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Foreword

Throughout the course of the EXTECH IV uranium subproject 4a (Jefferson and Delaney, 2000), a
variety of stratigraphic studies were conducted in the Athabasca Basin of Alberta. Ramaekers (2004)
conducted a comprehensive regional study of Alberta; Kupsch and Catuneanu (in press) provided a
localized stratigraphy and geochemical clay alteration study of the Maybelle River prospect; and Post
(2004) carried out a detailed stratigraphic study over the Maybelle River and Net Lake trends. Due to the
differing scales of each subproject, each author approached division of the Athabasca Group somewhat
differently, although each employed a variation of Ramaekers’ earlier studies (1979, 1980, 1981, 1990).

Although this report is a regional study similar in scale to that of Ramaekers (2004), it based on a
different view that links bulk changes in lithology to grain-size trends, since lithological variations
seem to always accompany changes in grain-size. Grain-size trends are an easy and consistent means
of dividing the strata, as they can readily be recognized over large distances. Although lithological
characteristics are similar within sequences, there are slight lateral variations in lithology that occur
throughout the basin. By using this method for division, it is easier to extrapolate and compare these
lithological changes from one part of the basin to another, especially through the use of selected
parameters from metre-by-metre lithologs. This report relates grain-size trends to concepts of sequence
stratigraphy and proposed as revised set of well-defined stratigraphic units.

The report contains metre-by-metre stratigraphic sections constructed for each drillcore, a third of which
are compiled from data of the EXTECH IV project (Yeo et al., 2001, 2002a; Collier, 2002; Kupsch and
Catuneanu (in press); Post, 2004; Ramaekers, 2004). The remaining drillcores were either studied anew,
or relogged to acquire additional information. This information is used to make detailed correlations
throughout the western Athabasca Basin in Alberta and Saskatchewan. Graphic logs give a good basis
for the stratigraphic divisions because they allow the reader to visually assess the author’s rationale for
making stratigraphic picks.
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Abstract

Eighty-nine cores were logged on a metre-by-metre basis in the western Athabasca Basin of Alberta
and Saskatchewan. Seven third-order sequences, ranging from several tens to hundreds of metres in
thickness, were positively identified. These include from base to top: the Fair Point, Shea Creek, Lower
Manitou Falls, Upper Manitou Falls, Lower Wolverine Point, Upper Wolverine Point and Locker Lake—
Otherside sequences. Above the Fair Point Sequence, a highly erosive boundary containing localized
paleosols separates two unique depositional basins. The older Jackfish Basin consists entirely of coarser
fluvial clastic sediments of the Fair Point Sequence. The overlying William River Basin consists of the
relatively finer-grained and dominantly fluvial clastics of all of the remaining sequences.

The basal Shea Creek, Lower Manitou Falls and Upper Manitou Falls sequences are entirely fluvial

and were probably restricted to near the present-day margins of the Athabasca Basin. Their general
coarsening-upward stacking pattern and limited lateral distribution suggest a normal regression under
relatively low change in rates of accommodation. In contrast, the overlying Lower and Upper Wolverine
Point sequences were probably more widespread beyond the present-day margins of the Athabasca
Basin. This fining-upward succession represents deposition under relatively higher change in rates of
accommodation, as deposits retrograded from entirely fluvial to fluvial-lacustrine. The uppermost Locker
Lake—Otherside sequence, although not complete, represents a late normal regression where relative
change in rates of accommodation are overtaken by rates of sediment supply. Changes in sequence
thickness and basal lithology appear to be linked to faulting within the basin. If such is the case then this
can be used to predict where fault zones occur in the western Athabasca Basin, and indicate potential
uranium mineralized zones.
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1 Introduction

The western third of the ca. 1700 Ma Athabasca Basin is located in northeastern Alberta and
northwestern Saskatchewan, roughly between latitudes 57.2° and 59.6°N and longitudes 103.5° and
111.5°W (Figure 1). It is generally confined between the northern shores of Lake Athabasca (on the

north and northwest), the Athabasca River (on the west and southwest), and the Richardson River (on the
south). The southern portion of the basin is only 80 km north of the Athabasca Oil Sands. The majority of
the basin lies in Saskatchewan, extending east to Wollaston Lake, 100 km from the Manitoba border. The
basin encompasses a surface area of approximately 80 000 km?. Of this, the Alberta portion accounts for

8000 km?, or approximately 10%.

5 Location and General Geology
of the South-west Athabasca Basin

a)
b) ; '
:Q: : N
i S \ Beoﬂvl?iuer.an'___'__‘-;
Taltson Magmatic Zon } Western Lloyd Domain
Alperta | S oskatchewan
c
Phanerozoic |

nr 108
Figure 1. a) Location of Athabasca Basin. b) Basement and structural divisions in the southwestern Athabasca Basin (revised
from Ramaekers, 2004). Dashed lines indicate faults and dotted lines represent inflection points between basement highs

and lows. ¢) Athabasca Group stratigraphy of the southwestern Athabasca Basin (after Ramaekers, 2004). Lithostratigraphic
formations are indicated by the following abbreviations: FP, Fair Point; MF, Manitou Falls; LzL, Lazenby Lake; WP, Wolverine
Point; LL, Locker Lake; OS, Otherside; D, Douglas; C, Carswell; TMZ, Taltson Magmatic Zone. Note that a revised version of this
subcrop map is presented later in this report.
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At present the largest high-grade uranium deposits are found along the eastern rim of the Athabasca
Basin. In the western part of the basin, uranium orebodies have been mined within the Carswell
meteorite impact structure, at Cluff Lake, Saskatchewan. As well, south of Cluff Lake, mineralized zones
have been found at approximately 700 m depth at Shea Creek (Figure 1c). In Alberta, the first notable
occurrence of uranium mineralization was found at Maybelle River, where grades of 21% U,O, were
intercepted over a 5 m interval (drillcore MR-39; see Orr, 1989).

The unconformity-related uranium mineralization of the Athabasca Basin is either basement hosted,
sandstone hosted or a combination of the two (e.g., Hoeve and Sibbald, 1978). It is concentrated in
dilation zones associated with faults, and often associated with graphitic basement (e.g., Ramaekers,
2004). The sandstone hosted deposits are almost always restricted to the basal sections of the Athabasca
Group. It is unclear whether certain formations are more susceptible to mineralization than others.
Regardless, some units acted as aquifers or aquitards that either directly delivered metalliferous or
diagenetic fluids to sites of mineralization or suppressed the migration of potential remobilizing fluids.
Concepts of basinal fluid flow in the Athabasca Group have been discussed by Kyser (2000).

Alberta is a favourable area for exploration because many splays off major fault systems run along the
western margin of the basin (e.g. Ramaekers, 2004). Two interesting zones parallel the Net Lake and
Maybelle River faults, oriented roughly north-northwest (Post and Kupsch, work in progress). Since
mineralization has already been discovered at Maybelle River, it is currently the most prospective area
for exploration. The basement unconformity at Maybelle River is relatively shallow, ranging between 0
and 250 m in depth, making the area of particular economic interest because open-pit exploitation costs
would be relatively low compared to those of the deep mines, such as at McArthur River, where the
orebody is more than 500 m deep.

2 General Geology of the Study Area

The Athabasca Basin lies unconformably above the Rae and Hearne provinces, which form the core of
the Churchill Structural Province (Stockwell, 1961). The Rae and Hearne are separated by the enigmatic
Snowbird Tectonic Zone, a crustal-scale discontinuity that has been modelled both as a suture (Hoffman,
1988) and as an intracontinental strike-slip shear zone (Hanmer et al., 1994). The basement rocks
beneath the western part of the Athabasca Basin in Saskatchewan lie within the Lloyd Domain of the Rae
Province (Figure 1). This includes a supracrustal package dominated by metasedimentary rocks of the
Careen Lake Group (Scott, 1985), a younger suite of ca. 1.985-1.968 Ga granitoid orthogneiss (Stern et
al., 2003), and weakly deformed ca. 1.93—1.91 anatectic granite bodies (Brouand et al., 2003). The two
magmatic suites are essentially contemporaneous with intrusive rocks found in the Taltson Magmatic
Zone (Bostock et al., 1987; McDonough et al., 2000), which dominate the basement of the Alberta
portion of the Athabasca Basin. The Lloyd Domain can be traced into northeastern Alberta based on its
aeromagnetic signature, which comprises an alternating pattern of highs and lows (Geological Survey

of Canada, 1987). It is likely that the Lloyd Domain grades into more granitoid-rich rocks of the Taltson
Magmatic Zone, although no drillcores are available to confirm this. In Saskatchewan, the Lloyd Domain
is overprinted by the north-trending Clearwater acromagnetic high, inferred to comprise mainly ca. 1.843
Ga granite intrusives of the Clearwater Domain (Stern et al., 2003), which subdivides the Lloyd Domain
into eastern and western parts. The origin of these granite bodies is poorly understood.

Structures in the western Athabasca Basin (Figure 1b) have largely been described in terms of basement
topographic lows (troughs) and highs, based largely on mapped and inferred faults from outcrops and
aeromagnetic maps (Ramaekers, 2004). The majority of the drillcores examined in this study are centred
in and around a basement topographic low found in the southwestern portion of the Athabasca Basin,
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referred to as the Beatty Trough. The Beatty Trough is bounded to the southeast by the Beatty River
Fault, which is easily identified on acromagnetic maps (Card, 2001). South of the Beatty River Fault is
a basement topographic high that extends from the southwestern rim of the Athabasca Basin in Alberta
across the basin into Saskatchewan. This is referred to here as a portion of the Patterson High. The
Beatty Trough is bounded to the north by the Bartlett High, a structure that trends east-northeast across
the western basin. The Bartlett High is probably associated with movements along the South Robillard
Fault, which can be traced across the northwestern portion of the Carswell Structure in Saskatchewan
(Ramaekers, 2004). A more southerly trending fault, the Douglas River Fault, can be traced along the
southeastern portion of the Carswell Structure and may be a splay of the same fault zone (Ramaekers,
2004). Southeast of the Patterson High, another basement low is identified in the western Saskatchewan
portion of the Athabasca Basin and is here referred to as the Mirror Sub-basin. North of the Bartlett
High, a major basement low extends all the way to the northern margin of the Athabasca Basin in Alberta
and is referred to as the Jackfish Sub-basin (Ramaekers, 2004).

A series of more northerly trending faults, such as the Maybelle and Net Lake faults, have been
interpreted as splays off the Charles Lake Shear Zone (Ramaekers, 2004). These crosscut all of the east-
northeast trending structures. In the Maybelle River area, movements along these faults have created
further relief over the Bartlett High. As a result, a large Taltson granitoid body subcrops in the area (Post,
2004). West of Maybelle River there is a basement topographic low referred to as the Richardson Trough
(Ramaekers, 2004) that appears to be associated with movement along the north-northwest trending
Richardson Fault. A similarly trending basement topographic high segments the Beatty Trough south of
the Carswell Structure, as recognized by Yeo (pers. comm., 2003) in Saskatchewan. This high appears

to extend from Shea Creek and toward the southern margin of the basin. It appears to be parallel to the
north- to northwest-trending Harrison Fault and is here referred to as the Harrison High.

The ca. 1700 Ma Athabasca Group consists of approximately 2.1 km of predominantly fluviatile
sandstone (Figure 1c), which has been divided into eight formations by Ramaekers (2004). Some

of these formations have been further subdivided into members, designated by a lower-case letter
suffix. Lithostratigraphic divisions are based on changes in the size and/or abundance of pebbles, clay
intraclasts, conglomerate and mudstone. The Fair Point Formation (FP) is confined to the Jackfish
Sub-Basin in the northwestern portion of the Athabasca Basin (Ramaekers, 2004) and pinches out to
the south over the Bartlett High. This is overlain by the Manitou Falls Formation (MF), which is the
basal formation for the rest of the Athabasca Basin. The Lazenby Lake (LzL) and Wolverine Point
(WP) formations are widespread over large portions of the central and western basin. The Locker Lake
(LL) and Otherside (OF) formations are limited to the central portion of the basin. The Douglas (DF)
and Carswell (CF) formations are restricted to the Carswell meteorite impact structure in the western
Saskatchewan portion of the Athabasca Basin. Radiometric dating of breccia units associated with this
structure have yielded a lower age limit of 356 Ma (Bell, 1985).

3 Previous Work on the Athabasca Group

The stratigraphy of the Athabasca Basin was largely developed by Ramaekers (1979, 1980, 1981, 1990,
2004). Although the formation-scale divisions are formalized throughout the Athabasca Basin, the
member scheme is still informal because there is not yet enough information available regarding their
areal extent and lithological variation (Ramaekers, 2004). Ramaekers’ (1990) original classification
was developed from regional outcrop mapping and logging of selected drillcores throughout the basin.
To date, the Manitou Falls Formation (MF) has been the most extensively studied unit. In the eastern
basin, its members (MFa—d) are regionally extensive and widely accepted. In the western basin, the
lithostratigraphic requirements for most of these members are rarely met, making the entire package an
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equivalent of the clean sandstone member, MFc. Table 1 compares the previous classification schemes in
the western Athabasca Basin, with reference to the revised classification scheme introduced later in this
paper. See text below for explanation of the subunits and the correlations between authors.

Table 1. Comparison between the lithostratigraphic and sequence-stratigraphic classifications of previous authors

in the western Athabasca Basin. Note that the previous division between the Lazenby Lake and Wolverine Point
formations is difficult to compare in this table because many previous authors have been relatively inconsistent with
this subdivision, compared to other subdivisions, and because the boundary has been redefined in the current study.

Sequences Lithostratigraphy
. . Post and
Collier (this | Ramaekers Ramaekers (2004) Wilson (1985) | Kupsch (workin | Yeo et al. (2001)
study) (2004)
progress)
not present Carswell not present not present not present
not studied Douglas not present not present Douglas
Locker Lake— Otherside Otherside not present Otherside
Locker Lake— Carswell Locker Lake ¢ not present Locker Lake ¢
Otherside Locker Lake b Locker Lake not present Locker Lake b
Locker Lake a not present Locker Lake a
Wolverine Point ¢ Wolverine Point not present Wolverine Point ¢
Upper Wolverine Wolverine Point b Upper not present Wolverine Point b
Point Lazenby Lake- Wolverine Point .
Wolverine Point Wolverine Point a Lower not present Wolverine Point a
Lower Wolverine Lazenby Lake Wolverine Point-
Point Lazenby Lake y Lazenby Lake
Upper Manitou Manitou Falls ¢/c . Manitou Falls d Manitou Falls d
Falls Manitou Falls
i Manitou Falls ¢ Manitou Falls ¢
Lower Manitou | Mentou Fals Manitou Falls c/a?
Falls ' not present Manitou Falls b
Shea Creek Manitou Falls ¢” not present Manitou Falls a
Fair Point ¢ Fair Point Upper Fair Point ¢
Fair Point Fair Point Fair Point b Fair Point o not present
— Fair Point Lower
Fair Point a not present

Wilson (1985) conducted the first comprehensive study of the Athabasca Group in Alberta. He did not
use Ramaekers’ member classification in this part of the basin and suggested that the Lazenby Lake
Formation was absent in Alberta. This is understandable because during Wilson’s study there were very
few drillcores available that intersected the Lazenby Lake Formation. Those that did were to the north
of the Net Lake and Maybelle River trends, where the characteristic pebbly Lazenby Lake Formation is
difficult to distinguish. This is probably the reason why Wilson classified Ramaekers’ (1990) Lazenby
Lake Formation as part of the Manitou Falls Formation. Wilson’s (1985) Wolverine Point Formation
included upper and lower members. The upper member is comparable to Ramaekers’ Wolverine Point
‘D> (WPD) and ‘c’ (WPc) members. The lower member consists of a thin unit (<100 m) of granule- and
pebble-bearing sandstone with minor mudstone. This unit correlates, in part, with Ramaekers’ (2004)
Wolverine Point ‘a’ member (WPa).
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One of the main goals of the EXTECH IV stratigraphy subproject (2000—2003) was to help clarify
correlations in the western Athabasca Basin and attempt to resolve the apparent ‘border fault’ between
the bedrock geology maps of Alberta (Wilson, 1985) and Saskatchewan (Ramaekers, 1990). Studies in
the western Saskatchewan portion of the basin (Collier et al., 2001; Yeo et al., 2001, 2002a) indicated that
possible equivalents of the eastern Manitou Falls members of Ramaekers (1990) were probably present
throughout the western basin, as similar distinct lithofacies could be mapped across the area. Direct
lithostratigraphic correlations were difficult to employ, however, as the criteria for the subdivision had

to be changed in this portion of the basin to account for the lack of significant pebble and clay-intraclast
proportions that are typical of their inferred eastern counterparts, MFb and d. The basal member, MFa,
had never been studied in detail, thus making it difficult to identify, as the brief description by Ramaekers
(1990) suggested that it would be difficult to distinguish from his MFc member. In the Shea Creek area,
south of the Carswell Structure, a sedimentologically distinct succession was identified at the base of the
Manitou Falls Formation and described as the Shea Creek unit (Collier, 2002). Similar sandstone units

in this stratigraphic position were classified as MFa in a regional study in western Saskatchewan (Yeo et
al., 2001), and a variant of MFc, Manitou Falls ‘c’ double prime (MFc”) in Alberta (Ramaekers, 2004),
accounting for an inconsistency in nomenclature between authors. Ramaekers also designated another
variant of MFc to the Jackfish Sub-basin referred to as Manitou Falls ‘c’ prime (MFc’).

There also has been confusion among authors regarding the distinction between the Lazenby Lake and
Wolverine Point formations. Some studies considered the Lazenby Lake only as a pebbly sandstone
(Ramaekers, 1990; Collier et al., 2001; Collier, 2002), whereas others have included the overlying clean
mudstone-deficient sandstone (Yeo et al., 2001; Ramaekers, 2004). In this study, the Lazenby Lake
Formation is considered only as pebbly sandstone. This unit is commonly less than 50 m thick in the
western Athabasca Basin.

The first sequence-stratigraphy approach was proposed by Ramaekers et al. (2001), and later elaborated
on by Yeo et al. (2002a). Ramaekers (2004) later attempted to link the four sequences (Fair Point,
Manitou Falls, Lazenby Lake—Wolverine Point and Locker Lake—Carswell) to tectonism within the
Athabasca Basin region.

4 Data Collection

Fifty-two drillcores were logged from the Alberta portion of the Athabasca Basin, and seven were
logged from southern portion of the basin in Saskatchewan. An additional thirty-seven metre-by-metre
logs were then created from log spreadsheets of the EXTECH IV project (from Yeo et al., 2001, 2002a;
Collier, 2002; Kupsch and Catuneanu (in press); Ramaekers, 2004; Post, 2004). Drillcore information

is summarized in Table 2. Eight lithological parameters were quantified for each interval by measuring
crossbedded, low-angle or flat-bedded, and deformed bedded intervals, as well as maximum and mean
grain sizes, thickness of pebbly-conglomeratic and fine-grained interbeds, percentages of clay rip-up,
and thickness of sedimentary structures. Fracture and fault counts were also taken. Parameters that were
difficult to quantify (i.e., clay mineral content, silicification and colour patterns) were only indicated in
the remarks column where distinct changes occurred.

5 Stratigraphy
5.1 Sequence Stratigraphy in the Athabasca Basin

Sequence stratigraphy has primarily been used as an exploration tool for hydrocarbons in Phanerozoic
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Table 2. Drillcore used in this study. Total thickness of drillcore used in this study is indicated at the bottom of the table.

ID Prov. | Logged by Project Drilled to basement | Depth to EOH or basement (m)
1JALX-1 SK Yeo & Hunter EXTECH IV X 721
2|AS-02 SK Collier This project 502
3|BR-09 SK Yeo & Hunter EXTECH IV X 152
4|BR-18 SK Yeo & Hunter EXTECH IV X 342
5|CAR-114 |SK Collier & Urban EXTECH IV X 1224
6|CAR-257 [SK Collier This project 278
7|CAR-301 [SK Yeo & Hunter EXTECH IV 460
8|CAR-651 |SK Yeo & Hunter EXTECH IV 205
9|CLU1-78 |SK Collier This project 86

10/CLU18-79 [SK Collier This project X 218
11|CLU9-79 [SK Collier This project X 114
12|CSP-6-1  |SK Collier This project X 374
13DGS-04 [SK Yeo & Hunter EXTECH IV 1101
14|DGS-07 [SK Collier & Urban EXTECH IV X 746
15|ERC-1 SK Collier & Shumay EXTECH IV X 797
16|ERC-4  [SK Yeo & Hunter EXTECH IV X 752
17|[FC-005 |AB Ramaekers & Jefferson |[EXTECH IV X 823
18|FC-007 |AB Collier This project 1255
19FC-008 |AB Collier This project 1161
20[FC-009 |AB Ramaekers EXTECH IV 360
21|FC-014 |AB Collier This project 242
22|FC-015 |AB Collier This project X 220
23|FC-016  |AB Collier This project 184
24|FC-017  |AB Collier This project 228
25|[FC-027 |AB Collier This project X 267
26|[FC-028 |AB Collier This project 307
27|FC-029 |AB Collier This project 206
28FC-030 |AB Collier This project X 259
29FC-031 |AB Collier This project X 81

30[FC-032 |AB Collier This project X 99

31|FC-034 |AB Collier This project 18
32|FC-035 |AB Collier This project X 132
33|FC-036 |AB Collier This project X 52

34|FC-037 |AB Collier This project 174
35[FC-038 |AB Collier This project X 35

36/FC-039 |AB Collier This project X 173
37|FC-041 |AB Collier This project X 88

38|FC-043 |AB Collier This project X 148
39IFC-044 |AB Collier This project X 85

40|FC-045 |AB Collier This project X 109
41|FC-046 |AB Collier This project X 12
42|FC-047 |AB Collier This project X 88

43|FC-048 |AB Collier This project X 136
44|FC-052 |AB Collier EXTECH IV 245
45FC-056 |AB Collier This project X 35

46|FC-064 |AB Collier This project X 21

47|FC-071  |AB Collier This project X 206
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Prov.

Logged by

project

Drilled to

Depth to EOH or basement (m)

basement

48 FC-072 AB Collier This project X 193
49 FC-075 AB Collier This project X 154
50 HAR-04 SK Collier This project X 274
51 HK-12 Sk Yeo & Hunter EXTECH IV X 571
52 MR-02 AB Collier This project X 79
53 MR-03 AB Collier This project X 88
54 MR-04 AB Collier This project X 121
55 MR-05 AB Collier This project X 84
56 MR-06 AB Collier This project X 57
57 MR-07 AB Post EXTECH IV X 100
58 MR-10 AB Post EXTECH IV X 150
59 MR-12 AB Post EXTECH IV X 16
60 MR-13 AB Collier This project X 80
61 MR-14 AB Collier This project X 102
62 MR-15 AB Collier This project X 56
63 MR-17 AB Collier This project X 76
64 MR-18 AB Collier This project X 79
65 MR-20 AB Collier This project X 177
66 MR-34 AB Kupsch EXTECH IV X 202
67 MR-35 AB Collier EXTECH IV X 239
68 MR-36 AB Post EXTECH IV X 279
69 MR-37 AB Post EXTECH IV X 308
70 MR-64 AB Post EXTECH IV X 18
71 MR-65 AB Collier This project X 425
72 MR-66 AB Collier EXTECH IV X 375
73 MR-68 AB Collier This project X 380
74 MR-69 AB Collier This project X 417
75 MR-70 AB Post EXTECH IV X 339
76 MR-74x AB Collier This project X 104
77 MR-76 AB Post EXTECH IV X 71
78 MR-78 AB Collier This project X 60
79 MR-79 AB Collier This project X 183
80 MR-81 AB Post EXTECH IV X 174
81 MR-83 AB Collier This project X 126
82 MR-84 AB Post EXTECH IV X 338
83 MT-01 AB Collier & Ickert This project X 328
84 MT-02 AB Collier & Ickert This project X 230
85 SHE-1B SK Yeo & Hunter EXTECH IV X 406
86 SHE-6 SK Collier & Kline EXTECH IV X 693
87 SHE-22 SK Collier & Shumay EXTECH IV X 741
88 SHE-45 SK Shumay EXTECH IV X 735
89 SYL-1 SK Yeo & Hunter EXTECH IV X 726

Total section: EXTECH IV: 14609

This project: 11666

26275
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basins. Sloss (1963) first introduced the concept that sea-level changes directly influenced stratigraphy
by matching large-scale transgressive-regressive events across the North American Craton. Mitchum et
al. (1977) later defined a sequence as “...a relatively conformable, genetically related succession of strata
bound by unconformities or their correlative conformities”. The building blocks of sequences are called
systems tracts, which are characteristic stratigraphic responses to changes in rates of accommodation. In
the marine environment, lithological changes are influenced by changes in the position of the coastline
and are therefore related to relative sea level.

Although there have been fewer applications of sequence stratigraphy to nonmarine systems, they have
been widely discussed (Posamentier et al., 1988; Posamentier and Vail, 1988; Shanley and McCabe,
1994; Miall, 1997). In such cases, the farther the basin is from the ocean, the less effect relative sea level
or base level has on sedimentation (i.e., influence on river grade). In such cases, stratigraphic responses
to the dynamics of the basin can be referenced solely by changes in the creation or destruction of
accommodation space. Such changes are affected by the interrelation of many variables, such as eustatic
sea level, regional tectonism and subsidence. In addition to these, sediment flux, paleogeography and
climate also affect sedimentary patterns.

Traditionally, Precambrian basins have been mapped using principles of lithostratigraphy, given the
relative homogeneity of the infill and the limited exposure within many of these basins. More recently,
sequence stratigraphy has been used to revolutionize the understanding of Precambrian deposits (e.g.,
Krapez, 1996, 1997; Rainbird et al., 2003a). Krapez (1997) stated that “although lithostratigraphy
provides a descriptive framework for terrain-scale geology, the technique is not genetically based, that is
stratigraphic divisions are not tied to the depositional [and] tectonic meaning of the rocks”. Throughout
the Earth’s history, there is no evidence for changes in the manner in which basins develop and evolve;
sequence-stratigraphic principles should therefore apply to the Precambrian as well.

Similar to Phanerozoic models, Krapez (1996) suggested that sequences should be assigned in a
hierarchical order, emphasizing their duration and genetic meaning: First-order sequences are linked to
supercontinental cycles, which have an estimated periodicity of 183—364 m.y. Second-order sequences
are defined as reflecting individual depositional basins or their tectonic stages, with a time span of 22—45
m.y. Third-order sequences represent basin-filling rhythms; these are highly influenced by regional-scale
tectonics and interplate stresses, with periods of 1-11 m.y. Climate is thought to strongly influence higher
order sequences (e.g., fourth-order, fifth-order, etc.). These age ranges should be used with caution, as
there is little geochronological evidence at present to support them.

5.2 Athabasca Basin

The fill of the Athabasca Basin consists of predominantly braided fluvial deposits (Ramaekers, 2004).
Because Precambrian systems were barren of vegetation, the closest modern analogues are dry-land
rivers. In these systems, flow competency and stream energy dissipate downstream as a result of water
infiltration into the underlying unconsolidated alluvium (Tooth, 2000).

The seeming overall homogeneity of the Athabasca Group and the general character of Precambrian
rivers make sequence boundaries difficult to recognize in drillcore. Therefore, in this study, the term
‘unconformity’ is only used where an unconformable boundary has been directly and unequivocally
observed in drillcore. Unconformities, though rarely observed, are usually recognized by massive
basal gravel lags between formational-scale sequences (Figure 2). These lags are often associated with
mudstone and clay-intraclast horizons, which may make feasible sequence stratigraphic picks where
gravel lags are absent. The term ‘conformity’ is used where boundaries between discrete lithological
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Figure 2. Massive conglomerate lag above the unconformity between the Upper Manitou Falls and Lower Wolverine
Point sequences, at a depth of 186 m in drillcore FC-052, east of Maybelle River; lag is 15 cm thick; arrow indicates
stratigraphic younging direction.

units have been picked on lithologs, even though an unconformity may have gone unrecognized.

A combination of maximum grain size, mean grain size and coarse material (granules-pebbles and
conglomerate) is used to infer these sequence boundaries. Grain-size trends appear to work best for
estimating the location of sequence boundaries, as they are closely associated with unconformities where
identified and are widely recognized across the western Athabasca Basin.

Each sequence is described in terms of up to three systems tracts, as outlined in Table 3. It is important
to note that the nomenclature for systems tracts has been defined for marine-influenced systems,

related to changes in relative sea level (e.g., Posamentier and Vail, 1988; Catuneanu, 2002). These

terms should therefore be redefined for cratonic basins, such as the Athabasca Basin, where there is

no evidence of marine influence on the succession, with the exception of the uppermost Douglas and
Carswell formations. Relative sea-level change is ultimately driven by changes in the rates of creation
or destruction of accommodation space. Just like marine-influenced systems, nonmarine systems
should have similar characteristic stratigraphic responses to changes in accommodation rates. A revised
nomenclature has not been proposed, as it would only add more jargon to an already complex field in
which there is no standardization imposed by the North American Code of Stratigraphic Nomenclature.

A complete sequence consists of an initial coarsening-upward lowstand systems tract (LST); a middle,
fining-upward transgressive systems tract (TST); and an upper, slightly coarsening-upward highstand
systems tract (HST). All components are not always present for each sequence, because the LSTs appear
to be confined to the centre of depositional troughs and the HSTs may have low preservation potential

in the nonmarine environment (Miall, 1997). In distal sections (i.e., farther downstream or above
topographic highs), sequences are only identified as fining-upward packages of the TST. Systems tracts
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Table 3. Subsurface expression and genetic meanings of systems tracts for formation-scale sequences in the
southwestern Athabasca Basin.

Stage | Systems Tracts Signature Subsurface Expression Genetic Meaning
Relative low rate of change in accommodation
. Uniform . results in a late normal regression, where the
Highstand systems . Aggradation and . . .
6 to- slightly . locus of sedimentation shifts downstream (low
tract (HST) . progradation ) L AN
coarsening preservation potential); only identified in the
Upper Wolverine Point Sequence
Overlies the thick
. _— mudstone unit (Upper Surface at which the change in rate of
Discontinuities : . o .
. . . Wolverine Point accommodation is once again overtaken
Maximum flooding | and correlative . . PN
5 . Sequence), separates by sediment influx (late-stage basin-filling);
surface (MFS) in-tract . e . .
" retrograding strata from only identified in the Upper Wolverine Point
conformities : .
aggrading/prograding Sequence
strata
Transgressive Fining-upward ! Relative high change in rate of accommodation
4 systems tract and/or no Retrogradation shifts the locus of deposition upstream
(TST) trends P P
Underlies clay clasts
Maximum D|scont|nU|t|.es and granule horizons, Surface at which the change in rate of
. and correlative | overlies mudstone and/or , .
3 regressive surface | . . accommodation overtakes rates of sediment
in-tract separates prograding .
(MRS) . ; influx
conformities strata from retrograding
strata
Lowstand svstems | Coarsenin- Normal regression may occur in place of, or
2 y g Progradation after, forced regression and shifts the locus of
tract (LST) upward . .
sedimentation downstream
. Underlies massive Low rates of accommodation or uplift creates a
Unconformity . . o
Sequence . basal conglomerate subaerial unconformity (forced regression); in
1 or correlative . .
boundary . and/or separates over-all | more distal reaches of the fluvial system, these
conformity - . . "
upward-fining sequences | may be linked to correlative conformities

(Figure 3) are separated by minor disconformities and/or conformities, referred to as the maximum
regression surface and the maximum flooding surface (e.g., Catuneanu, 2002). In the Athabasca Group,
these commonly overlie mudstone and/or underlie clay rip-up and one-clast-thick granule-pebble
horizons.

5.3 Facies Associations

Distinctive sets of facies associations are linked to each stratigraphic sequence in the western Athabasca
Basin. Although lithofacies are not necessarily genetically based, they are usually laterally extensive

and provide the framework for regional-scale correlations. As such, the sequences of this study, although
defined by sequence boundaries and systems tracts, are described in terms of lithofacies and their
changes throughout the southwestern Athabasca Basin. This provides a valuable link to the previously
defined lithostratigraphy of Ramaekers (2004). As more information becomes available for the Athabasca
Basin, more refined in-tract stratigraphic divisions could be implemented.

Twenty-eight facies associations are defined in this paper. These are briefly described throughout each
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Figure 3. Systems tracts for sequences in the southwestern Athabasca Basin. The basal lowstand systems tract (LST) generally
coarsens upward to represent early progradation while relative changes in rate of accommodation are low. The overlying
transgressive systems tract (TST) is a fining-upward succession that represents retrogradation while relative changes in rate

of accommodation are high. The highstand systems tract (HST) is rarely preserved, but generally coarsens to represent a
late-stage basin-filling package that occurs when relative changes in rate of accommodation are overtaken by sediment influx.
Systems tracts are separated by in-tract conformities. The maximum regressive surface (MRS) separates the LST and TST. The
maximum flooding surface separates the TST and HST.

stratigraphic sequence and are summarized in Table 4. Note that although similar facies associations
may occur throughout different sequences, they have been described and labelled separately for each
sequence.

The sedimentary rocks that directly overlie the basement, contain a variety of lithologies, none of which
can be traced with confidence between drillcores. These lithological changes are probably linked to

local paleotopography. In some cases, it is convenient to force correlation between basal units because
they share common characteristics (e.g., conglomerate, red mudstone layers). As a result, in this study,
these are considered to be part of the overlying sequence because they probably represent partial, if not
complete reworking of basement and/or earlier sedimentary deposits during initial stages of the sequence.

5.4 Stratigraphic Sequences

Seven formational-scale sequences (Table 4) were identified during this study. These sequences are
interpreted as basin-filling rhythms or third-order sequences (Krapez, 1996, 1997). Such sequences
are strongly influenced by intraplate stresses and basin-scale tectonics (Krapez, 1997). Depositional-
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Table 4. Facies associations and their relationships to the stratigraphic sequences of this study.

Stratigraphic Sequence Facies Association | Brief Lithological Description
FA7-3 Clean fine-grained sandstone
Locker Lake-Otherside FA7-2 Granule-bearing medium-grained sandstone
FAT7-1 Pebbly medium-grained sandstone with minor conglomerate
FA6-5 Clay-rich medium-grained sandstone
FA6-4 Mudstone (abundant sandstone)
Upper Wolverine Point FA6-3 Fine-grained sandstone (abundant mudstone)
FA6-2 Fine-grained sandstone (little or no mudstone)
FA 6-1 Granule- or pebble-bearing medium-grained sandstone
FA-5-5 Clay intraclast-rich medium-grained sandstone
FA-5-4 Granule-rich medium-grained sandstone
Lower Wolverine Point FA5-3 Fine to medium-grained sandstone (little or no mudstone)
FA5-2 Fine to medium-grained sandstone (common mudstone)
FA 5-1 Pebbly medium-grained sandstone
FA4-5 Clay intraclast-rich (1%) fine to medium-grained sandstone
FA4-4 Clean medium-grained sandstone (frequent clay clasts)
_ FA4-3 Clean medium-grained sandstone (few or no clay clasts)
Upper Manitou Falls - - -
FA4-2 Granule/pebble-bearing medium-grained sandstone
FA4-1 Conglomeratic medium-grained sandstone
FA4-0 Basal rock types (above basement)
FA3-2 Clean medium-grained sandstone (few or no clay clasts)
Lower Manitou Falls FA 3-1 Pebbly to conglomeratic medium-grained sandstone
FA 3-0 Basal rock types (above basement)
FA2-2 Low-angle crossbedded sandstone
Shea Creek FA 2-1 Trough crossbedded sandstone
FA2-0 Basal rock types (above basement)
FA1-2 Pebbly medium to coarse-grainedsandstone
Fair Point FA 11 Conglomeratic coarse sandstone and conglomerate
FA1-0 Basal rock types (above basement)

trough development due to movements along interbasin fault zones seems to be a major factor for
lithostratigraphic variation within the sequences, as the orientation of depositional troughs seems to
parallel that of fault zones (as interpreted from Ramaekers, 2004). This indicates that regional tectonics
played a major role in sedimentation. Nevertheless, changes in sequence thickness are usually slight from
trough to limb, suggesting that the main control on accommodation rate within the Athabasca Basin

was regional subsidence and/or other external controls, which are poorly understood at this time. The
distributions of the third-order sequences in this study are largely tied into the structural interpretations
of Ramaekers (2004), which are shown in Figure 4. These interpretations should be considered as
preliminary as the AGS is currently assembling data that may result in significant revisions to this
structural map in the future (D. Pana and R.A. Olson, pers. comm.).
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Included in the appendices are a table of sequence-top depths and thicknesses (Appendix 1), metre-
by-metre lithologs for the eighty-nine drillcores (Appendix 2) and isopach maps for all the sequences
(Appendix 3). The facies associations and stratigraphic sequences are indicated on each litholog. In the
text, sequence thicknesses are only considered from cores where the measured sequence is preserved
below other Athabasca Group sequences and not where they have been eroded at the subcrop surface.
The revised subcrop map for the Alberta and western Saskatchewan portion of the Athabasca Basin
(Figure 5) is based on the results of this core study, as well as outcrop maps of Ramaekers (1990, 2004).
Cross-sections for stratigraphic fences on Figure 5 are shown on Figure 6. Log correlations between
individual drillcores along these fences are shown on Figures 7 and 8. A detailed description for each
sequence follows. Note that all references to mapped and inferred faults are from Ramaekers (2004).

5.4.1 Fair Point Sequence

The Fair Point Sequence is the oldest succession in the Athabasca Basin. It is distinguished from the
overlying sequences by its ‘coarser’ sand grade, very abundant interstitial clay, unique lithic clasts and
poorly defined sedimentary structures. Its basal facies association (FA 1-0) varies in thickness from 0
to 30 m. It comprises medium- to coarse-grained sandstone with localized basal lag conglomerate and
red mudstone interbeds. This is often overlain by conglomeratic sandstone (FA 1-1) that in places is

up to several hundred metres thick (e.g., in drillcores FC-005 and FC-007). However, some drillcores
completely lack conglomerate (e.g., in drillcore FC-009). The most characteristic lithofacies is pebbly
sandstone (FA 1-2), which is most common toward the top of the sequence. A thin, dense, massive, red
hematized argillite (e.g., in drillcores FC-071 and MR-69) locally marks the top of the sequence and is
interpreted as a saprolite; it contains horizons of oncolites, first recognized in Alberta by Ickert (2003)
that are similar to those found in Saskatchewan by Yeo et al. (2001). Paleocurrents from scarce outcrops
of the Fair Point Sequence indicate drainage to the northwest (Ramaekers, 2004).

The northwestern margin of the Athabasca Basin in Alberta subcrops as the Fair Point Sequence. It

thins in the southern basin over the Bartlett High (Figure 4). Along the Maybelle River and Net Lake
trends, it pinches out to the south over the Taltson granitoid basement high. The Fair Point Sequence
generally thickens toward and into Saskatchewan (e.g., in drillcores FC-007, SYL-1), suggesting that it is
widespread north of the Carswell Structure. The southeastern margin appears to be truncated, in part, by
the Beatty Trough (e.g., in drillcore SYL-1). The presence of basal Fair Point rocks in the Douglas River
and Shea Creek area suggests that outliers of the Fair Point Sequence may also occupy local basement
topographic lows within the Beatty Trough. The Fair Point Sequence reaches a maximum thickness of
300 m in Alberta (in drillcore FC-007), just south of Lake Athabasca

5.4.2 Shea Creek Sequence

The Shea Creek Sequence has been described by Ramaekers (2004) as a variation of part of the Manitou
Falls ‘c’ member, called MFc” (i.e., MFc double prime). Nevertheless, it is geologically divisible from the
rest of the overlying Manitou Falls on the basis of grain-size and sedimentary structures (Collier, 2002).
The Shea Creek Sequence overlies the Fair Point Sequence west of the Carswell Structure (in drillcore
SYL-1). Elsewhere, it directly overlies basement in the Beatty Trough. As opposed to the overlying
rippled and compound bedforms of the Manitou Falls, the Shea Creek has units that are dominated by
simple trough crossbeds and low-angle crossbeds. The basal facies association (FA 2-0) locally comprises
a thin lag of pebble-bearing sandstone with subordinate conglomerate. Like all basal facies associations,
these may contain red mudstone interbeds. This basal unit is usually overlain by simple trough-
crossbedded sandstone (FA 2-1). Low-angle crossbedded sandstone (FA 2-2) dominates toward the top of
the sequence. Paleocurrent directions, measured in inclined drillcores at Shea Creek, indicate an easterly
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