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) Abstract

The Clear’((vater Formation in the Cold Lake oil sands are; »t-central Alberta
contains the most contvnuous reserves with the highest hydrocarben saturation n the Cold.
Lake otl sands area pf east-central Alberta. The Clearwater Formation in the detauled study
area, located at the é\;e of the British Petroleum Pilot Plant (Township ¢ ange 5W4), has
an average thickness of 40 m (120 ft) and Is overlain by approximately 430 m (" <00 f4) of
overburden. \

The Clearw ater\xFormatnon can be informally divided into ten stratigrap!  units. Six
fac;es assocnatlons havs; been recognized in the lnterbedded stratigraphic units: heavily
bloturbated silty shale; heavily bioturbated silty shale to silt and sand; moderately to heavily
.broturbated sand with silt and silty shale; sand. silt and silty shale; graded sand, silt and
shale wnth Bouma sequences; and sand and carbonaceous sand. Two coarsenlng upward
Seéquences are present in the Clearwater Formation. The facies assoc:atlons represent
offshore and nearshore sedimentation in a shallow epeur:c sea which received detritus
from a source s'tuated to the southeast of the study area. Poorly developed very
fine-grained sanda bars and ridges were constructed on top of a muddy sheif and are the
best potential reservoirs in this area.

The very fine-grained sands are feldspathic litharenites to litharenites. The
sediments consst of a complex su1te of minerals, including quartz, chert feldspar,
tgneous rock fragments metamorphnc rock fragmento sedimentary rock fragments,
volcanic rock fragments clastic carbonates and glauconite. A dual provenance from the
Cordillera to the west and the Shield area to the northeast is indicated. The clay mineralogy
is also complex and consists of varying amounts of kaolinite, illite and smectite with minor
“chlorite. ‘ '

The study of the relattonshtp between geophysical well logs and core ‘data
indicates that correlation of these parameters is difficult, The corrected sonic por05|ty is
the best lndlcator of total porosrty and correlates best wnth the core porosuty which also - '
detects total porosity. The core and sonic porosity values are overly- opturmsnc because

‘Clay-bound water is detected as porosity. .

A shaly sand cross- plot of corrected,bulk density versus sandstone neutron

porosuty gives the most realistic values for volume of shale and effectiveg porosity. In"the

)
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least shaly sands, effective porosity 1s approximately 12 porosity units lower than the
porosity incicated by core analysis The cleanest sands contain 25.percent shale in
clspersed struc'ura! and Iamlnated forms Effective po&sny 5 as hlgn as 31 percent

Only a small por ion of strangraphnr nnit F is produdible in Well 10— 17- ( V4

’
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. Alntroduction
Due to their economic potential, the oil sands and neavy oil deposuts of Alberta and
western Saskatchewan have received increased attennon over the past decade.
Until recently, most studies have concentrated on the Athabasca 0|l sands deposit
: because a small part of it can be mined using surface mining methods and the oil can be
extracted using proven techhiques.tHowever, the oil in the vast majority of the Athabasca
deposit and in all other oi} sands deposits i$ fbund under hundreds of. metres of
. overburden and must be extracted using in situ methods. N
‘ In the case of the present study of the Clearwater Formatnon in the Cold Lake oil
sands dep05|t in situ extraction requsres the use of- subsurface technlques based on the
study of core and the lnterpretatnon of geophyslcal weH logs. Wlth the exceptionofa
mineralogic study by Putnam and Pedskalny (1983), no detailed mineralogic study has been
carried out on the Cold Lake Clearwater Formation deposit. To date, there has been no |
detailed work done on the relationship of lit'iu. g - and mlneralogy to geophysical well log
response. o |
An insight into Clearwater Formaticn sedimentolo.g‘y and petrolcgy is needed in
order to satisfactor‘ily deal with a one-dimensional subsurface view of the deposit. The
vert:cally and to a lesser extent laterally, dtscontunuous reservoir sands as well as the
complex mineralogy, reflect mtrlcate facies assoc:atlons which must be understood o)

that oil extractlon techniques can be optlmally desxgned and applied. -

A. Purposes of Study . o

One pur.p'ose of this study is to define the facies associatidns' in the Clearvy,ater"
Formation by conducting a site—specificanalysis-of the deposit. Frbm the tateral and
vertical relatuonshlps of facies assocnatlons an env;ronmentat reconstructlon can be made
The patterns dlscerned from the examlnatlon of htholognes and the geophysmal weII log
response will then be apphed on a reglonaL scale Comeansons W|th sed|mentary model<
can be. apphed to the deposut _ o S

The second purpose of this study is to deflne the relahonshxp between geophysncal
log response and the lithology of the shaly sand of the Clearwater Formatuon Ih cases

where the Clearwater Formation has been cored, Ithologic analysis 1s relatlvely sxmple.

I



However when wells are not cored or core is mlsslng one must rely only on geophysucal
logs; and, the analysis i1s much more complex. ‘
The geophysical well logging tools respond to the bound water in hydrous
phyllos:llcates such as clays mica’ and glauconlte as effectlve porosity. Thls results in
-’anomolously hrgh porosnty readlngs Irt order to mlnlmlze the need for logglng core, A

. predlctlve modellmg for the Clearwater Formatlon in this area IS lmperatlve

.B. 'l_ocation and Geological Setting of Study Area

The Cold Lake oil sands area in east central Alberta is located from Townshlps 52

A

to 70 Ranges 1to lO west of the 4th meridian lFlgure l) It contains heavy oil reservows

Cinall formatlons of the Lower Cre: aceous Mannvnlle Group In the northern part of the

~ deposit, the best most Iaterally contmuous reservoir is found in the Clearwater Formatlon.
The site of the. present study is the Brmsh Petroleum Marguer:te Lake Pilot: Plant

‘area and vncmlty located in Townshlp 66, Range 5W4Nl (Flgure 2). The Clearwater ,

Formation here has an average thlckness of 40.m (l20 ) and is overlaln by approxmately

430 m-(1400 ft) of overburden Flve non- confldentual wells with useable core are located

in thlS area: 6-3-66-5W4, 6— -5-66- 5W4 10-7= 66 5wW4, 10-1 7 -66-5Wa, and

2~ l 9 66-5W4. The core from these wells was exammed sampled and photographed at

the Energy Resources Conservatlon Board Core Laboratory located in Calgary Alberta

C. Methods of lnvestigation

Each core was exammed bed- by bed iN conjunction with an analys:s of the
geophys:cal logs The carameters descrlbed were lithology, texture, sedimentary
~v'structures and macrofossul content A photographnc record was made of each core,.

This’ formed the sedimentologic basis for stratlgraphlc correlatlons and facnes
association analysns Stratrgraphrc units and facues assocnatlons were defrned and
correlated between these wells Then a reguonal study of these facies assocratlons in 54

'wells was undertaken on the ba51s of well log evaluatlon lsopach and structural maps .

were generated for the various stratlgraphro units and the underlymg pre Cretaceous

K unconformlty (e} dlscern reglonal trends In a ten‘township area.
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After the initial examination, one well (10-17-66~5W4) was chosen for detailed
study. Factors such as c‘ompleteness of core. presence of representative lithologies,
good geophysical log control and location near the centre of the B.P. pilot plant area were
used in choosing this core. ¥

A total of 43 lithologic samples of 10~ 17-66-5W4 core were taken. The
location of samples is given in Figure 3. At least one lithologic sample was taken at the
top. bottom, and within each major lithology. Maximum spacing of samples was 2.5 m (8
ft). with an average spacing over the entire iength of the core of 0.85m (2.8 ft). Where
sand beds were separated by thin siit and shale partings, separate samples were taken for

oil sands and micropaleontologic analysis.

Geophysical Weil Log Analysis
All wells were studied in conJunctlon with an examination of geophysical well logs.

Logs avanlable for'each well are as follows: Lo

- 6-3- 66 5W4: Dual Induction Laterclog

“Compensated Neutron Formation Dens:ty

6-5- 66 5W4. Inductlon Electrical Log

Compensated Neutron Formation Density

’ 10 7-66-5W4: Dual Induction Laterolog

Compensated Neutron Formation Densuty
Borehole Compensated Sonic Log

10-— 17-66~5W4: Dual Induction Laterolog :
Compensated Neutron Formation Denslty
Borehole Compensated Sonnc Log

2-19-66-5W4: Induction Electrlcal Log"
" Compensated Neutron Formataon Density

The geophys:cal logs were correlated with the core and were used to detect core thathad
expanded after the release of overburden pressure In the detailed study of well . |
10- 17~ 66-5W4, all Iogs were dlgmzed using a Tektromx graphnc termunal However the
digitizing procedure gave readmgs that were up to O. 5 m (1.5 ft) away from the actual
depth indicated by the geophySIcal well'log. These Inaccuracies were a result of lumntat«ons'
of scale on the Tektronlx graphic termlnal and variations in the geophysical well logs. .
Readings were made every six inches and at every samp'e point rnanualiy. The data were
analyzed using shaly sand cross-plotting techniques with the scattergram computer

program developed by Nie et al (1875). The geophysical well log parameters were then :
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-related to core analysis parameters.

Laboratory Analyses

N\
Thirtyffour o‘f the 43 samples taken from well 10-17-66-5W4 core were
- submitted for oil sands analysis. The analysis consisted of a calculation of weught (/’
percentages of oil and water saturation by the use of the Dean- Stark separatlon technlque
{Kidston, personal communication). The method mvolves the extraction of the bltumen by
refluxmg hot toluene measuring the amount of water extracted through condensatlon and
obtalnmg the welght percent bitumen by calculatmg the difference between the welght of
the orlglnal sample and the dry sample plus water (Eade, 1975) The grain size dnstrnbutlon
was studled through both dry and wet sieving. Dry snevrng was performed using a series
of sueves ranging from -4.0 phn to +11.0 phi, graduated in 0.5 phi. irtervals. The mean,
' 'medlan standard devnatlon {sorting), skewness and kurtoss were determlned graphlcally -
(Folk, 1968). Hlstograms and cumulative curves were generated for each sample.
Thvrty four samples were thin- sectloned lmpregnated with, blue epoxy and stalned
“with sodlum cobaltinitrite for the identification of feldspars Along with seven thin,

,.

sections on loan from Brltlsh Petroleum they formed the. basis of a petrographic study of
the Clearwater Formation, in which 300 pomt counts were made of each slude L0

X-ray diffraction analyses were conducted on the less than 2 micron smear slldes
- of 36 samples to study clay mineralogy and to obtain relative percentages of clay types

Fourteen samples 3 from 6—-3~ 66 5W4 .6 from 10——17 66 5W4 and 5 from

2-19~ 66-5wW4 were submitted for mlcropaleontologlc study by Dr C. Slngh

Dinoflaggelate assemblages were studied to discern the geologlc age of desposmon and
to aid in the analysis of paleoenvnronmental condmons at the tlme of Clearwater '
deposmon ’

Macropa_lee,n’tologic identification was made of the one _com'plete shell fragment
‘found and one sample was taken for trace _fos‘sil analysis. Other trace.fossils were
identifjed through core analysis. ln the heav_ily bioturbat‘ed deposits, tra_-cve fossil |
identification was impossible. ‘

A series of parameters were obtalned usmg the equatlons Ilsted in Appendlx im.

These parameters were then used in the shaly sand analysns Cross plots were used to.



' .-examine and demonstrate the complex relati'onship between petrography, core analysis

and geophysical well log response.



Il. Stratigraphy
i
A. APrevious Wo‘rk
The "Clearwater shale”. was first recognized'in the Athabasca area by McConnell
(1891) and was later elevated to formational status (McLearn, 1917). The Clearwater .
Formation was placed in the Lower Cretaceous Group (McLearn, l9 18) allon'g with the
McMurray and Grand Rapids Formations. Subsequently, the Lower Cretaceous Gr‘oup; was '
correlated throughout Alberta (McLearn, 1931 and 1932). o
| The Lower Cretaceous Group in the Vermilion—Wainwright area was d.i\-/ided into
six members on the basis of lxthology and named the Mannvrlle Formation (NauSs 1945). n
the Lloydminster area, which is in essentually the same geographlc location as
Vermilion— —Waihwright, the Mannville Formation was divided into thrée units (chkenden
18948). The mlddle unitis roughly correlative with the Clearwater Formatlon inthe - '
o Athabasca area and with Nauss's (1945) Cummings, Islay, Tovell and part of the Borradaile:'
Members. | h \ - -' | i |
The Mannvulle Formatlon was elevated to group status (Badgleyﬂ 1952) and
correlatlons were extended into the subsurface (Badgley 1952 Wllllams 1963) A
glauconltlc sandstone found at the base of- the Clearwater Formatlon was named the -
Wabiskaw Member of the Clearwater Formation (Badgley, 1/952) -
| The Mannville Group was subdl\(lded lnto two units-(Glaister, 1957 and 1959;
' Rudkln 1964) Glalster (1957 and 1959) mcluded the Wablskaw Member with the upper .
unit, whereas Rudkin (1964’f mcluded it with the, lower unit. . IR
V “The Blalrmore Group of western Alberta was correlated wnth the Mannwlle Group o
‘on the basis of lithology, flora and fauna (Mellon and Wall, 1963) Correlatlons between
-the Athabasca and Lloydmmster areas V\;ere made (Rudkun 1964) and further stratlgraphlc
.work was undertaken by Melion (1967) who commented on the difficulties in establlshlng
the lower stratigraphic. bounda;y of the Clearwater Formatlon on the basus of faunal
changes ‘

In the first geologlc study of the Cold Lake area: correlatlons were made between.

- the Cold Lake and Athabasca deposits (Webber 1967) Correlatlons between all oil sand

and heavy orl deposuts were. then made (Vlgrass 1968) In the Lloydmlnster area, tongues

R -
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of marine sedimentary rock in th‘e lower Upper Mannville Groupvwere correlated to the
Clearivater Formation. In the Cold Lake area, the Mannville Group was divided into intormal
A B 'C’, and 'D' unlts (Vigrass, 1968} which were correlated approxnmately with the
Upper Grand F apnds Lower Grand Rapids, Clearwater, and McMurray Formatlons in the

© Athabasca area. The C unit top was placed slightly lower than the Clearwater Form.ation .
© top in Athabasca. A '

] On the basis of three cores in the northeastern part of the Cold Lake area, .
Vigrass's { 1968 inforrnal ‘A" and ‘B’ units were correlated.with the Grand Rapids .
Formation, the 'C’ unit with the Clearwater. Formatron and the b unit with the McMurray
Formation (Clack, 1968). ,' L

Further refinements of correlation between all oilsand and heavy oil deposits were
attempted (Kramers 1974; Kendall, 1977 Mossop et al, 1981). These latter correlations
: underlrne the contlnumg problems with delimiting the upper and lower boundarres of the
-Clearwater Formatlon in the Cold Lake area, which will be dlscussed further below
. The base of the Mannville Group is marked by an unconformlty while the Mannville

Group Colorado Group contact is consndered unconformable lMossop et al 1981)ora -
dlastem (Mossop, personal communication). — -

The contact betw}een the Clearwater Formatlon and the overlymg Grand Raplds ‘
Formatuon has been descrlbed as a gradational mterfmgermg facies boundary (Wllllarﬁs
. 1963} caused by time transgressnve {(Mellon and Wall, 1956 and 1963) or dlachronous
' '(Mellon 1967 Mossop et al. 1981} deposition. ’ '

. The basal Clearwater contact wnth the underlying McMurray Formation is

_con3|dered mterﬁngerlng (Mellon and Wall, 1956 Carrlgy 1963)/or gradatlonal (Mellon
1867). In northeast Alberta the ‘change in the sandstone composrtron at the top of the
’ McMurray Format:ojn is still evident even though the sedlments are faunally and

||tholog|cally gr'adatlonal (Mello’n, 1967).
-Petro’graph‘ic‘criteria-for differentlating between‘ the Mchurray and Clearwater

- Formatnons in-the absence of ‘fossils have been recognlzed (Carrugy 1963). The

Clearwater Formatlon can be recognrzed by the presence of glaucomte pellets éuhedral-

‘biotite flakes, montmorilionite, and euhedral plagloclase grains.
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B. Correlations derived from the Present Study

Correlating the Clearwater Formation in the Cold Lake area is comphcated by the
fact that thts areais transntlonal between the northeastern Alberta oil sands deposnts and
the Lloyaminster. heawy oil deposit. Sedlmentatlon is significantly different |n these areas.
Tovthe north the Clearwater Formatnon is mterpreted as an open marine shale, whereas in
the south |ts equrvalent is lnterpreted as a complex mlxture of marine shales, shelf and

i nearshore deposnts wnth some contlnental depOSIts - L ,)'

Prewous attempts to correlate the Clearwater Formatlon in the Cold Lake area have
adopted the stratlgraphlc nomenclature of the northeastern depos:ts (Figure 4).: One
notable exclusion is that the Wabiskaw Member is not included in the Cold Lake deposnt
since it cannot be drstunguushed here. )

The mann correlatlon problem in the Clearwater Formation i is the placement of, the
basal and Upper shales Prev:ous studles (Kramers 1974) placed the upper shale in the
Lower Grand Rapids Formation and the basal shale with the McMurray Formatlon More
recently (Mossop, 1984), the upper shale has been included within the Clearwater
Formation. ' ‘

| "To be stratigraphically and sedimentologioally_consistent, both the upper and basal

shales should be included within the Clearwater Formation. In both the Athabasca and
Wabasca oil sands areas, the McMurray / Clearwater and Clearwater/Lower Grand Rapids
oorrelations are basedon, inpart, a lithologic change from the shale of the Clearwater

- Formation to the sands of the other two formations. in addmon there is no basis to
exclude these shales from the Clearwater Formation in Cold Lake with respect to
correlation with the Lioydminster area. The only micropaleontologic sample taken from the
basal shale in the present study was poorly preserved, but-was assigned on the basis of its
'.dlnoflagellate assemblage to the early Alpian Age. Taking into account Mellon's (1967)
comments on the difficulty of defining the base of the Clearwater Formation on faunal
changes, the mlcropaleontologlc resutts of the present study tend to confurm the

~lacement of the basal shale wuthun the Clearwater Formatlon
One basis for placing the basal shale within the McMurray Formation is that its

-contact with the Clearwater Formatlon is erosional. However an erosional surface is often .

assocnated with the deposition of coarser- gralned sed:ment In addltlon the nature of the
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contact between the shale and the McMurray Formation is not known since no core was

recovered from this depth. If the basal contact of the shale is proven to be conformable
with the McMurray Formation the' proposed correlation couid be incorrett. _
Further core and micropaleontologic work wogld help resolve this problem with

stratigraphic correlations.



Ill. Sedimentology '

A.Previous Work
-
The sedlmentology of the oil sands and heavy il deposits is hlghly complex and a
knowledge of facies is important to oil explora ion (Mossco tal. 1981).

Rudkin (1964) wrote extensively on the ;tratigrar'ty and depositional hlstory of
both the Athabasca and Lloydminster areas. in-his schema, the Lower Mannville Group
lncluded the McMurray Formation and the Wabiskaw Member of the Clearwater Formatign
and consisted of nonmarine basal fill deposits. The Upper Mannvilie Group included the
Clearwater and Grand Rapids Formations and consisted of time transgressive marine units

«The Clearwater Formation was considered to be a deltaic deposn modufled by perlodlc
~marine advances of a boreal sea whose axis trended southeast and Iay close to the present .

| Shield edge in northeastern Alberta &rme conditions prevauled in the north (Athabasca
area) mixed marlne/non marine condmoﬂs in the central area (Cold Lake and Lloydmlnster

- areas), and non-marine conditions.in the south. '

(}l . 'The firs@le\scrlptnon of the Clearwater Formation was made at the Athabasca
outcrop area. The Clearwater Formation was described as int rbedded sands and shales
(McConnell 1881) or :s "soft grey shales, black shales, and gréy and green sandstone -
with some hard con_cretlonary layers (McLear_n,' 1817). The first paleogeographic map _
(McLearn, 1932) depicted the Clearwater Formation as marine in originr. .

After further study, the Clearwater Formation was described as glauconitic
sandstone basall‘y, oyerl‘ain by dark grey shales grading up into sandstone of marine origin
{Mellon, 1967). Gallgp (1974) studied the geologic history of McMurray-ClearWater
deposition in the Athabasca oil sand area and character‘ized the environment of deposition
as lagoonal and deltaic. | |

A study of the chemical composmon of the lVlannvnlle Group shales in central
Alberta(Campbell and Williams, 1965) showed that Clearwater deposmonal envnronments
were generally marine in the Iower part and brackish in the upper part.

A lithalogical description of the Mannville Formation in the Vermillon—Wainwrlg'ht .

K area was based upon the presence or =  ence of dark minerals, the distribution of marine

fossils and the occurrence of coal seams (Nauss, 1945). The strata which are
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approximately equivalent to the Clearwater Formation were described as: 88 feet of dark
shales interbedded with silts and "salt and pepper” sandstone of marine origin; overlain by '
10 feet of quartz beach sandstone; overlain by 78 feet of deltaic "salt and pepper”
sandstone, grey shale and siltstone with a few plant remains; overlain by 29 feet of beach
reworked quartz sands, shale and siltstone. Overall, a nearshore to upper shoreface '
environment was indicated for the Vermilion— —Wainwright area.
Clearwater equivalent strata in the Lloydminster area (Wickenden, 1948) were
. described as composed of well-rounded fine-grained quartz with glauconite grains of
probable delta front origin. Vigrass (1877) conducted a detailed study of'the’Lloyd’minster
area and characterized the deposit as lithologically similar in all its nine members. The
Clearwater Formation approximatel equivalent Cummings to Sparky Members were
considered marine in origin. Channe! deposits in Clearwater equwalent Lloydmlnster strata
{(MacCalium, 198 1) and nearshore marine deposits (Tilley and Last, 1980) were recognized.

The 205 m (600 ft) of Mannville Group sediment in Cold-Lake was described '
(Webber, 1967)' as interbedded sand silt and shale with minor stringers of coal. In a
detalled sedlmentologlc review of the Cold Lake area (Mmken 1974}, the Clearwater
Formation was characterized as a "salt and pepper sandstone w:th glauconlte grading to
shale southward. _

Cold Lake area sedumentology has been generally characternzed as non- marine n
the McMurray Formation, marine in the Clearwater Formatlon and non-rnaring in the Grand
Rapids Formatnon (Outtrim and Evans, 1977).

The Clearwater Formation in the Cold Lake area has been generally destribed as a_

laterally extensive nearshore marine sand deposnt with assocuated marine shales (Mossop
etal, 1981). | |

A general geologic report on the Clearwater Formatuon in the Cold Lake area
(Carrlgy and Kramers, 1974) revealed that marine condmons prevaxled and that the Cold
Lake deposit could be placed close to the southern limits of a boreal sea. Consequently
nearshore, transitional, and deltaic environments predominated. The Wabiskaw Member of
the Clearwater Formation was described as shallow sea rewe_rke'd Mc!\/hlufra\) Fo_r-matiovn

sands (Kramers, 1975).



The depositional environment of the Clearwater Formation at Colid Lake has been
variously characterﬁzed as nearshore deltaic {Jardine, 1974: Esso ‘Resource's, 1878). .
nearshore tidal (Wennek.er etal, ]97'9),. or an Arctic boreal sea transgressive marine bar
and interbar sand wedge (Minken, 1974). | |

In a site- specrflc study, Harnson et al (198 1) examined over sixty wells in a three
township area in the northeastern portion of the Cold Lake oil sands deposit. They
concluded that the CI:arwater Fo_rmatlon consisted of deltafrlnge sr{ts and shales, Iower

delta front sands and shales, andvupper delta front stream mouth bar and beach sands in" '

this area.

Provenance and Teetonic Frameyvork ' ‘ _

Two source areas for Lower Cretaceous sediment have been proposed (Glaister,
1959; Mellon 1867; Carrigy and Kramers 1974; Jardine, 1974 Keeler, 1980 Harrison
etal, 1981). The major source area was in the Cassuar Omnneca and Nelson upllft areas of
south-central British Columbia, whlle mlnor contrlbutlons of sedlment came from posntlve
areas of the emergent Shield of Saskatchewan and Manitoba. The latter had a local

, signiticance in eastern Aiberta, including the Cold Lake area, '

T_he hypothesis of dual proyenance wasrreinforced by a geochemi.cal study of.
Lower Cretaceous strata (Cameron, 1965) which found that the sedrments could be -
divided into low, medlum and high soda content groups which reflect dlfferent source
areas. In the Athabasca, Cold Lake, and Lloydmunster areas, tongues of low soda level
sediment showed that some dettitus came from the east, in addition to the major sediment-
source from the west The Pre- Cambrlan Shleld to the northeast of the Londmlnster heavy A_
oil deposit was c:ted as the 'source area for sediments deposnted here by a southward
transgressing Clearwater Sea (Putnam, 1879). However, in a recent paper, Putnam and
Pedskainy 11983) contend that the source rocks for the Clearwater Formation at Cold Lake
are only to the west and that there is no northeasterly Shield component.

~ Relief on the Paleozoic erosion surface, which controlled Mannville Group

deposition, was reported to be from 94 m (300 ft} to 120 m (400 ft) and locally up to
150m (500 ftl (Williams, 1963). An isopach and a paleogeologic map of the Lower

Cretaceous strata in central Alberta north of the present.area of study shows that rivers



flowed in a northwesterly direction in large channels etched into the pre-Cre'taceous
surface.l The deposition of Mannville sediment was also controlled by a series of
pre-Cretaceous islands trending in a northwest-southeast direction (Jardine, 1974).
Mannville Group thickness was stated to be between 550 and 880 feet depending upon
the sub-Cre-taceous erosional relief (Clack, 1968). Two erbzsionalrpre-Cretaceous fluvial
chénnels with northercly dfaiﬁage were recognized here.

Willams and Stelck (1975) provided an overview of the depositional history and
paleogeography throughout Mannville time in Alberta. A study of basement controis on
Lower Cretaceous deposition (Stelck, 1975) showed that the Peace River and Sweetgrass

_ a.rches controlled Lower Cretaceous sedimentation in Alberta. 7

In the Cold Lake area, salt solution in late Mannville time, 'as well as subsequent to
Mannville deposition, resulted in a-discontinuity of facies {Energy Resources Conservation
Board, 1973). Carbonate ridges and channels in the underlying Devonian strata also

controlled sedimentation.

L&
~

Beaumont (1981) cites subsidence, caused by a combination of loading of thrust
plates and erosion of these plates, as the major control on séa level and depositioﬁ in the
Cretaceous Period. -

B. Introduction to Sedimentology:
. Clearwater Formation is characterized by finely interbedded lithofacies.
Consequently, it is m‘ost‘ practical to describe the deposit with respect to facies
“associations. A facies association is a group of lithofacies which .tend to occur fogefﬁef
and are considered to be genetically or environmentaliy related (Reading, 1978).

Itis beyond the scdpe of the present study to perfofrﬁ a strict facies analysis of

the cores. The main purpose of the study is to relate ‘general sedimentological features

and the geophysical well log response. ' C .

Definition of Facies Associatiohs _ . v _ ' . . .
The cores were studied bed-by-bed and sedimentary types were defined (See V

Table 1 for the range of f'eature:s observed in core).
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Table 1.

Bed-by-bed
Total Counts

112

220
151

307

140

211
107
391
: 105
275
426
119

50
63

Total 2677

SEDIMENTARY TYPES

Lithology

Silty Shale

Silty Shale
Argillaceous Silt

" Carbonaceous Sand,

Silt and Shale
Coal

Silty Shale, Shale,
Argillaceous Silt

Shale

Silt

Silt

Sand

~ Calcareous Cement

Sand ‘
Calcareous Cement

Sand .
Calcareous Cement

Sand o
Calcareous Cement

Sand
Silt

A1l Lithologies

A1l Lithologies

Structures

horizontal laminae; stringers;
structureless -

Taminated (horizontal, curved,
inclined, undulating); load
casts; wedges and Tenses

laminated (horizontal, curved,
inclined, undulating); lenses;
minor bioturbation )

heavily bioturbated.

laminated (horizonta],'éurved;‘

inclined, undulating): Tload
casts; stringers .

laminated (horizontal);
stringers

laminated (curved, inclined, .

undulating, contorted); lenses

Taminated (horizonta]);
cone-in-cone carbonate

laminated (inclined);
stringers

laminated (undilating and

curved); lenses and wedges

“apparently structureless -

" heavily bioturbated

remnant structures
scoured surface

si]ty shale rip-up clasfs
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The dominant lithologies in the'CIearwater'Formation are unconsolidated sand ‘
unconsolidated silts to siltstone, silty shale shaie and calcareous cemented material.
Silt-sized sediment is commonly oil saturated and unconsolidated and Wl|| be termed a silt.
In the case of stratigraphic unit F. some silt-sized sediment is indurated and will be termed
a sil'tstonrr |

The major criteria for defining facies associations were grain size and the amount

bioturbation present. Heavy oil saturation in the sands and