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ABSTRACT

The stratigraphic and sedimentologic relationships observed in a
detailed study within the Lower Cretaceous Mannville Group in the Jenner-
Suffield area (T17-20, R6-8W4), southeast Alberta, are used as a base for
regional paleogeographic reconstruction (T16-25, R6-13W4) in the
Western Canada Basin.

The retreat of the Jurassic Swift sea from the Western Canada Basin
was followed by a period of uplift and erosion (Kimmeridgian-Barremian),
resulting in the development of deeply incised northwesterly flowing
drainage systems. Subsequent Aptian transgression led to the backfilling of
these drainage systems with fluvial and floodplain deposits of the Detrital
and Ellerslie members. A sequence boundary is indicated by the exposure
and erosion of Ellerslie sediments.

A flooding surface overlain by laterally extensive carbonaceous and/or
limy shale occurs at the base of the Ostracode member, signifying rapid
and extensive inundation by the Ostracode sea which formed a shailow,
brackish water embayment in southern Alberia. Progradation of NNW-
SSE trending wave-dominated shoreline comprised of quartz-rich sands
marks a subsequent phase of relative regression.

Subsequent sea level(base level) fluctuations resulted in the incision and
back-filling of a number of valleys in the area, in ascending order these
valley fills are UM1, UM2 and UM3. Chert litharenite fluvial sandstones of
the informally named UMI unit are recognized as three 1.5-3.0 km (1-2
miles) wide, NNW-SSE trending valleys which drained northward incising



into the underlying Ostracode and Ellerslie members; this unit contains
numerous oil pools. The UM2 unit is observed in the 0.5 km (1/4 mile)
wide ENE-WSW trending non-reservoir feldspathic litharenite fluvial
sandstones, which incises into both the Ostracode sandstone and the UM1
valley trend, forming a seal to a UML1 pool. The chert litharenite sandstone
of the UM3 fluvial depaosit represents the youngest valley incision event
(G.8-1.5 km;1/2-1 mile wide), trending almost parailel to, and incising
into, the UM]1 trend. To the south the easternmost UM1 valley forms the
reservoir for the Medicine Hat oil field, which contains 31800 X 103m3
(200 mmbbl) of 15° API gravity oil.

Estimated oil in place within the Jenner-Suffield area is approximately
84127 x 103m3 (530 mmbbl) (recovery factor 3-6%) of 16CAPI gravity
oil. Ostracode traps are stratigraphic consisting of a sandstone buildup
surrounded by impermeable coastal plain sediments. Incision by the UM1
and UMS3 results in reservoir fluvial sandstones directly adjacent to and
overlain by non-reservoir. genstically unrelated, continental and coastal

plain sediments.



ACKNOWLEDGEMENTS

Numerous people have contributed and encouraged the development of
this project.

My thesis supervisor, Dr. S. George Pemberton, generously supported
me throughout my thesis. He provided encouragement and inspired
confidence, for which I am grateful. He always gave advice when asked
but otherwise allowed me to develop my ideas independently. Canadian
Hunter Exploration Ltd., Calgary, provided financial and technical support
for this thesis, witheut «kich this project would not have been undertaken.
Canadian Hunter has « d::dication to young =~ »nle and students which is not
always apparent in the oil and gas industry, 211G they are not afraid to
incorporate them in their business and support them, an I thank them for
supporting me. Additional financial support was provide by a post-
graduate scholarship by the Natural Sciences and Engineering Research
Council of Canada (NSERC). Iam also indebted to Dave Smith and Ray
Rahmani, Canadian Hunter Expl., for their support, encouragement, and
enthusiasm. Thank-you Dave Smith for many enlightening discussions, and
for sharing your knowledge and experiences. Shell Canada Ltd., Calgary,
gave me permission to use data from my summer project on the Medicine
Hat oil field. Mike Ranger continually provided ideas, technical support,
and never seemed to run low on patience. Barb Gies drafted a number of
figures, provided maps, and advice, and maintained a good sense of humor.

Rob MacDonald developed my plates.



My parents encouraged me and provided support during all stages of
my education, and I am deeply grateful.

Lastly, I would like to my fellow graduate students; James MacEachern,
Brent Ward. Al LaRiviere, Mike Ranger, Ian Collar, Lori Wickert, Jim
Magwood, and Shawna Vossler for many enlightening discussions, during
my M. Sc. work. James ‘Jambo’ MacEachern, my fellow office-mate, was a
source of continual entertainment, an infallible source of information and

he never hesitated to help me.



TABLE OF CONTENTS

Chapter

Page
1. INtTOAUCTION. ceurreinenerenieeeaecanensssassnasasssastorsassonasesasssssennss 1
R O CIICES . ueenneeeearreerieanesssssessvnssnsassessesssanssssnnsnssssoses 3
2. Sedimentology, ichnology and stratigraphy of the
Ostracode member (Lower Cretaceous) in the jenner-
Suffield area, southeast AIberta.......ccococoeimiiniiieiieiniieenees 6
oS S £ 1o =TT TP PO PSR PPP PSR TRYRR PR ST 47
3. The upper Mannville Group in southeast Alberta: an
example of multiple incised valley fill deposits........coeeee. 54
RO  CTCIICE S uenenrnenreseenreanrsnsssosionsmsranssssasasrsssasenssasnsassns 120
4. ConcluSiONSs/SUIMIMIATY .. ceueeerurnemnrrrrerareessrmansasonsasonsancaes 126
RE CTCIICES e nenrrenrennrinsereranaeassnsensnasaresossrsssnanenanasssssnes 130

Appendix 1

...............................................................



TABLE 11i-1

LIST OF TABLES

..................................................................................



LIST OF FIGURES

FIGURE 11-1. Location Map....ccccoiiriiiieiiiianioiiiiiinieees 8

FIGURE 11-2. Stratigraphic terminology and correlation chart for
southern and central Alberta and the Foothills region

(modified from McLean and Wall, 1981 uiiiiiiiiiiiiinnens 10
FIGURE 11-3. Type log for the Ellerslie and Detrital members.............. 11
FIGURE 11-4. Type log for the Ostracode member........cc.cccuvemmimanennnee 12
FIGURE 11-5. Composite core litholog for the Ostracode member......... 16
FIGURE 11-6. Ternary diagram plotting Ostracode sandstones
(based on Folk, 1980)....cccumimiiciminiiinniniinineaeee 23
FIGURE 11-7. Stratigraphic cross-section A-A’ (datum: top of
1, €31 150121 1 1<) TRUU O R R O PP R PRSPPI PPRPEOTE RIS ISR 32
FIGURE 11-8. Isopach map of the Ellerslie and Detrital members
in T17-20, R 6-8W4; note the thicks in the isopach
which correspond to valleys on the pre-Cretaceous
surface (contour interval 20 m)......cocomiininn. 35
FIGURE 11-9. Hydrocarbon distribution map for the Jenner-
SUTFFIELA AI€A...eeeenienieeerecnnereairnneenarrascatesenearinenanesatsns 36
FIGURE 11-10. Regional map, T14-30, R1-15W4, based on a
Mannville Group isopach showing the inferred
paleodrainage during Ellerslie/Detrital depositicn
TN 15 11 o) T S SARIRIREIILLIILELE 37

FIGURE 11-11. Net sandstone isopach map for the Ostracode
member from T17-25, R5-13W4. Note the tw
sandstone buildups in the Jenner-Suffield area
(T19-20, R6-8W4), and the distinct thickening of
the sands to the north in the Cessford area (T25,
R11-12W4), which is interpreted to have been the

deltaic source for sediments to the south (Contour
INEEIVAL AIM1) e nineevneeiinenemeareseetionctnnssasossaessssrorsnrsanscsncesses 38



FIGURE 11-12. Net sandstone isopach of the Ostracode member
in T17-20, R6-8W4. Note the ‘spit-like’ features
on the west side of the western sandstone buildup
(contour interval 2 M)....ccoiiiiiiiriieeiiiiieneneaen 40

FIGURE 1i-13. Regional map, T14-30, R1-15W4, showing the
inferred coastal morphology after maximum
transgression of the Ostracode s€a.......ccccoveeeiiiceeiinninnian. 42

FIGURE li-14. Paleogeographic reconstruction of Ostracode member
i =37 o 315 T )+ FUU U 43

FIGURE l11-15. Paleogeographic sketch showing the extent of
transgression of the Ostracode sea, B:Belishili Lake,
J-S: Jenner-Suffield, C: Cessford, H: Home, (modified
from McLean and Wall, 1981; Jackson, 1985; Hayes,

1986; Karvonen, 1989 ...ccuiiiimiimiiniiiieiiiiicnienees 45
FIGURE 111-1. LOCAtiON MaP.cciiuiiiiciiiniiiiiaeeeriieieraecteriirninaneanaas 56
FIGURE 111-2. Stratigraphic chart ..., 59
FIGURE 111-3. Valley incision map (Cross-section location map) .......... 60
FIGURE 111-4. Regional valley inCision €Vents..........coooeeeiimmiienicceiennne 61
FIGURE 111-5. UM1 type log profile.......co.co i 63

FIGURE 111-6. Morphologic and sedimentologic characteristics of
a bedload channel and valley fill (modified from
Galloway, 1977 and Schumm, 1977)........ccooiiiiiiinnnnnnn. 64

FIGURE l1i1-7. Stratigraphic cross-section A-A’ (datum: top
Of MannNVIlIe). oot eeae 65

FIGURE 111-8. Stratigraphic cross-section B-B’ (datum: top
Of MannVille). .ot irciitieee e e e rrcnanes 66

FIGURE 111-9. Development of incised meander during base level
drop. The letter B indicates the location at which the
channel incises bedrock (modified from Gardner,
1975 and Schummy, 1977) e 69



FIGURE 111-10. Composite core litholog for the UM1 .. ..

FIGURE 1l1-11. Ternary plot (from Folk, 1980) showing the
representative mineralogy of the Ostracode member,
the UM1unit, UM?2 unit, and UM3 unit

FIGURE 111-12. UM2 type 108 Profile.....ccoceecmrumrumrmrmmremessssssincaeess

FIGURE 111-13. Stratigraphic cross-section C-C’ (datum: top
of Mannville)

FIGURE 111-14. UM3 type log profile

FIGURE 111-15. Stratigraphic cross-section D-D” (datum: tcp
of Mannville)

FIGURE 111-16. Composite core litholog for the UM3 unit
FIGURE 111-17. Hydrocarbon distribution map for the jenner-

NI 8 A1) [ B ¢ << VOUTR U RO STPPPPPPIPPPPPRPIPP T

FIGURE 111-18. Structural cross-section location map
FIGURE 111-19. Structural cross-section A-A’
FIGURE 111-20. Structural cross-section B-B’
FIGURE 111-21. Structural cross-section C-C’
FIGURE 111-22. Structural cross-section D-D’
FIGURE 111-23. Jenner O pool net pay map
FIGURE 111-24. Jenner F pool net pay map

FIGURE 111-25. a) Suffield J pool net pay map
b) Suffield J pool clay rich sandstone isopach

FIGURE 111-26. Schematic W-E cross-section summarizing the
stratigraphic relationships in the Jenner-Suffield

.......................

............................................................

---------------------------------------------

...........................................................

...............

----------------------

..................................

..................................

..................................

.................................

....................................

.....................................

................................

-------------

........................................................................

... 85

... 102



PLATE
PLATE
PI ATE
PLATE
PLATE
PLATE
FLATE
PLATE
PLATE

LIST OF PLATES

3 e PSPPSR P i8
L PP PPN 21
) TP PSPPSRt 25
3 ) o PSP PN 72
3 ) BSOS 76
5 ) SO 82
3 2 S PP 89
3 ) e T PSP 96



INTRODUCTION

Interest in the Lower Cretaceous Mannville Gro. ,» as an exploration
target has spanned over three decades in the Alberta Basin. Complex
stratigraphy, however, has made exploration and development a difficult
task.

Numerous studics have been conducted on the Mannville group with
the early work of Workman (1958, 1959), Glaister (1959), Melion and
wall (1961, 1963), Williams (1963}, Rudkin (1964), Mellon (1967) to
more recent work by Hopkins et al (1984), Hradsky and Griffin (1984),
Hayes (1986), Tilley and Longstaffe (1984), Wanklyn (1985), Strobl
(198%), Rosenthal (1988}, Wood and Hopkins (1989), just to name a few.
The Lower Cretaceous Mannville Group was deposited in Caldwell’s
(1984) Clearwater T-R Couplet, initiated in Aptian-Albian time, when the
Clearwater (Boreal) Sea impinged on many portions of the southern
Interior Plains (McLean and Wall, 1981).

Development of the Cretaceous epicratonic seaway occurred with the
formation of a foreland basin to the east of the active orogen. The
Mannville Group is part of the basal clastic wedge which developed
during orogenic activity. Marine. marginal marine and fluvial sediments
were deposited in the shallow seaway as the coastline migrated repeatedly

in response to various influences. The complexity of the of the Mannville



Group is the result of a number of factors including sediment supply and
source, relief on the underlying pre-Cretaceous unconformity, and sea
level fluctuations.

This study focuses on units from the pre-Cretaceous unconformity
stratigraphically upwards to selected units assigned to the upper Mannville
Group in southeast Alberta. The units are placed into a paleogeographic
framework by examining local sedimentologic and stratigraphic

relationships.
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SEDIMENTOLOGY, ICHNOLOGY AND STRATIGRAPHY OF THE
OSTRACODE MEMBER (LOWER CRETACEOUS) IN THE JENNER-
SUFFIELD AREA, SOUTHEAST ALBERTA

INTRODUCTION

The Lower Cretaceous Ostracode Zone is a widespread environmentally
contrciled biozone which is defined in the subsurface of central and southern
Alberta (Loranger, 1951; Badgley, 1952; Mellon and Wall, 1961, 1963;
Glaister, 1959; Finger, 1983; Burden, 1984). Located at the top of the lower
Mannville Group, this biostratigraphic zone contains numerous forms of
ostracodes and molluscs, representing a mixed assemnblage zone (Finger,
1983). The Ostracode Zone varies from 6 to 21m in thickness and is
described as a well developed microfossil zone (biozone) which is dominated
by Metacypris persulcata Peck and associated ostracodes, accompanied by
charophytes, pelecypods, and gastropods (Loranger, 1951). Lithologically the
Ostracode Zone is characteristically found in 2 sometimes calcareous dark
grey shale, or fine grained sandstone, typically with thin beds of dark arey
argillaceous limestcne and pyritic bands.

The Ostracode Zone is correlative in the foothills to portions of the
Calcareous Member (Glaister, 1959; Mellon, 1967) which caps the Gladstone
Formation (top of the lower Blairmore Group). The Calcareous Member,
however, is a lithostratigraphic unit described by Glaister (1959) as a 9 to
15m thick succession of gray argillaceous limestones, calcareous shales and

buff to brown calcareous sandstones which contains gastropods, pelecypods

and ostracodes.



Useful in local correlations. the Ostracode Zone is contained within
sediments which were deposited during widespread southward flooding of the
Boreal sea into low relief areas of central and southern Alberta. The basal
shale and limy units of the Ostracode interval are easily recognizable laterally
extensive markers which represent deposition within a broad shallow brackish
water embayment. Deposited during Aptian time (Loranger, 1951; Mellon
and Wall, 1961; Pocock, 1980; Caldwell, 1984) the Ostracode interval is
representative of marine to marginal marine (‘Glauconitz C ', Rosenthal,
1988; Wanklyn, 1985) to estuarine (Beilshill Lake, Karvonen, 1989)
environments in central Alberta to brackish in southern Alberta, and therefore
represents a potential exploration target.

Within the Jenner-Suffield area the informally named Ostracode member,
is proposed to be lithostratigraphically equivalent to the sediments which
contain the Ostracode Zone (Loranger, 1951) as recognized in central and
southern Alberta, and the Calcareous Member (Glaister, 1959) in the foothills
region. Since no micropaleontology was conducted in this study,
determination as to whether this lithologic unit contains/corresponds with the
Ostracode Zone was not possible. The Ostracode member is comprised
predeminantly of two lithologies, a limy or laminated carbonaceous shale with
a moderate abundance of bioturbation, and a very fine to fine grained clean
mature, sublitharenite sandsione (Q:F:L ratio, 86.1:0.7:13.2, Folk, 1974). Tc
the WSW, these sandstones laterally grade into bioturbated shales.

The purpose of this paper is to develop a depositional model for the
Ostracode member in southeast Alberta, using sedimentologic, ichnologic and
stratigraphic relationships. Geophysical well logs from 260 wells were
studied in the Jenner-Suffield area, T17-20, R6-8W4M (Fig. 11-1). Facies anc

facies relationships were established with the examination of 28 cores and
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mineralogy was obtained from point-counting 6 thin sectior:s in the Ostracode
interval in and around the study area. Stratigraphic relationships within the
area were then determined and all data were combined into a paleogeographic
and depositional framework. This frrmework was then expanded and applied
to a more regional study area conic ithin the block of T16-25, R5-
13W4M, where geophysical logs from 621 wells were used to map the unit
and get a regional perspective on its distribution. Computer data were used in
the area T14-30, R1-15W4 in order to map regional trends in the lower
Mannville Group and get an understanding of the pre-Cretaceous surface.

Withiu the study area the Jenner E and Suffield A pools produce out of
stratigraphic traps in the Ostracode sand.

GEOLOGIC FRAMEWORK

Early work by Glaister (1959), Williams (1963), Mellon and Wall (1963),
Rudkin (1964), and Mellon (1967) recognized the division between the lower
and upper Mannville Group (Fig. 11-2). The upper Mannville Group consists
of lithic and feldspathic sandstones, in contrast to the lower Mannville Group
which is characterized by siliceous sandstones capped in some areas by the
Calcareous member, the Ostracode member equivalent (Glaister, 1959).

Within the Jenner-Suffield area the quartzose Ellerslie member overlies a
variable thickness of the Detrital member (Fig. 11-3). The Detrical member
infills lows on the pre-Cretaceous surface, and is composed of sediments
sourced from the pre-Cretaceous unconformity. The quartzose sediments of
the Ostracode member sit disconformably on ¢z Ellerslie member (Fig 11-4).
Mississippian strata forms the subcrop within the area. The influence of the

paleotopographic relief of the pre-Cretaceous surface on depositional patterns
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decreases upsection so that once upper Mannville sedimentation began, the
paleotopography was significantly subdued. The Ostracode member is
disconformably overlain by the lithic-rich sediments of the upper Mannville
Group, which locally incises into the Ostracode member (Typc 1
unconformity; Van Wagoner, 1988).

The Ostracode member is speculated to be the lithostratigraphic equivalent
to the Moulton member in southern Alberta and north central Montana
(Oakes, 1966), the upper portion of the Gething Formation of northeastern
B.C. and the Calcareous Member (Glaister, 1959) of the Gladstone Formation
in southern Alberta Feothills (McLean and Wall, 1981) (Fig. 111-2). The
quarizose "Home sand" recognized by Hume (1939) in the Turner Valley-Pine
Creek area in the southern foothills was interpreted as a local.y arenacevus
phase of the Calcareous Member (Ostracode member) by Mellon (1967).In a
Montana-Southern Alberta study Hayes (1986) noted fine quartzose sandstone
beds with low angle cross-stratification at the top of the distinctive shale,
siltstone and limestones of the Ostracode member (Calcareous Member).
These sandstones are, in all likelihood, equivalent to the Jenner-Suffield
sandstones representing the extension of the Ostracode sea southward of the
Jenner-Suffield area. In northern Montana, Oakes (1966} recognized a similar
sequence as that observed in the Jenner-Sufﬁeld'area. There, the sequence
consists of fine grained lacustrine and swamp deposits capped by reworked
deltaic sands of the Moulton sandstone. It is speculated here that the Moulton
sandstone was probably deposited by the southern arm of the Ostracode sea as
it transgressed into Montana. McLean and Wall (1981) suggested that
limestone beds in more southerly areas are similar in age and character to

those documented by Glass and Wilkinson (1980) in the Wyoming-Idaho area
of the U.S.
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PREVIOUS WORK

In the Jenner-Suffield area the fine-grained guartzose Ostracode sandstone
zmalgamates locally with the lithic-rich upper Mannville sandstones. Previous
work on the Mannville succession in southeast Alberta by Tilley and
Longstaffe (1984), Holmes and Rivard (1976) and Herbaly (1974) did not
recognize the Ostracode sequence as described of this paper, but instead
grouped the Ostracode sandstone with the upper Mannville sandstones into the
'Glauconitic sandstone'. The Glauconitic sandstone was assigned to a dune
origin by Herbaly (1974) and to a barrier island origin by Tilley and
Longstaffe (1984) and Holmes and Rivard (1976), with the Ostracode
sandstone forming the lower shoreface of this thick barrier succession. The
author disagrees with these interpretations, and proposes instead that the
Ostracode sand is itself a distinct barrier deposit, subsequently incised by
genetically unrelated upper Mannville fluvial valley deposits.

In the Countess area, directl~ -est of Jenner-Suffield in R16W4, Farshori
(1983) described the Ostracode member as shales interbedded with limestone
and siltstone grading upwards into fine to medium grained white sandstones.
Farshori (1984) considered the Ostracode beds in southern Alberta to be
representative of lacustrine deposition, as favored by continuous lateral beds,
palynological data, faunal assemblages, primary structures and a coarsening
upwards sequence. In the subsurface of southwest Alberta, the Calcareous
Member, is composed of bentonites, marls and fossii limestones,

disconformably overlying the Cutbank Member (James, 1985).
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REGIONAL PALEOGEOGRAPHY

Deposition of the Ostracode member throughout much of central and
southern Alberta represents the southward transgression of the Boreal sea
within the Alberta Foreland Basin. With this iransgression, the relatively low
topographic relief and slope resulted in the formation of an extensive shallow
embayment which probably continued southward into Montana (Hopkins,
1980: McLean and Wall, 1981). Previously existing paleovalleys were
flooded, resulting in the formation of small bays and estuaries until the
topographic highs were also eventually flooded. The southeastern deposit of
the Ostracode member is relatively thin compared with that observed to the
west and in central Alberta. This unit, deposited along the eastern flank of the
embayment is thought to represent one flooding event in the overall

transgressive-regressive Ostracode couplet (transgressive and highstand
systems tracts; Van Wagoner, 1988).

SEDIMENTOLOGY/ICHNOLOGY

A number of facies and subfacies have been delineated within the
Ostracode Member based on core examination (Fig. 11-5). Mississippian strata
form the subcrop within the area (Plate 11-1a), and is overlain by the Detrital
member. The Detrital member sediments are sourced predominantly from the
underlying Mississippian strata (Plate 11-1b)and are typically comprised of a
chert breccia with angular clasts up to 7cm in diameter in a poorly sorted
sandstone matrix. No structures were recognized in the Detrital which is
interpreted as a valley deposit chaotically filled due to slumping of Paleozoic

valley walls. The chert breccias of the Detrital grade upwards into the clay-
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PLATE 11-1

a). 4-18-21-8W4: Mississippian strata underlying the
pre-Cretaceous unconformity (scale increments in
cm).

b). 4-18-21-8W4: The Detrital member, sourced mainly
from the underlying Mississippian strata.

c). 9-35-19-7W4 (depth: 3232 ft): Clay rich massive
sandstones of the Ellerslie member.

d). 9-35-19-7W4 (depth: 3187 ft): Ostracode member
facies 1a showing fine sandstone/siltstone
laminations in carbonaceous shale.






rich, medium-grained, quartzose sandstones of the Ellerslie member.
Sedimentary structures where discernable include soft sediment deformation,
slumping, microfaulting and high angle cross-stratification. The Ellerslie
member is interpreted as a fluvial deposit. The Ostracode member sits
disconformably on Ellerslie sediments which in its upper portions consists of a
paleosol, coal or white rooted homogeneous sandstone/ siltstone (Plate 11-1¢).
The contact between the Ostracode and Ellerslie members represents a
flooding surface. The Ostracode member is disconformably overlain by

upper Mannville Group sediments which in many cases incise into the

Ostracode sediments.

Facies 1
Three subfacies are recognized in facies 1 which disconformably overlies
Ellerslie sediments.

Subfacies 1a: Subfacies 1a is characterized by black carbonaceous shale
(Plate 11-1d), with lenticular siltstone of very fine grained sandstone beds,
which typically fine upwards. Pyritic lamination or replacement of burrows
is common. Syneresis cracks are also noted within this subfacies. Bioturbation
is moderate to common in abundance, typified by Planolites, Chondrites, and
Gyrolithes. This subfacies has a variable thickness ranging from 0.3m to
2+m, and sharply overlies Ellerslie sediments.

Subfacies 1b: Pyritic grey calcareous siltstone/shale comprise subfacies
1b. Bioturbation is common characterized by the ichnogenera Planolites and
Thalassinoides. A typical thickness is 10-25cm. The upper and lower contacts
vary from sharp to gradational.

Subfacies 1c: This subfacies is typically comprised of a cream coloured,

homogeneous bed of sandstone, chert pebbles (Plate 11-2a), shale clasts
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PLATE 11-2

a). 14-23-20-8W4 (depth: 945.2 m): Ostracode member
facies 1c. In this case the pebbly sandstone occurs
at the base of the shoreface sucession (scale
increments it cm).

b).14-23-20-8W4 (depth: 944 m): Ostracode member
facies 2a. Wave ripples draped with shale
exhibiting syneresis cracks.

c). 14-23-20-8W4 (depth: 939.5 m): Ostracode member
facies 2a. Very fine grained sandstones exhibiting
wave ripple stratification.

d). 12-32-20-8W4 (depth: 3105 ft): Ostracode member
facies 2a. Hummocky cross-stratified very fine
grained sandstone with a bioturbated shale bed
containing the burrows Planolites (large arrow)
and Chondrites (small arrow).






(similar in appearance to Ellerslie sediments) mixture. There are signs of soft-
sediment deformation. This unit is on average 0.6m in thickness and typically

has sharp lower and upper contacts.

Facies 2
This facies sharply overlies Facies 1. This coarsening upwards unit is
comprised of litharenites (Q:F:L ratio; 86.1:0.7:13.2, Folk, 1974) (Fig. 11-6),
and has an average thickness of 9 meters.

Subfacies 2a: Subfacies 2a is characterized by very fine to lower fine
grained sandstone commonly with organic and shale laminations and associated
pyrite. Syneresis cracks (Plate 11-2c) are observed in this subfacies.
Sedimentary structures include wave ripples (Plate 11-2b), hummocky cross
stratification (Plate 11-c,d), and low angle stratification. Bioturbation is
common to abundant with the ichnogenera Planolites, Paleophycus and
Chondrites (Plate 11-2d). The lower contact is typically sharp with a
gradational upper contaci

Subfacies 2b: Subfacies 2b is comprised of sandstone with a grain size
typically ranges from lower fine to lower medium. Rare to moderate
bioturbation is observed, with a relatively high diversity of ichnogenera
including Rosselia, Bergauria, Rhizocorallium, Ophiomorpha, Skolithos,
Arenicolites. Sedimentary structures include wave ripples and high angle
cross stratification (Plate 11-3a,b). Pyrite is commonly observed in the
sandstone. This subfacies has aggradational lower contact with subfacies 2a

and a sharp to gradational upper contact with facies 3.
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PLATE 11-3

a). 6-34-19-8W4 (depth: 3303.5 ft): Ostracode member
facies 2b. Partial oil saturation highlights high
angle cross-stratification (scale increments in cm).

b). 10-24-19-9W4 (depth: 3275.2 ft): Ostracode member
facies 2b. High angle cross-stratified sandstones
with fine shale laminations.

c). 8-3-20-7W4 (depth: 3109 ft): Ostracode member
facies 4. Fine grained sandstone containing
Skolithos (small arrow) and Paleophycus (large
arrow).

d). 10-24-19-9W4 (depth 3270 ft): Ostracode member
facies 5. Bioturbated siltstone and shale.






Facies 3
Pyritic shale with high organic content (laminations and debris) and thin
coal beds characterize this facies. Rooting is commonly observed in this unit,
which has an average thickness of 2 m. The lower contact with subfacies 2b is

sharp to gradational, with a gradational upper contact.

Facies 4
Facies 4 is typified by very fine to fine grained sand which has abundant
organic laminations and debris. Bioturbation is common with the ichnogenera
Planolites, Paleophycus, Skolithos (Plate 11-3¢). Wave ripples and high angle
cross stratification are typical sedimeniary structures in this unit which
reaches up to 6 m in thickness. Lower and upper contacts are sharp and

gradational, respectively, with facies 3 above and below.

Facies 5
Interbedded/laminated sandstone, siltstone, and mudstone are typical of
facies 5. Low angle stratification is observed where it is not destroyed by
bioturbation. Organic debris, siderite and pyrite are observed. Bioturbation
is common to abundant (Plate 11-3d) with the ichnogenera, Planolites,

Skolithos, Teichichnus, Rhizocorallium, Paleophycus, and Chondrites.

Discussion

Facies 1

Subfacies 1a: Subfacies 1a consists predominantly of carbonaceous shale,

which is indicative of an environment with variable low energy conditions.
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Shales were deposited during quiet water conditions, or by traction transport
and deposition of floccules and fecai -.cilets during lower current velocity
phases (Potter et al, 1980}. Carbonaceous material was probably sourced
from transgressed marshes, or peat swamps. Thin lenticular sandstone beds
and fining upward beds, indicate ¢ne. 2y fluctuation, possibly related to storm
activity or seasonal variations. The presence of syneresis cracks is the result
of contraction of swelling clays due to salinity fluctuations (Burst, 1965),
indicating deposition in a brackish water setting. Ichnogenera identified are
commonly of low diversity and moderate to low abundance, which may
indicate a stressed environment (salinity fluctuations?). Chondrites and
Planolites are deposit feeding organisms, while the ethology of Gyrolithes
probably represents a dwelling structure produced by an annelid which
burrows in order to retreat from rapid bottom-water salinity fluctuations
(Ranger and Pemberton, 1989; Gernant, 1972).

Subfacies 1b: This facies is interpreted to have been deposited in a low
energy environment. The calcareous nature of this facies is very
characteristic of basal Ostracode sediments all over central and southern
Alberta ( ie. Hradsky and Griffin, 1984: Farshori, 1983; Hopkins et al, 1982).
Calcareous beds may represent recrystallized shell fragments which may be
concentrated in a transgressive situation as noted by Weimer (1984) or they
may represent déposition in a shallow bay with low clastic input and therefore
represent primary carbonate formation. Bioturbation is low in abundance and
diversity. Planolites and Thalassinoides are structures produced by the
activities by deposit feeding organisms.

Subfacies 1c: This subfacies has sharp lower and upper contacts, and may
be found in subfacies 1a or directly underlying facies 2a. Poor sorting and

variable grain size characterize this subfacies. Some of the sediment appears
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to be sourced from the underlying Ellerslie. The presence of soft sediment
deformation may indicate rapid deposition of this subfacies, causing possible
pore pressure differences resulting in liquifaction or slumping. This subfacies
is thought to represent a transgressive lag.

Facies 1 is thought to have been deposited under transgressive conditions in
a broad, shallow, quiet water, brackish bay, with periodic storm/wave action.
This facies sharply overlies the Ellerslie member, a contact which represents a
sequence boundary/flooding surface. Ichnologically this facies 1s
representative of the Cruziana ichnofacies (Seilacher, 1963; Pemberton and
Frey, 1984). However the low diversitv and abundances are indicative of
stressful environmental conditions, suc . as salinity fluctuations.

Previous interpretations of the Ostracode member/Calcareous member
lithology represented by facies 1 was one of fresh water lacustrine deposition
in southern Alberta (Glaister, 1959; McLean and Wall, 1981; Farshori,1984)
and Montana (Hopkins, 1985). Other authors have noted a mixed brackish-
fresh assemblage (Mellon and Wall, 1963; McLean and Wall, 1981; Finger,
1683). and other information like the presence of bioturbation, which was
noted by Mellon (1967), McLean and Wall (1981), syneresis cracks, and the
presence of pyrite, all indicate brackish deposition probably occurred into
southern Alberta. According to Berner et al (1979) it is rare for freshwater
lakes to have high enough concentrations of sulfate to form pyrite, which

tends to be associated with brackish to marine waters

Facies 2
Subfacies 2a: The sediments of subfacies 2a are interpreted as lower
shoreface deposits, deposited in the shoaling-breaker zone (Reinson, 1984) of

a nearshore environment. The presence of hummocky cross stratification is
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probably indicative of storm activity. Wave ripples are formed due to
oscillatory flow which occurs during wave action. Wave ripples are common
structures in modern shoreface deposits such as the coast of California
(Howard and Reineck, 1981) and Oregon (Clifton et al, 1971). Low angle
stratification could possibly result on a bar crest where waves are large
enough to break and extend down the sides of the bars such as that observed in
the moderate energy nearshore of Northern Padre Island, Texas (Hill and
Hunter, 1976). Bioturbation by such ichnogenera as Planolites, Palaeophvcus.
and Chondrites is predominantly representative of behavior of deposit feeding
organisms, typically represented by the Cruziana ichnofacies. The low to
moderate abundance may be due to stressTul conditions such as brackish
conditions, as also indicated by the presence of syneresis cracks.

Subfacies 2b: Subfacies 2b consists of fine grained sandstone. High angle
cross stratification may have resulted from the migration of megaripples.
High angle cross-stratification is typically near the top of the succession,
indicating relatively high energy conditions. The presence of high energy
cross-stratification is noted, for example,in the upper shoreface along the
Oregon coast by Clifton et al (1971). The presence of wave ripples is
indicative of oscillatory flow. This association of ripple and cross
stratification is aiso observed in the bar-trough system of Padre Island, as
produced bv wave and current action on fine grained sandstone (Hill and
Hunter, 1976). Bioturbation is typically representative of dwelling structures
or suspension feeding activities, with Rhizocorallium reflecting deposit
feeding activities. This assemblage of ichnogenera, with low abundance and
moderate diversity is typical of the Skolithos ichnofacies. The Skolithos
ichnofacies is thought to be representative of relatively high energy conditions

and fluctuating depositional rates. The substrates would tend to be clean and
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well sorted. Subfacies 2b is interpreted to represent an upper shoreface
deposit.

Facies 2 is representative of deposidon in a wave dominated progradational
barrier system. The transition from subfacies 2a to 2b represents a shoaling
upwards, which can be seen with the change from lower energy physical and
biogenic structures contained in subfacies 2a to the coarser grained sandstones.
These display physical structures indicative of a higher energy environment
and the transition to predominantly suspension feeding organisms as indicated
by the trace fossils. Foreshore deposits may be present but were not
recognized in core, or they may not be preserved.

Tilley (1982) recovered the dinoflagellates Muderongia sp. and
Ctenidodinium from the Ostracode member (Facies 1 and 2). This low
species diversity was interpreted to indicate a restricted marine environment
of low salinity. This supports the interpretation of this paper that the
Ostracode member was deposited within a brackish embayment formed by a

transgression of the Ostracode sea .

Facies 3

Facies 3 is . .:ded by a sharp to gradational lower contact and a
gradational upper contact. The shales which predominate in this facies were
probably deposited from suspension and are representative of low energy
conditions. High organic content and rooting at the top of the unit is thought
to be indicative of nearby peat swamps and/or marshes. This facies is

interpreted as a lagoonal deposit.
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Facies 4

This facies is characterized by organic rich sands which have a sharp lower
contact. Wave ripples are indicative of oscillatory flow while high angle cross
stratification may have been produced with the movement of sandwaves/
megaripples under higher energy conditionis. Biogenic reworking of these
sands occurred with the return of quiet water conditions. Planolites and
Palaeophycus represent the behavior of a deposit feeder and a dwelling
structure respectively. This facies is interpreted as a washover lobe deposit.

Washover sediments are deposited on the landward side of the barrier by
storm activity, coalescing in an apron behind the barrier and extending into
the fine grained lagoonal sediments, where biogenic reworking typically
occurs. Washover sediments form an important constituent of the lagoonal

deposit, as exemplified on Padre Island, Texas by Fisk (1959).

Facies 5

Facies 5 is characterized by interbedded sandstone, siltstone and mudstone,
with a low organic content. Ichnogenera are dominated by deposit feeding
organism traces, where organisms are moderately abundant and have a
relatively high diversity. The dominance of deposit feeding structures and the
abundance/diversity of the ichnogenera places this assemblage into a Cruziana

ichnofacies. This facies is thought to represent an offshore deposit.
STRATIGRAPHY

The shoreface sands of the Ostracode member produce a distinctive

coarsening upwards log profile (Fig. 11-4) (Fig. 11-7). Ostracode member

sandstones average 9m thickness reaching a maximum thickness of 24m. The
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base of the Ostracode member is typically an easily recognized stratigraphic
contact since the finer transgressive shales or limy sediments (Facies 1) are
drastically different from the underlying clay rich sands or paleosols of the
Ellerslie member. Hopkins et al (1982) proposed that in central Alberta the
smectite rich Bantry shale, located at the base of the Ostracode member, was a
reworked ash layer derived from contemporaneously deposited volcanic
sediments to the west. A horizon equivalent to the Bantry shale is recognized
in the study area (Facies 1), is characterized on geophysical logs by low
resistivity -:nd high spontaneous potential values common to mudstones, but it
has distinctivelv suppressed gamma ray values and high density porosity
values. It is proposed that the Bantry shale is not a time marker, but a
transgressive shale marker, with its composition inherent in its origin.

To the east the Ostracode barrier sandstones grade laterally into the
swamp and lagoonal deposits of the backshore. There is also a local buildup
(Facies 4) in the study area on the top of the main Ostracode barrier forming
a portion of the Suffield A Pool reservoir. Core and stratigraphic
observations indicate that this buildup (Facies 4) is a washover deposit. To the
west the barrier sands (Facies 2) grade laterally into the bioturbated shales and
siltstones of the offshore (Facies 5). The Ostracode barrier is similar to the
UA-5 sandstone, Wyoming, studied by McCubbin and Brady (1969). A coal
typically caps the coarsening upwards unit and the overlying lagoonal deposits
(Facies 3). Overlying the coal are a series of interbedded shales, siltstones and
carbonaceous rich sediments interpreted as coastal plain deposits. This blanket
of coastal plain sediments overlies the Ostracode interval throughout the area.

The Ostracode member is incised in the Jenner-Suffield area by lithic
upper Mannville valleys of fluvial origin. The Ostracode barrier sandstone

and the sandstones of the upper Mannville valley fill, previously grouped as

33



one depositional system by such workers as Tilley and Longstaffe (1984) and
Holmes and Rivard (1976), are interpreted o have been deposited as the result
of different depositional systems/sequences (see Chapter 3). This situation of
an fluvially incised shoreface is very similar to the example documented by
Harms (1966) and Exum and Harms (1968) in the Dakota Group 'J' interval in
Wyoming.

MAPPING

The Ostracode member disconformably overlies the Ellerslie member. An
isopach map of the Ellerslie and Detrital members (Fig. 11-8) reflects the
paleotopography on the pre-Cretaceous surface. Isopach thicks reflect the
numerous valley systems that developed on this surface, subsequently infilled
with the fluvial sediments of the Ellerslie and Detrital members. The Suffield
P pool (Fig. 11-9 ) produces out of one of these Ellerslie member valley
deposits. A regional computer generated isopach map of the Mannville Group
T14-30, R 1-15W4M (Fig. 11-10) indicates the drainage system which
developed during lower Mannville time. Drainage flowed to the west off a
number of easterly palechighs, eventually joining a more NW flowing system.

The barrier sands of the Ostracode member trend NNW-SSE, with a known
length of over 104km (65 miles) and an average width of 26km (16 miles)
(Fig. 11-11). There are two thick trends, possibly representing barrier step ot.t
which may have occurred while the barrier was keeping pace with a relative
sea level drop. Although the Ostracode barrier appears tc have a sheet-like or
blanket morphology, it is most probably a sequence of separate off-lapping
sandstone bodies ie. parasequences. Stacking of parasequences was probably

limited as it appears that the system regressed at a relatively rapid rate with
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R11-12W4), which is interpreted toc have been the deltaic
source for sediments to the south (Contour interval 4 m).
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the barrier actually stepping out at one point to keep up with falling rclative
sea level. The easternmost sandstone trend has in the area of T20, R7 another
sandstone unit stacked on it (Fig. 11-12). This sandstone unit reaches about 6
m in thickness (Facies 4) and is interpreted to be a later feature, a washover
lobe associated with the western bar, which seems to comprise the main
shoreline trend. A number of north-south trending spit-like features are
observed on the western (seaward) margin of the barrier. The Jenner E pool
is contained in one of these sandstone buildups which are interpreted as
wave-formed offshore spits on the seaward side of the barrier.

There is a thinning of the Mannville Group to the east, and the Ostracode
member becomes unrecognizable. These areas to the east are thought to
represent paleohighs which dictated the coastal morphology and the limits of
the Ostracode transgression. Within T23-24, R9-10, the Ostracode sandstone
rests directly on the Paleozoic unconformity, possibly indicating coastal
erosion of the paleohighs during the Ostracode transgression. To the north, in
the Cessford area (T25, R12), the Ostracode sandstone thickens and begins to
stack vertically. This is thought to represent a deltaic complex which

probably sourced the barrier sands to the south.
PALEOGEOGRAPHIC SUMMARY/SPECULATION

The Ostracode member represents the first widespread transgression with
in the Mannville Group into central and southern Alberta. A relative rise in
sea level in Aptian time resulted in the flooding of vast low relief areas to the
south by the Boreal sea. The result was the development of a broad, shallow,
brackish water embayment which extended into Alberta and Saskatchewan,

with its southern limits somewhere in Montana (Christopher, 1980; Hopkins,
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1980: McLean and Wall, 1981). Taylor and Walker (1984) placed the
minimum southward extent of the Ostracode sea around Calgary, T24. This
seaway may have continued even further south along the mountain front, and
into Montana; equivalent shorelines to those observed the Jenner-Suffield area
may have developed in Montana .

In southeast Alberta previously existing paleohighs (Fig. 11-10) dictated the
coastal morphology, and limited the eastward transgression of the Boreal sea
(Fig. 1-13). During this time fine grained carbonaceous and calcareous bay
sediments (Facies 1) were deposited over the previously exposed Ellerslie
Member (flooding surface). This transgression consists of only one flooding
event in south Alberta, but transgressive oscillation is evidenced in central
(Rosenthal, 1988) and southwest Alberta (Little Bow, Hopkins et al, 1982) by
a thicker, multiple basal Ostracode shale and limestone units. No sooner had
the Boreal sea reached its maximum limits when it began to retreat. A
relative drop or still stand in sea level then resulted in the westward
progradation of the quartzose barrier sands (Facies 2) of the Ostracode
member (Fig. 11-14). These sands were deposited in a wave dominated setting
in a NN'W-SSE shore parallel trend. This progradation is thought to have
eroded certain portions of the underlying Facies 1, the fine grained bay
sediments. Some of the sand bodies may have been lecalized by erosional
depressions on the Ellerslie. The barrier stepped out at <ne pointin a
westward direction in order to keep pace with the retreating Boreal sea. This
unprotected shoreline was greatly influenced by waves and longshore drift.
Numerous 'spit-like' sandstone features finger off the barrier on the west side
from north to south. One of these spit-like features contains the Jenner E
pool. A well developed washover lobe (Facies 4} aiso formed at this time.

Sediments were moved from the north and arrived via longshore drift where
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FIGURE I11-13. Regional map, T14-30, R1-15W4, showing the inferred
coastal morphology after maximum transgression of the

Ostracode sea.
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FIGURE l1-14. Paleogeographic reconstruction of Ostracode member
deposition (approximate scale: 1cm=6miles).
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they were deposited (Fig. 11-14). Westward the barrier sands grade laterally
into bioturbated shales and siltstones of the offshore. Behind the barrier a
quiet water lagoon and swamp (Facies 3) developed. Progradation was
completed in southern Alberta with the capping of this sequence with coastal
plain sediments.

Figure 15 is a paleogeographic sketch illustrating the speculated coastal
configuration of the Ostracode basin in Alberta; this embayment probably
extended into Montana. Coastlines developed within the embayment, such as
the Cessford deltaic complex, the Jenner-Suffield barrier, the Home sand to
the west (Hume, 1939),and ¢he Moulton shoreline in Montana (Oakes, 1966).
It is also speculated here that the Bellshill valley system (Karvonen, 1989)

sourced the Cessford delta.

HYDROCARBON POTENTIAL

The Ostracode barrier sands represent notential stratigraphic traps with
considerable regional extent as they buiiuuy and are overlain by shales, coals
and siltstones of the coastal plain. Laterally adjacent sediments also represent
potential seals; in the west these consist of non-reservoir bioturbated shales
and siltstones of the offshore; to the east shaley sediments of the backshore and
coastal plain.

resently known fields within the study area include the Jenner E pool, a
spit or offshore bar, and the Suffield A pool, a washover lobe (includes
production out of the UM1 unit)(Fig. 11-9). The Jenner E pool has an initial
volume of oil in place of 3810 x 103 m3 (24 mmbbl) of 927 kg/m3 (15°API)
gravity oil. Ostracode reservoir sandstones in the Jenner E pool have an

average porosity of 29.7% and permeability of 1521 millidarcies.
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Ostracode Sea

FIGURE 11-15. Paleogeographic sketch showing the extent of transgression
of the Ostracode sea, B:Bellshill Lake, J-S: Jenner-Suffield,
C: Cessford, H: Home, (modified from McLean and Wall,
1981: Jackson, 1985; Hayes, 1986; Karvonen, 1989).
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Exploration previously concentrated on the thick sandstones associated with
incised valley fill sands which scour into the Ostracode member (see Chapter
3) (Fig. 11-9). These thick sandstones were previously interpreted as barrier
sands (Tilley and Longstaffe, 1984; Holmes and Rivard, 1976). With
exploration concentrating on the thick sandst:.nes, this laterally extensive
barrier sandstone deposit, which has considerable potential, has been
overlooked. These sands have been traced to the north up to Cessford, where
they are thought to form part of the Cessford oil reservoir.

Interpretation of the genesis and geomorphology of a sandstone body is
critical where further exploration and development is ongoing. Knowledge of
the configuration of the Ostracode basin at the time of maximum transgression

improves the chance of finding equivalent shoreline deposits.
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THE UPPER MANNVILLE GROUP IN SOUTHEAST ALBERTA:
AN EXAMPLE OF MULTIPLE INCISED VALLEY FILL DEPOSITS

INTRODUCTION

Incised valley deposits have been recognized in the ancient record since
the early work of Harms (1966) and Exum and Harms (1968). However the
application of the concept of valley incision related to a sequence
stratigraphy has been recognized for less than a decade {(Weimer,1984).
Within the Alberta basin this type of deposit probably accounts for much
more of the stratigraphic column than previously realized (ie. James, 1985;
Reinson, 1988; Strobl, 1988). The recognition of these ‘events’ as related to
relative sea level fall is important since these depositional systems usually
have excellent reservoir potential. Valleys may be backfilled with sediments
ranging from marine, to estuarine to fluvial in origin resulting in
stratigraphic or combined structurai-siratigraphic raps.

In southern Alberta, the Lower Cretaceous Mannville group contains
numerous highly productive reservoirs (E R C B, 1987), many of w..ich are
now interpreted as estuarine or fluvially filled valleys (ie. Little Bow: Wood
and Hopkins, 1989, R. Rahmani, pers. comm; Countess: Farshori, 1983,
Taber-Turin: Hradsky and Griffin, 1984; and Medicine River: Strobl, 1988).
The Jenner-Suffield ficids are located in southeastern Alberta on the NW
flank of the Sweetgrass arch, a positive structural feature rising in central
Montana and continuing into tke Alberta plains where it meets the southward
plunging North Battleford arch (Herbaly, 1974).

During much of early Albian time, the southern coastline of the Boreal

Sea was located in central and northern Alberta. In southeast Alberta, in the
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Jenner-Suffield area (T18-21, R7-9W4)(Fig. 111-1), time equivalent fluvially
filled valley deposits are recognized. They are in all likelihood the drainage
system that fed coastal progradational shoreline systems located to the north.
Lateral and vertical changes from genetically unrelated porous point bar
valley fill sandstones to non-reservoir fine grained interbedded siltstone,
claystone and coals of coastal/floodplain Geposits provide an excellent
trapping mcchanism for petroleum. Differential compaction further
enhances the stratigraphic trap. The Jenner-Suffield upper Mannville pools
contain total estimated oi! in place of approximately 71429 X 103m3 (450
mmbbl) of 959 kg/m3(16e API) gravity oil.

The data base for the local study area T17-20, R 6-8W4M includes
geophysical well logs from 305 wells, core logged from 85 wells and point
counting of 24 thin sections. Data from this area served to establish
sedimentologic and stratigraphic relationships for the various units. This
knowledge was then expanded and applied to a more regional study area
contained within the block of T4-25, R3-13W4M, where geophysical logs
from more than 960 wells were used in order to map the units and get a
regional perpective on their distribution.

The object of this paper is to develop an integrated depositional model for
the informal upper Mannville units UM1, UM2 and UM3, using

stratigraphic, sedimentciogic and reservoir data.
PREVIOUS WORK

Selected studies on the Mannville Group in southein Alberta inciude:
Workman (1958), Herbaly (1974), Holmes and Rivard (1976),
Farshori(1983), Hradsky and Griffin (1984), Tilley and Longstaffe (1984).
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The sandstone deposits in the Jenner-Suffield area have previously been
refer.<.d to as the 'Glauconitic sandstone' by a number of authors including
Herbaly (1974) and Tilley and Longstaffe (1984). In this study, numerous
different depositional systems are interpreted as responsible for this
sandstone accumulation, hence the term ‘Glauconitic sandstone’ is not
appropriate. Instead these genetically mixed sandstones are assigned to the
upper Mannville Group.

Early work by Glaister (1959), Williams (1963), Mellon and Wall{1964),
Rudkin (1964), and Mellon (1967) recognized the division between the lower
and upper Mannville Group. The upper Mannville Group including the
Jenner sandstones is composed of lithic and feldspathic sandstones unlike the
lower Mannville Group which is characterized by siliceous sandstones
capped in some areas by the Calcareous Membper (Ostracode member
equivalent) (Glaister, 1959).

Numerous interpretatons for the upper Mannville reservoir sandstones at
Jenner-Suffield have been proposed since the discovery of hydrocarbens in
the Jenner O pool in 1952 (Holmes and Rivard, 1976), the Jenner F pool in
1965 and the Suffield J pool in 1977 (ER C B, 1987). Herbaly (1974)
proposed that the Jenner trend represents a dune deposit. Holmes and Rivard
(1976) and Tilley and Longstaffe (1984) interpreted the thick reservoir
sands {up to 45 m in thickness) in the Jenner-Suffield area as marine barrier

sands. This paper will provide an alternative explanation for the genesis of

the thick 'Glauconitic sandstone' in the area.
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STRATIGRAPHY

Within the study area Mississippian strata form the subcrop beneath the
pre-Cretaceous Unconformity (Fig. 111-2). Considerable relief can be
developed on this surface, with the chert breccias of the Detrital Member
sourced mainly from the pre-Cretaceous surface, infilling low-lying areas.
Overlying the Detrital is the siliceous clay-rich sandstones of the Ellershe
Member which is disconformably overlain by the Ostracode member. The
Gstracode member, which is typically comprised of quartz-rich sandstones,
is in turn overlain by the upper Mannville Group. In the study area the
upper Mannville Group sits disconformably on the Ostracode member where
a number of informally named iithic-rich sandstone units are recognized.
They are in ascending order, the UM1, UM?2 and UM3. Each is separated by
an erosional disconformity at their base (Type 1 sequence boundary; Van
Wagoner et al, 1988).

SEDIMENTOLOGIC AND STRATIGRAPHIC RELATIONSHIPS

‘T’he three informally named units named above have been delineated within
the upper Mannville Group based on sedimentologic evidence and
stratigraphic relationships (Fig. 111-3). Each unit is interpreted to represent a
valley fill deposit. These valleys have been traced regionaily as shown in
Figure 111-4.

It must be kept in mind that when rivers are confined to valleys,
information regarding the dimensions of the ancient channel may be

destroyed by channel adjustment. A valley deposit must be locked at as one
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FIGURE 111-3. Valley incision map (Cross-section location map).
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unit containing the deposits recording the evolution of a stream through

time.

UM1 Deposit

VALLEY MORPHOLOGY
Mapping and cross sections of this unit indicate an initial incision event
which was subsequently infilled with UM1 sediments (Fig. i11-5).

A general alluvial channel classification by Galloway (1977) and
Schumm (1977) is used here since the valley fill will reflect the
characteristics of the channels which are contained within the valley (Fig. lil-
6). This classification is based on morphology and fill, since the relative
proportions of bedload (sand and gravel) and suspended load (silts and clays)
dictate the channel/valley morphology (Schumm, 1981). After this general
classification, further delineation as to the specific type of channel model that
appear to characterize the deposits will be made (ie: braided, meandering).
Channel modelling of any kind can only be general since model classification
requires a detailed description of vertical and lateral sedimentologic
successions that cannot be obtained in the subsurface.

There appears to be no relationship between the UM1 deposit and the
laterally adjacent coastal plain sediments of the Ostracode member which are
characterized by interbedded coals, siltstones and shales (Fig. 111-7). Three
NNW-SSE trending UM1 valleys are recognized, scouring into the coastal
plain sediments, the underlying, mineralogically different Ostracode barrier
deposit (Tilley and Longstaffe's Facies 6) and occasionally the Ellerslie
Member (Fig. 111-8). The UMI1 deposits are interpreted as fluvial backfill

deposits in an incised valley. In intervalley areas the disconformity
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associated with vatley incirioi is typically merked by a coal. Incision
transforms the floodplain into a teirace. which may be marked by a coal ot a
paleosol.

In the Lower Cretaceous Dakota Group in the Denver basin, Nebraska,
this situation of fluvially incised shoreface deposit. both of different
mineralogy, is similar to that observed in the marire ¥t Collins Mem' 2; and
the upper fluvial valley fill of the Horsctooth Meriber (15 m/50 ft thick)
documented by Harms (1966), Exum and Harms (1968), MacKenzie (1975),
and Land and Weimer (1978). This Horsetooth incision event has recently
been correlated to the incision at the base of the Encinal Canyon Member to
the southwest in the San Juan Basin, Colorado by Aubrey (1989).

The UM1 valleys are on average 1.5 to 3.0 km (1-2 miles) wide (Fig.
111-4), and range from straight to sinuous in morphology. Average thickness
of the UM1 unit is 20-25m, and a high width to depth ratio 2400m/20m
=120:1 is typical of the valleys. Sandstone within the valley forms a broad
continuous belt. Low to moderate relief is associated with the base of the
scour surface, a variation in scour depth along the valley length is no more
than 10m. Local variations cannot be determined with the available wzll
density. These valleys are proposed to have contained predominantly
bedload channels. Muddier portions have been recognized in some areas
within the valleys.

The size (depth and width) of these sandstone deposits is a saong line of
evidence that they are valley deposits, not the product of a single channel
which would tend to be of a much lesser magnitude (Schumm, 1977).
Hradsky and Griffin (1984) note that incision of the Oldman and Bow rivers

responding to isostatic rebound following Pleistocene glaciation resulted in
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valleys up to 3 km wide and 40 m deep. Present day Peace River valley is
approximately 3.2 km wide, with the Oldman valley 1-2 km in width.

The easternmost UM1 valley has been traced through the Medicine Hat
cilfield to the scuth, to the Manyberries area (Twp5), a distance of abcut
160 km (100miles) (Fig. 111-4). The morphology of the valley and the nature
of the fill changes as it is traced from scuth to north. In the Medicine Hat
area the UM1 valley is typically 6.5 to 8 km (4 to 5 miles) in width with an
average thickness of 15 to 20 m. To the rorth, the vailey narrows to about
1.5 to 3 km (1 to 2 miles) in width and deepens to abou: 20 to 25 m. The
valiey fill tends tc get sandier to the north. Fining upwards srccessions and
abandonied channels are more readily recognized in the Medicine Hat area,
possibly due to less vertical stacking of chanrels. In the Medicine Hai area
the valley incises into lower Mannville continental sediments and bottoms out
on a resistant paleosol :;hale which marks the unconformity at the top of the
Jurassic sequence, probably resulting in the widening of the valley since it
could no longer downcut. The narrowing of the valley to the north may be
ko rosult of an increased gradinnt or the fact that the scourad substrate
changes to continental sediments of the lower Mannville Group versus the
marine shales of the Jurassic Rierdon which forms the subcrop beneath the
sub-Jurassic unconformity (easier to incise to the north?).

Variation on the relatively straight morphology can be seen as sharp
meander bends along the valley, such as that observed in the area between
the Jenner O and F pools. This sharp meander morphology is also seen in
the Medicine Hat field to the south (T12, R4W4). Experimentai work by
Gardner {1975) showed how incised meanders form during an incision event
(Fig. 11.-9). After the initial drop in base level, headward erosion occurs up

the meander pattern. As this incision migrates upstream the ¢ownstream
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FIGURE 111-9. Development of incised meander during base level drop.
The letter B indicates the iocarion at which the channel incises
bedrock ( modified from Gardner, 1975 and Schumm,

1977).



limb of the meander hits bedrock first and is fixed in position. The upstream
limb of the meander, still on alluvium, continues to migrate downstream as a
part of a normal meander pattern and deformation of the meander loop
occurs. This process is probably responsible for the deformed incised
meanders observed on the San Juan River (Schumm, 1977). Incised
meanders probably occur along the lengths of many upper Mannville valley
networks in the Alberta Basin and represent potential hydrocarbon traps.
The UMI1 fluvial systems are thought to have supplied sediment to a
coastline in central and/or northern Alberta. The drainage basin (source
area) is speculated fo be located in the tectonically active areas in the NW
United States. A rclazive sea level drop resulted in the incision of this
drainage network. A subsequent reiative rise in sea level may have resuited

in the backfilling of the valley with fluvial sediments.

VALLEY FILL
Sedimentology

The sandstones which comprise the UM1 unit are chert litharenites (Q:F:L
ratio of 56:0.3:43.7, Folk,1974). This sequence typically fines upwards
from a chart pebble congloircrate (Plate 1ll-1a, b) or medium grained
sandstone to a fine grained sandstone at the top (Fig. 111-10). Mud is rarely
observed probably due to a general lack of mud in the sediment supply.
Gamma ray log profiles of the UM1 are typically blocky and do not show a
fining upwards trend (Fig. 111-5). This is expected since the fining up in the
valley deposits is due to a isss of the pebble or coarse sand component which
would not be observed on a Gamma ray trace, but is usually recognizable on
the Spontaneous Potential profile. The lack of both a 'nice’ fining upward

succession and a predictable sequ=nce of sedimentary structures is not
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PLATE 111-1

a). 5-29-18-8W4 (depth: 3212 ft): Massive chert pebble
conglomerate containing no matrix and abundant

calcite cement in the UM1 unit (scale increments
in cm).

b). 10-17-20-7W4 (depth: 3180 ft): Interbedded medium
grained sandstone and chert pebble conglomerate

exhibiting high angle cross-stratification in the
UM1 unit.

c). 10-33-19-7W4 (depth: 3164 ft): Clasts at the base of

UMI1 containing gastropod fragments (from the
underlying Ostracode member).

d). 12-32-20-8W4 (depth: 3091 fi): Basc of the UM1
containing some clasts and exhibiting low angle
cross-stratification
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surprising, and should be expected in a vaucy succession. The deposit does
not represent one meander point bar deposit but a series of vertically stacked
channel deposits representative of successive truncation and deposition.
Facies classification would be of little use in this case.

Occasional to common matrix < ‘pported pebbles and coarse grained
sandstones were observed indicating periods of higher energy. The UM1
unit is typically sandy with minor amounts of mud observed in core,
indicating little suspended load deposition. Core typically does not penetrate
the base of the unit. When it does, a sharp scour base is observed where this
unit sits disconformably on the underlying more quartzose sandstone (Q:F.L
ratio of 86.1:337:13 =+ . f the Ostracode member. Wood fragments/ organic
debris, ca'. r-cus sa~1stone clasts with gastropod fragments +*late lli-1c, d),
and coars . # <. .° .zdiments typically form a lag at the base of the UM1
unit. Sedimentary structures such as low- to high-angle cross-stratification,
current ripples, and lo-v-angie parallel laminations all indicate sediment
transport by traction. In the lower portions (ie. the lower half) of the
sequence interbedded coarse grained sandstone/chert pebble conglomerate
and medium grained sandstone typically exhibits low to moderate angle
cross-stratification (Plate 1l1-1a, 1c), trough cross-stratification (Plate 111-2b),
sc  high angie cross-stratification, and scour and fill structures. In well 5-
20.18-8W4 matrix free chert pebble cong!~merates reach 14 m in thickness,
massive in nature (Plaie 1lI-1a) or exhibiting low-angle cross-stratification.
These deposits are thought to reflect various channel bars (longitudinal,
transverse and marginal) in a braided fluvial system. Upper portions of the
UM1 unit tend to be sandier with less coarse component than lower in: the
unit. Medium to fine grained sandstones exhibit low to high angle cross-

stratification, or they may be massive in nature. These upper deposits are
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PLATE 111-2

a). 6-27-19-8W4 (depth: 3162.5 ft): Li.terbedded very
coarse to coarse grained sardstone and fine
grained sandstone displaying high angle crors-
stratification in the UM1 unit (scale increinents in
cm).

c). 10-32-19-7W4 (depth: 3146.5 ft): Trough cross-
siratification in the UM1 unit.

c). 10-33-19-7W4 (depth: 3146.5 ft): High angle cross-
stratification in the UM1 unit.

d). 10-16-20-. W4 (deptin: 3045 ft): Coarse grain filled
unlined burrow near the top of the UM1 unit.



6-27-19-&WC




thought to represent a shift in the system with deposition now occurring in a
meandering river system. Occasional unlined vertical burrows (Skolithos)
are recognized on bedding planes due to grain size differences in the upper
portions of the unit (Plate 111-2d). It has not been ruled out that the
uppermost portions of the UM1 valley fill could have an estuarine influence.
The top of the UMI unit is characteristically rooted and is overlain by
interbedded siltstones, shales and coals with minor hi sturbation. Tilley and
Longstaffe (1982) recovered the dinoflagellates M:iderongia sp. and
Ctenidodinium from the Ostracode member. This low species diversity was
interpreted to indicate a restricted marine environment of low salinity. This
supports the interpretation of this paper that the Ostracode member was
deposited within a brackish en.cayment formed by a transgt::ssion of the
Ostracode sea (see Chapter 2). Spores and pollen when found included
Minerisporites, Erlansonsporites and Arcellites (Tilley «nd Longstaffe,
1982) were recovered from the upper Mannville deposits indicating
continental conditions; no dinoflagellates were recovered. The influence of
the lack of mud in the upper Mannville valley deposits must be recognized as
an influence on palynological reccveries.

The high sand content, low relief nf scour and linear geometry of the
valley indicates that the channels contained within them were probably
bedload channels as described by Galloway (1977). Just as sediment load
influences the morphoiogy and fill of a channel, the same is true for valley
fill deposits representing < “2ssive truncation and deposition (Fig. 111-6). A
high ratio of channel sau.:si- .ie to fine grained floodplain deposits would
suggest low sinuosity channels, where the river migrates across the
fioodplain more frequently eroding vertically accreted floodplain deposits.

The sediment source will determine the valley fill, which in the UM1 is
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dominantly sand and gravel. The coarse component at the base and the
dominance of sandstone in the upper portion of the valley sequence seem to
indicate a change in energy and/or rates of deposition upsection. It is
proposed that as the [TM1 valley infilled channel deposition changed from
brzided at the base to meandering near the top. The incision of a stream
results in the supply of large quantities of sediment that can overwhelm the
transporting capacity of the channel and periods of aggradation take place
interrupting the degradational process (Schumm, 1981). Experimental work
by Schumm (1977) actually demonstrated that with the infilling of a valley
this type of succe~ion from braided to meandering can be expected.

With the initial drop in base level incision typically occurs at the mouth of
the basin and as erosion progresses upstream the main channel transports
increasing volumes of sediment, resulting in deposition and the formation of
a braided stream. As the river adjusts to the new base level, sediment load
decreases and new phase of channel erosion occurs, forming a low alluvial
terrace or floodplain. This decrease in bedload and therefore gradient, then
results in a more defined meandering type channel. Braiding and
meandering are commonly interrelated. Coleman (1969) showed that the
Bahmaputra River in its lower reaches was 100 years ago a typical
meandering stream bt is now braided due to an increase in discharge. This
trend from braided to meandering is also present in the Mississippi River
valley deposit (Fisk, 1944). The Mississippi valley was filled with sediments
which grade upwards from coarse sands and gravels of a braided system
through sands and silts of a meandering system. Braiding and meandering
may occur in the same river along its length at the same time, depending on
gradient and sediment discharge (Schumm and Lichty, 1963; Schumm, 1977;
Galloway,1981; Schumm,1981).

78



In the UM1 valleys the coarse grained braided deposits, when present, are
typically sharply overlain by the medium to fine grained sandstones of the
meandering deposits (point bar), so it is speculated that the terrace which
may have developed during the valley infill was eroded. Some aggradation
of these coarse grained t-sal deposits may have occurred while base level
was still falling/ fluctuating.

It is speculated that the UM1 deposits are probably equivalent to the
Glauconite Member as described elsewhere ( Farshori, 1983; Hradsky and
Griffin,1984; James,1985; Rosenthal , 1988; Strobi,1988). The Glauconite
channels in the Taber-Turin area documented by Hradsky and Griffin (1984)
are of low sinuousity and are up to 3km wide and 40m deep and cut into the
underlying Ostracode and Taber deposits. Hradsky and Griffin (1984) also
recognized ¢ later Mannville (post-Glauconitic channel event) which is

possibly equivalent to the UM3 unit in the Jenner-Suffield area.

iv.ineralogy
A total - ~ *:a sections were point counted for the various units
including thy . ..acode member . Grain size was considered, and a

consistent sand size fine-medium range was used, with the coarse grain sizes
being excluded since the result was aii anomaleousty hign lithic coinponeiit.
Using a fine to medium grain size cutoff, 10 thin sections were plotted in
the UM units (Fig. 111-11).

A total of 5 thin sections were point counted (approximately 250 points)
and plotted for the UM1 in order to quantitatively determine the mineratogy
of the T'M1 sandstone. The 1UM1 unit contains significantly more lithic
(including chert) rock fragments than the underlying more quartzose

Ostracode member (Plate 111-3). The sand grains tend to be subangular to
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PLATE il °
a). 10-10-21-8W 1 (depth: 3t :1): Ostracode
sandstone (plane puiars ;(Q-quarte, P-porosity).

b). 10-10-21-8W4 (depth: 3100 ft): Ostracode sandstone
- (cross polars).

c). 12-32-20-8W4 (depth: 3171.5 fr): UMI unit (plane
polars)(C-chert, Q-quartz).

d). 12-32-20-8W4 (depth: 3171.5 ft): UMI unii (cross
polars).






subrounded in nature with common clay cement (Kaolinite, Chlorite) and
occasional quartz overgrowths. Calcite forms a cement in ¢ertain beds and
zones, and the control on this cementation is unknown (recognizable on
geophysical logs)

The dominant detrital components are quartz and lithic rock fragments
dominated by chert, and minor feldspar. As previously mentioned the
sandstones which comprise the UM]1 unit are chert litharenites (Q:F:L ratio
of 56:0.3:43.7, Folk,1974), and this enables distinction from the underlying
Ostracode member which is more quartzose ( Q:F:L ratio of 86.1:0.7:13.2).

The quariz grains are typically single crystals of the plutonic/common
variety. The genetic classification noted by Folk (1974) was used to
determine quartz types. Some minor amounts of metamorphic, stretched and
schistose types were observed. Chert is considered with the lithic
component, even though is is composed of microcrystalline quartz. The
chert is chiefly microcrystalline mosaic in nature, although chalcedony is
also observed. Chert is probably derived from an original carbonate source,
and many times ghost/remnant fossil textures are recognized, ¢speciaily in
the coarser grains.

Minor amounts of metamorphic and volcanic rock fragments were
observed, along with sedimentary fragments of claystone (typically
deformed). Volcanic rock fragments were mainly in the form of
porphyritic or acidic grains, all of which were quite fine grained. This fine
grained nature of the volcanics made it difficult at times to distinguish them
from microcrystalline chert and therefore the amount of volcanics may be
under-represented. Accessories observed include epidote, pyroxene, sphene,
and authigenic pyrite. Rare feldspar of plagioclase composition was

observed.
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UM?2 Deposit

VALLEY MORPHOLOGY

UM?2 deposits are typically 20-25m thick. No stratigraphic relationships
are present between the UM2 deposits and adjacent sediments. UM?2 valleys
incise inte the Ostracode Member, but also cross-cut UM1 deposits (Figs. 111-
12, 11I-13). Two UM2 valleys are recognized within the area trending ENE-
WSW and are characteristically 0.5 km wide (1/4 mile). These valleys can
only be foliowed for a maximum of 6.5-11 km (4-7 miles) within the study
area due to poor well control (Fig. 11-3). From the data available the UM2
valleys look straight to slightly sinuous in morphology, with a depth to width
ratio of 500m/20m=25:1. Variability of scour cannct be determined.

UM?2 valley deposits are interpreted as fluvial channels, which backfilled

an incised valley during a relative sea level rise. These channels probably
flowed to the ENE.

VALLEY FILL
Sed:mentology

Sedimentoiogical descriptions are based on the only core interval that
exists in the study area. The UM2 unit is comprised of litharenites (Q:F:L.
ratio; 23.5:13:63.5) which have a higher feldspar content than the UM1
sands (Fig. 1l1-11). Grain size ranges from lower medium to upper medium
(1-2 @) sand with zones of organic laminations and/or commaon organic
debris. Organic laminations could be indicative of fluctuating current
velocities or chemical conditions, where organic debris settles out of

suspension. Siderite is commonly observed and is typicaily associated with
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FIGURE 111-12. UM2 type log profile.
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the organic material. Low-angle stratification is the dominant sedimentary
structure. The sequence fines upwards and feldspar alteration to clays has
reduced porosity and permeability of the sands.

The UM2 log profile is readily identifiable (Fig. 111-12) because the
alteration of feldspar to clay in these sands results in a low density porosity,

high Gamma Ray and suppressed resistivity profile.

Mineralogy

Only cone cored interval exists within the UM2 unit, and one
representative thin section was point counted (approximately 250 points) in
order to determine the mineralogy of the unit (Fig. 111-12) (Plate 111-4a).
The grain size of the thin section sample was medium grained. The sand
grains tend to be angular to subangular in shape. Low porosity and
permeability is apparent in thin section, and corresponds to the non-
reservoir nature observed in core and on logs. Compaction of soft lithic
grains, poor sorting on a thin section scale, the presence of clay in the pores
and pore throats, a high lithic content, and the angularity of the grains all
indicate the relative immaturity of the sandstones of the UM?2 (Plate 111-4a).
A Q:F:L ratio for the UM2 is 23.5:13:63.5. It contains relatively more
feldspar, less chert and more of the remaining lithic component-volcanic,
sedimentary and metamorphic- than the UM1 valley fill.

Quartz grains are typically single crystals of plutonic/common origin.
Some schistose (metamorphic) quartz is also cbserved. Metamorphic
fragments and chert are also dominant, with some volcanic fragments.
Sedimentary rock fragments (locally derived claystone) are observed and
are typically deformed. In most cases the clays have altered to siderite.

Feldspar is observed and is of the Plagioclase group. Albite twinning is
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PLATE 111-4

a). 6-29-20-6W4 (depth: 1030 m): UM2 unit (plane
polars). Note the tight nature of the sandstone {F-
feldspar, O-organics, Q-quartz, V-volcanics).

b). 6-29-20-6W4 (depth: 1030 m): UM2 unit (cross
polars) Feldspar with alteration to siderite, calcite
and clay thereby reducing the porosity and
permeability of the unit (F-feldspar).

¢). 16-9-20-8W4 (depth: 2996 ft): UM3 unit (plane
polars)(C;-iron stained chert, Q-quartz).

d). 08/5-10-20-8W4 (depth: 918.5): UM3 unit (cross
polars).






common, and feldspars typically show some alteration to clay, probably
kaolinite, or sometimes with the more calcic rich feldspars to calcite (Plate
111-4b). Accessories include mica (muscovite) and zircon.

Cement is typically clay, probably kaolinite. The kaolinite is developed as
plates but more commonly as granular aggregates. Siderite cement and
granular siderite (altered from clay and organics) is commonly observed.
The presence and association of siderite and organic debris, could represent
changing oxygenaticn ar:? p:M conditions (ie. lower than that for glauconite
formation). Under tire- - ¢onditions the organi- debris is preserved and

siderite formation occurs during or shortly afi~t ¢icpuiion.
UM?:Z Deposit

VALLEY MORPHOLOGY

Core and well control is limited to the Suffield J Pool where the UM3 unit
amalgamates with the UM1 unit (Fig. 111-14). Similarity in mineralogy and
log signature to the UM1 unit makes the base of the UM3 valley difficult to
determine. This sandstone belt trends parallel to and incises into the UM1
unit and is typically 1.0 to 1.5 km (1/2 to 1 mile)wide (Fig. 11i-3). No
stratigraphic relationship could be discerned between the UM3 and laterally
adjacent continental and coastal plain sediments (Fig. 111-15). Amalgamation
of the UM3, the UM1 and the Ostracode member results in reservoir
thicknesses up to 45m. The superposition of the UM3 valley on the central
UM1 valley is not odd and in fact fluvial/channel systems typically do
persists in the same location as exemplified by the superposition of Holocene

rivers on older fluvial axes on the Gulf coastal plain, Texas (Galloway,
1981).
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FIGURE I11I-14. UM3 type log profile.
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The UM3 is interpreted as a valley fill fluvial deposit. This valley trends
to the NW, and is observed again north of the field in the well 2-12-21-9W{4
The valley is straight in morphology, and forms a broad continuous belt of
sandstone. The depth of scour is speculative, so the valley width to depth
ratio cannot be determined. Here the UM3 scours into continental anc
coastal plain sediments (no underlying UM1). This valley probably drained
to the NW.

VALLEY FILL

Sedimentology

Chert litharenite sandstones (Q:F:L ratio of 56.8:0:43.3) comprise the

UM3 unit. This deposit is characterized by either 1) a number of 5-10m
thick fining upward cycles or 2) one continuous deposit of constant grain
size, 26m in thickness (typically medium to fine grained sand) (Fig. 11I-16).
The presence of coarser grained sand laminations within a fine grained sand
is a common feature indicating fluctuating energy levels. Sedimentary
structures include low- to high-angle cross-stratification (Plate 111-5a) and
low-angle planar stratification, though commonly high-angle cross-
stratification is dominant. These structures are indicative of bedload
transport of sand waves and megaripples by unidirectional currents. Massiv
sandstones are also common in the UM3 unit, possibly indicating high rates
of deposition, where sand is deposited directly out of suspemnsion (Plate 111-
5b). The UMS3 valley fill is interpreted to be predominantly comprised of
meander point bar deposits. The base of the UM3 is usually difficult to

determine in core (Plate 111-5¢) and especially on logs, due t¢ the similarity
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PLATE 111-5

a). 9-9-20-8W4 (depth: 916 m): Oil saturated fine
grained sandstone exhibiting high angle cross-
stratification in the UMS3 unit (scale increments in
cm).

b). 1-16-20-8W4 (depth: 905.4-908.3 m): Oil saturated
fine-to medium-grained sandstone, massive in

nature with some high angle cross-stratification in
the UM3 unit.

c). 12-10-20-8W4 (depth: 920.5 m): Base of the UM3
unit.

d). 5D-3-20-8W4 (depih: 912.5 m): Current ripples
(large arrow) and Zeichichnus burrows (small
arrow) in the sediments overlying the UM3 unit.
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in mineralogy, lithology and depositional environment with the underlying
UMT1 unit.

Typically clay-rich sandstonre is interbedded with clean sandstone
(emphasized by differences in oil saturation) in the upper portions of the
UM3 unit (Plate 111-6a, b, and ¢). In the top 5-10m {average) of the unit, a
clay-ric’ zone with low or patchy oil saturation is observed. This clay-rich
unit is typified by interbedded clean and clay-rich sandstone displaying soft-
sediment deformation features such as slumps, small folds and microfaulting,
along with pebbles, sandstone clasts, and root casts. These soft-sediment
deformation features are noted by Coleman (1969) to be rather common in
natural levee deposits mainly due to liquefaction and flow. Distribution of
the clay is interpreted as depositionally controlled. Tilley and Longsiz.fe
(1984) identified the clay as kaolinite, and assigned a detrital origin. This
interpretation would agree with the interpretation of this study that this clay-
rich zone is probably the product of a vegetated floodplain or levee which
capped the channel sequence. This is similar to the sequence observed in the
fluvial <andstone of the Nubia sequence in Egvpt (Klitzsch et al, 1979 in
Harms et al, 1975).

Sharply overlying the UM3 is a horizontally bedded finely laminated
siltstone/ claystone and organic laminations with occasional sandstone beds,
rare climbing ripples, and containing pyrite, shale clasts, and root casts; it is
rarely bioturbated (Plate 111-5d and 6d). This deposit is interpreted to be a
floodplain deposit which caps the valley sequence or a lacustrine deposit
developed after the valley was infilled. According to Reineck and Singh
(1980) floodplain deposits are generally characterized by horizontally
bedded fine sand alternating with laminated mud layers. In more sandy

areas, sequences of climbing ripple bedding capped by mud layers are
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“LATE I1i-6

a). 5D-3-20-8W4 (depth: 920-923 m): High angle cross-
stratified point- bar sandstones grading urwirds
into the clay rich sandstones of a levee deposit
(UM3) (scale increments in cm).

b). 5D-3-20-8W4 (depth: 917-920 m): Clay-rich levee
sandstones of the UM3 sharply overlain by fine
grained lacustrine or bay deposits (organic rich
laminations).

¢). 5D-3-20-8W4 (depth: 920.5 m): Close-up of the

clay-rich levee sediments. Note the soft-sediment
deformation.

d). 5D-3-20-8W4 (depth: 917.7 m):Close-up of the
sharp(erosional) upper contact between the UM3
and the overlying lacust-ine/bay sediments.






present. Occasionally thin mud layers are intercalated and often show
penecontemporaneous deformation structures.

The clay-rich zone which is associated with the UM3 deposit results in a
reduced Kmax in core analysis. The reduced oil saturation can usually be

observed on the resistivity log profile (Fig. 11I-14).

Mineralogy

Mineralogy was obtained by point counting 4 thin sections (approximately
250 peints) in the UM3 (Plate 1ll-4c, d). Medium grain size sandstones were
used for consistency. The UM3 has a Q:F:L ratio of 60:0:40 (Fig. l11-11).
Comparatively the UM1 and UM3 have similar ratios. However a qualitative
evaluation of the UM3 showed that there is a difference in the UM1 and
UM3 mineralogy. A predominant iron stain was recognized in the UM3
unit. This staining especially affects the lithic fragments, while ‘clean’ chert
(that chert formed in limestones) is not affected. This iron was probably
sourced from the silicified argillaceous and volcanic fragments (Lerbekmo,
Pers. comm.). These silicified fragments were grouped with chert in the
point counting, although it is now realized that this is misleading. Siliceous
rock fragments show the microcrystalline texture typical of chert but they
tend to have other minerals such as micas, hematite etc. These siliceous rock
fragments since they are not comprised of just chert are prone to later
alteration and are highlighted by the staining. Qualitatively, therefore, the
UM3 has relatively iess 'clean’ chert and a higher amount of silicified lithic
component, comprised mainly of sedimentary and volcanic rock fragments,

than the UM1 which is dominated by ‘clean’ chert.
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Sand grains are subangular to subrounded. Cement is typically clay,
namely kaolinite (see Tilley and Longstaffe, 1984). Shale clasts compacted
and deformed alsc reduce porosity and permeability.

Quariz is predeminantly the plutonic/common variety. Some
recrystallized metamorphic quartz was also observed. Chert was commonly
microcrystalline, and ghost textures were occasionally observed.
Chalcedony was also present in minor amounts. Included as chert are the
silicified argillaceous and volcanic rock fragments. As mentioned above
they are typically iron stained and ‘dirty’, and they may show some signs of
deformation due to compaction. The lithic compenent in the UM3 sandstone
is about 40%. The lithic component in the UM3 is comprised of chert,
sedimentary, volcanic and minor metamorphic rock fragments.
Sedimentary rock fragments are typically claystone and siltstone, probably
locally derived, and they commonly show signs of deformation. Feldspar is
observed in minor amounts, is probably predominantly of the plagioclase
group and com:nonly shows signs of alteration. Accessory minerals include
epidote. and lesser amounts of tourmaline and pyroxene. Authigenic pyrite
is also noted. Other cements include minor quartz overgrowths and calcite

cemented beds.

HYDROCARBON DISTRIBUTION

Numerous heavy oil (959 kg/m3-16° API) pools are contained within the
Mannville Group in the Jenner-Suffield area (Fig. 111-17). This paper
focuses on the Jenner O, Jenner F and Suffield J pools, where reservoirs are
present in the UM1 and UMZ valley fill sands (Table 111-1). The incisive

nature of these systems points toward stratigraphic entrapment, which is the
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JENNER E POOL
Initial Volume in Place: 3810.0 X 103m3 (24 MMBBL)
Initial Established Reserves: 953.0 X 103m3 (6 MMBBL)
Cumulative Production: 753.6 X 103m3 (4.7 MMBBL)
Remaining Established Reserves: 199.4 X 103m3 (1.2 MMBBL)
Porosity: 29.7% Permeability: 1521md
Discovery Year: 1964
Producing Unit: Ostracode member

JENNER F POOL
Initial Volume in Place: 4 260.0 X 103m3 (26.8 MMBBL)
Initial Established Reserves: 170.0 X 103m3 (1.1 MMBBL)
Cumuiative Production: 148.2 X 103m3 (934 MBBL)

Remaining Established Reserves: 21.8 X 103m3 (137 MBBL)
Porosity: 26% Permeability: 385md

Discovery Year: 1965

Producing Unit: UM1

JENNER O POOL
Initial Volume in Place: 5§ 550.0 X 103m3 (35 MMBBL)
Initial Established Reserves: 278 X 103m3 (1.8 MMBBL)
Cumulative Production:99.8 X 103m3 (629 MBBL)
Remaining Established Reserves:178.2 X 103m3 (1.1 MMBBL)
Porosiy: 26%
Discovery Year: 1972
Producing Unit: UMY

SUFFIELD A POOL
Initial Volume in Place: 20 800.0 X 103m3 (131 MMBBL)
Initial Established Reserves: 208.0 X 103m3 (1.3 MMBBL)
Cumulative Production: 66.9 X 103m3 (421 MBBL)

Remaining Established Reserves: 141.1 X 103m3 (889 MBBL)
Porosity: 25%

Discovery Year: 1976

Producing Unit: UM1+ Ostracode member

SUFFIELD P POOL
Initial Volume in Place: 1 660.0 X 103m3 (10.5 MMBBL)
initial Established Reserves: 1€6.0 X 103mS (1.1 MMBBL)
Cumulative Production: 93.7 X 103m3 (590 MBBL)

Remaining Established Reserves: 72.3 X 103m3 (459 MBBL)
Porosity: 24%

Discovery Year: 1976

Producing Unit: Ellerslie member

SUFFIELD 4 POOL
Initial Volume in Place: 40 100.0 X 103m3 (253 MMBBL)
Initial Established Reserves: 1203 X 103m3 (75.8MMBBL.)
Cumulative Production: 531 X 103m3 (3.4MMBBL)
Remaining Established Reserves: 671.2 X 103m3 (4.2 MMEBL)
Porosity: 25%
Discovery Year: 1977
Producing Unit: UM1+ UM3

TABLE 11iI-1. Reservoir data for the Jenner-Suffield area.
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case in these three pools (Figs. 111-18-22). Sand filled valleys with laterally
and vertically adjacent fine-grained sediments of the continental and coastal
plain constitute the reservoir and trap, respectively. Other pools in the UM1
include the Suffield A pool (combined Osiracode and UM1 pool) (Table 111-
1) and a number of smaller pools such as t~e Jenner LM P and UM P, the
Jenner N, Jenner M, Suffield F, and Sutfield D. The eastern most UM1
valley also produces to the south in the Medicine Hat area (T12, R5W4) (Fig.
111-4). The Medicine Hat field is located in the fluvial sandstones of a UM1
incised valley, which trends approximately north-south and can be traced
from Manyberries to the south to Jenner/ Suffield to the north. Lateral seal
to the reservoir is provided by a litnic non-reservoir upper Mannville valley
deposit.

The Jenner O Pool (Fig. 111-23) is within the central UM1 valley. Some
pay 1s also in the adjacent Ostracode sandstone. This pool was discovered in
1952 {Holmes and Rivard, 1976) and delineated in 1972 (Table 1). The
reservoir sands of the UM1 have an average porosity of 26% with an initial
estimated volume in place of 5550.0 x 103m3 (35mmbbl) (primary recovery
5%) (reservoir data from E R C B, 1987). North of the Jenner O Pool in
the UMI1 trend, a one well pool is observed. The lateral seal for this pool is
thought to be a muddy zone within the channel, (Fig. 111-23). The barrier
between these two pools is not known.

Along strike to the south is the Jenner F Pool(Fig. 111-24), which was
discovered in 1965 (Table 1il-1). Average porosity is 26% with
permeabilities of about 360md. Initial estimated volume of oil in place is
4260.0 x 103 m3 (26.8mmbbl) (primary recovery 5%). The lateral seal

between the O and F pools is speculzted to be due to non-communication

between point bar
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FIGURE 111-23. Jenner O pool net pay map.
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FIGURE 111-24. Jenner F pool net pay map.
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deposits, possibly related to the nature of the sharp meander bend and/or
point bar thinning.

Suffield J Pool reservoir sands have an average porosity of 25%, with an
initial volume of oii in place of 40100 x 102 m2? {253mmbbl) (primc. ;
recovery 3%). The Suffield J Pool was discovered in 1977. The UM2 unit
forms a partial updip seal to the Suffield J Pool which produces from the
UM]1 and UM3 sands (Table li1-1) (Fig. 111-25 a and b). Where the UMI1
and UM3 sands amalgamate maximum pay thicknesses are about 21m.
Within the UM1, maximum pay is >15m. The UM3 valley diverges to the
NW.

Significant hydrocarbon potential exists for the UMI1 and UMS3 units.
These valleys are part of a drainage network, and therefore the potential
exists for hydrocarbon accumulations along the sandstone trends. The
easternmost UM1 valley, for example, has been traced through a number of
oilfields including the Medicine Hat field. The other two UMI valleys and

the UM3 valley have not been traced outside the Jenner-Suffield area.

SUMMARY/DISCUSSION

Summary

Figure 111-26 summarizes the stratigiaphic relationships observed in the
area. A sudden drop in relative sea level and the co.responding drop in
stream base level resulted in the incision of a number of 1.5-3.0 km wide (1-
2miles) NNW-SSE trending valleys which incise into the underlying
Ostracode barrier and coastal plain deposit. These fluvially dominated
valley systems sourced a coastline to the NW. The ensuing rise in sea level
resulted in the backfilling of these valleys, observed as the chert-rich

sandstones of the UM1 unit. Another younger incision and backfill event is
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observed in the more feldspathic sands of the UM2 unit. These valleys are
approximately 0.5 km (1/4 mile) in width and trend WSW-ENE. The UM?2
valley system incises into the underlying Ostracode Member and the UMI1
unit where it trends almost perpendicular to the UM1 trend. The UM?2
fluvially dominated valleys probably sourced a coastline to the ENE possibly
in Saskatchewan (D. Smith, Pers. Comm.). The chert-rich sandstones of the
UM3 unit represents the youngest valley incision event (1.0 to 1.5 km/1/2 to
1 mile wide), which trend almost parallel to the UMI1 valley sandstones.
The UM3 valley incises into the UM1 sandstones and previously deposited
highstand continental and coastal plain deposits. A subsequent relative rise in
base level resulted in the backfilling of the incised valley with fluvial
sediments.

Mineralogically each of these sandstone unit are distinctive, but
comparison to other studies (ie. Young and Doig, 1986) and correlation on
this basis is very speculative. Drainage divides may exist, additional source

areas, and marine (reworking) to non-marine environments makes

correlation difficult.

Architecture

The valley fill deposits of the upper Mannville within the Jenner-Suffield
area reflect mainly bedload channel deposition. Schumm (1977) used the
bedload streams of Kansas and Texas as examples of the resulting valley-fill
stratigraphy. A thin veneer of fine grained floodplain deposits typically caps
a thick cross-bedded sand and gravel deposit (Fig 111-6). Although a
floodplain may form with overbank flooding and vertical accretion, lateral
migration of the channel may erode/ rework the floodplain deposits as shown

by Schumm and Lichty (1963). In bedload channels floodplain deposits have
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a low preservation potential and within a valley this factor is compounded by
subsequent channel migration and stacking. In the valley of the Canadian
River in Texas, a thin veneer a few feet thick of floodplain sediment covers
46 m (150 ft) of clean sand and gravel. The valley deposits of the Colorado
River, Texas is another example of bedload channel infill of a valley
(Galloway, 19€1). Ancient examples of bedload valleys include the
Mississippian Berea Sandstone (Pepper et al, 1954; Schumm, 1977) and the
Lower Cretaceous 'J' interval (Harms, 1966, Exum and Harm, 1968).
Mineralogy was also used both cases to help distinguish the valley fill from
the surrounding strata.
Localization and orientation

The upper Mannville valleys observ=d in the Jenner-Suffield area do not
appear to have been topographically controlled to any great extent by the
relief on the pre-Cretaceous unconformity. Infill of Detrital and Ellerslie
sediments seems to have subdued much of the paleotopography by upper
Mannville time. Salt solution and related faulting is not observed regionally
since there is no substantial thickening of the Mannville Group where the
valleys are located which would indicate syndepositional subsidence. The
Prairie Evaporite underlies the area (Tilley and Longstaffe, 1984), and local
salt solution should not be ruled out. The straight nature of these valleys is
not considered unusual since these valleys are bedload in nature, and also
during incision a relatively high gradient and high sediment input would
undoubtedly produce a straight morphology. More sinuous valleys such as
that observed at Little Bow (Hermanson, 1982; Hopkins et al, 1982; Wood
and Hopkins, 1989) suggests that, along with other factors, these were mixed
load channel deposits. The influence of the sulstrate lithology on the

morphology of the incised valley is difficult to determine. The easternmost
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UMT1 valley which changes morphologically along strike, is probably
irfluenced by the change in substrate from more resistant lower Mannville
continental sediments and Jurassic shales in the south to the less resistant
continental sediments of the lower Mannville group to the north. Other
factors may be an relative increase in gradient or decrease in sediment load
to the north.

Although active during the deposition of the overlying Colorado Group
(Herbaly, 1974) the Sweetgrass arch is not considered to have been active
during Mannville deposition. Since one of the UM1 valleys crosses over the
axis of the arch, and considering the orientation of the UM1 and UM3
valleys, with their source areas lying much further to the south. Drainage
patterns and source areas in pre-middle Albian may have reached as far
south as Arizona, New Mexico, and Texas as noted by McGookey (1972)
(Fig. 14). Source area and tectonic activity determined the orientation of
these valleys.

Orientation of many of the Mannville valleys in the foreland basin is
typically parallel to the Cordillera mountain front (ie. this study: Williams,
1963: McLean and Wall, 1981; Hayes, 1983; Jackson, 1985) similar to that
observed in the Himalayas. Here drainage within the aggrading molasse
basin is mainly longitudinal with respect to the active structural features,
except flanking the mountain front where active but short transverse streams

supply sediment to the main longitudinal rivers (Eisbacher et al, 1974).
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CONCLUSIONS/SUMMARY

Examination of the Mannville Group within the Jenner-Suffield area of
southeast Alberta has delineated numerous depositional systems which
evolved within the Alberta foreland basin.

Regional erosion spanning at least 40 million years (Hayes,1983) took
place with the retreat of the Jurassic Swift sea from the Interior Plains due
to major tectonic activity to the west. Significant topographic relief
developed on the ercsive surface with the incision of numerous valley
systems, such as the Spirit River (McLean, 1977), Edmonton, St Paul
(Willia.a1s, 1963), and Cutbank (Hayes (1983, 1986) valleys. These valleys
contained major fluviatile systems that drained the Interior Plains to the
northwest.

Isopachous mapping of the Mannvilie Group in southeast Alberta
reflects the paleotopographic relief on this erosive surface which is up to
70m. Westerly drainage off the paiechighs fed a iarger vailey system
which drained to the NW, eventually joining the Spirit River valley
system. A relative rise in sea level (base level) resulted in the back-filling
of valleys depositing Detrital and Ellerslie fluvial sediments, respectively,
in the study area. Clay rich, rooted sediments or paleosols are located at
the top of the quartzose Ellerslie member. The overlying exposure surface
is thought to represent an sequence boundary. A flooding surface is also
represented by this sequence boundary, with the deposition of the basal

limy and carbonaceous shales of the Ostracode member. These basal
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sediments are representative of the inundation of much of central and
southern Alberta by the Ostracode sea which deposited sediments in a
broad shallow, brackish water embayment. The paleohighs located to the
east, now dictated the coastal morphology, with the prevailing coastline
trending NNW-SSE. No sooner did the Ostracode sea reach its maximum
transgressive limits when it began to retreat. A relative sea level drop or
still stand resulted in the progradation of a quartzose (Q:F:L ratio
86.1:0.7:13.2 ) barrier sand of the Ostracode member. It is speculated that
the Cessford deltaic complex, located to the NNW, supplied sediments
southeastward via longshore drift to this wave dominated barrier. This
regional barrier sandstone has a known length of 104 km, an average width
of 16 km and an average thickness of 9 m. To the east the Ostracode
barrier sandstones grade laterally into swamp and lagoonal deposits of the
backshore. To the west the barrier sands grade laterally into the
bioturbated shales and sil*stones of the offshore. The barrier itself has a
number of ridges poss:: . » indicating barrier stepout. A number of ‘spit’
like feat::r=s are also recognized, one of which contains the Jenner E pool.
The Suffield A pool is partly contained in washover sands which buildup
above the main barrier itself. This buildup is incised by one of the upper
Mannville UM1 valleys, and is structurally high enough to form part of the
Suffield A

Subsequent sea level (base level) fluctuations resunlted in the incision and
back-filling of a number of valleys in the area, in ascending order UM,

UM2 and UM3. Chert litharenite fluvial sandstones (Q:F:L. ratio
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56:0.3:43.7 ) of the informally named UM1 unit are recognized as three
1.5-3.0 km (1-2 mile) wide, NNW-SSE trending valleys which incised into
the underlying Ostracode and Ellerslie members as they drained
northward. Average thickness of the UM1 is 20-25 m. The easternmost
UM1 valley has been traced for over 100 km (60 miles) from T4 to T21.
The UM1 valleys are interpreted to have contained bedload fluvial
channels, resulting in a predominantly sand filled valley with a minor
amount of overbank fines. The UM1 unit appears to grade from braided
deposits at the base to meandering type deposits at the top. With the initial
drop in base level, high volumes of sediment were produced resulting in
the formation of a braided stream. As the river adjusted to the new base
level, sediment load and gradient decreases resulting in a more meandering
type channel. The UM1 unit contains numerous oilfields in the Jenner-
Suffield area such as the Jenner O, Jenner F, and Suffield J pools. In the
Medicine Hat area located in T12, R5W4 the easternmost UM1 valley
forms the reservoir.

The UM2 unit is observed in the 0.5 km (1/4 mile) wide ENE-WSW
trending non-reservoir feldspathic litharenite fluvial sandstones , which
incises into both the Ostracode sandstone and the UM1 valley trend,
forming a seal to a UM1 pool. The UM2 valleys probably sourced a
coastline to the ENE probably in Saskatchewan (D. Smith, Pers. Comm.).

The chert litharenite sandstone of the UM3 fluvial deposit represents
the youngest valley incision event 1.0-1.5 km (1/2-1 mile wide). The UM3

valley trends almost parallel to, and incises into, the UM1 trend, and into
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previously deposited highstand continental and coastal plain deposits.

Estimated oil in place within the Jenner-Suffield area is approximately
84127.0 x 103 m3 (530 mmbbl) (recovery factor 3-6%) of 169API gravity
oil. Ostracode traps usually consist of a sandstone buildup surrounded by
non-reservoir coastal plain sediments. Incision by the UM1 and UM3
results in reservoir fluvial sandstones directly adjacent to and overlain by
non-reservoir, genetically unrelated, continental and coastal plain
sediments.

Exploration potential for the UM1 and UM3 units is represented in the
recognition of these systems as drainage networks. These valleys represent
potential hydrocarbon reservoirs if they are traced along strike. The
regional Ostracode barrier sandstone also represents an important
exploration target. Previocusly ignored for the thick UM valley deposits,
the Ostracode sand is a clean, fine grained sand with excellent reservoir

potential if followed regionally.
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o
3210 « _|-decreased oil sat from above
-~
1 -}t gy /brn claystone
[3215 N b
3220 -creamy wht clay richu f gr ss
3225
3230
3235
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WELL LOCATION: 14-5-19-8W4 NAME:R. Kaervonen

WELL NAME: westcoast AEC Suffield 14-5 DATE: Jan 7, 1988
K.B.:2621f1t REMARKS:
CORE INTERYAL: 3186-3216f1t
& |DEPTH |LITHOLOGY& GRAIN SIZE| SED. STRUCTURES §
ud - [ [
p 2 < <L (L] 31 >4
z o z zZ|E| = DESCRIPTION S
E x| > 8 oY| x = o X
% =t ¥ == T = a wi 8 o T <
E RiRE ay = SHALE e o o © -
[ iz f
ANA =1 m gr salt and pepper ss P8
=4 P17
2190 4
-oil sat and analyzed
3195
-very homogeneous
§ 3200 Y 9
s|2
>
- 123 b
!-_3 —[3205
13210
-poss biot, ¥ homogeneous in places :IS
3215 (mottled) 16
4 -oce u ™ gr ss interbeds-indistinct
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WELL LOCATION:2-8-19-8W4 NAME:R. KARYONEN

WELL NAME: HB Suffield 2-8 DATE:OCY 2, 1987
K.B.: REMARKS:
CORE INTERYAL:3145-32281t
= DEPTH | LITHOLOGY& GRAM SIZE| SED. STRUCTURES
[*%) - | o . N
< 5] (S Q 5
z S z [=2lE| = DESCRIPTION Sa
£ 18| 2 g 85|l B Sy
S =« z = a ® S&|8 o a o
z o
=N -interlam m-1t gy claystone
——
<
3150
£ iy
] -coaly shale
e
Q3155 : ‘2
o
s ’ Sh -shaly coal
}3160
316 % -f gr ss
| . a -in many places v homo
3165 -oil stat
3170 °
-t
g |s[3175 | =
>
e
S| }3180
3185
+3190
4 -1t and dk lam of ss
+3195
13200 4
13205 | -206-first € gr ss bed
-occ interbeds of c gr s
= = -some floating grains
3210 -occ org rich sh lam
! =l
3215 Pl -sh drapes
- ~m gr ss introduced as lam
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WELL LOCATION: 2-8-19-8W4 {cont’d) NAME:

WELL NAME: DATE:
K.B.: REMARKS:
CORE INTERYAL:
£ [DEPTH | LITHOLOGY & GRAIN SIZE| SED. STRUCTURES
=) -3
b < <] @l , 5 59
-1 g & |z=lgl = DESCRIPTION o
z 12| =hke x 2 g 5| & § i?:
z S L, lui=t SHALE & - il B ©
5 .
3220 - A~ AAAAAAAAAL Y T gr Qt-m gy) ss
~occ lam of m gr 5s
‘u'; ‘3225
o 4
2230 Pl -zone of floating pebbles and ¢ gr ss
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WELL LOCATION: 6-27-19-BW4

NAME: R. Karvonen

WELL NAME: DATE: March 25, 1988
K.B.: REMARKS:
CORE INTERYAL:3135-3195°
- |DEPTH |LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
it
b L e2i| & 5 &
z =
= é _ § g E é E DESCRIPTION §§
5|z|« E @ g&|5| 8 a5
S f
-interbed/lam 1 far ss andum to
Pl lcar gg-f\ne sh lam in upper, 5° P13
~about 3* from top poorly sorted Pt 2
3140 bed “3"tk
i -5ilty sh bed with floating pebbles
-sh lower contacts
-ripples in f gr ss/m angle Xstrat in
3145 coarser gr ss
-decr in ¢ gr comp-occ lam ofum
andlcgr
3150 -contacts difficult to determine due
to core cutting
3155 Si
- rlamum-=~lcgr andufgrss
3160 1 -clay rich ss lam with ¢lean ss
-iaterlam of um-1c and fgr ss w/ [P14
interbeds of v fgr ss
3165
-v € gr ss w/ 1t lam of org rich sh
P1S
3170
7 - P16
3175
-partly oil sat and analyzed
3180 Sk
muscovite present in shale lam
(T1cm tk)
3185
3190 ]
[-presence of whitish clay
319S
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WELL LOCATION: 108-27-192-8w4
WELL NAME: AEC WC 10B Suffield 10~27
K.B.: 764.8m

CORE INTERYAL: 908-932m

NAME: R. Karvuncn
DATE: Feb 23, 1988
REMARKS: Slabbed core

= |DEPTH | LITHOLOGY& GRAIN SIZE| SEN. STRUCTURES
[} -t 1 - I~
b= -« o (2] — Q ) L1
- |Z g g |z % zZ| = DESCRIPTION g%
Z |& |- ] b =z
—_— b E Q [y ud o T
5 E e fl‘s«_k ;} SHALE a m D)W =1 a
il A? -sTi oil sat E;
~mattled appearance 2
- - -spots of conc Si cement z
910- -zonesof mutolcgrss g
a Si -some floating grains 3
L -zones/beds indistinct in many &
912 | cases <
~oil sat increasing denwards
-u f gr ss-lam
914 4
916; i
~ss lam-apparent due to oil staining
s 8.
91 . ~homeo zones-poss biot
<t
e |3} 9201 @
S5
m |2
| g (T
- 9221
e “u m gr interbeds-upper and lower
o.Jndaries indistinct
9244 , !
926 1
928 1
930 J
932 4
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WELL LOCATION: 8~ 33-13-8W4 NAME- R. Kervonen
WELL NAME: Westcoast AEC Suffield 8- 33 DATE: Jsn 7, 1988
K.B.: 25571t REMARKS:

CORE INTERYAL: 3102-3132f1

IE DEPTH [LITHOLOGY& GRAIN Si2E| SED. STRUCTURES
Lt ] -
< o vl 5 50
£ 2 g |z5iz| = DESCRIPTION S
EIRl- > 8 osly | = &
2|t Ty | 8 |Bgl&|8 23
% 11, ul=l SHALE -
-oil szt and analyzed
S s l3105
E g Si
o |[w]|._ AAVA
£ 7110
oz an
S [E] BEEY -6 ¢m sh bed-burrowed
8|8t
a |l
[ R
oy =4 ] —
0 ;3120 AN -~roocted f gr ss
Cla A1 ~whitish colour (bentonite?)
e Si ~ss disturbed-poss soft sed deform
3125 1
}
[=) NS
= a4
“l3130
3135
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WELL LOCATION: 16-33-19-8W4
WELL NAME: We - coast AEC Suffield 16-33

NAME:R. Karvenen
DATE:Feb 22,1588

KB.:2511 1t REMARKS:
CORE INTERYAL: 3063-3093ft
= DEPTK |LITHOLOGY& GRAIN SRE| SED. STRUCTURES
w b - ~
< o (SR
z Q z [22|El 2 DESCRPTION o
Ty < €| i3 [ = O
=8 g g Ss¥i¥El = o X
Z|= t I > S & ia| Q T «C
S > = : SHALE o m cxi|o o CR7Y
= < 2% o
-u T gr salt and pefper ss
3065 -oil sat and analysad
NS
3070
~occ 1 ¢ and u ¢ gr lam-increasing in
3075 occurrence downward
© | .
3t3os0 ’
.
3085 1
3090 | -X strat defined by lam of c gr s I3
3095
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WELL LOCATION: 2-34-19-8W4
WELL NAME:AEC WC 2F Suffield
K.B.:?71.6m

NAME: R. Karvonen
DATE: Jan 7, 1988

REMARKS:
CORE INTERVAL:912-948m
= [DEPTH T LITHOLOGYS SRAN SRE! SED. STRUCTURES !
Lad - — [~ tn
b =< 2 SLI Q & o
g 2 z |zZ|g| = DESCRIPTION g
ER|- > 8 axrjx z o X
g == bt = oy b o w !l g o L T
= T SHALE a @ cax| O =} 3
[T%] Uz
] AY s ~it-m gy lam silt and sh
| AN -homogeneous silistone
9141 S
as
L -
916 1 .
g. ~ | S}
=4 X paAA
| -
@ 918
=
= nn o
>
9201 el -lt-m gy siltstone
P 4
—
922 aE .
5 — ~disturbed zone approx Bem tk
[ -oil sat
924 5
/(K ~homogeneous disturbed zone
- -{ gr lam salt and pepper ss
-oce m gr interbeds/lam
926 A
}
-1 m gr salt and pepper ss
~weN davelaned low angls croce-
| 9281 Si stratification
~oil sat(increasing downwards)
' 930 as
-rare pyritic beds /lam
-t
Siel o32]
M3 !
iz} '
S }
934 4
936 4
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WELL LOCATION. 2-34-19-8W 4(coat'd)

NATE: R. Karvornen

WELL NAME. DATE:Jsn 7, 1988
K.B.: REMARKS:
CORE INTERYAL:
= DEPTH (LITHOLOGY& GRAN SIZE| SED. STRUCTURES
b= = - Pt
& [E 3] ey Lt
£ Q z zZlz| © DESCRIPTION =
= b= b e axT| ¥ = =3
Xl i X =4 25| & 5 | T <
g =i+ = e | oxl o [ 12 »
= =
ad
9381
9401
P4
—
942 L
. -no oil sat
| 946 Si )
-f gr 35 with occ lam
[ 9481
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WELL LOCATION:6-34-19-8W4
WELL NAME: Westcoast AEC Suffield 6-34M

K.B.: 252 ~.
CORE INTERYAL: 3024-3114 11

NAME: R. Karvonen

DATE: Feb 22, 1588

REMARKS: Y rubbly in places
high ® of wht gr-alt chert/f21d?

154

= APTHLITH..00Y& GRAR SiIZE; S5E0. STRUCTURES
wi
s 2 g |egl=l 8 58
= 82 5 zZSla| = DESCRIPTION =
=il g 8 SIiElE =3
S > | x =3 E n S &1 98 [ ':lt- ;
z L} S b SHALE
r302S -oil sat and analyzed
) -first approx 10m white cement
-kaol?
13030 ~u f gr ss~rare I m gr interbeds
i —common floating u m du chert gr
F3C3S
3040 — -
i "ubF.: P4
3045 1
13050 ,é
et
e lo ~dk u m gr lam
=
m | 253055
= v 1
-
30560 -white u m g7
~zones of good strat (X strat)
—?—1-u fgr ss with1¢ gr lam
rubb s E
+3065 . l_l_y_ )
_é St
+3070 + T
l —occ 10 cm tk unsat zones with
hite gr (feld?) PS
rubbhy v
307S A J P6
3080
308S
+3090




e

WELL LOCATION: 6-34-19-8W4(cont"d) NAME:
WELL NAME: DATE:
K.B.: REMARKS:
CORE INTERYAL: 3024-3114f1t
£ [DEPTH [LITHOLOGY& GRAR SRE| SED. STRUCTURES
d - b ™~
< [ (e8] b "
= g z |z5lE] = DESCRIPTION S o
gl b 8 o || % Q%
5l=|> zm‘“{_‘k : a © &5 |8 o a-
5 4&> h.f;m SHALE el
13095 |
—lz100
o
|3
D jay3105
3110
13115 1

[
(V44
N




WELL LOCATION: 1 1C-34-19-8wW4 NAME: R. Kervonen
WELL NAME: Westcoest AEC Suffield 1 1C-34 DATE: May 4, 1988
K.B.: 764.8m REMARKS:

CORE 'NTERYAL:915-931m

= DEPTH | LITHOLOGY& GRAIMN S2E] SED. STRUCTURES
w - -— ~
b -C (% K v — (S ] 12 2
=z Q z zElz < DESCRIPTION O o
e |8, o g 133|¥l % 3
g |l= T T & G| ia S T <€
S |=- a o® cxlo tx CE
z oyt [ sHaLe -
L -clay rich ss-upper Im
9161 -o0il sat and analyzed
9181 et o= -floating grains of mu and ¢l gr{cht)
-mu and cl gr 1am and beds obs
o1 - -indistinct
92 Sk -clay rich ss interbeds-occ
~burrews distinguished due to
-’ coarser infill
e o} 9221 ot -rare clay rich ss interbeds
2 || B
=2 o= — —
5 u-1 d -clay rich ss interbeds absent
924 4
p——
o=
{ o=
9251 E:E:
= # ™ -upper a0d lower contacts of mu
o= Si and ¢l gr ss more distinct than
9286 'é; above
| == ~twao th obs-Semor T1om ave
==
- 175 7| -efi-water contact?
930 [——
= A ca
=
9324
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WELL LOCATION: 1 4-34-19-8wW4 NAME: R. Ksrvonen

WELL NAME:Westcosst AEC Suffield 14~34 DATE: Feb 22, 1988
K.B.: 24941t REMARKS:
CORE INTERYAL:3014-3074 ft
'i DEPTH | LITHOLOGYS& GRAIN SRE| SED. STRUCTURES
Ly -4 [ I~
< Q QY O ]
™ o z2lE| 2 DESCRIPTICN &
e |8 4 8 Ssr|¥| & ST
ZIElc Thy S z = |8¥|8] 8 b
= TREHHE | f L
3015
3020
30235
P10
3030 ~interbeds of um to u ¢ gr dk chert
rich ss
J ~sharp base and top
3035 ~1¢ gr ss filled burrow at base of
- one of these ¢ gr interbeds oy
E | 3040 |
2| >
-2
r|w
S 3045 ]
3050
3055
3060 |
Si
3065 1
— 5]
3070 | -tightly cemented P12
Ca 13
P14
3075

’-—l
‘N
~J




WELL LOCATION: 10— 160-20-6W4

WELL NAME: Westcoast AEC Suffield
K.B.: 2439t

NAME: R. Karvonen
DATE: Feb 24, 1988

REMARKS:
CORE INTERYAL: 2994-3054 1t
= |DEPTH [LITHOLOGYS& GRAMN SIZE} SED. STRUCTURES
Lt -
bt < Q (TN 5 5 &8
z Q = zglz| = DESCRIPTION =
= |8 Q o X E '5%
R el z S I85ls| 3 T2
= g | bt sHaLe | & <
wl =
L -oil sat and analyzed
2995 | 2 -
~1m-u ¢ grr interbed/lam
L3000 ~wht gr ~alt feld?
3005 ¢é
13010 [ rubbly | -structureless
— ] s-—
3015 1 /
- L P
= 23020
-3
2 13025 | P25
/é -ind set approx S em
13030 Oph
?
+3035
| -f gr sz with 1 ¢ flagting gv of
2040 dk chert
el
+3045 1 S —]-burrowed contact P26
-fgr ss w/ V¢ gr interbd/lam
3050 ] S—1-sharp contacts btwn pebbly ss and
fgr ss
-wht clay clasts ang-ave gr size
3055 S
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WELL LOCATICN: 6-29-20-6W4
LL HAME: NOC Atlee 6-29

NAME: R.Karvonen
DATE: Jen S, 1988

.+.: 835.5m REMARKS:
CORE INTERYAL: 1016-1034m
’i DEPTH [LITHOLOGY& GRAIN SRt § SED. STRUCTURES
g S z |Z£|21 2 DESCRIPTION S5
@ ¥ = =P
5 (2lE =k £ S |g8&ls]| 8 T
3B TR swae | B gl @
~1m gr salt and pepper ss
- 1018 = ~interbeds approx 6cm ti of lam sh
1020 4
E __| 1022
s 120
>
N> - |
g wl 10241 o -detrital siderite and siderite rich
layers
Si
[ 10261
1028
am -org lam with detrital siderite
WS
1030 T~
| 1032 1
t 1034 -
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WELL LOCATION: 4-2-20-7W4 NAME: R. KARYONEN

WELL NAME: westcoast AEC Suffield 4-2 DATE: SEPT 30, 1987
K.B.: 2472 ft REMARKS:
CORE INTERYAL: 3044-30991t
'z— DEPTH [LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
wt - — N
¥ < (*] g Q A L
= |3 b & z< % = DESCRIPTION S
g & =k x =] eEl&1 & §¢
= 3 o u: SHALE a @ ox| O Q w
tad ¢ ¢
5 |8
a |2
[=3 e 3045 ol -~lower med-gr sandstone
S 4
E g = o -organic rich bed
g | fzes0 Pl |ARS game rien be
a
8 g Pl -lower med-gr sandstone
@ Slsoss — k
< |z L Pl
o 2_ 1 ITh |2 —upper ted-gr sandstone
3060 L -b¥ sh with bict med-gr ssbeds
- =5
g ~b¥ shaly coal
g ;g 5065 1 8L -probable paleosol
3 = -med to ¢ gr sandstone
G-
21 tzo70
-—
[72]
-
@
p— -
o
wd
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WELL LOCATION: 8-3-20-7W 4
WELL NAME: Westcoast AEC Suffield 8-3

NAME: R. Karvonen
DATE; Feb 23, 1988

K.B.:2512 1t REMARKS:
CORE INTERVAL: 3100-3160Tt
'i DEPTH | LITHOLOGY& GRAIN SRZE| SED. STRUCTURES
& 2 @ |eg 5 5 D
= g z [ZZ|E| < DESCRIPTION S o
+ IS ® o =
z & = x 8 S5|l&| & 2%
£ § e e ‘L__ a @ x| o o la- ¢
5 Oy R =
WAL .
A -org richu f gr ss s3
=1 Sk|w'a si -burrows highlighted by org P13
SEzi05 A -oil sat and analysed
> 4 e —
2 OO0 aEE -—1$-— -coaly shale
0 L3110 Pa si -oil sat and analysed P1ld
; L Sk ! ~orq debris
1 ua
2
L =T 3115 555 e §: -bX carb sh w/ Tenticular lam
als and f gr ss lam P17
£gle 1 =20
g §’r 3120 X S™1-1t gy rooted bentonitic shale
g | AT
g 3125 -weathered homo ss
Q
e -um gr ss w/ ¢ clasts and pebbles
% | af3130 ~wht chert subang-subrd up to 15
o g mm thick and 3.Scm in length
N
23135 -interbeds and zones of pebhly ss
s . andum grss
w
3140
F3145
13150 |

161



WELL LOCATION: 1 ¢ -3-20-7w4
WELL NAME: AEC WC Suffield 11-3
K.B.: 753.3m

NAME: R. Karvonen
DATE: May 3, 1988

REMARKS:
CORE INTERYAL: 894-925m
’E DEPTH [LITHOLOGY& GRAIN SIRE| SED. STRUCTURES
W ) | ol ™ )
< Q QLY
s g z |2=|lE| < DESCRIPTION S
[ ) ) <Ll = '—%
| - 2 | & |2E|E|% 3
% el L = E:_ o cox) O Q Q. ¢~
b N 3
T (3
S |~interlam siit and sh(it-m gy)
i [P ~dk qu sh w/ occ silt lam b16
8961 a‘ ‘g silt 1am increase downwards
Ter ~burrows abund-v small
CLL] T_|
1 L ] T_.
8981 an -m gy claystone
(4]
5001 A2 g
() ~m brn silty claystone o 19
~abund pyrite
:C;” p 9021 -m gy sh
S N/AT 1t gy 2brn siltstone
Zl=y
g Tl sos; T
4 s ~finely 1am sh and silt(1t and dk)
3 L 1) [:
[ (1] _J-reactivation surfaces Pig
'] s06; aT -org conc along bdg planes
EN
1 T
-finely lam claystone
9081 T—
g . “TT T T I Ty - . P‘ 9
L T —-"1Scm-trans-brn mottled ss
9107 -oil sat
-clay rich ss beds/zones, patchy
=21t 912;
cio
i
m 2]
E || o144
=
9161
918
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WELL LOCATION: 14--3-220-7% 4

WELL NAME:Westcorst AEC Suffield 14-3

NAME: R. Ksrvonen
DATE:May 2, 1988

K.B.: 2490 1t REMARKS:
CORE INTERYAL: 3044-2104 ft
=t DEPTH JLITHOLOGY& GRAIN SIRE| SED. STRUCTURES
ut < - N\
p < Q e o 5 &
= 9 & |s2lE| = DESCRIPTION S
2l = : S |gz|%| 3 3
515 Al L =] shae | & s |S&}8 ) S -
i [*F1 Z oo 1
-
Qe
£ lo
o |&r304s g:" o ~poss abund Chendrites
= | 1 -1fgrss
ole AR ~Im=-um gr bed ~3045.5-indistinet
& lwn 3050 L 1]
Perin
3055 Bk [~
Y \wmvww P9
4 ~pyritized roots
L3060 L e _{~top 2°~abund white clay
3 AN T? ~homo U f gr ss
2 -oil sat and anal
- 3065 | : ~rubbly #n many places
M
2 ~1uc floating gr present(dk cht and
g1 |so70 white clay griv ¢ gr)
g ‘S ] -v homo
>
R
w— | =}307S
pagl (V) "é -oil sat and anal
2
Q
= 3080
7]
3085 ~commaon beds/lam of um gr ss
(white clay present)
\ /ém ~8 and size of white clay clasts
3090 1 ¢ increasing downward
-
3095 ) <
X # ' -white gr of clay (alt feld)(ie same Pt
-3i00 e gr size as sed) 11
@ -~6cm tk set P
105 3 rubbly ~v porous friable ss
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WELL LOCATION:10-4-20-7TW4

WELL NAME: westcoast AEC Suffield 10-4

NeME: R. KARYONEN
DATE: SEPY 30, 1S87

K.B.: REMARKS:
CORE INTERYVAL:3105-31651¢
= |PEPTH 1L ;THOLOG Y& GRAIN S| SED. STRUCTURES 1 T
o] 3 = ~
< Q RP2Iw-1| o & 0
- |E o z z2lE = DESCRIPTION S5
z 18 o 8 oLl X F 55
51|t ¢ E Q @i W o T <
= EY Q SHALE o o cal o Q Q- v
= S O S
-slightly lam m gr ss
3110
-occ lenticular lam or lam of m gr
[3115 ss
13120
13125
r3130 7
-
==
(%]
2 |zlz13s
- E
=12
= L -beds of m gr ss-indistinct contacts
3140
%145
] -white feld/clay grains
+3150 -pebbly ss beds~dk chert dom {sub-
ang to sub rd)
] -seme graded bdg, cez shape based
13155 I~
Slo
a s 60
X 31 1
a e
sl
=
& [hizies
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WELL LOCATION: 6-9-20-7W4

‘WELL NAME:-Westcoast AEC Suffield 6-G

NAME:R. Karvonen
DATE:May 2, 1988

KB.: 25211t REMARKS:
CURE INTERYAL: 3094-3124 1t
IE DEPTH 1 LITHOLOGYS. GRANN SIZE| SED. STRUCTURES
Lt - SR - el
T . S ] g sl 2 DESCRPTION S S
—_ s o = por} = = =
2|2z = E g |gzlzl 3 2L
E - ‘FT(_ o SHALE o [21] % x| O Q - &
o N DAL M_—, » ot
3095 L L] ~coal
BE
il 1T e
> !
2100 LA A
-t ~fractured/ruobly
=|= ] -u frgss w/ ecc-common u m
ERR= 13405 floating gr (di cht)
o -oil sat and anakyved
- i=
vl 1 - “
=1 5o < ~K-strat-emph by dk lam~1mm %
of imaor ss
' P7
3157 i ~set™9em tk
‘,é -escipe struct?
3120 ~setT19¢cm tk
g -occ 1m gr lam
3125 l
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WELL LOCATION: 6-10-20-7WwW4

WELL NAME: Westcoast AEC Suffield 6-10

NAME: R. Karvonen
DATE: March 25,1988

KB.: 24801t REMARKS:
CCRE INTERVAL:3065-3125 ft
= DEPTH JLITROLOGY& GRAIN SIZE] SED. STRUCTURES +
ul pary 1 —
= < =2 ee o 5 D
L=z g i 2 z£lz) < DESCRIPTION S &
£l = x s |g5|51l 8 2%
o T o @ EE18) S &
3 e
ol — -discont org lam
g & 2070 y7a 4 Laad ~fine shale lare-approx 1em apart
i —
- | S
% |5 Lz07s s Pa |Rr
o | 5 B .
— T l PITE :l : S—{-finely lam/lensed bk sh
E 2080 Pl -co2l w/ ss filled burrows
c s % sh
cu ‘& ~carbd bk st
f =4 4
. {13085
©1c
2|8
E T—{-355 somewhat broken up
£ F309C 1 Ea s —upper 4~ reddish tinge(Fe0)-homa
-floating(~2mm) chert peboles and
2 larn of um gr ss
s 3095 -mtx supp cht pebble cgl
; -interbeds of U < ss—pebbly cgl-Tine
— upwards-contacts not wellrep
o +3100 ~-wht cht comsron
= 4 -zones of floating pebbles(subrd-
= subang)-pebtles up te Sk3em
St310S g__j-ave “Smm
—_ = s'_—_‘—orq rich shale
o } ~cart sh rich ss-mottled texture
3110 ~rare cht (wht) floating pebbles
13115 ]
BT T G R S N I
L3120 A cfumagrss
R
{3125 Z
] 1 1
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WELL LOCATION: 7C-10-20-7W4 NAME: R. Karvonen
WELL NAME: westcoast AEC Suffield 7C- 10 DATE: May 3,1988
KB:7520m REMARKS:
CORE INTERYAL: 933-939m
= DEPTH | LITHOLOGY& GRAIN SRZE} SED. STRUCTURES
w ) » [ ~ ¢
£ S : g2lel 2 DESCRTION 2=
— O @ = << & - ==
I z S |2&|&| 3 z3
a %)
% é"l':d"il gu’ SHALE bt ]
- | =
o |at ~coaly shale
[=H.=] 934 4 .il
—{-coal
; L mil s —:ako:ol
£ 926 1 TR T—1-oi1 sat and anal
£ls Pvivay g:‘-_;%c:{(' ;J;‘km Zone of abund org lam) P25
% —:>_’ 938 ] bt l -oil sat and anal
e 4
- ] \
o l re
= 9404 !
= :
Pl




WELL LOCATION:- 4-15-20-7Ww 4
WELL NAME: Westcoast AEC Suffield 4- 15
K.B..2495 ft

NAME: R. KARYONEN
DATE: SEPT 29, 19387

REMARKS:
CORE INTERYAL:3088-3118 1t
= DEPTH |LITHOLOGY& GRAIN SRZE{ SED. STRUCTURES
[T¥) ~d | o ~
= < e QL Q v
b ] z z=iE| = DESCRIPTION S o
== $ 2 STIE | Z =y
R £ = |gzl8]|8 £
l.‘2.l +' S, n‘.m SHALE n
5|8
g S 3090 é -oil saturated
sls i -m gr ss
E|S nw
Si
2 |Csoss ~J ——
[+ NS
S|z W P
e S & P s
= _5'3100 oo A ¢__|sand lenses
7] F—
= | t3105 M S5 bedded coal w/ silt lenses
2
- AA
Bl 310
el
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WELL LOCATION: 8-16-20-7W4
WELL NAME:Westcoast nf.C Suffield 8-16

NAME: R. Karvonen
DATE: Feb 23, 1988

K.B.: REMARKS:
CORE INTERYAL:3105-313% 14
= DEPTH |LITHOLOGY& GRAK SIZE! SED. STRUCTURES
w - - I~ ()
< L [S )
s o z |Z=iEl < DESCRPTION ==
- s bo] « < — — .
z (€ £ x =] 2zlE| 2 2L
S = “ ‘Fu [ nI. o S xj (3] 3 ¢
= RS ~
el m
l NN
—-_*;-""—-"I_
+3110 Faca-d |l— S -—
4 0. L o —— §—]-cualy shale
i ~v home /mottied f gr ss
VataYd S
3115 Sulfz s
NS
1 S~ -whitish u m gr ss-dk chert present
-fNoatingu ¢ gr
(3120
[3125
T S -oil sat
13130 1
rubbiy
4
F 3135 | ~white chert ¢ gr /pebbles(ie 1 € cm
in diam)
1

169




WELL LOCATION:Z~-17-20~-7W4

NAME: R. Kervonen
W L NAME: Weatcoast AEC Suffield 2-17

DATE: Feb 23, 1988
K.B.: 2532 1t REMARKS:
CORE INTERYAL: 3104-3134 1t
= DEPTH | LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
(V) - [ [~
b < Q Q9. Q K
z £ Z zZ2)1z| = DESCRIPTION S 3
3E ¢ g |3:|¥i: =5
S| IR £ s |gzls] 8 E 3

=° *FHE (

r3105 -oil sat and analysed

‘3110

311S ‘é -thinly bedded ss ~ tem thick
—_ ~rare crg debris
L n
= J
3}3120
[

3125 1

" ~interbed/lamum and I mgr ss
é ’zalt and pepper)
13130 -lam 1t and dk, em and m
’ -x strata set approx Scm thick
35133
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WELL LOCATION: 6-3-20-7W4 NAME: R. Karvonen

WELL NAME: Westcoast AEC Suffield 6-3 DATE: Jen 4, 1988
K.B.:24771t REMARKS:
CORE INTERYAL:3082-3110ft
= DEPTH | LITHOLOGY& GRAIN SIZE| SED. STRUCTURES ]
w et - ~ )
4 > o g - (8} 0 L
e | g g z<|&s | = DESCRIPTION =
Zsls = z S 125|&| 8 2%
> oo - o ) I ] [=3 =
= I e seace o
3085
2 A
3030 | - 1 med gr salt and pepper ss
-~ ~subang to ang gr
[ =3 b -interbeds of umed to c gr ss
S g 3095 (sharp contacts)
-13
= .
-3100 L J Iy ~3101.5ft- last clasts
¢ -v ¢ gr-pebbky ss
b - - -interbeds of m gr ss (sharp
+310S 1 2 - contacts)
-3 -white chert clasts-subrd-approx
L'!i i0 0.S~4em diam-clast supported
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WELL LOCATION: 13- 106-20-7wW4 NAME: R. Karvonen

WELL NaME: Westcosst AEC Suffield 13-10 DATE: Jan 5, 1988
K.B.: 759m REMAPKS:
CORE INTERYAL: 945-354m
"z' DEPTH | LITHOLOGY& GRAN SIRZE| SED. STRUCTURES
w = — ~ 3
z < =4 QP - 3] 5
z o z z=1z| < DESCRIPTION S
=K ¢ 8 STlE| = =3
Z x- x b Q o i | ia <1 X <
= .‘.’LJ:  sHae | > e Je=|el° ™
w ud 3= pa s > ¢
—
@
3 -t gr qtz ss
ﬁ o 3 -interlam f gr ss and carb shale
: 3| 9464 s
a8 ._;_ 2 : : -5 qrite r.od near base-burirowed
5 s AL —M‘TQS-'«;MQQ t
12| s481 pyriti»=d root casts
o |St st
- |-
(=]
8 —: 950 A AN si -1 e gr bentonitic wi i 55
L i
218
ols
Sl 9524
<
73
954 -c gr interbeds
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WELL LOCATION: 14-10-20- 7w 4 NAME: R, Kervonen
WELL NAME: Westcoast AEC Suffieid 14-10 DATE:Jan S, 1988
K.B.: 25461t REMARKS:

CORE INTERYAL:3142-3159f1t

= DEPTH JLITitALOGY& GRAIN SIZE| SED. STRUCTURES
w ) — ~
< Q LY o e

z Py} = 2Z1E| =< DESCRIPTICN Se
=] [ G ¢ =

sl B > S oY | X =z (=23
=1 b - s x o uib W o «

5 z Y I }J=1 shaLE a @ i o oo
& uaE " = RESE

A N :

O - Pa |mmm -fr gr qtz ss—high amt of org debris

-E 3145 e Pl | ~rare lc gr ss interbeds

B E;-, =

.

o | 8f3is0 o |TEW .

'g a 3 A -thoroughly bioturbated

SIF, o

b - 315 P AEE

0 A4

a :

} 3160
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WELL LOCATICN: 10-17-20-7W4
WELL NAME: Westcoast AEC Suffield 10-17

NAME: R.

Karvonen

DATE: Jan 4, 1988

K.B.: 25591t REMARKS:
CORE INTERVAL:3129-31891t
= DEPTH ! LITHOLOGY & GRAIN S1ZE| SED. STRUCTURES
wl = - ~
ps < e el . Q <
= Q z |22l = DESCRIPTION S o
= =2 P S ol &l B =P
S SlE =Rg z s |EE|8]| 8 z s
= o 2) o stae | ® “
3130 -1 m gr salt and pepper ss
3135
L3140 -partly oil sat
3145
3150 7
jyod Si -oce um gr interbeds,’ -m
S | S}3iss |
>
-1S
p > o
=1 ts1e0
] ~oce 1 gr ss interbed.
3165 ~1c gr lam
3170
3175 |
~2 em tk pebble interbeds-v well
defined
3180
-numerous white chert grains(alt)
-c gr to pebbly ss-dk cht dom
3185 ] L AAAARAANAAAASS A-sOMme T Gr sS interbeds
"g'; Si ~-homogeneous 1 m gr ss
[==] Ca
+3190
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V/ELL LOCATION: 6-1-20-8W4
WELL NAME: Westcoast AEC Suifield 6-1

NAME: R. Karvonen
DATE: Merch 23, 1988

K.B.: 2528 1t REMARKS:
CORE INTERYAL:3205-3235 1t
’E DEPTH [LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
s -t
N Q z 1zZlz] = DESCRIPTION =
S & x g oYl X z oX
5|z« TR - =) 2|8 3 Filh
= i1l =l SHALE e i
W (RN 7 ol [~
-1m gr ss-whitish brn
-siderite grs-1ctouc gr
3210 ~aversteepened beds
7 ~white clay lam
321S
g -soft sed deformation
£ ~waxy claystone intermixed w/ ss
& 3220 -mottled/homo (mixture)
"E‘ ~most features indistinct
wlo 1
= | 53225
w2
oy ™
2 13230 1 —clay clasts
w -sideritic bands
| 3235
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WELL LOCATION: 8-2~-20-8W4 NAME: R. Xervonen
WELL NAME: Westcoast AEC Suffieid 8-2 DATE: Feb 24, 1988
K.B.: 2548 ft

REMARKS:
CORE INTERYAL: 3228-3258 1t
==t DEPTH {17\ 3LOGY& GRAIN SIZE| SED. STRUCTURES
wi — — 7]
by < 2 QLI o A
L g g zZ ; = DESCRIPTION =
Zl=- = x <) 25l &| 8 <
S =l B N SHALE = o ox| & O - o
E N>R T <.
| 3220 ~qtz richumgr ss S4
E A ~lam of grn/gr sh/paleosol?(Muse {p20
present)
3035 ~parthy oil sat and analysed
~lam/beds and zones of incr clay
:; 1 content
p=] J ~ ~presence of wht £lay lam and clasts{p21
£ 3240 -abundint soft sed deform
g > A ~high angle beds
= ] -microfaults
_2 313245 ~distorted bdg
B I= i
@| 32501
= ‘é
3255 A
326
F)
i
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WELL LOCATION:SD~-3-20-8W 4

NAME: R, Karvonen

WELL NAME: Westcoast AEC Suffield SD-3 ¥+ May 4, 1988
K.B.: 753.2m RKS:
CORE INTERYAL: 911-923m
= |DEPTH | LITHOLOGY& GRAIN SI2E] SED. STRUCTURES
-
< < QLI e
2 2 b zZl21 2 DESCRIPTION
z izl T =] xa|l&] &
515 ARl Ll W shae | = @ jexlol o
] e S = e < i o] ‘!7
i = | B | [vei tem gy lamsilt
912 =zone of small TeAxius
- 2 NE ~clay rich siltstone in first 2m
tg 8 -shale clasts
z |~ ~siyus of soft sed deform(slumping)
|2 9141 J— A -abund org lam
=T N ] -pyrite assoc with org
-
w
3 E__-L_C1 P
3| s i
_J [ ===
918 AN T T VTS ] -sharp contact with ss pebbles-
) probably derived form balow
o ‘i -cl gr interbeds/lam
-1z AL -clay assoc withe gr beds/lam
== 920 ~patehy oil sat
S s A R 7 -clay rich ss pebbles obs
m I -eil sat
= |27 s ~finely Yam f gr ss
=) g 9224
| : éné
924 )




WELL LOCATION: 12--3-20-8W4 NAME: R. Kasrvonen

WELL NAME: Westcoast AEC Suffield 12~ 3 DATE: Feb 23, 19858
K.B.: 755.2m REMARKS
CORE INTERYAL: 807-516m
= DEPTH [LITHOLOGY& GRAIN SIZE] SED. STRUCTURES }
i - ¥ ~Wn
= 5 2 22
z o z zelF - DESCRIPTION S
= = QL [ o X oX
Z | x x Q 2Ll d I <
D |I= obr R SHALE a o oxi O a- v
= bSO LU . A
{ }
I T T
] 908 4 4 . -whitish f gr ss-clay rich
ﬁé L v -mottled/homo
i ’ ‘ ~oil sat aiw anal
910 ' -most core rubbly
‘©
=) 9121
E 3 rubbly ~fine pyrite incorporated on sed
914
é ~oce um gr lam/dk cht
| 916




rWELL LOCATION: 14-3-20-8W4

NAME: R. Karvonen

WELL NAME: westcoast AEC Suffieid 14-3 DATE: rMarch 25,1568
K.B.: 2460 1t REMARKS:
CORE INTERYAL: 3003-3063 1t
= DEPTH | LITHOLOGYS. GRAIN Si2ZE| SED. STRUCTURES
w 2 L (SR 5 e
- z g s Z = E = DESCRIPTION o &
Z 18l > 8 csTlE | =z =9
Sizlc TER z = |8¥|818 s
=z S e SHALE
300 2 -oil sa% and snalyzed
3003 4 -1 ¢ gr ss filled burrows-indistinct
é -u f gr s-bdg approx 8-10mm tk
3010
13015 ¢é -occ lc gr lam
3020
3025 1
- 3030 |
S io
|-
w | 373035 =
T 1
5=
3343
™ ~someshat structureless ss
+304S
3050 1
LI0SS - é
L2050 rubbiy -porous ss with white »1t feld gr
} 3065
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wWELL LOCATION:8-4-20-8¥ 4

WELL NAME: Westcoast AEC Suffield 8- 4

NAME: R Kzrycnen

DATE: Merch 23, 1988

K.B.: 2485 ft REMARKS:
CORE INTERVAL: 3040-30701t
= IDEPTH LITHOLOGY& GRAMN SIZE | SED, STRUCTURES
w
5 3 2 |g2gls1 ¢ g8
= 1o @ b 2318 = DESCRIPTION O o
= | & > a8 ol | = o3
51z« T@e = = = |S¥|8) 2 S
z G ). ] s e
-top 10" whitish clay rich zone
— =@ m=~1 ¢ gr Noating gr dk cht
< F2o4as a -org/biog material lam
i
=|o
3 +3050
ol
b =
. 3L -bdg v indistinct
©}13055 RhiZ
> Pa -home ss
E } -bict-burrows lined/filled w/ um-
F 3060 Imgrs
-um- 1 m gr lenses-indistinct-and
floating gr
3065 1
Sk?
13070 -u m gv ss interbads
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WELL LOCATION: 03/716H--4-20-8W4
WELL NAME: AEC WC 16H Suffield16-4

K.B.: 754m

NAME- R. Karvonen
DATE: Feb 24, 19E8

REMARKS:
CORE INTERYAL:908-926m
> |DEPTH | LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
b 2 e |legi-| 5 5
b o z zZ|z ) = DESCRIPTION ca
=18 L 8 szl & Q%
Z = ¥ x =] o io { io o X -C
3 > ol a <] e | ¢ o o
Z aaE
S -coal
Z |> -."‘1 -m-dk qu shaly silt~orq rich
T |o -quite homo /distorted?
= == —~—— -m-1t gy shaly silt-finely lam w/sh
5104 AT S .
o~ -m-Ilib:nclay richy fgr ss
~homo-unsat
912
9141 I )
1 -zones cf ofl sat
-rare interbeds of um gr ss
- | 916 indistinct at bases )
== -interbeds /lam cf clay rich ss
S |2 == (unsat)
»” 2 ~increasing downwards
= Iy ste- -ind beds grade up into clay
e rich ss from cleaner ss
-o0il sat inceasing downwards
5204 —-f-'_,_:f"'L -lamuy f gr ss
9221 b .
9241
I 9264
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WELL LOCATION: 027 1-9-20-8W4 NAME: . Karvonen

WELL NAME: AEC WC 10 Suffield 1-9 DATE: March 23, 1688
K.B.: 753.1m REMARKS: Very poar zore, very litile to
CORE INTERVAL: 913-927m distingrish-rubbly.
L |DEPTH|LITHOLOGY& GRAIN SIZE] SED. STRUCTURES
wi ] - ~ )
= x L 22| 0 ) A 1
L o § z3 ;3 E LZSCRIPTION g%
S £ | 8 [|BE&|8 Tz
= a. w
= RIS el fui=d SHALE =
3 -ail sat
914 -u T yr ss—gcc to rare clay rich ss
zunes-sharp base
9161
-917.5m um gr ss bed
-bedding™2em thick
9184
—~t
el o
F|SL 920,
M2
p ol TP
=
9224
9244
926
i |
i
]
| 928 L
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WELL LOTATION: 84/8-9~-20-8W4
WELL NAME: AEC WC 8G Suffield 8-9
K.E.:752.6m

HAME: R Karvanen
DAYE: Feb 24, 1988

REMARKS:
CORE INTERYAL: 904-926m
L= |DEPTH | LITHOLOGY& GRAIN SI2E} SED. STRUCTURES
] ah
= < g ewl 5 =9
L o z =%z = DESCRIPTION S o
Z 1R > 8 ATl x z (=5
= il o z = [ex|B] 8 & &
= Bl bl lud-4 SHALE e @
- (XY S 41t gu siltst
g 5 Ca S—
= S=1-m gy sh w# 1 gy sh lam
% w| 906 _ Si -pyritic 1am and beds
5 8 = -disseminated pyrite also present
=11 ! some burrows may alse bereptaced
] M 1 cal g_J-oce orgrich lam
g) 9081 [e.» o}
o | o a2 1
> T —i-org rich silty elaystone P22
‘ ~home clay rich W brn 52 -
910 A £ Y l
/}"’1 -partly cil sat-restricted to cleaner
9124 sands in interteds/lam of clean ss
grading up into clay rich ss
9141 . . .
-increasing oil sat downward
= | 916
= |— b
Sle
m >t —
|2 -increased clay content(decreased
o -] 9184 < oil sat)
L -lam of clay rich 1 m gr ss
~Im gr interiam
9201
| 92 ——
=
9221 L
-increasing oil sat downwards
924
926 1

183




YELL LCCATION:S-3-20-8W4 NAME:R. Karvonen
WELL NAME: AEC WC 98B Suffield DATE: Feb 24, 1988
K.B.:747 m REMARKS:
CORE INTERYAL: 898-G22m
= DEPTH |LITHOLOGY& GRAIN SIZE] SED. STRUCTURES
w =2 - ~. 1
< o (SR Q 5 1)
= Q Z £zl | = DESTRIPTION S
=3 ] $ Q cf|lE | = o3
z |x|- = E Q a | Q T«
Szt llLLL: =4 SHALE o o oxio o 2. &
hz_‘ s o b ¢ )
-1t brn clay rich ss
~homo
L -sli to no oil sat
9001
o -1t brn clay rich ss
- -homo
902 4 -interlam/bd clean and clay rich ss
5
S04
| 9061
908 4
- o
=i o
sle 910
v
r =t -angular ss ciasts(Secondary?)
2
912
~interlam of Im gr ss
9144
-anq block ss clasts in ss mtx P23
9161
P24
916
920
922
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WELL LOCATION: 16-9-20-8W4 NAME: R. Karvonen
WELL NAME: Westcoasr AEC Suffield 16-9 DATE: Jan 6, 1588

K.B.:2841 1% REMARKS:
CORE INTERYAL: 2953-3042 1t

S IDEFTH i LITHOLOGY& GRAIN SIRE] SED. $TRUCTURES
L cmd
by < jS) Q g.’ 5 ~ o
sz t O LA
_ =z g g z3l g < DESCRIPTION S§:‘
= |2 > OXl X F2 (=}
ER S (o e x a |s&l8]8 Gib3
= SRS s SHALE
" -f gr 58
2955 A -0il saturated
Si
5 -m gr interbeds cormmon
2960 -m sc cross-strat
-Lightly cemented zone
2965
-mn gr s3 inlerbeds
4 Ca
297¢C
2975 4
e -m gr ss interbeds
els 2980 | -m s¢ cross-strat
Sl
M3
z: :‘29
5 85 )
1
29%0
4 Si
2995
3000 |
r3005
F3010
+3201S
k2020 ~occ/rare um gr ss lam
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WELL LOCATION: 16-9-20~8W4(cont'd) NAE:

WELL NAME: DATE:
K.B.: REMARKS:
CORE INTERYAL:
= DEPTH {LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
o] — — I~
_ b o Z zZ|e| = DESCRIPTION 2
2 8|c =g | S (28|53 2%
a: w
‘% S ], Jal=A  SHALE =y
- |-white gr{tripolitic chert?)
"'c' r 3025 i
213
M2
T |- 13030
]
-v porous qtz rich ss
L303S -v friable
-white gr present
1 ~ 2]
3040
~ccc um gr ss lam
3045

186




WELL LOCATION: 4-10-20-8W 4
WELL NAME: Westcoast AEC Suffield
K.B.: 7533 m

NAME:R. Karvonen
DATE: Jsn 4, 1989

9121

9144

916

918

920+

922

924

187

REMARKS:
CORE INTERYAL: 900-936m
= DEPTH [ LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
ul = -
< o LY e
E Q & zZ|E| 2 DESCRIPTION S
e 73 o] < <| a | = %
Z (=]~ > o o Xl X = (=]
S5l TR 3 2 |82|8]| 8 b3
s LI swae -
~f gr salt and pepper 55
- ~relatively homogeneous
902
9041 Si
-1 cor um gr ss interbeds, ave
[ 1.5 cm tk
Vo e P ~contacts between interbeds v sharp|
(. Phlaat t
3 ot .
v .
908 L { !
- : —interbedded 1¢ and um gr s - ~ith
== fgrss
=2 g | 9104 -gr subang
M=
p =i oo
S s




WELL LOCATION: 4-10-20-8¥ 4 (cant’d)

WELL NAME:

K.B.:

CORE IMTERVAL:
’i LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
A -—d! [ \m
bt < L Ly Q %
= o z |[2E]E| = DESCRIPTION S o

Ejo w < < [ = a.
& - x 8 axrl|¥ z (=P

5=k a o EE1 Y 8 GI-;;
= 1111 "
tad

wad

clo

= ;

Y E

r |

pres

. NAAAA

b=

—t
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WELL LOCATION: 08/5-10-20-8W 4

WELL NAME: AEC WC 4K Suffield
K.B.:750.tm

NAME: R. Kervonen
DATE:Jan 5, 1988

REMARKS:
CORE INTERYAL:900-924m
= DEPTH |LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
Lt — — ~n
¥ < Q [S1- 3 Q o
_|E g 3 z%|zsl| = DESCRIPTION Sy
= | i = 8 e g té- %i
3 g « X ot 1 SHALE a @ % o4 s o o
S o 4 b AL !
@ -interbedded mudstone and siltstone
S ..E -pyrite assoc with coal debris
2 G| 902
© 13 Pl
s |sl
E IS X .
2|12 04 aa -zone of increased organics
® | 4
S_—.
906 1 Pl -patchy light oil sat
- AV
@ S
I
>
S} sos]
| 1 9101 2 /\M/wv\zvaxxNv.,\,sc, ~coal bed approx 3 cm tk
-1t-mn brn f gr ss partially clay rich
| ~homogeneous, mottled appearance
512 A AAA -salt and pepper ss
- !
S 914
e T
=) —partly oil sat(increases downward)
— 916 1 -pyrite in discrete bands
.o ]
>
=
~r 9181
926
9221 ~occ V¢ gr <5 Tam
-clay rich layers assoc with c gr
™M lam
924 1
189




WELL LOCATION: 6~ 10-20-8W4
WELL NAME: Weatcoast AEC Suffield 6-10

NAME: R. Karvonen
DATE: March 23, 1988

K.B.:2470 1t REMARKS:
CORE INTERVAL:3012-30722 1t
E DEPTH |LITROLOGY& GRAIN SIZE] SED. STRUCTURES
[1v] -d - 0y
< Q Q9 o en
z S z (z=iE| = DESCRIPTION o &
= =] g [} o = o3
Z |12k = = 3 Q 251&1 & z <
= PTG k] ol shaLe & 2 extel e ®
= bl o), T
-coaky shale w/ clay rich zones
rubbly L ] L5 .} (paleasoie?)
3015 - 2 58 ~dk gy otk sh
1 . $ —~dk gy /'i\ﬂk silty sh
~gii sal and anakyzed
3020 ~indistinet bdg
- e i
L3025 { !
~zéhe of Wiereased cla) content
+2030 .
F3035 1
Gt
= |- e
S | 2lso40 :
> P
-15
§ e
3045
3050 =
E——
3055 A
- ”'-’-F
3060 =1
3065 | ,4%_h ~4hinly Tarru and 11 gr 55
- P9
13070 | =1 ~burraws filled with u f gr ss P10
+3075 l




WELL LOCATION: 12-10~-20-8wW4

WELL NAME: Westcoust AEC Suffield 12-10
K.B.: 747.9m

NAME. R. Kervonen
DATE: Merch 22, 1988

REMARKS:
CORE INTERYAL-895-922m

|~ DEPTH |LITHOLOGY& GRAIMN SiZE{ SED. STRUCTURES

ad -

b < Q QDI 5 et
R g z zZlE| = DESCRIPTION S o
= T > g SEl L z =%
5|51~ *@ET S & |88 3 a5

= i SHALE o o

i ~oil sat-slabbed
896 - -clay rich beds/1am/zones abund
until “998m
i -occ-rare clay rich/unsat zones
898 1
900 1
L 902 A
04
906 1
-fine lam-apparent due to oil sat
-
bl B
g lal
315} aos
=
T |f
> -rare 1m-u m gr lam (dk cht)
~variable sat due to clay rich zones
910
-ace - m-u m lam (1-Smm)/lenses
912 - -gene a1y indistinct contacts
~increasin: in no, downwards
4
J NS DR W .;... ~wht clay rich zons-rubbly s
914 1 S—{-fractured( 2Iwh! clau rich zone
~§—-1-v = ar Yam and clay rich —clean
s W
-common 1-u m gr 1am /heds
916 1 -sh base fining upwards
918 A {:zone of wht grs(alt feld?)

191
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WELL LOCATION:12-10-20-8W4 {(cont’d) NAME:

WELL NAME: DATE:
K.B.: REMARKS:

CORE INTERVYAL:

= DEPTH [ LITHOLOGY& GRAIM SIZE| SED. STRUCTURES
o] = N - 17
> < o Q %’ — Q 2w
e |Z 2 & z S % ’E DESCRIFTION gg
g ], | = I a @ ox|o Q P
] ol e Iz i L i oA
- s i cht abundant
m |2
S
g 2t -sm sc trough strat
“-1 9204 -sTi lam
NScN-finely lam ss
- l=r -dk(org rich) and it lam
> -s1i oil sat
z = 922 L
=2 § ves




Carasat —F

WELL LOCATION:14-12-20-8W4 NAME: R. KARYON: '

WELL NAME: Westcoast AEC Suffield 14-12 DATE: SEPT 30, 15837
K.B.: REMARKS:
CORE iNTERYAL:offset
?z— DEPTH ILITHOLOGY& GRAIN S12E ) SED. STRUCTURES
tat -~ | ot "~ Y
= «< Q LYl Q %
=z o Z zZiz!l = DESCRIPTION S =
=g L 8 sx{f| & oF
Z|Ei- = T =] zgs|&s ] © T <
S O LJ o ) o&]| O Q Q-
= LIS, E= :
B |
1
2
-0S
E|S 8
Q j© -fgr ss
€5 -occ lam
2 5ric u
<
S & Pl i
S 1S L) ~finely lam v f gr s
agad
.J; AV -ace f to 1 mgr ss lam
= +20 !
[
I 1.1
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WELL LOCATION: 15C-12-20-8W4 NAME: R. Karvonen
‘WELL NAME: Westcoast AEC Suffield 15-12 DATE: Merch 23, 1988
KB.:742.1m REMARKS:

CORE INTERYAL:942-950m

E DEPTH |LITHOLOGY& GRAIN SIZE] SED. STRUCTURES

z e jogl !l 5 54

= & =21zt = DESCRIF T ION ° x
ElZle = 8 I25|i| 8 3
S iz [ cx| Q =} Q- n

vy <

-t brn/cy lam silty sh w/ lam/ P
55— lenses of I m gr ss-musc flakes obs
. —u m er clay rich Qtz ss (whitish)
- - v

S 544 shale lam/flasers
a "% | -ticht
£
Els|

< .
p =| 9461 ~white grs (alt feld?)
g =]
R [
| .
2 948
= |

-lensesefuminImgr ss
F 9507
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WELL LOCATION: 1-16-20-8W4
WELL NAME:AEC WC 1A Suffield 1-16

NAME: R. Kervenen
DATE: Mey 3, 1988

K.B.: 742.5m {EMARKS:
CORE INTERYAL:895-S16m
= DEPTH jLITHOLOGY& GRAIN SiZE| SED. STRUCTURES
w = - ~
p < e L = Q B 0
= e z z%|lz| = DESCRIPTION S
= |8 > ] ozl = 2
Sz THE & = |Z¥|8|8 s
=z g, had SHALE T 72
~far ss w/ shlam™icmtk
=1 -lam silty shale-abund org-finely P21
o 896 oo lam-pyrite assoc
=iz W : 1.1 1 -orq rich blk sh
pad =] T eilsatufgrss
=18 AN -mgy v { gr ss-v homs
= 898 Ll
—-hterhm silt and sh
_ P22
SCO 4
-clay rich/unsat zones-patchy
P23
L 902 1 P24
904 T7]-bed of interbed/lam Jc-um ard
2T fgrss
= || oo
<
- = !
M 133
=
S ™1 90e
§ I -lam-obs due {5 oil sta
| 910 i
T S12 i
S14 1
916
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WELL LOCATION: Z-16-20-8W4

WELL NAME: Wastcoast AEC Suffieid 2-16

KB.:743.2 m
CORE INTERYAL: 869-927m

NAME: R. Karvonen
DATE: March, 1988
REMARKS: very poor core

E DEPTH | LITHOLOGY& GRAIN S12ZE} SED. STRUCTURES ]
[ve] - — [~
< = [S3°: 3 Q &
z Px} Z zZ|zs| = DESCRIPTION g
= lo 14 &S Ll =
Z |l > S Q| X =< o X
=3 Rl 1 b X = o w | wd [+ L «C
== ‘ﬁ‘,’] ] SLIALE al @ o&xy O [ 2 o
= ad A e T <. o
e} 3 n Ao
|
{
X i -Zzone of bist-abund biog materia]A
9101 Con T s _]-ind burrows indistinguishable
[AA S —-bentonitic sh (paleosct) p7
3 A -angl lower contact
- -whitish homo ss
9121 ___|-oil sat and analyzed
A clay rich ss
-homo ss-possibly mottled
914 | ,
-pyrite assoc w/ some burrows
- | 916
g —
c|e
= 3 ~floating gr-1-u m gr(dk cht) 4
2 =l s18- -1 m-u ¢ gr interbeds/lam
= -bdys somewhat transitienal
9201 ~umgr t¢ I1mgr ss lam
9221 -Imgr lam
924 | -downward incr in white(alt feld) gr
926 1 -sand v perous
~zone of {riable v porous ss
| 928
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WELL LOCATION: 7-16-70-8W4 NAME: R. Karvonen
WELL NAME: AEC WC 7! Suiineld 7-16 DATE: May, 1988
K.B.: 738.5m

REMARKS:
CORE INTERYAL: 891-913m
L [DEPTH LITHOLOGY & GRAIN S12E] SED. STRUCTURES
= b — ~
= = Q21 Q &0
=18 b g 1z%|sl = DESCRIPTION =
=S| &l 4 8 sz|E| =z o
s=jl=jm T ir wl & o X <
&
e R SHALE o @ «{O} C iy
E g( ..%m .d(
B —-rare shale chips
8321 ~rare pyrite
- i~ Sc P1
-Tam W and dk gy claystene P2
894 -~iem % bad of coal w/ palecsol
pyriie conc and zones
896
5 -—1_:-907 ~10cm tk bed of abund org lum
| 898 7
[-interlam sh and silt
L~
é T
9001 T: P3
P4
™A var.www
9072+ [-interlam sh and fu gr ss
o = >
-
S
__Y-claystone w/ occ I gr lam P6
5041 y o T Y g
fonvacd ~oil sat increasing downward
| 90861
 ooe YT ] :: -org rich sh w/ 1f gr sslam
-~} € gr oil sat ss
-rubbly
| 510
rubbly
912
9144
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WELL LOCATION: B-16-20-8W4

WELL NAME: AEC WC 8F Suffieid 8-16

NAME: R. Karvonen
DATE: May 2, 19806

K.B.: REMARKS:
CORE INTERYAL: 899-913m
DEPTH | LITHOLOGY& GRAIN SRE] SED. STRUCTURES
x ) — .
Q < L QL Q i
g o z [ZE|E| = DESCRIPTION S5
¥ l=|.- 4 ] arir | E =P
ozl X T =2 & i to o T <
o> ol L' shate a @ ox|& | © a5
RO SR s 40 = ad
L -1 gr ss w/ sk lam+org rich 1am
s -
S00 ] A~ Tam “1-2mm tk
RER -abund pyrite assoc w/crg
S
902 1
= Vool T—j-top 7Tem orgrich dk gy f gr ss
ch | = ~R-m gy Worss
904 - = -t0~904 .5m mattled homo ss-prob
[ 2 ?-d reoted
-=20cm erg rich siltstone-grading
, T down to sh
906 1 ~interlam v ¢ gr ss+sh-m gy
-biot-ind burrows difficult to D
908 4
8 -whitish clay rich o tightly cem
S_1 fugrss
| S }-occ sh/org lam
3104 ~abeut 1Scm below contact commen
clay rich/tightly cen. patches of ss
-oil satu fgr ss
-sed struct difficult to distinuish
9121 ™M
914 4
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‘well LOCATION: 8-16-2C-8W4 NAME: R. Karvanen

WELL NAME: Westcoast AEC Suffield 8-16 DATE: March 23, 1988
K.B.: 2422 1t REMARKS:
CORE INTERYAL: 2997-3027 ft(1og 2987-3017)
E DEPTH | LITHOLOGY& GRAIN SIZE] SED. STRUCTURES 1
Lt per 1. — ~ O
¥ (2 QY Q I
= o zg|lE| < DESCRIPTION S o
S |= ® = = S &
= 1=l > @ oY z o
— % W = s T = g [ g ] f= E(
= il /=l SHALE e leg © «»
o NI T <
~3-coa)
Sk N/A -o0il sat and analyzed
3000 | Pa -irreguiar bdg-scour?
-3005 ==
L3010 o | ~abundant org debris/iam/lenses
=hiot assoc or observable in zones
] ‘& of abundant erganics
13015 |
é ~small zones of shale clasts™<lem
L Sc~ diam
L E A
3020 ~y tn gr ss interbeds “3cm tk
{2 in total)
3025 |
3030
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WELL LOCATION: 14-23-20-8W4
WELL NAME:Dome et 8l Jenner 14-23

NAME: R. KARVONEN
DATE:OCT 1, 1987

KB.:743.3m REMARKS:
CORE INTERYAL: 919-947m
|~ DEPTH [ LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
e} =1 © O W - ~. 7
p = = - (8] ) Ll
z Q z zRi2| = DESCRIPTION &
ElI€lc = £ g8 |g5|&5| B oz
51| Y L sHaLe a i exler e -
5 o {4 =1 L <. oA
B 3 3 PRI, T T
- 5—
920 . AA T
1 -laminated silt and claystone-home
in many place
9221 -cone in cone structure
[ =4
ot 924 A ~“eldspathic f gr. ss
E: \AVVW\T\M/M.‘MSC\
o [-1am silt and claystone (it gy)
< | 926/ 25
74
©
=}
(&
928 -irregular upper and lower contact
-pyritized burrows
=1 9301
o
Sit
w |2 =
= 932
o | [ 4% ]
£
[-3]
£ ]
@ - 934 o_1"guy~brn claystone
- S
= -fgr.ss
g g
ol Badd 936, -partly oil styinad
-~ 1o
[ B
ol
g L
& 938
1 ~shale drapes~starved ripples
940 ]
1 AAA
; 942 |
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WELL LOCATION: 1 4-23-20-8W 4 (cont'd) NAME:

WELL NAME: DATE:
K.B.: REMARKS:
CORE INTERVAL:
[DEPTH [LITHOLOGY. GRAIN SIZE| SED. STRUCTURES
(VY] — (S} Qv - ~
z Q Z z£| & < DESCRIPTION S5
== B £ 8 o T g = =3
Z |k x x =] Z i S b
e i SHALE a 2 “lteq© -
= uaES = i
|
Q
a2
£ I
@ | I a2
Elo
o | 2L
Bie
S|l 944
e & ~shale lam
- T o~ ~pebble/shale clast lag
(o, T T T8 - shate with siit lam
Q ol 946 | € 0% 06 -deformed mixture of f~c gr ss
ot ?1' -shale with silt lam
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WELL LOCATION: 12-28-20-8wW4 NAME: R, Karvonen
WELL NAME: Empire St et al Jenner DATE: Jen &, 1989
K.B.: 2500 ft REMARKS:

CORE INTERYAL: 3096-3149 ft

L |DEPTH [LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
] — - ~
X < e Ll Q v
(3] =
. g 5 & E ;:: ; ; DESCRIPTION ga_};
z |Z|- = ¥ Q xwmll & T <
5|z a m cox|b&] o o o
u ld o
-1 gr salt and pepper ss
3100 RPa?]
3105
3110 ¢
¢or3tee ]
| ;
-i ! - ~floating gr-subang to subrd
e Shzi20 ; -u m-¢ gr interbeds/lam
|<=
S| b3t12es
3130
] -homogeneous
3135 -
[ 3140
L3145 ]
+ 3150 -
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WELL LOCATION: 12-32-20-8W4

NAME: R. KARYONEN
WELL NAME: Empire St et al Jenner 12-32 DATE:SEPT 28, 1987
K.B.: 2451 1t REMARKS:
CORE INTERYAL:3020-3121 1t
E DEPTH [LITHOLOGY& GRAIN SKE | i CTURES
[T ) -
T < Q el | b 58
Q z = <
e |2 a § = Z DESCRIPTION g §
5|2 = s x k=4 & S g % I <
= ot SHALE a @ | o =} o «»n
o] I~ ¢
M gy, T-gr ss-interbeds of m-gr ss
e (w sorted) with sharp contacts
-3021 "-bentonitic rich bed(~3Icm tk)
3025 -ss partly oil sat
1 -occas £-gr stringers(<0.Scm tk)
L2030 ~thin dk laminations
s -c-gr ss bed-dk gy chert dominant
3035
-3040
Si -partly oil sat
r304S ]
o>l
—
S|
Btzos0 |
-1
E|=2
= |t
3055
3060 -oil sat low-absent
-thin dk lam(shaly ss)
™/ -interbeds of poorly sorted ss/
3065 pebbles-m-gr to Smm(subrd-subang
Oph chert gr)
] -interbeds-sharp base, f upwards
3070 -base occas grad
2075 T |- interbedded c-gr ss and pebbies
with f-gr ss
T
-interlam f-qr and m-to c-qr ss
3080 | -{-gr ss with v f 1am of sh
pAVAA
3085
J -m~gr ss bed with grains of white
>4 clay
us . .
3090 -org rich stringers/lam
MM S -a;g %o deformad white clay clasts
wnr ) Si -1t tombrn v f gr ss with fine lam
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WELL LOCAT/ON 12-32-20-8W4 (cont'd} NAME:
WELL NAME: DATE:
K.B.: REMARKS:
CORE INVERYAL:
'2,-: DLRPTH L LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
g -t — ~
b « = LY Q i
v |Z o 5 25|38 = DESCRIETION o
z |& 3 SEl&5| 3 S X
51l The 3 s |8&|8]| 8 &
= (i ol huds SHALE o o “»
Las
@
()
o
:.‘, 3093
S
O e . .
o (:f') 3100 3 Si ~sh 1am-bioturbated “Imm tk
£l ch
@ g 1 -syneresis cracks
& [=taros AN
) ~poss H.C.S.
<
1 V. VN
| o oy T N
bl = Y =] YT ‘\é"“"’sc”-calc sh-y odd texture
r K Tox el orh a Sh_-pgnhze burrovs
o |Bloos -t gy Is
{ P Ca Fpyritized burrows and layers
‘Oph ~f upward-sh to silt-layers “0.5
mm tk
3120 | -sh chips
3125

204




WELL LOCATION: 13-32-20-8W4

NAME: R. Karvanen
WELL NAME: Kaiser et al Jenner 13-32

DATE: Feb 25, 1988
K.B.:75%3 m REMARKS:
CORE INTERYAL: 926.6-929.6m
b {DEPTH [ LITHOLOGY & GRAIN SIZE| SED. STRUCTURES
() - — ~
b = [S] (7] - o > 1%
_|E g zZ zZ|z| = DESCRIPTION Sg
z R} 8 ST|IE| & Sy
Sizlw Tle E g S&|8 8 a5
= UG - hu=d SHALE - .
V" pyritic m qu sh-pl fr23 abund
41,‘ ~finely interlam silt an4 sh
| Pl =N -plant frag
9231 ELLLN AAA ~yy concretions aszoc w/ org P27
rone of small ave 2mm W gy clay
e s (clas(s
5 -orq rich sh lam
~f gr ss~wht clay present
930 ~ofl sat
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WELL LOCATION: 1 0-10-21-8W4
WELL NAME: Fine Dynamic Jenner 10-10

NAME: R. KARYONEN
DATE: SEPT 28, 1987

K.B.: 2549 #t REMARKS:
CORE INTERYAL:3195-32421t
= DEPTH | LITHOLOGY& GRARN SIZE| SED. STRUCTURES
we - - ~
b < L (S < o L
= o z zZ2|=2| < DESCRIPTION S
= | « = €L | = S
g8 = £ 1 8 |gElEls ot
ZIZIE g z 2 lzglu1 8§ e
Z L[S ul=l SHALE rETPE
P -v fgrss
! Si
13200
Ch ~biot assoc w/ shale lam/drapes
[ r3205
7]
18] a
©
@ {13210
g2
)
Q ) 4 .
3 |D)s215 Si
Q
E g ~shale drapes /shale clasts
o | Si3220 1
o ch |1 ca ~interiam v f gr 55 and sh
Ber
3225 | e
-homoageneous mixture of pebbles
<230 I AN APAAAAANA G A and ss
= LK
G 1l
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WELL LOCATION: 8-15-16-9W4

WELL NAME: Canso et gl AZC Suffield 8-15
KB.:778m

CORE INTERYAL: S51-974 m

NAME: R. KARYOMEN
DATE:OCT 1, 1987

REMARKS: -most ef this cere was very ruboly

L |DEPTH |LITHOLOGY & GRAIN SIZE SED. STRUCTURES
Lt = — —n
b x 2 L2 Q )
- |2 L £ zZ|z1 = DESCRIPTION S
E 18]~ > 3 sl | = (=h
E=3 =3 [ " T = xis| W S <
== LTI T T ey @ @ sx|jo | © Py
= S L fSH] T Lo
- L -lit-m gy interlam silt and sh
952 1 °
ch | .
954 Freddish brn claystone
Si
956 1
-It-m gy ciaystane(tentonitic)
958
p ~g—
L Ca
560 1 s
8| B
1 ~coal with flozting grains
962
]
964 | ~m. gr. s
~occ pebble/c. gr. layers
] -floating pebbles
Si
9661 e -pebble /c. gr. beds(dk chert)
a
L os8 F:
< s ~interiam silt and sh-t gy
1 -m~c¢ gr. layer-high angle X strat
9701 M -whitish mgr. ss
972 4
974 1
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WELL LOCATION: 10-24-19-4%%
WELL NAME: Westcoast AEC Suffieid 10-24

NAME: R. Kervonen
DATE: May 5, 1988

K.B.: 2600 ft REMARKS:
CORE INTERYAL: 3247-3277 1t
= DEPTH [ LITHOLOGYA GRAIN SIZE] SED. STRUCTURES
[re] —t . - ~
z S 2 S22 < gl
= g Z z S Z = DESCRIPTION =
== } 3% M > 8 axiz| = o3
ERENS Ty T = = & | W 2 B
= =S o SHALE = = S=!o < Z on
= aAE L[5S rEE
-v far ss w/ common sh lam
sk Ty sl filled Sk abund P3S
s -siderite cem zones
3250 i B T
T-—1-dk gy sh w/fine silt lam
- -decreasing silt downward
g 3255 5—4-9" zone of bentonitic sh
S | T PAAA ~finely lam v fgr ss
@ Sk P36
£ | »}3260 Ch?
s
oS a T—
g £ as ~dk gy~tlk sh
G | 3265 i' -v f gr lam beg~ 6"~ from base
e|e R T—l-burrows v small
; Sk ~lam silt and sh P37
o }3270 1 Tei -9cm st
~v T gr ss bed
3275 ~v fgr s5 w/ fine shlam
P38
3280
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WELL LOCATIGN: 6-34- 19-9W4

WELL NAME: Empire St et al Jenner 6-34

K.B.: 2616 1t

NAME: R

. KARYONEN

DATE: OCT 2, 1987

REMARKS:
CORE INTERYAL: 3257-3306 ft
= DEPTH | LITHOLOGY& GRAIN SIZE| SED. STRUCTURES
b = 2 legl. |G 590
_IE o E zz ; = DESCRIPTION g%‘
Z |Zir = x b= sl & & X €
- el g R SHALE a @© ox| O 3] P
s N =4 i ad
~v fgr ss
= -1t brn claystone clasts <3mm dism
£[3260 | " L gc | claystone clasts at base
a:i -zone of { gr ss interbeds-biot
—Fz265 -v f gr ss-sh lam/beds in upper
wn lo Ea section
o 1y
2 ijc
Y Al Se
§ Stz270 X’X
£
) A .
£ ~reddish ss at top
S 3275 et -plant frag
g . Si ~chert (dk)rich mtx sup pebble cgi
- i ]
rr 3280 ~oil sat
S -zones of clasts ave 4mm{up to
3285 Th 1.Sem)
1 Oph ~interbd/lam f gr ss and sh
@ hpl:iz? —-composite burrows observed
S13290
N
Y
bt
2 3235
w -lam ss(org sh and slight gr size
J diff~emph by oil staining)
L 3300 I RoCh m : ~lam silt and sh
-lam ss
| 3305 - B
a:_;’ ch Ca
h~r~~d —Silt stringers
o }3310 - PPUES
@
[,
Y 3315
p— B
[S%]
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WELL LOCATION: 8-36-192-9W4

WELL NAME: Westcoast AEC Suffield 8-36

NAME: R. KARYONEN
DATE: SEPT 30, 1987

K.B.: 860.6m REMARKS:
CORE INTERYAL: 995-1001m
’i‘ DEPTH | LITHOLOGY& GRAIN SiZE| SED. STRUCTURES
tad - [ <N
P < o [S 1<) O )
=z o z |z2i5]| < DESCRIPTION S
=12 1 Q E = Q3
z % = x =4 2Ll &| & T
Sixslw- =il 1 : SHALE = = coxl o o Q¢
= fefd S gL [ L do-d
£ L - ~f.gr. ss.
- 7 N \| -
596+ ~tn. gr. ss. with c—pebbly £s beds
(dk chert)
o -floating pebbles
998 1
i —interlam . gr ss./silt and sh
R colored
1000 [-bik sh with finelenticular lamof silt

-t qy m. gr. ss.with commeon clay
lam (<icm tk)

-deformed zone of clasts(ss,ls)
up to Scm diam




WELL LOCATION: 16-23-20-9¥W <4
WELL NAME: CHRL Caribe Jenner 16-23

NAME: R. KARYONEN
DATE:SEPT 29, 1387

KB.: 7457 m REMARKS:
CORE INTERYAL: 946-959.5m
£ |DEPTH [ LITHOLOGY& GRAIN SIZE} SED. STRUCTURES
i par] [
— |& g & z2|8| = DESCRIPTION oz
= || > 8 sf|X| = (=P
5 g £ ] E o S| Y8 8 E 3
= ] b puded SHALE mremi
a-’ NN Si -1 m gr. ss-partly oil stained
a |
= 948 -
=] % -interbd/lam sit /v.f. gr ss and sh
g1 ~-wood frag
D
= 950 1
o b—
sl 2r -interbd/lam silt and sh
.‘: o -poss storm layers-ripup clasts,
o5l 952 Si starved ripples, biot h
[om Jf Shuil § Ch
= Pl
Q P He
"5; '\.\ﬁW\MvL/WV\M
O 9549 Ca
ae) e ‘2% aN et 2%y A a e e
e -red/green sh
g L -mattled silty shale
S 956 1
Q < /<
g |
2 958 4
—
(7]
[
Q
o 960 1
L
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