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ABSTRACT

Heavy oil in the Lloydminster area of Saskatchewan and
Alberta is produced from the Lower Cretaceous Mannville
Group, of which the Sparky formation is one of the most
significant oil-bearing formations. Pre-Cretacepus high areas,
termed the Baldwinton Bidge to the south, Wainwright Ridpe
o the seulhwest and Lindbergh Ridge to the north, form the
limits of the Llovdminster Sub-basin, A structural depression
to the cast and northeast was caused by salt disolution of the
Deyonian Prairie Formation. Deposition of the Sparky forma-
fion has been influenced by the configuration of the Lloyd-
minster Sub-Basin,

The Sparky formation can bc subdivided inlo two major
facies: Regional and Channel. [ts characleristics suggest
deposition within a wave-dominated deltaic system. Sand-
stones of the Regional Facics contain most of the heavy nil ac-
cumulations and can be up to 14m thick. The Channel Facies,
which is predominantly shale-filled, locally develops cxcellent
reservoir sandstomes up 1o 40m thick.

The major Sparky formation heavy oil accumulations are
situated in the central portion of the Lloydminster Sub-basin.
Major oil fields inclode Aberfeldy, Epping, Golden Lake,
Celtic, Westhazel, Marsden, Blackfoot and Wainwright, Four
lypes of traps are recopnized:

{A) Regional Facles sandstones abutting against shale-fitled
Channel Facics,

{B) Regional and Channel Facics sandstones trapped siruc-
turally; mainly due to salt dissolution of the Devonian
Prairie Formation,

(T} Sandstones locally developed within the Chennel Faciez,

(D) Lateral pinch-out of the Kegional Facics sandstones.

INTRODUCTION

The Lloydminster heavy oil area of Saskatchewan and
Alberta (Fig. 1) conlains an esiimated total of B to 11 billien
m* {50 to 69 hillion barrels) of oil in place'. New development
drilling conld add an additional 16 million m? (102 million har-
rels) of reserves while :xi:,tin;, und new enhanced oil recovery
(EOR) projects expect (0 increase the reserve base by approx-

The purpose of this paper is to;
{a) outlime the major structural elementz of the Lloyd-
minster Sub-hasin,
(b} relate regional depositional characteristics of the Sparky
formation to the Lloydminster Sub-basin,
{c) illustrate the major hydrocarbon trapping mechanizms
lor the Sparky formation.

STRATIGRAPHY OF THE MANNYVILLE
GROLT

The Lower Crelaceous Mannville Group is a scrics of very
fine o fine grained sandstone, siltstonc, shale, and coal heds
which unconformably overfie eroded Palcozoic carbonates
and are averlain by marine shales of the Joli Fou Formation of
the Colorado Group (Vigrass, 1977). The most commonly wsed
stratigraphic nomenciature for the Mannville Group was
described by Vigrass (1977) and Otr er af. (1977). They both
used the same nine informal stratigraphic subdivisions (Fig. 3)
excepl that Vigrass called them members whereas Orr et af.
refer to them as formations. Bolh of them placed the
stratigraphic contacts at the top of the sandstones. MacCallum
{1979) initiated the use of shale and coal marker beds to define
these boundaries. The present authorz believe the Mannville
Group can be subdivided into correlatable subdivisions in the
Liovdminstcr area hased on regional marker beds, so these
subdivisions should be referred to s formations.

BASIN CONFIGURATION

The Sparky [ormution (Figs. 4 and 5) and other Mannville
formatioms have a regional southwesterly dip of approxdmateli
1.9m/km which is probably associated with the Laramide
Crogeny (Christopher, 19807, The Sweetgrass Arch extends in-
to the Llowvdminster area with the Alberta Basin to the west
and the Williston Basin to the southeast (Stelck, 1975) (Fig. 1.

The major structural elements forming the boundaries of
the Cretacsouws Liovdminster Sub-basin (Orc ef al., 1977) are
illustrated om the Base of Fish Scale Zone to pre-Cretaceous
tncon formity surface isopach map {Fig. 6). The second arder
residual map of the pre-Cretaceous unconformity surface (Fig.
7) depicts structural highs where the isopach map shows thin
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in Saskatchewan and subcrops on the Wainwright, Baldwinton
and Lindberzh Ridges (Fips. 4, 5, and 7) (Formation names in
parentheses are the Saskalchewan equivalents to the Alberta
nomenclature used in this paper). The Devenian Wintecburn
(Birdbeuar) Formation glso subcrops on the Wainwright Ridge
but is absent on the other ridges. The Lindbergh Ridge is less
pronounced than the other two ridges with the Woodbend
Formation being relatively thin in this area. The Devonian
Cocking Lake {(Jower part of the Duperow) and Beaverhill
Lake {Souris River) Formations subcrop in the eastern pari of
the Lloydminster aree. The Wainwright, Baldwintpn and
Lindberg Ridges separate the Lloydminster Sub-basin Ffrom
the following areas, respectively: Central Alberia, the
Kindeesley heavy oil area and the Cold Lake oil sand area.

ALBERTA

SASKATCHEWAN

The Meadow Lake Escarpment (Fig. 1) which was an important
structural efement during Middle Devonian Lower Elk Foint
sall deposition, coinciées with the northwestern limit of the
Lloydminster Sub-basin, Orr ef gf. {1977} found no apparent
relationship with Mannville deposition. MacCallum (19793,
however, shows that the extent of the Lloyminster [ormation
sandstones coincides with the Meadow Lake Escatpinent. The
escprpment may, therefore, have had some influence on Man-
nville deposition.

In the epstern part of the study area, salt dissolution of the
Devonian Praide Formation has resulted in structural reversal
of the overlying strata (Fips. 4 and 5). The second order
residusl map on the pre-Cretaceous uwnconflormity sorface
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Fig. 4 - Five west-zasl compitler generated cross-sevlions rehate ehe Paleocoic
structere Go the overlying Mannyille Group. The cross-sections illusicate ke
Pialeozoic ridpes formed by the subsroppdng Devontian Wondbend Formation in
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tion in the easlern parl. All deep Paleozoit lests in the ares were used and
originsted panly from Digitech and pacily from Hosky Oil data. The Mannville
fops are the author's own data and heve also been wsed in Figures 7 and 8,

(Fig. 7) depicts a low corresponding o the area of salt dissolution.
Thickening of the Base of Fish Scale Zone to pre-Cretaceous
unconformity surface isopach map (Fig. 6) suggests that the
arca was structurally low during Cretaceous deposition,

Salt dissolution of the Prairie Formation in Saskatchewan
has been documented to have occurred from the Devonian to
the Recent (Debdille ef of., 1964; Holeer, 1969 Horner and
Haszegawa, 1978). Christopher (1980) indicated that some salt
dissolution occurred during Mannville deposition but that
mirst of the dissolution was post-Mannville, He, however,
states that *'solution sinks remained aclive throughout Mann-
ville deposition and account for abrupt thickening and chang-
ing of facics in the Tatter™. In the Bdam area of Saskaichewan,
Wilmot and Oliver (1983) have suggested that salt dissolution
oeenrred in discrele phases that were interrmapted by periods
of no salt dissolution. The oldest event was approximately syn-
chronous with lower Mannyille deposition {ibid). The major
phase of dissolution ocewrred post-Second White Specks, and
aceounts for most of the structural highs and lows in the
eastern part of the study area (jbid).

The Paleozoic carbonate ridges at the Pre-Cretaceous un-
comnformity (Fig, 6) are disscefed by paleo-valleys that connect
the Lloyminstet area with Central Alberea (Christopher, 1980).
One paleo-valley is sitnated in the Manitou Lake arca while
another one occurs in the Vermilion area, These paleo-valloys
are filled by lower Maonville {Ding) sandstones (O ef al,
1977; WVigrass, 1977; Christopher, 1930, Putnam, 18982).
Sedimentation in the middle and upper Mannville has not been
previcusly shown to be related 1o the pre-Cretaceous uncorformity
surface. This paper suggests that the paleotopography during
Sparky deposilion was similar to the pre-Crefaceous
topography because the pre-Cretaceous ridges, and major low
to the east, are also indicated on the second order residual map
of the Sparky formation (Fig. 8). The magnitude of these highs
and lows is, however, less than the pre-Cretaceons uneonfor-
mity surface, suggesting lower topographic eelief. Other
evidence is presenied later in this paper to support this
relationship.

FACIES

INTRODUCTION

The Sparky formation can be subdivided into two major
Faries based on geophysical well log signatures and sobstantiated
by cores. These Facies are termed; a) Regiooal Fuvies and b)
Channel| Facjes (van TIulten and Smith, in press). Generally,
the formation is characierized by coarsening upward, sheet-
like sandstones interbedded with siltstone/shale (Fig, 9). The
lower boundary of the formation is the base of a regional
shale, and a regional coal, the Sparky coal, generally caps the
Sparky formation. This sequence is defined as the Regional
Facies. In some areas, the Regional Facies and paris of the
underlying formations have been eroded by Channel Facies
which are sandstone and/or shale-filled channels (Figs. 11 and
12).

In the Lloydminster ares, cores are not abundant and are
generally confined to the edges of the older fields, enhanced oil
recovery (EOR) projests, and newly discovercd pools. Most of
theze cores are from the Repional Facies because af the more
productive nature of this facies. Yery few wells in the Channel
Facies have been cored.

{z) Mineralogy
Mineralogical siudies of the Sparky Formation, in particular
Maccagno and Watsen (19803, Putnam {1%82), and Smith {in
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press) have shown that in the sandstong, siltstane, and glso the
shale beds, monoc ystalline guartz is the principal framework
grain (up to 90%) with polycrystalline gquartz (up to 10%:) oc-
curring in lesser amounts. Feldspar (less than 10%), rock
frapments (less than 5%) and other minerels (fracve) such as
glauconite, mica, and heavy minerals are minor constituents.
The rock fragments arc mainly shale, siltstone, and sandsione
clazts. Plant remaing and carbonaceous debris are common,
particularly in the shale beds. Clays (up to 15%), and also car-
bonascous material, form the depasitional matrix between the
framework grains. In the best reservoir sandstones, the clay
content is typically between 2 and 6%,

The dominant clay mineral is kaolinite with illite being the
next most abundant, Minor amounts of chlorite, smectite, and
mixed-layer clays are present. Vermicular kaolinite booklets
(60-90% of the clay {raction) occur as pore-filling cement. Hlite
{up to 40% of the clay fraction) and minor amounts of chlorite
form the depositional matrix.

The shale beds have a slightly higher tolal clay content
(11-12%a, bulk XRIY) vompared Lo the sandstone and siltstone
beds {2-6%). In the clay Fraction (XRD), shales have a higher
illite content {15-40%0) than the sandstone/siltstone (10-18%%),
reflecting its increased detrilal matrix,

Carbonates (siderite, dolomite, and calcite), kaclinite, and
guartz overgrowths occur 2 pore-fill and pore-lining cements

which reduce primary intergranular porosity. In mrc cascs,
carbonate cementation has completely occladed all pore
spaces.

(b} Lop Response

The Gamma Ray corve should be used in preference to the
Spuntanteous Paotential curve as a litholopieal indicator in the
Sparky formation. The Gamma Ray counts are predominatly
derived from illite and E-feldspar which are more abundant in
the finer prained sediments, siltstone and shale, (Maccagno
and Walsomn, 1930).

The Spontaneous Fotential curve is influenced by formation
Fluids and permeability. Heavy oil and carbonate tight streaks
can produce a positive Spontaneous Potential deflection, sug-
gesting 1he lithology is a sandy siltstone or shale when, in Fact,
it is a clean sandstone, (Tlg, 12 - see A 1-26-47-22W3M, depth
454m, inidcated by number 1). Conversely, a waterleg may in-
dicate a clean sandstone on the Spontaneous Potential log
when the Bthology is & shaly sandstone or siltstons (Fig, 9 - see
[04-32-49.1W4h, depth 603m, indicalcd by number 2). In the
104-32-49-1W4 core, the Sparky I} sub-unit iz a siltstone
whereas the Spontaneons Potential stggest it 1o bo a clean
sandstone.

The recognition between the Regional and Channel Facies is
sometimes hampered by the Gamma Ray and Spontanecus
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Potential curves having different log signateres, The Gamrma
Ray curve should be used in these cases to determine if the log
signature is a coarscning wpward seguence, typical of the
Regional Facies, or a blocky vr bell shaped curve, typical af
the Charmel Facies. For example, a water zone at the basc ofa
Channel Facies sand may produce a negafive Spontanecus
Potential response whereas heavy oil suppression in the wpper
part gives a posifive Spontaneous Polential yesponse. The
Spontanenus Potential eurve may show in some cases a blocky
or bell-shaped curve suggesting a channel-fill whereas the Garmna
Ray curve will display a typical coarsening upward sequence
indicating Regional Facies' log character.

REGIONAL FACIES
(a) Descripton

The Repional Facies iz defined as the siratigraphic sequence
between the Sparky coal, or its stratigraphic equivalent {je, the
overlying Waseca beds are correlatable), and the basal Sparky
shale (Fig. 9). The sequence varies from 10-20m in thickness,
The basal Sparky is a carbonaccous, hioturbated, silty shale,
generally 1-hin thick. This sub-umit i correlalable over the entire
study area except where it has been removed hy crosion.
Dinoflagellates and foraminifera have been identified in the
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basal Sparky at Aberfeldy by Fuglem (1970) and AGAT Can-
sultants Lid, (pers. comm.).

Subdivizion of the Sparky formation into sub-units between
the Sparky voal and basal Sparky has been vseful in mapping
in particular pools and fields (MacCallum, 1979; Maccagno
and Watson, 1980; Smith, in press). On the Alberta and part
of the Saskatchewan side of the study area, these sub-units are
correlatable (Fig. ¥). Although correlations can be made, they
arg more uncertain in eastern pars of the study area, These
subdivisions are informally termed, in descending order A, B,
C, D. The base of the A, B, C and D sub-units is indicated on
the Gamma Ray and/or Spontaneous Potential lops as a shale
bed. In cores, the basal bed can vary froen & silty sandstone Lo
interbedded shale/sandsione to shale. Regionally, the Sparky
coal, A sub-unit and basal Sparky appear to he the most con-
tinous sub-units with the major facies changes occurring in the
B, C and D intcrvals,

Each of these sub-units penerally represents a conrsening up-

ward sequence, varying from 2 1o 6m thick. Either silty sand-
stone, interbedded shale/sandstonz or shale occurs at the base
and grades upwards into coarser grained and better sorted
sandstone or silistone. The lower part of the coarzening up-
ward sequence can be either bioturbated or wavy-bedded,
Wave ripples and plant debris along laminae are frequently
obscrved. Vertical corkscrew type burrow, Grrofpthos (G,
Pemberton, pers. comm.) are common, particularly in the
lower sub-units, € and D. The sendstone interbeds are very
finc grained and moderately well sorted. The sandstones at the
top of the coarsening upward sequence are dominantly very
finc to fine grained and well sorted. In some pools, the reser-
voir is not always a sandstone but is actually a well sorted,
quartzose siltstone; [or example the lower twothirds of the
Teservoir in the Wainwright Field and the lower sub-upies in
the Aberfeldy Fleld. Sedimentary structures in the sandstope
beds are often difficult lo observe due to the heavy oil staining.
Low angle and parallel laminations are (he dominant sedimen-
tary structurcs observed. Biolurbation and wave ripples are
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more comman in sub-unit C and more particular]ly sub-unit D,
High angle laminations {labular cross-beds?) have been
obszerved, usually in sub-unit B or in sub-unitz exhibiting a
blocky log character.

(t) Lateral Lithilopical Variations

Taterally, the upper sandstone/sillstone portion of the suh-
umils can grade into shale or interbedded sandslione/shale,
This aspect is illustrated in the regional southwest-northeast
cross-section  between the Wamwright, Devonin Lake,
Aberfeldy and Golden Lake Fields (Fip. 9) (van Hulten and
Smith, in press).

The A sub-unit at Waimwright and Devonia Lake, is com-
posed predominatly of carbonaceous, silty shale with minor
carbonatc cemented sandstone. At Aberfeldy and Golden
Lake, however, this sub-unit is a moderately 1o well sorted,
very fine to fine grained, quartzosc sandstone. In additian, the
sub-unit al Devonia Lake, Aberfeldy, and Golden Lake is also

a well sorted, very fine to fine grained, guartzose sandstone,
whereas at Wainwright, it is a carbonaceous, silty shale with a
thin, carbonate cemented sandstone ooeurring at the top of the
sequence. The development of the sandstonc sub-units up-
scotion towards the northeast iz interpreted as to representing
progradation in the same direction {Fig, 9).

The major sandsione body trends correspond 1o the arcas of
nct pay development in the Regional Facies. 1n the Waipwright
Fields, the sandstone/sitstone body is thin and occurs in the C
and D sub-unitz. The Blackfoot/Eppmg/Aberfeldy/Golden
Lake area iz characterized by thick development of sand-
stonessiltstome in the B to D sub-units. The net pay is thickened
in the Aberleldy/Golden Lake area by the addition of porous
sandstones in the A sub-unit. In geoeral, the B sandstone sub-
unit is best developed in the Blackfoot/Aberfeldv/Epping
Golden Lake area (Tig. 5.

Sparky sub-units are generally correlatable within pools and
also regionally between some of the pocls. A detailed study of
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Fig. 11« Sgrarky coal isnpack map indieating the thick toal development in Lhe Wainwright area and the absence of the Sparky coad fo thie norlhead and east, roephly coin-

ciding with the edge of the Deverian Prairie Formalion salt.

the Aberfeldy steamilood pilot, (Smith, in press), however,
illustrates that correlation of these sub-units becomes difficult
when either:

{a) the lowsr shale becs in the coarsening upward sequence
were nol deposited such that the sandstones of the sub-
unit directly overlie the underlying sub-unit’s sandstone
body; or

a sandstone body pinches oot laterally so the lower shalc
beds were deposited un lop of the underlying sub-unit’s
lower shale beds,

(&)

Differentation within pare or all of the Sparky fermation in-
to these sub-umits is impossible when the log signature has a
peneral blocky character, representing continuous silty sand-
sione or clean sandstone, This commeonly oceurs in areas adja-
cent to the Channel Facies (Fig. 10). Channel - like features on
well logs (blacky or bel shaped log signature) are recopnized
within the B to basal Sparky interval(e.g. Marsden South
Pool). The basal Sparky is still present so it falls within the
definition of the Regional Facies. The Gamma Ray log
signature, absence of correlatable sub-units {C and D) and
presence of tabular cros-beds supgesis these deposits may be
channel-fill sandstones,

{c) Sparky Coal
The Sparky coal is 3 sub-bituminomes cozl hed (AGAT, pers.

comm.)] with Interbeds of carbonaceous shale, and an
associated underlying carbonaceous shale with rootlets. This
sub-unit is up to &m thick but i5 gensrally between | and 3m
thick. Interbedded silty sandstone, siltstone and shale can
locally underlic this sequence.

The Sparky coal is present throughout most the study area
{Fig. 11}. A northeast trending isopach thick occurs in the
Wainwright area. The zero edge of the Sparky coal is located
in the castern part of the study ares and also locally in the
Maorgan area of Albertz (ibid). Locally, the Sparky coal may
oot be present while adjacent wells have the coal developed
{Fig. 10). The absence of the coal in isclated wells is inter-
preted to be due to non-deposition and not causcd by posi-
Sparky channeling because the sub-units and the overlying
Waseca formation sequence are correlatable From well to well,

CHANNEL FACIES

(a) Drefinition

The Channel Facies is recognized by the absence of the basal
Sparky marker bed which is facilitated by the absence of the
underlying General Petrolenms and Bex Tormations. Upper
Mannville channeling has occurred throughout the Lloyd-
minster area (Fie. 12) bot the Channe] Tacies yeferved to in this
study are channcl-fill deposits originating during Sparky
deposition shown by the presence of the Sparky coal.
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Three major well log signatures (Gamma Ray and Spon-
taneous Fotential) are identifiable for the Channel Facies:

{a) umiform, deflection o the right {positive Spontaneous
Fotential; high Gamma Ray} - indicative of
shale/siltstone-filled channel (Fig, 10,

(b} bell shaped curve - indicative of a fining upwards se-
guence from sandstone to shale/siltstone (Fig. 13),

{c) blocky curve - indicative of a sandstone-filled channel

(Fig. 13).

{b) Correlation Problems

Whether or not the Channel Facies is a Sparky, or pre-
Sparky channel-fill deposit is sometimes difficull 1o determine,
The basal Sparky marker is, however, distinctive and regionally
correlatable so if the Chanmel Facics was associated with
deposition of {be pre-Sparky deposits, the bagal Sparky would
be present. Cores are rare within the Channel Facies, but when
they are available, the basal Sparky marker is not observed.

Thin sandstone beds at the top of the scguence can be cor-
related as the A, B, C and/or I sub-units (Fig. 13) or may be
part of the Channel Facies, These sandstone beds may be inler-
preted as sandstones of the Sparky sub-umits which have
migrated over an abandomed chaunel or as lle sandsione
deposits associated with the ahandonment phase of the chan-
nel.

() Descriptivn

The Channel Facies varies [rom shale-filled to sandstone-
filled; however, the mosi dominant type is the shale-filled
channel. Sandstone-filled channels are developed locally and
the major occurrences are illustrated in Figure 14, The better
developed channel-fill sandstones are well sorted and slightly
coarser grained (fine to medium grained) than the Regional
Facies sandstones,

The Channel Facjes are generally 10-30m thick, and locally
up o 50 m thick; they vary from 0.3 to 2 km wide and may ex-
tend 1o tens of kilometres, but do not exceed 100 km in length,
The sandstone Channel Facies appear to form wedge-shaped
sandstone bodies such as that present in Home O's Kitscoty
EOR project. Many of these channel deposits have not,
however, been delinested by drilling so the sand body
geometry has to be inferred from seismic.

{d) Distribulion

Channel migraton and abandonment make it difficalt to
determine the fnitial frend of many of the Sparky channels.
The general trend appears to be northwest-southeast.

Distribution of the Channel Facies is not uniform across the
stisdy area, The authors have outlined three areas of channeal-
ing (Fig. 14):

{a) Wainwright,
(b} Blackloot/ Aberfeldy/Epping,
() Golden Lake/Celtic Edam.

Channeling around the Waipwright area does not appear 1o
ennnect with the other two areas but this may be cxplained by
the lack of well control. The Blackfoot/Aberfeldy/Epping
area appears to be comnected with the Golden
Lake/Celtic/Edam area; however, the Golden
Lake/Celtic/EFdam area haz thicker channcl-fill zandstone
deposils.

ENVIRONMENTAL DISCUSSION

(a) Effect of Pre-Cretaceous Paleo topography on Sparky
Deposilien

The Pre-Cretaceous topography as derived from the Base of
Fish Scale Zone to Pre-Cretaceous unconformity surface
isopach map (Fig, 6) is also reflected on lhe second order
residual maps of the Pre-Cretaceous unconformity surface
(Fig. 7} and the Sparky formation (Fig. 8). All the maps depict
the Pre-Cretaceous ridges and the paleo-low to the cast.

The absence of the Sparky coal to the east roughly cor-
responds to the palen-low indicated on the Base of Fish Scale
Zone to Fre-Cretaceous unconformity surface isopach map
(Fig. 6) sugpesting the paleslow was present durig Sparky
deposition. The widespread distribution of the Sparky coal in-
dicates a low relief topography.

The thickest development of sandstone/siltsione of the
Regional Fucies (Fig. 2) and more abundant channeling ocour
between the Lindbergh and Baldwinton Ridges in the center of
the Lipydminster Sub-Basin. In the Wainwright area, sand-
stone/siltstone ocour in the Wainwright Ridge which was pro-
bably & tupographic high relief feature during the carly stages
of Sparky deposition. However, the thickening of the Sparky
coal in the Wainwr|ght area, between the Maniton Lake and
Vermilion paleo-valleys (Fig. 6), suggests that this ares
represents margh deposilion within a slowly subsiding lageoon
or mterdistribulary bay during the final stages of Sparky
deposition.

{b) Timing of the Channel Facies

Channeling cceurred prior to Sparky coal deposition as in-
dicated by the Sparky coal everlying the channel-fill (Figs. 10
and 13). Some channeling may in fact be eontemporaneous
with deposition of the Regional Facies although difficult to
prove. Contemporaneous deposition is suggested by:

(1} The Sparky sandstones occasionally become shalier and
siltier in proximity to the Channel Facies (Fig. 103,

{2} Channel-fill sandstones are associalcd with areas in which
Regional Faries sandstones such as the B sub-unit are better
developed,

(3} Adjacent to the Channel Facics, the Sparky coal can split
into two coal beds similar to levee deposits adjecert to
channels described by Home et af, {1975),

Channels have eroded down as deeply as the Lloydminster
formation. Sparky sandstones, which may correlate as the A,
B and/or C sub-umits, overlic the Channel Facies (Fig. 13), but
whether or not the sandstones are actyally these sub-units or
late =and influxes durng channel abandonment cannot be
determined. In these cases, the development of the Channel
Facies may be as early as pre-C sub-unit to as late as post-A
eub-unil deposjtion.

Al the Aberfeldy steamflood pilot (Smith, in press), a narrow
intra-Sparky channel-fill deposil, originated either during A
sub-unit or pre-Sparky coal deposition, This interpretation
was based on:

{2} The Sparky coal overlying the sequence,

(B} The A sub-unit is absent within this feature. The B, O and
[ sub-units generally wnderlic this avea but locally the B
and part of the C sub-units are also missing,
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(c) the Sparky formation thins into this area with the change
occurring over a very short distance, less than 100m.

This narrow channel-fill can be traced to the shale-filled Channel
Facies bounding the eastern side of the Aberfeldy Field so the
channel-fill was interpreted to Tepresent a erevasse splay chan-
nel which was abandoned and flled with silty sandstones,
siltstomes, and shale.

{c) Environmenial Interpretation of Repional and Chamnel
Facies

In the Regional Facies, the presence of foraminifera
(Fuglem, 1970), dinoflagellates (Fuglem, 1970; Putnam, 1981,
glavcenite, and the well sorted, quarlrose nature of the sand-
stones indicate marine deposition. The coarsening upward se-
goence as indicated by the lithology and prain size, and the

sedimentary struciures (low angle and parallel laminations,
wave ripples and bioturbation) are similar to sequences in a
wave-dominated shoreline (Orr ef af., 1977; Pulnam, 1982).

A detailed core and mapping study of the Aberfeidy
steam{lood pilot (Smith, in press) suggested that the Sparky
formaton was composed of four depositional units: basal
Sparky, lower Sparky (B, C and D sub-units), upper Sparky (A
sub-unit), and Sparky coal. The basal Sparky represenis
restricted marine deposits. The lower Sparky was interpreted
as a cyelic series of shoreface sandstones with marine siltstones
and shale which were then disconformably overlain by inter-
distributary bay shale and crevasse splay sandstones of the A
sub-unit. The narrow channel-fill, which originated either during
a sub-urnit sandstone deposition or pre-Sparky coal depositlon,
was probably an abandoned crevasse channel. Marsh
sediments, with an associated root zone, of the Sparky coal
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then were deposited aver the entire sequence. Smith (in press)
interpreled this scquence to represent part of & wave
dominated delta.

In other parts of the stody area, the characteristics of the
Sparky formation also indicate a wawve dominated deltmic
seguence. That the basal Sparky was deposited in a restricted
marine envirohment is indicated by the presence of
dinoflagellates and foraminifera. In addition, the sedimentary
structures and sediments themsclves sugpest a low energy
environment,

Interbedded sandstone, siltstone, and shale of the Cand D
sub-upits are interpreted as shorcface deposits from the
presence of vertical burrows, wavy bedding, and wave ripples.
In the Wainwright area, however, well sorted, cross-bedded
(wave ripples) silistones/sandstones indicate that these sub-
units were deposited in higher energy environment,

CAFMMENGS - DMA

Z
g_ LeavoumsTER
F

In the B sub-urt, the sandstone is thicker and better sorted
in the central protion of the Llovdminster Sub-basin. Here the
B sandstone Js interpreted to be an upper shoreface deposit
due to its well sorted character and the ocourrence of low angle
and paralle]l laminations. Towards the southwest and northeast,
the B sub-unit grades into shale and silistone with oecasional
sandstone beds. These deposils may either represent lagoonal
or shoreface/offshore deposits. The hasin configuration sug-
pests the deposils Lo the southwest are lagoona) whereas the
deposits to the nontheast ate nearshore/offshare, Cores are
lacking in these areas so diagnostic confrmation of the en-
vironmental interpretation is difficult.

The northwest-southeast trending oil fields are dissected by
northeast trending Channel Facies which are dominately shale-
filled. Sandstone-filled channels oecur in the region where the
thickest B sandstone is developed. These chanmel-fill sand-
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stones may be distributary channels and/or tidal inlet deposits,
The shale-filled channels may represent abandoned
distributary channels or portions of a lagoonal environment.

The A sandstone is commonly developed in the Aberfeldy
and Golden Lake Fields. Major channels are in close prosimity
to thess sandstone occurrences which are probably crevasse
splay deposits. Elsewhere, the A sub-unit’s shales and poorly
sorted, silty sandsiones are probably interdistributary bay
deposits between distributary channels or lagoonal sediments
behind thick shoreface sandstone. In proximity io the edge of
the Prairie Formation, the Channel Facies has more numerous
and thicker sandstone-filled channels with a greater areal ex-
tent than sandstone-filled channcls to the west, snggesting a
possible estuarine orgin for these deposits.

Marsh deposits, represented by the Sparky coal, cap the entire
sequenee, To the northeast and east, the ahsence of the Sparky
coal corresponds with the Prairie Formation depression,
implying that the paleo-low influenced the Sparky coal's
distribution.

{d) Depostional Model

The Sparky formation represents a regressive phase within
the Mannville Group of the Llovdminster area. The basal

Sparky is confinwous across the Lloydmingier Sub-basin im-
plying that restricted marine conditions existed over the entire
region after deposition of the General Petroleums formation,
During C and D sub-unit deposition, areas of slightly higher
relief, such as the Wainwright Ridee, had clastic sediments
reworked by wave schon into well sorted shoreface
ciltstones/sandstones (Fig., 15A). Interbedded sandstone,
siltstone and shale were deposiled throughout The remainder of
the Lloydminster Sub-basin and indicatc arcas of slightly
deeper shoreface to near shore sedimentation. During B sub-
unit deposition (Fig, 158}, elther lowering of sea level or an in-
creased scdimentation rate resulled in northeastward pro-
gradation of shoreface deposits towards the area of the city of
Lloydminster. Thick shoreface sandstone hodies were
deposited in & general northwest-southeast trend. Distributary
channel and/or tidal inlets dissected these thick shorelace
deposits. Lagoonal mud and silt ocour (o the southwest of the
shoreface deposits. In the Prairie Formation depression to the
northeast and east, nearshore/offshore mud, sill and oeca-
sional sand beds accumlated. The final phase of the regression
(Fig. 15C) had crevasse splay and overbank deposits filling in-
terdistributary bays andsor lagoonal mud, silt and oecasional
sand occurring in the lee of shoreface deposits. Major sand-
filled ¢hannels developed in the castern part of the sub-basin
and are possibly of estuarne origin. An extensive marsh en-
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vironment existed over most of the Lloydminster Sub-basin
bl was absent to the nottheast and cast, probably due to con-
tinued marine conditions in the Prairie Formation depression.
The depositional characteristics of the Sparky formation sug-
gest 8 wave-dommneted deltaic enviromment in the Lioyd-
minster arca.

TYPE OF HYDROCARBON TRAPS
INTRODUCTION

Heavy oil in the Liovdmioster arca has accumulated in
stratigraphic and/or structural traps. Four main trap types are
recognized in the Sparky Formation:

Type A The Regional Facies abulling up-dip agszinst the
shale-filled Channel Facies (Vigrass, 1977),

Type B Structural reversal caused by salt dizslution of the
underlying Devonian Frairie Formation (O ef af.,
1977,

Type C Sandstone-filled Channel Facies either abutting up-
dip against non-reservoir rocks of the Regional
Facies or shale-filled portions of the Channcl Facies,

Type I Lateral pinchi-out of the Regional Facies sandstones.
Types A and B are the two most important trapping mechansims.

Typically, heavy oil pay in the Repional Facies varies from 3
= 14m thick (Fig. 2). Thess area lie in the central part of the
study area between the Paleozoic ndges and the Devonian
Prairie Formation depression. Sandstone bodies in proximity
to, and overlying, the Pre-Cretaccous ridges are thinner but
can be productive, as is the case in the Wainwright field. Sand-
stone sub-unils in the Prairie Formation depression are also
thinner but are generally water-bearing. The sandstone-filled
Channel Facies may have oil pays up to 40m thick (i.e. Home
Oil's Kitscoty EOR Project: 5/2 2-51-2W4M).

Sandslone/siltstone reservoirs in the Sparky formation have
the following characteristics:
Porosity 27-33%,; generally 30T
Permeahility S00-RO00N md; generally T00K-5000 md
Water Saturation 15-35%; generally 14-18°
APT 10-25°; generally 200y
Viscosity greater ihan 1000 cps; penerally

3,000-10,000 cps

TYPE A: SHALE-FILLED CHANNEL FACIES

The shale-filed Channel Facies acts as lhe up-dip
permeahility barrier to hydrocarbon movement (Vigrass, 1977)
within sandstones/siltstones of the Repional Facies (Fig. 11).
They are primarily Sparky channel-fills. Wasecs shale-filled
channels (Fig. 13), however, have also eroded through part of
all of the Sparky formation in some areas such as the Free-
mont Pool, Saskatchewan (Dunning ef af., 1980} and provide
the up-dip trapping mechanist.

As tlustrated i Figure 11 from the Aberfeldy Field, the
Sparky shale-filled Chanmel Facies has eroded down into the
lower portion of the General Petroleems formalion and forms
the up-dip trap [or Regional Facies sandstones in both the
Sparky and General Petroleums formations. The 3B7-20 well,
from the Aberfeldy steamNood pilat, is a typical well log from
the ficld, even though the arca has been previcusly subjected
to waterflooding. Regionally, ofl is present in all four Sparky
sib-units slthough this vardes from pool to pool. The better

development of reservoir guality sandstope/siltstones in
ihe B and C sub-units results in these being ihe more productive
sub-units,

TYPE B: DEVONIAN PRAIHIE FORMATION ENGE

Salt dissolutinn of approximately [60m of Devonian Prairie
Formation has formed a reversal of dip (O ef al., 1977) in the
castern part of the stuéy arca (Fig. 4). This is {he major trapp-
ing mechanism for the Celtic, Westhazel, Standard Hill, Rush
Lake and Edam Sparky Fields. Structural relief in the order of
O0m has cavsed oil trépping in other Mannville formations
besides the Sparky formation. Fipure 4 shows the southwesterly
dip, and the thinning of the Prairie Formation salt to the east,
In the areas of thin or no Prairle Formation the overlying for-
mations are structurally low, causing hydrocarbons to be trapped
in the structurally high areas.

TYPE C: SANDSTONE-FILLED CHANNEL FACIES

Within the Channel Facies, sandstone-filled portions have
locally developed and traps {rom either agginst the shale-Filled
portions of the Channel Facies (Fig. 13) or against non-
reservoir shale/siftstones of the Regional Facies. The oil in
these sandstones is typically heavier than oil in the Regional
Facies due o Increased biodegradation of the oil. The Chanmel
Facles sandstones are typically thicker, slightly coarser grained,
berter sorted, and have less clay than the Regional Facies sand-
stones bul the increased viscosity of the oil and the presence of
watcrlegs have generally made them unecanomical to produce
at this fime. For this reason, many of these pools have sparse
well control, making it difficult to ascertain the size and
geometry of the sand body. Figure 14 depicts areas in which
the authors have identified Sparky related channel-fill sand-
stones with oil pay.

A structoral cross-section (Fig. 13) through the RBush Lake
arca of Saskatchewan illustrates the major characteristics of
this type of trap, The Sparky coal overlies all the wells and the
Channe! Facies extends down into the Rex formation and in
places, into the top of the Linydminster formation. A Jocal
channel-filled sandstone has developed at the base of the
Channel Facies and is encased by shale-[illed portions of the
Channel Facies and shales of the Rex formation. Local sand-
stone bodies and thin sandstones, stratipraphically equivalent
to (he Sparky B, C and D sub-units, oceur in the upper parl.
As previously mentioned, they may represent late sand in-
fluxes durlng chaonel abundonment or migration of the
Sparky sub-umits over zn in-filled channel.

TYPED: LATERAL PINCH-ONIT OF REGIONAL FACTES
SANDSTONE

This type of trap is of minor importance and s more common
loeally within pools where one or moere sandstone sub-units
grade laterally into non-reservoir shalessiltstone. At Marsden,
Saskatchewan (Fig. 16), the Spacky B, C and D sub-units
frade up-dip into non-reservoir shale/siltstone with minor
tight sandstone beds. Down-dip at A6-10-44-2TW3IM, the
Sparky C and D sub-units are completely wel and the Sparky B
sandstone sub-unit is tight.

SUMMARY

The Bese of Fish Seale Zone to pre-Cretacenus unconfommily
surface isopach map thickens to the northeast and east into a
structural low caused by salt dissolution of the underlying
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@ SEa Level

1 Shale (restricted marine)
2 Well sorted siltstone/sandstone
3 Interbedded siltstone/sandstone and shale

Sea Level

4 Shoreface sandstone

5 Lagoonal, interdistributary bay and/or offshore shale
siltstone and minor sandstone

© Sea Level

":.l o ¥
<= Channel facies

G Crevasse splay sandstone
7 Coal

L g

Flg. 15 - Repressive wave-thnniogbed deliaic nsodel For the Sparky formation, a) C and D sub-unil: wave reworkicg of seditnents itle shorelaer depasits. b) B spb-unil:
Thick skoreface sodisnents were deposited with & notthwest-southeast frend and were digsected by distributary channels and/or ndal inlets. Logoonal sedimenls ac-
cumulated 1o the southwest while olffshore/shoreface sedunents were deposited o the northeast. ¢ A sub-unil end Sparky coal: Final phase of egressint) with distributary
channels croding throuph pre-sxistitge Sparky sedimments. Interdistribuiary bay and crevaese splay depasits oceur bevwesn {he channgls io the upger garl ol the Spatky lor-
mation. Marshes formed over mnst @f the Lloydniinzter arca.
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Fig. 16 - Structural cross-section in the Marsden area iflastrating hydrecerbons being frapped by Interal pinch-cul of the

Regional Faies sumbdiones.

Devonian Prairie Formation and thins vver Devonian Wood-
bend Formation carbonate ridges to the southwest, south, and
north. These ridges outling the Liovdminster Sub-basin and
are referred to as the Wainwright Ridge, Baldwinton Ridge,
and Lindbergh Ridge respectively. It is suggested that depasition
of the Sparky formation has been influenced by the basin con-
Fguration of the pre-Cretaceous unconformity surface,

The second order residual maps of the pre-Cretaceous un-
conformity surface and the Sparky formation also depict the
major structural elements bordering the sub-hasin, sugpesting
the pre-Cretaceous basin configuration influenced Sparky
deposzition. The relationship is further illnztrated by the edge
of the Sparky copl, which penerally coincides with the edge ol
the Devenian Prairie Formation in the east. This structural
low was probably present during Sparky deposition and has
restricted marsh development due le the continued existence
of marine walers. Thickening of the Sparky coal in the Wain-
wright area occurred in a slowly subsiding lagoon or inter-
distributary area during the last stage of deposition within the
Sparky Formation. Extensive channeling in the center of the
sub-basin is related to channel migrarion and ahandonment.
‘Thicker and more widespread sandstone-filled channels occur
adjacent to the edge ol (he Prairie Formation salt and may be
of estyarine origin. Most ol the Sparky il helds veour in the

) e win
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center of the sub-basin and are interpreted to be shoreface
sandstone/siltstones.

Structural and/or stratigraphic traps are present in the
Lloydmmster hesvy oil area. 'The most important trapping
mechanisms for the Sparky Formation are:

{z) Shale-filled Channsl Facies Forming the up-dip seal For
the Regional Facies sandstones,

(b} Salt dissclution of the underlying Devonian Prairie For-
mation has caused struclural reversal in the
Celtic/Westhazel/Edam area.

Locally, the development of Channel Taces sandstones and
lateral pinch-out of Regiomal Facics sandstories are possible
Sparky hydrocarbon traps.
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