeastern
Fembina #imldu Twp. 4831, Ranges S5,6, and 7 Wi,
"Gan" refers Lo a gap-in grrilling in thi=s reglion
of the field. "Eege” refers to the houndaries
of the +tield., Bolid circles represent cored

walle and open circles represent uncored wells.
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sagqlienca. In core, the marker occuwrs at the contactk
netween the top of {the conglomerate (faciss B and the bhase
of the overlying laminated dark muwdstones (facles 2D or
pebbly laminated dark mudstones (facies IF). fzach cross
section will be diﬁﬂuﬁﬁéd individually.

2.2 Cross-Becliogns

Cross—section 2 (Figwes 1] and 12

Core was studied in conjunction with the resistivity
logs salong thie cross-section. The seguence begins with
dark biotwbated muddy siltstones (faci%a 2Yy oand coarsens
upward into pervasively bichwhated souddy zmandstonegs (facies
4), biptwbated sandstones {(faciess 5, and non-biotwhbated
sandstones (facies 7). Conglomerate {(faclies B) overliss
facies 7V and the top of the Cardium gsequence is covered by
tfacies AP, pebbly lamipated dark mudéﬁnnes, then laminated
dart: mudstones (facies 2.

The top of the conglomegrate is sssentially Fflat with
respaect to the datum i+ lateral distance betwesen well% i
taken into account. However, the base of the conglamerate
appears to be scowed as 1t cuts out core markers such as
facies 7 (compare wells -320-49-7 and 1&6-20-49-7) and rests
o the same facies bul at ditferent distances below the
datum (see wells 1O0-28-4%9-7 angd &-34-49--7), Tre bhage of
the conglomerate usually rests on facies 5, bhut also ocours
above facies 7 (see wells &-20-4%-7 and &-2-50-7) . Thssre
is & notable thinning of the conglomerate and facies 3 in

10-2g-49-7. The log responss shows an @rozional hollow on



A

interval in gack well., Beoales for each log are

marrked off In 100 Ft. intervals. The E7/T7 lag
matrker denotes the top of the Cardiuam Formation
and E&/Té represents ﬁh@ regional datum. A
jagged line indicates arméian on the EB/TI
gilrface. The ssction isg vang on the E&/ThH

mal ker . Mote that maximum erosion occurs at

10-28-49-7. Cross—section 2 is located in Filgure

10.

2 8 A solid bhar indicates the cored
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zoticn 2 1 HBoales for each core are marided
off in 2 m intervals. The section is hung on the
EdaTh markar.  Facles are desligrnated by their
corresponding numbers on the right side of the
crre sertlon, @M represents s gritby Mol o,
The jaggéd line bernesath the conglomerates denotes
the ES/TS surface. A éideway% "EY avmbal
represents hummocky cross stratification in
facies 7. "Gap” refers to core located within the
cdrilling gap. Mote the scowing of facies 7
betwepn Go-20-49-7 and 1&-20-49-7, and the ’

thinning of facies § in 10-28-49%-7 {within the

gdrilling gap).
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the BES/TE surface in [O-28-49-7 whicﬂ representes & maximum
rosion on the ES5/TH suwrface of 4,18 m, along this
cross—section.  This well is leocated in the gap (Figure 100
Facies B thickens to 4.3 m in &-2Z-30-7. The last well,
Am28-00-6 actual ly mccﬁrﬁ on log creoss-section A —~ A7,
located off the edge of the fiesld. it wasg included on the

core line to show the contrast in the thickrness of the

conglomarate from the northern boundary of the oil field to

a location off the edge of this boundary. Facies B thins
to a veneser (U011 m) in this well. A ogritty horizon is

also present in facies 5 of 4-28-30-4.

Cross—section 3 (Figures 173 and 149

Core was studied in conjunction with this log cross-

sectian. The segquence is the zame as thalt desgribed faor
crosgs-section 2 and coarsens upward from facies 3. Facies

8 (conglomerate!) overlies facies 7 and the whole sequence |
covered by facies 2, then facies 1.

The top of the conglomerate is essentially flat with
respect to the datum iF lateral digstance between wells is
accounted far., The bhase of the conglomerate appears
scouwred as it cuts out core markerse such as facies 7 (ses

wells 10-21-49-7 and 16-21-4%-7, alsza wells 2-35-49-7 and

12—t Im 1&-17-4%9-%, facles 7 is present and fargies
8 is only repressented by one pebble. From lé&-317-4%9-7 Lo

3

1G-21-49-7, facies 8 hecomes a8 thin veneer of pebbles (O.1°

m) and facies 7 ois greatly reduced from L.77 moto 00186 m.

a

im
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Cross-—section & @ Llozated in Figure 10. The
relief on the ES/TI swrface within the drilling
gap is 2.%98 m {averaged Ffrom LGO-21-49-7,

1621 -4%--7, and BT B5-7), Maximum relied on
the ES/TS surface is &.6% m, and occurs off the

northern bhoundary of the field, in &-1&-50-6,

The section is hung on the EbA/TH mnarker.
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FIGURE 14 represents a grithty siderite.

-

acies 7 and the thimnming of
facies 8B within the gap. GOrithty horizons in
1021497 and 1&—~21-49-7 may correlate.
Similarly, gritty Harizons in 12-6—50-& and
14-&=50~4 may also correlate. Since the horizaons
are not laterally continuous, correlations are
ambiguous. The section is hung on the E&A/TEH

mau ber .
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On the log cross-section, a bmmp o the EH/79 surface ocours
in 1&-L7-4%9-7 and an erosional hollow on BES/TS is noted in
L2l =497, From the core section, it appears that facies 7
is being scouwred with ths subsequent depositiorn of facies 8.
In 1&6-21-49-7, the conglomerate thickens to 2.43 m and
facies 7 is absent. The conglomerate thins again-in

H-Q27 =857 Lo O, 1L m.  Both wells, 1621497 and 427497
arae located within the drilling gap in the study area
{(Figure 10). There is an erosional hollow on the ESSTE
gurface within the drilling gap of Z2.98 m measwed from

G BFF 497,  The conglomerate then thickens slightiy in
12-26-49-7 and there i & reappearance of faciess 7 (0,88 m)

and a thinning of %aci@ﬁ 8 {to 0.29 metres) in Z-35-49-7.
On the log cross—sechion, & bump.mn the EI/TES swwface is
noted in 2-3E5-49-7. The conglomerate thickens ta 2 m in
12-6-50-&. 0On the log section, an erosional hollow ooouwrs
on the ES/TS surfeace in this well. In 14-é&-T0~&, the
conglomerate thins slightly to 1.326 m and the log section
shows a bhunp on the ES/TS surface. Maximum relief on the
ES/TS swtace i 6,463 m, along this cross-sechtion, and
oootirs An d-16~30-6.

A gritty horizon in 2--20-4%9-7, af the top of facies 7,
seams o lie at the same level bhelow the datum as another
gritty siderite in l4-&-530-4, which ocowrs near the top of
facies H. In 18-&-50-6, a gritity horizon is present within

facies 4 and may correlate with the gritty horizon at the

base of facies 9 in l4-&-D0-b. Gritty horizeons in facies 2
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af 10-21-49-7  and 16-21-49-7 may also bhe correlative.

Bince the gritty horizone are nobt ubl gud towe, correlations
are ambiguous.

Eross-segfion 4 (Figures 13 and 1&)

Both coraes and resistivity logs were correlated for

this ocross-section. The core seguence is identical to the
descripticon for the two previous cross-sections. The

sequence begins with facies 7 and coarsens upweard thirough
facies 4, facvies 3 and facies 7. Facies 8 (conglomerate)
overlies facies 7 and the taop of the Cardium seguence is
caverea by facies 3F, then ftaciss 2 (laminated darl
mudstone) .

The top of the conglomerate is essentially flat with
respect to the datum if lateral distance between wells is
actcounted far. The base of the conglomerate appears
scowred as it cuts ocut core markers, for example, faciesg 7
(see wells B~15-49-7, 6-14-49-7, and 4-24-49-73. The basa
af the conglomerate rests on diftferent facies (facies 5 and
facies 7Y which can be seen in wells &-32-49-& and &-4--30-6.
The conglomerate thins progressively agross the section from
245 m o in &-14-49-7 bto a thin pebhble venser of .20 @ at
b=EE-4Fb and 0.310 m at &-A4-I30-6, to a few scattered pebblias
at »-24-30~5, There iz & notable thinning of the
conglomnerate and facies 5 in 4-24-4%-7 to 0,19 m.  On the
log section, a buwnp on the ES/7TE swwface 1= noted in

g 4497 and an erogional hollow of LO.5% m ocours in

277 This represents the maximum relief on the ES/TE

ELAACLEA NN AL R ERE ) B b
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FIGURE 1%: Cros

g The cross-—section is located on

Figure 10. HMawimun relief on the ES/7T8 surface

is LOJES m in 4-24-49-7 (located irn the gap).

The section is hung on the E&/Thd marker.
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FIGURE
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44

Coreg section 4 @ Mote the absence of facies 7 and
thinniﬂg of facies B8 (from 6-14-4%9-7 tuo
4-24-49-7)  within the di-illiing gap. Facies 3
disappears from the sequence off the northern
boundary of the field. Gritty horizons in

165045 —6 and &—32-49-6 may be correlative.  The

saction is Rung on the E&/TE marker.
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surface within the drilling gap. However, nobte that this is

i

the makimum eresional relisgd obtained when the section is
hung on the E&/TE marker, 14 the section i hung on the
junction beltween facies 4 and facies B, the maxinum relief
prt the E3/TE surface is reduced to approximately 7 m.

Facies 7 decreases in thickness between 16-30-49-& and
G- B2—49-& Ffrom O.7% m to O.41 . By contrast, the
conglomerate thickens between these same two wells from 0018
m to 0,20 m. The conglomerate appears to scow oul facies
7. Fagies O decreases in thickness from wells &-33-4%-4 to
ém4m5§~é, and disappears at &-24-50-4H. This last well
poocwrs on log cross-section A7 but was added to the core
line to show the chamnges in the facies seouence off the
narthern sdge of the field. A gfitty siderite was noted in
facies 3 of this well.

Malls 1&65-Z0-4%-~4 and &~Z2-49-& show gritty horizons in
facies ¥, They may correlate although they are laterally
dimscontinuows. Iesplated gritliy horizons occwr in P T =y
(within facies 7), &-14-4%-7 (within facies ), and

424505 {at the top of facies 471.

Conglomerate thickness and relief on the ES/TS surface
From the cross-sections with corresponding core

sections neote that the thickness of conglomerate above the

ES/TS surface does not indicete relief on the surface. For

example, an core section X, the thickness of conglomsralte in

BT -849-7 15 0O.11 m wheress an erosional hallow of 2.98 o is

noted on ES/TS,  Similarly, on core section 4, the thichkhess



of conglonerate in 4-24-4%9-7 is 0.1%9 m whereas the relief
ory the ER/TYS surtace is 10053 m.  Thickness of the
conglomerate alsc varies on top of bumpz on the EI/TIE
swface., For example, in 2-38-49-7 (core sechtion 3, the
conglonerate thickness is OL29 n wheresas in $—14--4%-7 immré

-

section 41 the conglaomerate thickness is 2.43 @.
2 e

A normal Cardium response, characterized by a
coarsaning upward seqguence, is present in 16-8-00-7,
o L 2 F07 , and H-12--30-7.  The Cardium response is absendt in
18805, 1&-18-50-4&, and 2-20-80-56. & reduced response
pecurs i 4--28-50-4.  From the corresponding core {(Figure
"y

[2) it is neted that the Qardiom sequence coarsens upward

fram facie=s 3, through facies 4, and facies 5 (cantaining

&4
gritty horizond. Facies 8 (conglomerate) is only
repraesented by a 0.11 m veneer of pebbles. The whale
seguence le covered by facles 2. This well is located off

thea northern boundary of the oil field. & reduced Cardium
Feeponss occwrs in 15-34-50-&4 and probably indicates partial
grpsion of the Cardium seqguence. The maximum relief orn the
ES/T3 swrface is 10.4% m, along this cross-gsection, and is

nated in 1534504,

Crposs—section 8° (Figure 18)

The first six wells of this log cross section repressnt
cross-section A and were previously discussed. In
Ae2i-00-g, amgd 6-22-50-4, the Cardiun spouence reapbhoars as

a reduced responses and s recognized as two reduced peaks




FigurE 17: Cross-sechion A ¢ Well 1&6&~18-30-& is marked off
in 80 m intervals., MNMote the absence of a Cardiam
rﬁﬁponﬁé in 7-18-50-é&, 1&6~18-80-&, and 2~20-50-&,
A reduced response iﬁ-nmted in 4-28-50-& and
15-324-50~6. Maximum relief omn BES/TS is 10,635 m

in 1834804 (affF the northern boundary of the

field)., The section is hung on the E&/Té marbar.
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FIGURE 1&:

N Well 2-21--30-& de marked off
in 30 m intsrvals., Mote the abzence of the
Cardium response from 7-18~530-4 to 2-20-850-4 and

b .
from 7--50-20-53 to 7-33-30-3. Reduced responses
npccuwr fFfrom 221 -80-46 to A-R24E0-d, Maztd mum el i ed
an the ES/TE aswwtace i 7.23 m in 1&-18-50-4

{located off the northern boundary of the field).

The section is hung on the E&/TE marker.
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H-33530-4.  Thizs may indicate a double coarsening upward
sequence. The Cardiuam responss 18 absent in 730008, amd
7 ZE R30G5, In &-24-30-4, a reduced Cardium response is
noted. The corresponding corse (Figuwe 1&) shows the
seguence beginning with facies 5, and coarsening inte facies
4. Facies 2 contains & gritty siderite, and facies 4
contains & gritty horizeon at ites upper contact. Faclies 95 is
completely abmenlt from the seguence. Facies 8 is
represented by a few pebkbles and the whols segquencs is

coveresd hy facies 2. Maximum relief on the ES/TY suwrface is

it

7.2% m, aleng the cross-section, and is noted in 1518504,

Crogs—section 0 (Figure 1%)

Unfortunately, available core for this oross-section
was not studied. However, by in#erence firom previously
discussed cross-sechtions it is moted that &-18-850-7,
10=-318-30~-7, and 18-1%-30-7 show a normal , coarsening upward
Cardium log response. The Cardiuvm response is absent in
&=2G-30--F . 10-FE-E0-7, and 1-11-31-7., This may indicate
erosion of the entire Cardium seguence in this region off
the northern bhoundary of the Figld, A grestly reduced log

response is noted din &350 and 10

~HZL-7.  This may
represent erosion of part of the Cardium seguence. Maxdmum

erosion on the

syurface is 8 m, along this
crass-gechtion, arnd coguwes i L1151 -7. This well is
located off the northern edge of the fiepld.
Cross—section B (Figure 203

The Cardiuwm response shows & normal coarssndng upmar o

sgquence, by inference from previous cross-sections, in the
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firet two wells., A reduced Cardium response occurs in

Lol 0507, and 11-28-30-7 to B-Z&-B0-7 (sensitivity of the
resistivity response jie high in this welll. The Cardiam log
response s absent in 4-E3-50-7, 10-22-50-7, and 12-F1-50-b
to 11-17-051-4. The reduced response probkably indicates
grosion of part of the Cardiwn seguence and the abesent
rasponse probably indicates total erosion of the Cardium

BEGUENCE.

imtim erosion on EBBSTE dis 14.47 m, and ooowrs
i 10-22-530-7., The well is located off the northern edge of

the 0il field and represents the maximoum ercsion on BESATS in

the study area.
Cross~section € (Figuwrse Z1)

The Cardium response shows & normal coarsening upward

sgquence, by infterence from previmus cross-sections, in
14wl 1-50~7, and 4 15~30~7. Reduiﬁd'lmg FRESPDONESeE Qoour Ln
f= 1 3-50~7 and 16-30-30-4 {sensitivity of the resistivity
response 1s high in this welll. The Cardium log responss s

sent from 14-13-50-7, 14-19-80-4, and 12-32-50-4. The
reduced response probaebly indicates erosion of part of the
Cardium sequence. Total erasion of the Cardiom seauence is
probaily represented by the absence of a response. Masximam
@rasion on the ES/TE surface ie 13.82 m, and is noted in
14-15-50-7., This well iz located off the northern edoe of

the fisld.
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Cross-secticn & 3 Well 1~11-81-7 i marked off in

5 om o intervals., The Cardiuvm response s absent

]

in &-29-50-7,

7, oand 1-11-51~-7., Reducsd
FESHOMNSES CUCur in 6=E—F1~7 and 10O-3-51-7.
Maximum erosion on the ES/TY surface is B @ in
i-11-51-7, located off the northern boundary of
the field. The sectien is hung on the BE&/TH

MR lier .
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FEEURE S0y mohion

B oy Wells 1O-10-50-7,

1025807, and 8-3F&H-50-7 to 1117316 ars
marked offt in S50 m intervals. Mote the absence
pf a Cardiuwm response from 4-23~530-7 to
LO=-23-30--7 arnd Ffrom LZ3-31-830-6 to 11-17-51-&.

Reduced responses are recognized from 1128507

to 8-Ié4-50-7, The marimum relied on the ESAT

ut

gurface is 14.47 m in 10-25-50~-7. This
represents the maximum erosion on ES3/TS in the
entire study area and occuwirs off the northern
boundary of the fiegld. The section is hung on

the E&/TéH marker.
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FIgURrE 212 Cro

sectinn 1 Wells 14-135-80-7 to 1232008
are marked off in 50 m intervals. MNote the
abﬁénme.m$ the Cardium response in 14-135-850-7,
14— 19-50~4, and 12-3I2-50-4. Reduced responses
oo in &= 13-50-7 and 1&-30-80-&. Mawdmuam
grgsion on ES/TS is 13.82 m in 14-13-30-7,
located off the northern boundary of the {fieid.

The section is hung on the E&/TH markar.
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While conesetructing corrglation lines of resistivity
logs in the study area, changes in the stratigraphic
position of the Raven River Member below the E&Td log
marker ware noted. Lines hung on sea level were constructsd
in grder to investigete the peossibility of tectonism.

6.2 Construgtion QOf Subsea Cross-—seclions

Ten cross-sections were constructed across the location
araa From tmwnﬁhipﬁ'ﬁa e 3, ranges b aﬂﬂ Ty WD, (Figure 22
T A reference lins, M, shown in the figuwre, was drawn
paralliel to strike so that the gross-sections could be
superimposed on mné page (Figwea 23, Cross-sections  show
the depth of the E6/T6 horizon helow sea level. This was
caloulated by sublracting the Relly Bushing from the
recorded footage of the E&H/Te6 marker in sach well.
Individual wells ware projected onto an "average" straight
line (Figure 22), perpendicular to the reference line, M, in
arder Lo accuwately measure horizontal distances bBebwesn
wells along esach cross-section.

The average dip on the E&/TE swface from all the
crass-seoctions is 0.45 degress southwestward., This figure
compares well to the regional dip of Pembina as discussed by
Mielwon (1937, of 0.5 (20 feet per mile) degrees to the
soubhwuwest .

There appear Lo be three bhypes of shructure pressnt
Y
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FIGURE 2%Z2: Location of BE&/TéH subsea cross—sections.  Two.
48-31, Ranges 5-7, WS, Reference line M is
parallel to strike s that crogss-sections could
be superimposed on one page (Filgure 23,
Hmrixmn%ml distances betwsen wells ware measwed
by projecting cross sections onto "average"
straight lings., Qutward-pointing arrow symbols
represent undulations along the E&/TéE surface.
Q/D and D/U symbols stand for discontinuities
along the E&/Th swrface. U (up) and D (down)
agimply gives the sense of the discontinuity
relative to the wells involved., U/D/U and D/U/D
represent isolated discontinuities where one well
is offset above (D/U/DY, or below (WD) the
trend of the E&/Té surface. Trends are shown by

the stippled areas and are discussed in the text.
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E&LH/Th subsea cross-sections. Reference lineg M
now appears as oa vertical cross-section and
subsea-sections have been superimposed alaong it.
Fach sepction represents a subses oross-—-sechtion of
thae E&H/TE suwrface and a reference depth is
indicated in each section by a dash-dot line.
Mate that the 400 m depth line corresponds to
cross-section C. Outward-pointing arrow symbols
represent undulations along the EA/TEH surface and
double arrows dndicate diecontinuities along the
gurtace. The sense of the discontinuities is
noted from the direction of the arrow tips. Note
that the vertical scale is mgagg@watmd with
respect to the horizontal scale and is

discontinuous bhetwesn subses cross-sections.
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From absgrvation of the cross-sectione (Figuwre 23, The
firet btype of struchure is recognized by sharp
digcontinuities in the gentle, southwesterly dipping E&/Th
surfaces. Cross-sections 1, 44, 2A, C, and O all exhibit
discantinwities, Cross-section 1 shows two discontimsities
pf 2.5 and 5 mebtres. Ling (0 shows a diﬁcmﬁtiniu;ty of E. 0
metres.  Maximum digéuntinuities of 9 metres on
cross-section 3A, 14 metres on oross-sechion 448, and 17,9
metres an cross-section T are recognized.

Batwaeen nbther wells, there are isolated discontinuwitiss
which appear as affsets above or bhelow the general
gouthwesterly dipplng trend of the oross-sections. & 4
metre offset is noted in cress-section 3, above the general
trend of the section in fB—~1-350-7. Hy contrast,
crose-section B shows a 3 metre offset below the regional
trend of the section in &-36-50-7. Cross-section 4 displays
a manimuwm offset, below the section, of 2% metres in
by ROl R b,

The third btype of structure ocowrs as & gentle upward
wndul ation along the otherwise shallow, southwesterly
dipping E&/TE suwrfaces. The wadwlation generally ds
recoghnized only in areas with a high concentration of wells.
Cross-section 9 ehows an wnidulation of approgsimately 7
maetres bhetween well locations 14-22-4%9-& and B--35-4%-4 which
includes six walls over a distance of 3400 metres. LLimbs
have dips of 1,135 degrees BW and 1,03 degrees ME. T

cross-section 4, an unduwlation of 11.5 metres cocurs bebwean
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wel e Emiﬁwﬂﬁ*? and 4-24-49-7 which dinclades fowr waells aver
a distance of 2400 metbres. Limbs dip at 1.15 degreses BW and

AT degress NE. A unduwlation of 7 ometres is noted in
cross-section 34 bhetween wells 8-246-49-7, and 14~-0-00-6
which includes fouw wells over a distance of A040 metres.
Lighs dip at .00 degrees BW and 0,93 degrees dME.
Crose—-section Z shows an uandulation of 7.9 metres bhebwesn
wells 1é&-34-49-7 and &-1E8--30-7 which incliudes siy wells over
a diestance of 3550 metres. Limbs dip at 1. 189 degreses 5W oand
1,35 degrees dE.

Resiilts weré conpiled on & base map (Figuws 22). Tiz
appears that the undulations form a trend aleong the
northeastern Limbk of the %imldu.'ﬁ wsecond trend of
digoontinuities is recognized of4 the porthern boundary of
the field. Roth trends are approximately parallel to
gltrike, Undulations and discontinuities could repressnt
SFolding and faulting. However, the region where the -
undulations ocour is betwaeen the gap and of f the edge of the
figld., Thesse btwo aresas represent regions of madimum erosEion
of the Cardiam sequence on the ES/TES swface. Hy
comparison, unduwlations and disceontinuwities on the 67T
surfacse may represent the ercosional topography of this
sl fane., Alternatively, sediments deposited on ED/TES may
have mimicked its btopodgraphy.  Thus, wandelations and
discontinuities on E&/Td may simply represent the draping of
sgedinents on top of the EE/TE suwface which exbibits maximum

erosion on 2ither side of the northeastern 1imb.
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Thare are B8 typical facies present in northeastern
Fambina,  The facies within the Raven Riwver Member comprise
a shelf sequence which begins with facies 3, dark
bioturbated muddy Eiltétmnaﬁu and coarsens upwerd into
parvasivaely biotuwbated muddy sandstones (facies 4),
bigturbated sandstones {(facies 5, and neonbioturbated
gandstones (facies 7). HMummeely cross stratification is a
characteristic structuwe found in facies 7 and gsuggests
storm raeworking of offshore sands (MHMaroes et al., 19753,
haelow fairweather wave bhase.

Observations from core and log lines show the
conglonerates of the Carvot Oreek Member resting on
differant tacies and.cutting out hoth core and log markers,
It appears that there 1 an erosion surface bhelow the
conglomerate,  This same erosion surface has bheen documsnted
in other Cardium studies, for @xample, Carrolt Creek
(Beargmarn , 1984, It is referred to as ES/TS (Flint at al.,
1286) and the maetimuwn relief on the swiface in portheastern
Famnbina is approximately 1359 metres (off the edge of the
fimie) . This is comparable but less than the maximum relief
on the ES/TEH swrtace at Carrot Creek, approximately 19
metres (Bsegnan, 1984). Bug to the existence of this
grosion swface, the conglomerate does not appear to be
ganetically related Lo the wunderlyving coarsening upward
spquence. Ahove the conglomerate the entire segquence is

hlanketed by the bhase of the Dismal Fat Member which ig



LT

characterized by pebbly mudstones (facies 3 that fine
upwards into laminated dark mudstones (facies 2, and
massive dark mudstones (facies 1),

The ldea of sea level changes (Flint et al., 1984&)
gmems Lo best explain fh@ observed facies sequences in
naortheastern Pembina. During a rapid lowering of sea level,
the original shoreline advanced many kilometres into the
Alberta bhasin towasrds northeastern Fembina, which cresated an
arasion sueface (ES/TDY.  Erosion was dus to wave scouwr on
the bed. A new shoreface was epstablished in sediments which
lay previously offshore (evidenced by the presence of
hummocky oroass stratificetion in facies 7). Newly incised
rivers supplied gravel {(facies 8) o the newly established
ghoreface. OAn enswing transgression transported some of the
gravel back across the srosion ﬁurfa;m while storms reworbed
gravel seaward into transgresgsive muds (creating facies 3P .
With continued deepening, the entivre area became blanketed
with mud {(facies & and facies 1.

Gravels were proabably supplied to portheastern Fembina
from Carrot Creek which lies to the northwest, Carrot Creek
geams to be the most likely sowce since the maximum
thickness of conglomerate there is 19 metres. Carrot Creelk
ig thought to represent ancther shoreface which was craated
dug to erosion by & rapid lowering of sea level. During a
supsequent transgression, gravels from Cerrot Cresk may have
heen carvied towards northeastern Fembina by storms, and

-

deposited on top of the EE/TE erogion surface.,
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Mowaver, the thickness of the conglomerate in
northeastern Fenbina ie only a venger averaging 0.467 matres,
while the relief on the erosion surface is a maximum of LS
met . Iin addition, log lines where a Cardium response is
absent, off the nmrthefn edge of the {field, probably
represent total erosion of the Raven River PMember and of any
conglomarate deposited subseoguently.  These observabtions
suggest & second period of srosiocn after- the deposition of
the conglomerate. This svent was followsd by a

transgression whioch deposited ouwds on top of a

2rosion surface,
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