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1 Introduction

Oil sands (also called ‘tar sands’) are found in about 70 countries, from Venezuela and Trinidad/Tobago 
in the Caribbean to as far north as Russia. By far, the main deposits are hosted within Cretaceous rocks 
of Venezuela and Canada, and among these the largest is the Athabasca Oil Sands of northeast Alberta 
(Figure 1). Oil sands consist of bitumen (soluble organic matter, solid at room temperature) and host 
sediment, with associated minerals, and excluding any related natural gas. The crude bitumen within the 
sands is a naturally occurring viscous mixture of hydrocarbons (generally heavier than pentane), often 
�Z�L�W�K���V�X�O�S�K�X�U���F�R�P�S�R�X�Q�G�V�����W�K�D�W���Z�L�O�O���Q�R�W���À�R�Z���W�R���D���Z�H�O�O�E�R�U�H���L�Q���L�W�V���Q�D�W�X�U�D�O���V�W�D�W�H�����8�S�R�Q���K�H�D�W�L�Q�J�����W�K�H���E�L�W�X�P�H�Q��
�Z�L�O�O���À�R�Z�����D�Q�G���R�Q���D���K�R�W���V�X�P�P�H�U�¶�V���G�D�\���E�L�W�X�P�H�Q���R�R�]�H�V���I�U�R�P���W�K�H���R�X�W�F�U�R�S�V���D�O�R�Q�J���W�K�H���U�L�Y�H�U���Y�D�O�O�H�\�V���L�Q���Q�R�U�W�K�H�D�V�W��
Alberta. 

Since the 1990s, bitumen has evolved as a major source of energy in Canada (Lee, 2006), largely a result 
of three major factors: 
1)  in situ technologies, such as Steam Assisted Gravity Drainage (SAGD) and Cyclic Steam Stimulation 

���&�6�6�����K�D�Y�H���E�H�F�R�P�H���X�V�H�G���L�Q���F�R�P�P�H�U�F�L�D�O���¿�H�O�G���V�F�D�O�H���R�S�H�U�D�W�L�R�Q�V����

2) in Alberta, crude bitumen production has exceeded conventional crude oil production; and 

3) bitumen from Canada is considered an integral part of the world’s oil reserves (Lee, in press; 
U.S.G.S., 2000). 

�,�Q���&�D�Q�D�G�D�����W�K�H���R�L�O���V�D�Q�G�V���R�F�F�X�U���L�Q���&�U�H�W�D�F�H�R�X�V���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���G�H�S�R�V�L�W�V���R�I���Q�R�U�W�K�H�D�V�W�H�U�Q���$�O�E�H�U�W�D�����F�R�Y�H�U�L�Q�J��
an area >140,000 km2 (Figure 1B). Bitumen is also found in Devonian carbonates (most notably within 
the Grosmont Formation) but, this bitumen has not been commercially produced (Harrison, 1987; 
Theriault, 1988; Dembicki and Machel, 1996; Rice et al., 2003; Buschkuehle, 2003; Buschkuehle and 
Grobe, 2004).

In 2003, Alberta’s reserves estimates of remaining established reserves was 174.5 billion barrels 
(Gb)1, comparable with the oil reserves of Saudi Arabia. In 2001, Alberta’s production of raw bitumen 
and synthetic crude oil (SCO) exceeded conventional crude oil, accounting for 53% of Alberta’s oil 
production. This trend is expected to increase to about 80% of Alberta’s oil production by 20131 (Figure 
2).

Development of the Canadian oil sands industry has a history of more than 90 years. In 1913, Sidney Ells 
�R�U�J�D�Q�L�]�H�G���W�K�H���¿�U�V�W���¿�H�O�G���S�D�U�W�L�H�V���W�R���Z�R�U�N���R�Q���W�K�H���R�L�O���V�D�Q�G�V�����K�D�X�O�L�Q�J���R�Y�H�U�������W�R�Q�V���R�I���R�L�O���V�D�Q�G�V���E�\���V�F�R�Z�V���X�S���W�K�H��
Athabasca River valley (see cover; Appendix 1). Today, near Fort McMurray, oil sands are recovered in 
open-pit mines by truck-and-shovel operations, in which the world’s largest Caterpillar 797 and 797B 
trucks have payloads of 380 tons. Oil sand is transported to processing plants, where hot or warm water 
separates the bitumen from the sand, followed by dilution with lighter hydrocarbons and upgrading to 
synthetic crude oil (SCO) — a mixture of pentanes and heavier hydrocarbons. About 20% of the oil 
sands reserves in Alberta are recoverable by surface mining; in situ technologies need to be used for the 
remaining 80% of the oil sands that are buried at depth (> 75 m).

1 Alberta Energy and Utilities Board, Alberta’s Reserves 2003 and Supply/Demand Outlook 2004-2013, 
Statistical Series (ST) 2004-98.
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�)�L�J�X�U�H���������/�R�F�D�W�L�R�Q���R�I���W�K�H���$�W�K�D�E�D�V�F�D�����&�R�O�G���/�D�N�H���D�Q�G���3�H�D�F�H���5�L�Y�H�U���R�L�O���V�D�Q�G�V���L�Q���$�O�E�H�U�W�D���Z�L�W�K���$�����U�H�J�X�O�D�W�R�U�\���E�R�X�Q�G�D�U�L�H�V���D�Q�G���%�����V�X�U�¿�F�L�D�O���H�[�S�U�H�V�V�L�R�Q���R�I���W�K�H���G�H�S�R�V�L�W���E�R�X�Q�G�D�U�L�H�V��
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�)�L�J�X�U�H���������$�O�E�H�U�W�D�¶�V���W�R�W�D�O���R�L�O���V�X�S�S�O�\�����S�U�R�M�H�F�W�H�G���D�Q�G���I�R�U�H�F�D�V�W���I�U�R�P�������������W�R���������������V�K�R�Z�L�Q�J���U�H�O�D�W�L�Y�H���D�P�R�X�Q�W�V���G�H�U�L�Y�H�G���I�U�R�P���F�R�Q�Y�H�Q�W�L�R�Q�D�O���R�L�O�����O�L�J�K�W���P�H�G�L�X�P�������K�H�D�Y�\���R�L�O�����K�H�D�Y�\�������H�[�W�U�D��
�K�H�D�Y�\���R�L�O�����3�H�Q�W�D�Q�H�V���3�O�X�V�������V�\�Q�W�K�H�W�L�F���F�U�X�G�H���R�L�O�����6�&�2�����D�Q�G���Q�R�Q�X�S�J�U�D�G�H�G���E�L�W�X�P�H�Q�����I�U�R�P���$�O�E�H�U�W�D���(�Q�H�U�J�\���D�Q�G���8�W�L�O�L�W�L�H�V���%�R�D�U�G����������������
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�)�L�J�X�U�H���������'�L�D�J�U�D�P�P�D�W�L�F���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���E�L�W�X�P�H�Q���H�[�W�U�D�F�W�L�R�Q���X�V�L�Q�J�����$�����&�\�F�O�L�F���6�W�H�D�P���6�W�L�P�X�O�D�W�L�R�Q�����&�6�6�����D�W���W�K�H���&�R�O�G���/�D�N�H���S�O�D�Q�W�����%�����6�W�H�D�P���$�V�V�L�V�W�H�G���*�U�D�Y�L�W�\���'�U�D�L�Q�D�J�H�����6�$�*�'�����D�W���W�K�H��
�'�R�Y�H�U���8�Q�G�H�U�J�U�R�X�Q�G���7�H�V�W���)�D�F�L�O�L�W�\�����8�7�)����
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�7�K�H���R�L�O���V�D�Q�G�V���R�I���$�O�E�H�U�W�D���D�U�H���X�Q�F�R�Q�V�R�O�L�G�D�W�H�G�����K�H�O�G���W�R�J�H�W�K�H�U���E�\���W�K�H���S�R�U�H���¿�O�O�L�Q�J���E�L�W�X�P�H�Q�����7�K�H���E�L�W�X�P�H�Q���L�V���D��
natural, tar-like mixture of hydrocarbons, that when heated has a consistency of molasses. In its natural 
state, bitumen (density range of 8o to 12o API; at room temperature viscosity > 50 000 centipoises) will 
�Q�R�W���À�R�Z���W�R���D���Z�H�O�O�E�R�U�H�����,�Q���$�O�E�H�U�W�D�����R�W�K�H�U���K�H�D�Y�\���R�L�O���L�Q���V�D�Q�G���L�V���D�O�V�R���F�R�Q�V�L�G�H�U�H�G���µ�R�L�O���V�D�Q�G�V�¶���L�I���Z�L�W�K�L�Q���W�K�H��
�R�L�O���V�D�Q�G���D�S�S�O�L�F�D�W�L�R�Q���D�U�H�D�V�����)�L�J�X�U�H�����$�������+�R�Z�H�Y�H�U�����E�H�F�D�X�V�H���W�K�H���S�R�U�H���À�X�L�G���L�V���K�H�D�Y�\���R�L�O���D�Q�G���Z�L�O�O���À�R�Z���W�R���D��
well, these deposits are referred to as ‘primary in situ crude bitumen.’ The major challenge of recovering 
�E�L�W�X�P�H�Q���I�U�R�P���G�H�S�W�K���L�V���W�R���R�Y�H�U�F�R�P�H���L�W�V���K�L�J�K���Y�L�V�F�R�V�L�W�\���W�R���D�O�O�R�Z���L�W���W�R���À�R�Z���W�R���W�K�H���Z�H�O�O�E�R�U�H�����7�R���G�R���W�K�L�V����
thermal (or other non-primary) in situ methods are used, most commonly Cyclic Steam Stimulation 
(CSS) and Steam Assisted Gravity Drainage (SAGD) (Figure 3). 

Canada’s largest in situ bitumen recovery project uses CSS at Cold Lake. Steam injected down the 
wellbore into the reservoir heats the bitumen, followed by a soak time, and then the same wellbore is 
�X�V�H�G���W�R���S�X�P�S���X�S���À�X�L�G�V�����)�L�J�X�U�H�����$�������$�W���&�R�O�G���/�D�N�H�����D�E�R�X�W�������������Z�H�O�O�V���D�U�H���F�X�U�U�H�Q�W�O�\���R�S�H�U�D�W�L�Q�J���I�U�R�P���P�X�O�W�L�S�O�H��
�S�D�G�V�����Z�L�W�K���W�Z�R���D�E�R�Y�H���J�U�R�X�Q�G���S�L�S�H�O�L�Q�H�V�����R�Q�H���W�R���G�H�O�L�Y�H�U���V�W�H�D�P���D�Q�G���W�K�H���R�W�K�H�U���W�R���W�U�D�Q�V�S�R�U�W���À�X�L�G�V���E�D�F�N���W�R���W�K�H��
processing plant. At Athabasca, the SAGD technology is used. Horizontal well pairs (700 m long with 5 
m vertical separation) are drilled from surface pads to intersect bitumen pay (Figure 3B). Steam from the 
�X�S�S�H�U���L�Q�M�H�F�W�R�U���Z�H�O�O���H�[�S�D�Q�G�V�����U�H�G�X�F�L�Q�J���W�K�H���Y�L�V�F�R�V�L�W�\���R�I���W�K�H���E�L�W�X�P�H�Q�����D�O�O�R�Z�L�Q�J���W�K�H���E�L�W�X�P�H�Q���W�R���À�R�Z�����$���V�K�H�O�O��
forms at the cold interface with the unheated reservoir, along which heated bitumen/condensate drain by 
gravity to the lower producing well (Figure 3B). Locally, electrical submersible pumps (ESPs) may assist 
in lift. 

Continuing challenges for economic in situ bitumen recovery involve water and gas requirements for 
steam generation, reclamation and emission controls of greenhouse gases. Generally, it takes 28 m3 
(1000 ft3) of natural gas and from 2.5 to 4 barrels of water to produce one barrel of bitumen. Reclamation 
of mining sites is done to a standard of at least the equivalent of their previous biological productivity. 
Beginning in the mid 1970s, the North American energy crises have made the Canadian oil sands a more 
strategic resource for North American energy needs, accelerating industry’s interest and efforts to tap 
these vast bitumen reserves (Houlihan and Evans, 1988; Sadler and Houlihan, 1998; Polikar et al., 1998; 
Newell, 1999; Meyer and Attanasi, 2003; Dunbar and Chan, 2004; Dunbar et al., 2004; Oommachan, 
2004). 
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2 General Geological Setting 

�0�R�V�W���R�I���W�K�H���E�L�W�X�P�H�Q���U�H�V�R�X�U�F�H�V���L�Q���W�K�H���$�W�K�D�E�D�V�F�D���2�L�O���6�D�Q�G�V���D�U�H�D���D�U�H���Z�L�W�K�L�Q���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O��
point-bar deposits of the Lower Cretaceous McMurray Formation. Locally, especially in the more 
northern outcrops along the Athabasca River, barrier-island, back-bay lagoon and coastal plain 
sediments occur. The McMurray Formation is the lowest part of the Mannville Group in Alberta, where 
it unconformably overlies Devonian carbonates. In the eastern outcrop part of the Athabasca deposit, 
the underlying carbonates are the Christina and Moberly limestones of the Beaverhill Lake Group. 
The Wabiskaw Member of the Clearwater Formation, in turn, unconformably overlies the McMurray 
Formation (Figure 4). 

The McMurray Formation was deposited on an exposed karstic landscape of ridges and valleys with 
local paleosols, and varies in thickness from being absent on some Devonian carbonate paleohighs to 
over 130 m thick in the Bitumont Basin, at the northern end of the outcrop belt (Figure 5). Bitumen 
reservoirs occur in stratigraphic and/or structural traps, in areas susceptible to salt-dissolution tectonics 
associated with removal of salts from the underlying Prairie Evaporite successions. The north trend in the 
McMurray thickness generally correlates with the salt dissolution front (Figure 5, shaded part).

�)�L�J�X�U�H���������6�W�U�D�W�L�J�U�D�S�K�L�F���Q�R�P�H�Q�F�O�D�W�X�U�H���I�R�U���W�K�H���/�R�Z�H�U���&�U�H�W�D�F�H�R�X�V���$�W�K�D�E�D�V�F�D���G�H�S�R�V�L�W��
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�)�L�J�X�U�H���������,�V�R�S�D�F�K���P�D�S���R�I���W�K�H���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q���Z�L�W�K���W�K�H���3�U�D�L�U�L�H���(�Y�D�S�R�U�L�W�H���6�D�O�W���6�F�D�U�S�����V�K�D�G�H�G�������I�U�R�P���7�R�Z�Q�V�K�L�S���������W�R�����������D�Q�G��
�5�D�Q�J�H�������:�H�V�W���R�I���W�K�H�����W�K���0�H�U�L�G�L�D�Q���W�R���5�D�Q�J�H���������:�H�V�W���R�I���W�K�H�����W�K���0�H�U�L�G�L�D�Q�����F�R�Q�W�R�X�U���L�Q�W�H�U�Y�D�O���L�V���������P�H�W�U�H�V�����+�R�U�L�]�R�Q�W�D�O���V�F�D�O�H���E�D�U���L�V��������
�N�L�O�R�P�H�W�U�H�V�����P�R�G�L�¿�H�G���I�U�R�P���+�H�L�Q���H�W���D�O������������������
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North of Fort MacKay, the thickening trend of the Wabiskaw-McMurray succession has an east 
orientation, corresponding to an axial trend of the Bitumont Basin (Figure 5). The Bitumont Basin 
is also largely a salt-withdrawal feature formed prior to and during deposition of the Wabiskaw-
�0�F�0�X�U�U�D�\���V�X�F�F�H�V�V�L�R�Q�����,�Q���W�K�H���:�D�E�L�V�N�D�Z���0�F�0�X�U�U�D�\�����E�L�W�X�P�H�Q���U�H�V�H�U�Y�R�L�U�V���R�F�F�X�U���P�D�L�Q�O�\���Z�L�W�K�L�Q���À�X�Y�L�D�O���R�U��
�À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���D�Q�G���E�D�U���F�R�P�S�O�H�[�H�V�����/�R�F�D�O���Z�D�W�H�U���V�D�Q�G�V���R�F�F�X�U���D�O�R�Q�J���W�K�H���E�D�V�D�O���V�X�E���&�U�H�W�D�F�H�R�X�V��
�X�Q�F�R�Q�I�R�U�P�L�W�\�����R�U���K�L�J�K�H�U���X�S�V�H�F�W�L�R�Q�����R�I�À�D�S�S�L�Q�J���'�H�Y�R�Q�L�D�Q���S�D�O�H�R�K�L�J�K�V���R�U���D�V���S�H�U�F�K�H�G���U�H�V�H�U�Y�R�L�U�V���Z�L�W�K�L�Q��
the Wabiskaw-McMurray. In the upper parts of the Wabiskaw-McMurray succession, gas and water 
reservoirs may be associated with the bitumen (Alberta Energy and Utilities Board, 1998, 2003). 

�$���E�H�G�U�R�F�N���P�D�S���R�I���W�K�H���)�R�U�W���0�F�0�X�U�U�D�\���D�U�H�D���V�K�R�Z�V���W�K�D�W���W�K�H���R�L�O���V�D�Q�G�V���R�X�W�F�U�R�S�V���D�U�H���F�R�Q�¿�Q�H�G���W�R���W�K�H��
Athabasca-Clearwater drainage system (Figures 6 and 7). This outcrop distribution is
related to the Pleistocene geomorphological history of northeastern Alberta and northwestern 
Saskatchewan (Teller and Clayton, 1983; Teller and Thorleifson, 1983; Teller, 1987; Smith and Fisher, 
1993; Fisher and Smith, 1994; Fisher et al., 1995; Leverington and Teller, 2003).

Glacial Lake Agassiz formed by ice damming at the end of the last ice age, as meltwaters from the 
Laurentide ice sheet formed a large interior glacial sea. At its maximum extent (~ 9.9 ka BP) the lake was 
about 440 000 km2, covering most of Manitoba and Saskatchewan, extending eastwards into Ontario, 
with the southern limit in Minnesota and North Dakota. Glacial Lake Agassiz drained to the south 
through the present Minnesota River valley to the Mississippi, eventually to the Gulf of Mexico, to the 
east to the Great Lakes, and to the west-northwest through northwestern Saskatchewan and northeastern 
Alberta (Figure 8). By 10.8 ka BP, the southern outlet of glacial Lake Agassiz was disrupted and by 9.4 
ka B.P. this spillway was abandoned (Fisher, 1993). At ~ 9.9 ka BP, glacial Lake Agassiz broke through 
its margins to the northwest, spilling into the headwaters of the Clearwater River near present Methys 
�3�R�U�W�D�J�H�����&�D�W�D�V�W�U�R�S�K�L�F���À�R�R�G�V���R�U�L�J�L�Q�D�W�H�G���D�W���W�K�H���K�H�D�G���R�I���W�K�H���&�O�H�D�U�Z�D�W�H�U���5�L�Y�H�U�����À�R�Z�H�G���Z�H�V�W�Z�D�U�G���G�R�Z�Q�U�L�Y�H�U��
�W�R���W�K�H���F�R�Q�À�X�H�Q�F�H���Z�L�W�K���W�K�H���$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����3�D�O�H�R�À�R�R�G���À�R�Z�V���W�K�H�Q���Z�H�Q�W���W�R���W�K�H���Q�R�U�W�K���G�R�Z�Q���W�K�H���$�W�K�D�E�D�V�F�D��
�5�L�Y�H�U�����$�O�R�Q�J���W�K�H���Z�D�\�����W�K�H���S�D�O�H�R�À�R�R�G���P�H�O�W�Z�D�W�H�U���J�U�H�D�W�O�\���H�Q�O�D�U�J�H�G���W�K�H���U�L�Y�H�U���Y�D�O�O�H�\�V�����F�U�H�D�W�L�Q�J���P�D�M�R�U��
�V�S�L�O�O�Z�D�\�V���D�Q�G���G�H�S�R�V�L�W�L�Q�J���À�R�R�G���E�R�X�O�G�H�U���J�U�D�Y�H�O�V���D�W���)�R�U�W���0�F�0�X�U�U�D�\�����)�L�V�K�H�U�������������������$�E�R�X�W���������N�P���W�R���W�K�H��
north, near Fort MacKay, an exceptionally large braid-delta and aeolian sand complex formed, called the 
�µ�$�W�K�D�E�D�V�F�D���'�H�O�W�D���¶���D�V���À�R�R�G�Z�D�W�H�U�V���G�H�E�R�X�F�K�H�G���L�Q�W�R���J�O�D�F�L�D�O���/�D�N�H���0�F�&�R�Q�Q�H�O�O�����3�D�O�H�R�À�R�R�G���À�R�Z�V���H�Y�H�Q�W�X�D�O�O�\��
drained northward to the Arctic Ocean via glacial Lake McConnell and the Mackenzie River system 
(Rhine, 1984; Rhine and Smith, 1988; Smith and Fisher, 1993; Lemmen et al., 1994). A number of other 
smaller meltwater channels formed as precursors or tributaries to the main spillways, although these are 
mainly buried today (Andriashek, 2000). These buried meltwater channels incise up to 300 m down into 
bedrock in the subsurface, emplacing Quaternary sands in direct contact with Cretaceous Clearwater 
and underlying McMurray oil sand reservoirs. One of these, the Birch Channel, lies directly south of the 
Underground Test Facility (UTF) site, and the other, Willow Channel, lies between the Dover and Ells 
River, north of the UTF site. 

�0�D�Q�\���R�I���W�K�H���E�X�U�L�H�G���4�X�D�W�H�U�Q�D�U�\���V�D�Q�G���F�K�D�Q�Q�H�O���¿�O�O�V���D�U�H���P�R�G�H�U�Q���D�T�X�L�I�H�U�V���W�R���W�K�H���S�R�W�D�E�O�H���J�U�R�X�Q�G�Z�D�W�H�U���L�Q��
the region. Additionally, Quaternary sand and gravel serve as local sources of aggregate in the Fort 
�0�F�0�X�U�U�D�\���D�U�H�D�����$�O�W�K�R�X�J�K���W�K�H���4�X�D�W�H�U�Q�D�U�\���V�H�F�W�L�R�Q���L�V���Q�R�W���W�K�H���I�R�F�X�V���R�I���W�K�L�V���¿�H�O�G���J�X�L�G�H�����W�K�H�U�H���D�U�H���P�D�Q�\��
outcrops that show a variety of glacial features at the top of the bedrock sections, including glacially 
thrust oil sand bedrock (Amphitheatre Outcrop near Fort MacKay), aeolian loess (Saline Creek and 
�+�D�Q�J�L�Q�J�V�W�R�Q�H���R�X�W�F�U�R�S�V�������J�O�D�F�L�R�À�X�Y�L�D�O���R�X�W�Z�D�V�K���V�D�Q�G�V���D�Q�G���J�U�D�Y�H�O�V�����V�R�P�H���Z�L�W�K���F�O�D�V�W�V���R�I���U�H�V�H�G�L�P�H�Q�W�H�G��
oil sands (Horse River and Dover River), locally convoluted ice-load features (Horse River), and 
glaciolacustrine units (Ells River). Remnants of beach ridges are common around the Thickwood Hills in 
Fort McMurray, and local moraines are preserved north of Fort McMurray near Clarke Creek (Twp 90-
91, Rge. 8-9 W 4th Meridian) and northeast of the Steepbank River, Twp 91-95, Rge 7-9 W 4th Meridian) 
(Carrigy and Kramers, 1973).
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�)�L�J�X�U�H���������%�H�G�U�R�F�N���P�D�S���R�I���Q�R�U�W�K�H�D�V�W�H�U�Q���$�O�E�H�U�W�D�����I�U�R�P���5�L�F�H���D�Q�G���/�R�Q�Q�H�H����������������
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�)�L�J�X�U�H���������0�D�S���V�K�R�Z�L�Q�J���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���P�D�M�R�U���R�X�W�F�U�R�S���V�H�F�W�L�R�Q�V���R�I���W�K�H���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q���D�O�R�Q�J���W�K�H���G�U�D�L�Q�D�J�H���V�\�V�W�H�P���R�I���W�K�H��
�$�W�K�W�D�E�D�V�F�D���D�Q�G���&�O�H�D�U�Z�D�W�H�U���U�L�Y�H�U�V�����I�U�R�P���7�R�Z�Q�V�K�L�S���������W�R���������D�Q�G���5�D�Q�J�H�������:�H�V�W���R�I���W�K�H�����W�K���0�H�U�L�G�L�D�Q���W�R���5�D�Q�J�H���������:�H�V�W���R�I���W�K�H�����W�K��
�0�H�U�L�G�L�D�Q�����+�R�U�L�]�R�Q�W�D�O���V�F�D�O�H���E�D�U���L�V���������N�L�O�R�P�H�W�U�H�V�����I�U�R�P���+�H�L�Q���H�W���D�O������������������
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�)�L�J�X�U�H���������0�D�S���V�K�R�Z�L�Q�J���W�K�H�����������P�L�O�O�L�R�Q���N�P2���W�R�W�D�O���D�U�H�D���W�K�D�W���J�O�D�F�L�D�O���/�D�N�H���$�J�D�V�V�L�]���R�F�F�X�S�L�H�G���R�Y�H�U���L�W�V�������������\�H�D�U���K�L�V�W�R�U�\�����V�K�D�G�H�G�������7�K�H��
�O�D�N�H���J�U�D�G�X�D�O�O�\���V�K�L�I�W�H�G���I�U�R�P���V�R�X�W�K���W�R���Q�R�U�W�K�����I�R�O�O�R�Z�L�Q�J���W�K�H���U�H�W�U�H�D�W�L�Q�J���V�R�X�W�K�H�U�Q���P�D�U�J�L�Q���R�I���W�K�H���/�D�X�U�H�Q�W�L�D�Q���,�F�H���6�K�H�H�W�����Z�L�W�K���W�K�H���H�D�U�O�L�H�V�W��
�O�D�N�H���V�W�D�J�H�V���F�R�Q�¿�Q�H�G���W�R���W�K�H���V�R�X�W�K�H�U�Q�P�R�V�W���S�R�U�W�L�R�Q���R�I���W�K�H���L�Q�G�L�F�D�W�H�G���D�U�H�D���D�Q�G���W�K�H���¿�Q�D�O���V�W�D�J�H�V���R�F�F�X�S�\�L�Q�J���W�K�H���O�R�Z�O�D�Q�G�V���V�R�X�W�K���R�I��
�P�R�G�H�U�Q���+�X�G�V�R�Q���%�D�\�����+�%�������3�U�L�P�D�U�\���U�R�X�W�H�V���R�I���J�H�Q�H�U�D�O���R�Y�H�U�À�R�Z���D�U�H���O�D�E�H�O�O�H�G���D�V���I�R�O�O�R�Z�V�����(�����U�H�J�L�R�Q���R�I���H�D�V�W�H�U�Q���R�X�W�O�H�W���V�\�V�W�H�P�V���W�R���W�K�H��
�6�X�S�H�U�L�R�U���E�D�V�L�Q�����+�%�����J�H�Q�H�U�D�O���R�X�W�E�X�U�V�W���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���¿�Q�D�O���U�H�O�H�D�V�H���R�I���/�D�N�H���$�J�D�V�V�L�]���Z�D�W�H�U�V���L�Q�W�R���W�K�H���7�\�U�U�H�O�O���6�H�D�����P�R�G�H�U�Q���+�X�G�V�R�Q��
�%�D�\�������.�����.�D�P�L�Q�L�V�W�L�N�Z�L�D���U�R�X�W�H���W�R���W�K�H���6�X�S�H�U�L�R�U���E�D�V�L�Q�����.�,�1�����$�Q�J�O�L�H�U�V���D�Q�G���.�L�Q�R�M�H�Y�L�V���R�X�W�O�H�W�V���W�R���W�K�H���6�W�����/�D�Z�U�H�Q�F�H���5�L�Y�H�U���Y�D�O�O�H�\���Y�L�D��
�W�K�H���2�W�W�D�Z�D���5�L�Y�H�U�����1�:�����Q�R�U�W�K�Z�H�V�W�H�U�Q���R�X�W�O�H�W���W�R���W�K�H���$�U�F�W�L�F���2�F�H�D�Q���Y�L�D���W�K�H���&�O�H�D�U�Z�D�W�H�U�����$�W�K�D�E�D�V�F�D���D�Q�G���0�D�F�N�H�Q�]�L�H���U�L�Y�H�U���Y�D�O�O�H�\�V�����6����
�6�R�X�W�K�H�U�Q���R�X�W�O�H�W���W�R���W�K�H���*�X�O�I���R�I���0�H�[�L�F�R���Y�L�D���W�K�H���0�L�Q�Q�H�V�R�W�D���D�Q�G���0�L�V�V�L�V�V�L�S�S�L���U�L�Y�H�U���Y�D�O�O�H�\�V�����I�U�R�P���/�H�Y�H�U�L�Q�J�W�R�Q���D�Q�G���7�H�O�O�H�U����������������

3 Previous Work

An historical overview of the study and development of the oil sands in northeastern Alberta is in 
Appendix 1. Detailed sedimentological and stratigraphic analysis of more than 80 outcrops, ~300 cores 
and over 7000 well logs by the Alberta Energy and Utilities Board/Alberta Geological Survey over 
the previous 7 years allow for a better understanding of the Athabasca Oil Sands deposit. Much of this 
work has relied on facies mapping on a regional scale, facilitated through a multidisciplinary approach 
involving palynological and facies analysis of outcrops and cores, well log analysis, seismic modeling, as 
well as comparisons with modern analogues (Hein et al., 2000, 2001; Hein and Dolby, 2001; Flach and 
Hein, 2001; Langenberg et al., 2002, 2003; Hein and Langenberg, 2003). 

�$���Q�X�P�E�H�U���R�I���¿�H�O�G���J�X�L�G�H�V���K�D�Y�H���E�H�H�Q���Z�U�L�W�W�H�Q���D�E�R�X�W���W�K�H���J�H�R�O�R�J�\���R�I���W�K�H���)�R�U�W���0�F�0�X�U�U�D�\���D�U�H�D�����H�P�S�K�D�V�L�]�L�Q�J��
the oil sands, with the most recent by Hein et al. (2001), Ranger and Gingras (2002) and Paulen et al. 
(2004). Selected applications of outcrop analogues to detailed subsurface reservoir characterization have 
been done at various locations, including the Dover River Project UTF site by Strobl et al. (1997a, b); the 
MacKay–Ells River area by Flach and Hein (2001); and in the Steepbank area by Flach (1977, 1984), Hein 
�D�Q�G���/�D�Q�J�H�Q�E�H�U�J�����������������D�Q�G���/�D�Q�J�H�Q�E�H�U�J���H�W���D�O���������������������������������7�K�H���S�U�H�V�H�Q�W���¿�H�O�G���J�X�L�G�H���U�H�S�U�H�V�H�Q�W�V���D�Q���X�S�G�D�W�H�G��
�D�Q�G���F�R�Q�G�H�Q�V�H�G���Y�H�U�V�L�R�Q���R�I���W�K�H���+�H�L�Q���H�W���D�O�������������������F�R�P�S�U�H�K�H�Q�V�L�Y�H���¿�H�O�G���J�X�L�G�H���W�K�D�W���L�Q�F�R�U�S�R�U�D�W�H�V���D���U�H�Y�L�V�H�G��
�V�W�U�D�W�L�J�U�D�S�K�\���R�I���W�K�H���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q���D�Q�G���D���X�Q�L�¿�H�G���O�L�W�K�R�I�D�F�L�H�V���V�F�K�H�P�H���I�R�U���W�K�H���R�L�O���V�D�Q�G�V����
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4 Stratigraphy 

�7�K�H���0�F�0�X�U�U�D�\���W�\�S�H���V�H�F�W�L�R�Q�����D�V���R�U�L�J�L�Q�D�O�O�\���G�H�¿�Q�H�G���E�\���0�F�/�H�D�U�Q�������������������L�V���D�E�R�X�W�������N�P���Q�R�U�W�K���R�I���)�R�U�W��
McMurray along the east bank of the Athabasca River (01-05-090-09W4). In 1959, Carrigy further 
subdivided the McMurray into three units – Lower, Middle and Upper (Figure 9). Typically in the past, 
�W�K�H���0�F�0�X�U�U�D�\���V�X�F�F�H�V�V�L�R�Q���K�D�V���E�H�H�Q���L�Q�W�H�U�S�U�H�W�H�G���D�V���À�X�Y�L�D�O���I�R�U���W�K�H���O�R�Z�H�U���0�F�0�X�U�U�D�\�����H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���D�Q�G��
point-bar for the middle McMurray, and coastal plain for the upper McMurray. Although this tripartite 
terminology has been applied throughout the surface mineable area of the Athabasca deposit, the 
continued use of this stratigraphic subdivision remains controversial (cf. Hein et al., 2000, 2001; Hein and 
Langenberg, 2003; Ranger and Gingras, 2003). 

The main problem with the tripartite nomenclature is that one person’s ‘lower, middle, upper’ does 
not necessarily represent another person’s ‘lower, middle, upper.’ On a regional scale, most workers 
�F�D�Q���G�L�V�W�L�Q�J�X�L�V�K���W�K�H���W�R�S���R�I���W�K�H���O�R�Z�H�U���À�X�Y�L�D�O���0�F�0�X�U�U�D�\���I�U�R�P���W�K�H���R�Y�H�U�O�\�L�Q�J���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���0�F�0�X�U�U�D�\��
because of changes in lithology and facies. By contrast, there is no uniform distinction in mineralogy, 
lithology, facies or palynology between the middle and upper McMurray. There has been no regional 
work that demonstrates that what is mapped as lower-middle-upper McMurray in one area (i.e., 
Athabasca North) is actually either lithostratigraphically or chronostratigraphically equivalent to what 
has been mapped as lower-middle-upper McMurray in another area (i.e., Athabasca South). In many 
�O�R�F�D�W�L�R�Q�V���R�I���E�R�W�K���W�K�H���V�X�U�I�D�F�H���P�L�Q�H�D�E�O�H���D�Q�G���V�X�E�V�X�U�I�D�F�H���D�U�H�D�V�����O�R�Z�H�U���0�F�0�X�U�U�D�\���À�X�Y�L�D�O���G�H�S�R�V�L�W�V���K�D�Y�H���E�H�H�Q��
reworked into overlying upper McMurray estuarine channel successions or completely removed, such 
that an unconformity is interpreted to be at the top of the lower McMurray (Hein et al., 2000; Appendix 
2). 

Within the Mannville Group, it is common for channels of various ages and from different stratigraphic 
levels to cut down and remove underlying broad scale sedimentary packages. Within the Wabiskaw-
McMurray succession, channels cut down from different levels (compare Figures 9 and 10). This makes 
regional correlation impossible without detailed palynological or other chronostratigraphic work. As 
succinctly stated by Keith et al. (1988, p. 312): “Subdivision into the middle and upper McMurray 
�P�H�P�E�H�U�V���L�V���H�V�S�H�F�L�D�O�O�\���G�L�I�¿�F�X�O�W���Z�K�H�U�H���F�K�D�Q�Q�H�O���V�D�Q�G�V���D�U�H���D�E�V�H�Q�W�����R�I�I���F�K�D�Q�Q�H�O���I�D�F�L�H�V���L�Q���E�R�W�K���P�H�P�E�H�U�V�����R�U��
where channel sands extend to the top of the McMurray Formation (upper member absent). Therefore 
...only the lower portion of the McMurray Formation is differentiated.” This inherent complexity of 
�P�X�O�W�L�S�O�H���L�Q�F�L�V�L�R�Q���D�Q�G���L�Q�¿�O�O���H�Y�H�Q�W�V�����F�R�X�S�O�H�G���Z�L�W�K���W�K�H���G�U�D�P�D�W�L�F���Q�R�U�W�K���W�R���V�R�X�W�K���U�H�G�X�F�W�L�R�Q���L�Q���D�F�F�R�P�P�R�G�D�W�L�R�Q��
space for the Wabiskaw-McMurray succession (Figure 11), indicates that what is called ‘middle’ 
McMurray to the north may not, in fact, be correlatable with what is called ‘middle’ McMurray to the 
south. More likely, there is an upward clinoforming of stratigraphic units from north to south, making 
�V�W�U�L�F�W���µ�O�D�\�H�U���F�D�N�H�¶���F�R�U�U�H�O�D�W�L�R�Q���L�P�S�R�V�V�L�E�O�H�����7�K�H���V�F�K�H�P�D�W�L�F���V�H�F�W�L�R�Q���L�Q���)�L�J�X�U�H���������F�O�H�D�U�O�\���V�K�R�Z�V���L�Q�W�H�U�¿�Q�J�H�U�L�Q�J��
�R�I���Y�D�U�L�R�X�V���À�X�Y�L�D�O�����H�V�W�X�D�U�L�Q�H���D�Q�G���À�X�Y�L�R���O�D�F�X�V�W�U�L�Q�H���V�H�G�L�P�H�Q�W�V���W�R���W�K�H���Q�R�U�W�K�����D�O�R�Q�J���W�K�H���V�R�X�W�K�H�U�Q���P�D�U�J�L�Q���R�I���W�K�H��
�%�L�W�X�P�R�Q�W���%�D�V�L�Q�����6�X�F�K���L�Q�W�H�U�¿�Q�J�H�U�L�Q�J���V�X�J�J�H�V�W�V���W�K�D�W���Z�K�D�W���P�D�\���E�H���P�D�S�S�H�G���D�V���V�H�S�D�U�D�W�H���X�Q�L�W�V���W�R���W�K�H���V�R�X�W�K���D�U�H��
actually parts of the same systems tracts and that it is impossible on any grounds to separate the middle 
and upper McMurray successions.

Although a type section is not designated for the Clearwater Formation, it is clear that where sandy, 
the lower Wabiskaw Member is glauconitic, salt-and-pepper, lithic sand that unconformably overlies 
�W�K�H���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q�����%�D�G�J�O�H�\�������������������,�Q���W�K�H���D�U�H�D���Z�K�H�U�H���W�K�H���:�D�E�L�V�N�D�Z���0�H�P�E�H�U���Z�D�V���¿�U�V�W���Q�D�P�H�G����
Badgley also notes the occurrence of ‘soft black’ and ‘greenish grey shales,’ with interbedded green/grey 
sands and ironstone (siderite) concretions and cemented horizons, particularly toward the base of the 
member. 
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�)�L�J�X�U�H���������0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q���V�F�K�H�P�D�W�L�F���V�W�U�D�W�L�J�U�D�S�K�\�����/�H�D�V�H�����������L�Q���W�K�H���(�O�O�V���5�L�Y�H�U�²�-�R�V�O�\�Q���&�U�H�H�N���D�U�H�D�����Q�R�U�W�K���R�I���)�R�U�W���0�D�F�.�D�\�����I�U�R�P���)�O�D�F�K���D�Q�G���+�H�L�Q�����������������S�X�E�O�L�V�K�H�G���L�Q���+�H�L�Q���D�Q�G��
�/�D�Q�J�H�Q�E�H�U�J����������������
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�)�L�J�X�U�H�����������6�W�U�D�W�L�J�U�D�S�K�L�F���P�R�G�H�O���I�R�U���W�K�H���$�W�K�D�E�D�V�F�D���:�D�E�L�V�N�D�Z�±�0�F�0�X�U�U�D�\���G�H�S�R�V�L�W�����I�U�R�P���$�O�E�H�U�W�D���(�Q�H�U�J�\���D�Q�G���8�W�L�O�L�W�L�H�V���%�R�D�U�G����������������

�)�L�J�X�U�H�����������6�F�K�H�P�D�W�L�F���U�H�J�L�R�Q�D�O���Q�R�U�W�K���V�R�X�W�K���V�H�F�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q���V�K�R�Z�L�Q�J���U�D�S�L�G���W�K�L�Q�Q�L�Q�J���D�O�R�Q�J���Z�L�W�K���D���U�D�S�L�G��
�U�H�G�X�F�W�L�R�Q���L�Q���D�F�F�R�P�P�R�G�D�W�L�R�Q���V�S�D�F�H�����I�U�R�P���+�H�L�Q���H�W���D�O������������������
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In application of Badgley’s lithological distinction between the McMurray and Wabiskaw, later workers, 
including Carrigy (1963) and Wightman et al. (1995), cite an occurrence of a ‘steel-gray’ or ‘blue steel 
gray’ shale as typical of the lowest Wabiskaw D shales. The Wabiskaw D is a true shale that exhibits 
�S�U�R�P�L�Q�H�Q�W���¿�V�V�L�O�L�W�\�����O�D�F�N�V���D���V�D�Q�G���D�Q�G���V�L�O�W���F�R�P�S�R�Q�H�Q�W�����P�R�U�H���W�\�S�L�F�D�O���R�I���0�F�0�X�U�U�D�\���P�X�G�V�W�R�Q�H�������D�Q�G���J�H�Q�H�U�D�O�O�\��
lacks trace fossils, but where present are a different assemblage than the underlying McMurray 
���:�L�J�K�W�P�D�Q���H�W���D�O���������������������%�D�V�H�G���R�Q���S�D�O�\�Q�R�O�R�J�\�����W�K�H���:�D�E�L�V�N�D�Z���' ���V�K�D�O�H�V���V�K�R�Z���D���W�U�X�H���P�D�U�L�Q�H���D�I�¿�Q�L�W�\����
compared with McMurray mudstone that is wholly brackish and within a different time zone (Upper 
McMurray is Aptian, whereas Wabiskaw D is Early Albian, cf. Dolby in Hein et al., 2001; Hein and 
Dolby, 2001). In core, fracture patterns are distinctly different – McMurray mudstones have a hexagonal 
fracture pattern, compared with Wabiskaw D shale that has a thin, bedding parallel, marked platy 
fracture pattern. In addition to mudstone/shale differences between Wabiskaw and McMurray, the sands 
are also lithologically distinct, in cases where the basal Wabiskaw D is not reworked upper McMurray. 
The Upper McMurray is a tan, micaceous quartz sand, with interbedded, tan sandy-silty bioturbated 
�P�X�G�V�W�R�Q�H�����Z�K�H�U�H�D�V���V�D�Q�G�V���Z�L�W�K�L�Q���W�K�H���:�D�E�L�V�N�D�Z���' ���P�X�G�V�W�R�Q�H�����D�V���E�X�U�U�R�Z���¿�O�O�V���D�Q�G���W�K�L�Q���L�Q�W�H�U�E�H�G�V�����D�U�H��
litharenites.

It is clear some workers still using the tripartite terminology are placing the top of the McMurray at 
the base of the glauconitic Wabiskaw C sand, thereby mapping what others consider as Wabiskaw D to 
be ‘upper’ McMurray (M. Ranger, pers. comm., 2004). We do not agree with mapping the top of the 
McMurray at the base of the glauconitic sand, but place it lower at the contact between the McMurray 
and the Wabiskaw D shales. This point is not merely semantics, but goes to the heart of understanding 
the geology of the Wabiskaw-McMurray succession. The observed macroscopic features, lithological 
differences, along with distinctive wireline log signatures between the Wabiskaw D shale and underlying 
McMurray mudstones (cf. Alberta Energy and Utilities Board, 2003), all indicate these are different 
stratigraphic units and should not be mapped together. Thus the revised, albeit still informal, stratigraphy 
�I�R�U���W�K�H���:�D�E�L�V�N�D�Z���0�F�0�X�U�U�D�\���L�V���/�R�Z�H�U���0�F�0�X�U�U�D�\���À�X�Y�L�D�O�����8�S�S�H�U���0�F�0�X�U�U�D�\���H�V�W�X�D�U�L�Q�H���F�R�D�V�W�D�O���S�O�D�L�Q��
�V�X�F�F�H�V�V�L�R�Q�����:�D�E�L�V�N�D�Z���' ���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���L�Q�F�L�V�H�G���Y�D�O�O�H�\���¿�O�O�����:�D�E�L�V�N�D�Z���' ���U�H�J�L�R�Q�D�O���P�D�U�L�Q�H���V�K�D�O�H�����D�Q�G��
�:�D�E�L�V�N�D�Z���&���L�Q�F�L�V�H�G���Y�D�O�O�H�\���¿�O�O�V���D�Q�G���U�H�J�L�R�Q�D�O���P�D�U�L�Q�H���V�D�Q�G�V�����+�H�L�Q���H�W���D�O�������������������������������$�O�E�H�U�W�D���(�Q�H�U�J�\���D�Q�G��
Utilities Board, 2003).
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5 McMurray Formation 

5.1 Depositional History and Reservoirs

The Athabasca Oil Sands deposit of northeast Alberta is notorious for its complex facies relationships, 
as well as a fragmentary preserved stratigraphic record. Determination of the relationship of different 
�V�H�G�L�P�H�Q�W�D�U�\���S�D�F�N�D�J�H�V���W�R���R�Q�H���D�Q�R�W�K�H�U�����Q�H�D�U���W�R���I�D�U���Y�D�U�L�D�W�L�R�Q�V�����D�Q�G���W�K�H���L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���V�\�V�W�H�P�V�¶���W�U�D�F�W�V��
boundaries has been hampered in the past by the lack of a regional biostratigraphic framework linked to 
a regional lithostratigraphic framework. 

The McMurray sediments were deposited within a karstic ridge and valley system developed on the 
regional sub-Cretaceous unconformity (Figures 4 and 12A). The Lower McMurray deposits represent 
�D���À�X�Y�L�D�O���O�R�Z���V�W�D�Q�G���V�\�V�W�H�P�V���W�U�D�F�W���R�I���E�U�D�L�G�H�G���E�D�U���D�Q�G���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�H�V�����O�D�U�J�H�O�\���L�Q�¿�O�O�L�Q�J���O�R�Z�V���R�Q���W�K�H��
�X�Q�F�R�Q�I�R�U�P�L�W�\�����)�L�J�X�U�H�������������%���D�Q�G�������������$�V�V�R�F�L�D�W�H�G���F�R�D�O�V�����O�D�F�X�V�W�U�L�Q�H���P�D�U�O�V�����U�R�R�W�H�G���R�Y�H�U�E�D�Q�N���¿�Q�H�V���D�Q�G��
paleosols are preserved on top of carbonate paleohighs and within some of the karstic sinkholes along 
the sub-Cretaceous unconformity (Figure 12B). In outcrop and as mapped in the subsurface, there is 
evidence of a disconformity or unconformity separating the Lower and Upper McMurray (Figure 4; 
Surface E5, Figure 13). With transgression, some of the Lower Fluvial was eroded and reworked into 
�À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���D�Q�G���S�R�L�Q�W���E�D�U���F�R�P�S�O�H�[�H�V���R�I���W�K�H���L�Q�L�W�L�D�O���8�S�S�H�U���0�F�0�X�U�U�D�\���V�X�F�F�H�V�V�L�R�Q�����)�L�J�X�U�H�V��
12C and 13). Through time, with continued overall transgression, paleotopographic features became 
blanketed, and by late Upper McMurray more nearshore coastal plain conditions prevailed (Figures 12D 
and 13). By time of deposition of the top of the Wabiskaw Member conditions were fully marine (Figure 
13).

�,�Q���W�H�U�P�V���R�I���S�D�O�H�R�H�Q�Y�L�U�R�Q�P�H�Q�W�V�����W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H���/�R�Z�H�U���0�F�0�X�U�U�D�\���D�V���À�X�Y�L�D�O���U�H�P�D�L�Q�V�����+�R�Z�H�Y�H�U����
the proportion of the Upper McMurray represented by estuarine channel and point-bar units changes 
both in time and space. Comparisons with modern barrier islands and bays from the Maritimes of 
Eastern Canada show that much of what was previously interpreted as estuarine channel and point-bar 
�V�X�F�F�H�V�V�L�R�Q�V���F�D�Q���E�H���U�H�L�Q�W�H�U�S�U�H�W�H�G���D�V���E�D�U�U�L�H�U���L�V�O�D�Q�G�����F�U�H�Y�D�V�V�H���Z�D�V�K�R�Y�H�U���F�K�D�Q�Q�H�O���D�Q�G���E�D�\���¿�O�O���G�H�S�R�V�L�W�V�����)�D�F�L�H�V��
�P�R�G�H�O�V���I�R�U���W�K�H�V�H���W�\�S�H�V���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�V���D�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�R�V�H���I�R�U���H�V�W�X�D�U�L�Q�H���V�\�V�W�H�P�V����
�Z�L�W�K���W�K�H���P�R�V�W���P�D�U�N�H�G���G�L�I�I�H�U�H�Q�F�H�V���L�Q���F�K�D�Q�Q�H�O���V�D�Q�G���F�R�Q�W�L�Q�X�L�W�\���Y�H�U�V�X�V���E�D�\���¿�O�O���V�K�D�O�H���F�R�Q�W�L�Q�X�L�W�\�����,�Q���D�U�H�D�V���R�I��
reduced accommodation space (Figure 11, right side of diagram), not all environments are preserved and 
recognition of the proper paleoenvironmental setting is critical for prediction of reservoir heterogeneity.
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�)�L�J�X�U�H�������$�����)�D�F�L�H�V���P�R�G�H�O���I�R�U���S�U�H���0�F�0�X�U�U�D�\���V�L�O�L�F�L���F�D�O�F�L�F�O�D�V�W�L�F���V�H�G�L�P�H�Q�W�D�W�L�R�Q���D�O�R�Q�J���W�K�H���N�D�U�V�W�L�F���V�X�E���&�U�H�W�D�F�H�R�X�V���X�Q�F�R�Q�I�R�U�P�L�W�\��
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�)�L�J�X�U�H�������'�����)�D�F�L�H�V���P�R�G�H�O���I�R�U���¿�Q�D�O���8�S�S�H�U���0�F�0�X�U�U�D�\���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H�����R�Y�H�U�E�D�Q�N�����E�D�\���¿�O�O���E�D�F�N���E�D�U�U�L�H�U���D�Q�G���E�D�U�U�L�H�U���V�H�G�L�P�H�Q�W�D�W�L�R�Q��



EUB/AGS Geo-Note 2006-04 (January 2007)  •  19

6 Sedimentology of Channel Complexes

�8�Q�U�D�Y�H�O�O�L�Q�J���W�K�H���F�R�P�S�O�H�[���J�H�R�O�R�J�\���R�I���W�K�H���E�L�W�X�P�H�Q���U�H�V�H�U�Y�R�L�U�V���U�H�O�L�H�V���R�Q���U�H�F�R�J�Q�L�W�L�R�Q���W�K�D�W���W�K�H���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H��
deposits are multistory complexes, and the preserved successions are a result of multiple transgressive 
�D�Q�G���U�H�J�U�H�V�V�L�Y�H���S�X�O�V�H�V���V�X�S�H�U�L�P�S�R�V�H�G���X�S�R�Q���D�Q���R�Y�H�U�D�O�O���W�U�D�Q�V�J�U�H�V�V�L�R�Q���I�U�R�P���W�K�H���/�R�Z�H�U���0�F�0�X�U�U�D�\���À�X�Y�L�D�O��
low-stand deposits, to high-stand Wabiskaw deposits (Figure 13). The key to piecing the puzzle together 
lies in the basic concepts of estuaries and their origins; that is, using principles of geomorphology and 
concepts of sequence stratigraphy as applied to nonmarine successions (cf. Shanley and McCabe, 1991; 
�%�O�X�P���D�Q�G���7�R�U�Q�T�X�L�V�W�����������������3�O�L�Q�W���H�W���D�O���������������������7�R���G�R���W�K�L�V�����R�Q�H���K�D�V���W�R���G�H�¿�Q�H���W�K�H���E�D�V�L�F���E�X�L�O�G�L�Q�J���E�O�R�F�N���R�I���W�K�H��
�V�W�U�D�W�L�J�U�D�S�K�\���R�I���W�K�H���E�L�W�X�P�H�Q���U�H�V�H�U�Y�R�L�U�V�����7�K�L�V���E�X�L�O�G�L�Q�J���E�O�R�F�N���L�V���Z�K�D�W���Z�H���F�D�O�O���D���G�L�V�F�U�H�W�H�����V�L�Q�J�O�H�V�W�R�U�\�����À�X�Y�L�D�O��
estuarine ‘channel complex.’ 

�$���G�L�V�F�U�H�W�H���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���µ�F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�¶���I�R�U���W�K�H���$�W�K�D�E�D�V�F�D���:�D�E�L�V�N�D�Z���0�F�0�X�U�U�D�\���G�H�S�R�V�L�W���L�V���G�H�¿�Q�H�G��
as those units deposited as a result of the normal processes of erosion and deposition within a channel–
�S�R�L�Q�W���E�D�U���V�\�V�W�H�P���I�U�R�P���D���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���V�H�W�W�L�Q�J�����,�I���R�Q�H���J�R�H�V���E�D�F�N���W�R���W�K�H���F�O�D�V�V�L�F���S�R�L�Q�W���E�D�U���P�R�G�H�O���I�R�U���D��
meandering stream (cf. Allen, 1964, 1965), sediments associated with a McMurray channel complex in 
�W�K�H���À�X�Y�L�D�O���G�R�P�L�Q�D�W�H�G���S�D�U�W���R�I���W�K�H���H�V�W�X�D�U�\���Z�R�X�O�G���L�Q�F�O�X�G�H���W�K�H���E�R�W�W�R�P���F�K�D�Q�Q�H�O�����S�R�L�Q�W���E�D�U���O�D�W�H�U�D�O���D�F�F�U�H�W�L�R�Q��
���,�Q�F�O�L�Q�H�G���+�H�W�H�U�R�O�L�W�K�L�F���6�W�U�D�W�L�¿�F�D�W�L�R�Q�����R�U���,�+�6�����D�Q�G���Y�H�U�W�L�F�D�O���D�F�F�U�H�W�L�R�Q�����D�V�V�R�F�L�D�W�H�G���R�Y�H�U�E�D�Q�N���O�H�Y�H�H�����F�U�H�Y�D�V�V�H��
�V�S�O�D�\�����D�Q�G���À�R�R�G�S�O�D�L�Q���V�H�G�L�P�H�Q�W�V�����%���%�¶���L�Q���)�L�J�X�U�H�������$�������1�H�D�U���W�K�H���P�R�X�W�K���R�I���W�K�H���H�V�W�X�D�U�\���Z�K�H�U�H���W�K�H�U�H���L�V���D��
�P�R�U�H���P�D�U�L�Q�H���L�Q�À�X�H�Q�F�H�����W�K�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[���Z�R�X�O�G���D�O�V�R���L�Q�F�O�X�G�H���D�Q�\���D�V�V�R�F�L�D�W�H�G���H�V�W�X�D�U�L�Q�H���E�D�\�����E�D�\���K�H�D�G��
�G�H�O�W�D�����L�Q�W�H�U�G�L�V�W�U�L�E�X�W�D�U�\���D�Q�G���W�L�G�D�O���F�K�D�Q�Q�H�O�V���D�Q�G���E�D�U�V�����L�Q�W�H�U�W�L�G�D�O���À�D�W�V�����D�Q�G���V�D�O�W���P�D�U�V�K�H�V�����$���$�¶���L�Q���)�L�J�X�U�H�������$������

�)�L�J�X�U�H�����������6�H�T�X�H�Q�F�H���V�W�U�D�W�L�J�U�D�S�K�\���I�R�U���W�K�H���:�D�E�L�V�N�D�Z���0�F�0�X�U�U�D�\���$�W�K�D�E�D�V�F�D���G�H�S�R�V�L�W�����I�U�R�P���)�O�D�F�K���D�Q�G���+�H�L�Q�����������������S�X�E�O�L�V�K�H�G���L�Q���+�H�L�Q��
�D�Q�G���/�D�Q�J�H�Q�E�H�U�J����������������
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Thus, facies that can be interpreted to form a discrete channel complex comprise those units associated 
with one cycle of relative base level fall-and-rise, not the stacked, multistory, channel complexes 
associated with successive cycles of relative base level fall-and-rise (compare Figures 14A, 15A with 
14B, 15B). Single story channel complexes are differentiated from multistory channel complexes by the 
occurrence of a prominent scour surface that cut off the top of underlying successions; abrupt changes 
�L�Q���I�D�F�L�H�V�����O�L�W�K�R�O�R�J�L�H�V�����R�U���R�W�K�H�U���V�H�G�L�P�H�Q�W�D�U�\���I�H�D�W�X�U�H�V�����D�Q�G���L�Q���V�R�P�H���F�D�V�H�V�����E�\���G�L�Y�H�U�J�H�Q�F�H�V���L�Q���S�D�O�H�R�À�R�Z��
indicators (compare Figures 16A and 16B).
 
In summary, for the Wabiskaw-McMurray estuaries, the main controls on sedimentation were recurring 
�V�H�D���O�H�Y�H�O���À�X�F�W�X�D�W�L�R�Q�V���F�R�X�S�O�H�G���Z�L�W�K���O�R�F�D�O���E�D�V�H���O�H�Y�H�O���D�G�M�X�V�W�P�H�Q�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���V�D�O�W���G�L�V�V�R�O�X�W�L�R�Q���W�H�F�W�R�Q�L�F�V����
In detail, superimposed upon the overall transgression from base McMurray to top Wabiskaw are the 
�K�L�J�K�H�U���R�U�G�H�U���F�\�F�O�H�V�����)�L�J�X�U�H�����������W�K�D�W���U�H�S�U�H�V�H�Q�W���V�X�F�F�H�V�V�L�Y�H���L�Q�F�L�V�L�R�Q���D�Q�G���L�Q�¿�O�O���R�I���W�K�H���V�H�S�D�U�D�W�H���H�V�W�X�D�U�L�H�V�����Q�R�Z��
preserved as multistory channel complexes (Figures 14B, 15B and 16B). 

�)�L�J�X�U�H�����������6�F�K�H�P�D�W�L�F���S�O�D�Q���Y�L�H�Z���D�Q�G���F�U�R�V�V���V�H�F�W�L�R�Q�V���R�I���$�����V�L�Q�J�O�H�V�W�R�U�\���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�����%�����P�X�O�W�L�V�W�R�U�\���V�W�D�F�N�H�G��
�À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�H�V�����I�U�R�P���:�L�J�K�W�P�D�Q���H�W���D�O�������������������U�H�S�U�L�Q�W�H�G���L�Q���+�H�L�Q���D�Q�G���/�D�Q�J�H�Q�E�H�U�J����������������
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�)�L�J�X�U�H�����������6�W�U�D�W�L�J�U�D�S�K�L�F���P�R�G�H�O���I�R�U���S�U�H�V�H�U�Y�H�G���V�X�F�F�H�V�V�L�R�Q�V���R�I���D�����V�L�Q�J�O�H�V�W�R�U�\���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�����E�����P�X�O�W�L�V�W�R�U�\��
�V�W�D�F�N�H�G���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�H�V�����I�U�R�P���+�H�L�Q���D�Q�G���/�D�Q�J�H�Q�E�H�U�J����������������
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�)�L�J�X�U�H�����������6�H�T�X�H�Q�F�H���V�W�U�D�W�L�J�U�D�S�K�\���I�R�U���S�U�H�V�H�U�Y�H�G���V�X�F�F�H�V�V�L�R�Q�V���R�I���D�����V�L�Q�J�O�H�V�W�R�U�\���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�����E�����P�X�O�W�L�V�W�R�U�\��
�V�W�D�F�N�H�G���À�X�Y�L�D�O���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���F�R�P�S�O�H�[�H�V�����I�U�R�P���+�H�L�Q���D�Q�G���/�D�Q�J�H�Q�E�H�U�J����������������
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7 Outcrop Descriptions: Day 1, Stop 1, McMurray Type Section

�)�L�J�X�U�H�������$�����/�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���6�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����D�H�U�L�D�O���S�K�R�W�R�J�U�D�S�K��
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�)�L�J�X�U�H�������%�����/�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���6�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����W�R�S�R�J�U�D�S�K�L�F���P�D�S��
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�)�L�J�X�U�H�������&�����/�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���6�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����P�H�D�V�X�U�H�G���0�F�0�X�U�U�D�\���7�\�S�H���������V�H�F�W�L�R�Q��
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�)�L�J�X�U�H�������'�����/�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���6�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����P�H�D�V�X�U�H�G���0�F�0�X�U�U�D�\���7�\�S�H���������V�H�F�W�L�R�Q��
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�)�L�J�X�U�H�������(�����/�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���6�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����P�H�D�V�X�U�H�G���0�F�0�X�U�U�D�\���7�\�S�H���������V�H�F�W�L�R�Q��
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�)�L�J�X�U�H�������)�����/�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���6�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����P�H�D�V�X�U�H�G���0�F�0�X�U�U�D�\���7�\�S�H���������V�H�F�W�L�R�Q��
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7.1 Section McMurray Formation Type #1 Section 

Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476166E, 6291060N

Location and Access:���7�K�L�V���V�H�F�W�L�R�Q���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������N�P���G�R�Z�Q�V�W�U�H�D�P���I�U�R�P���W�K�H���F�R�Q�À�X�H�Q�F�H���R�I���W�K�H��
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek 
(Figures 17A, 17B and 17C). 

Highlights:
�‡�� �9�H�U�\���W�K�L�F�N�����¿�Q�L�Q�J���D�Q�G���W�K�L�Q�Q�L�Q�J���X�S�Z�D�U�G�V�����H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���G�H�S�R�V�L�W�V�����O�D�U�J�H�O�\���U�L�S�S�O�H�G���R�U���W�U�R�X�J�K��
 crossbedded.

• Well developed alternation of thick vertical accretion abandoned channel mudstones and 
 crossbedded channel sands.

• Thin (< 1.5 m) Wabiskaw D shale at the top of the outcrop.

Description: In this outcrop section about 34 m of McMurray section is exposed (Figure 18). At the 
base the outcrop is a series of stacked, thick, crossbedded sands, with abundant planar-tabular or trough 
�F�U�R�V�V�E�H�G�G�L�Q�J�����W�K�D�W���D�O�R�Q�J���V�W�U�L�N�H���L�Q�W�H�U�¿�Q�J�H�U���Z�L�W�K���O�D�U�J�H���V�F�D�O�H�����O�R�Z���D�Q�J�O�H�����L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�H�G��
���,�+�6�����V�D�Q�G���D�Q�G���P�X�G�V�W�R�Q�H�����)�D�U�W�K�H�U���X�S�V�H�F�W�L�R�Q���W�K�H���V�D�Q�G�V���E�H�F�R�P�H���W�K�L�Q�Q�H�U���E�H�G�G�H�G�����¿�Q�H�U���J�U�D�L�Q�H�G�����P�R�U�H��
massive, and increase in the degree of bioturbation, with the most common types being Cylindrichnus 
and Planolites�����7�K�H���O�R�Z���D�Q�J�O�H���V�D�Q�G�\���V�W�U�D�W�L�¿�H�G���X�Q�L�W�V�����L�Q���W�X�U�Q�����¿�Q�H���X�S�Z�D�U�G���L�Q�W�R���O�R�Z���D�Q�J�O�H�����P�X�G�G�\���,�+�6��
sand and mudstone at the top of the McMurray succession. At the very top of the outcrop is exposed a 
thin (< 1.5 m) dark grey to black, bioturbated, silty mudstone, that is the Wabiskaw D shale (Clearwater 
Formation). 

Interpretation: The stacked, thick crossbedded sands at the base of the section are interpreted as high 
energy, main estuarine channel deposits of the Upper McMurray succession. This is overlain by the 
�L�Q�W�H�U�E�H�G�G�H�G�����W�K�L�Q�����O�R�Z���D�Q�J�O�H���L�Q�F�O�L�Q�H�G���V�W�U�D�W�L�¿�H�G���X�Q�L�W�V�����L�Q�W�H�U�S�U�H�W�H�G���D�V���V�P�D�O�O���V�F�D�O�H���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���D�Q�G��
�S�R�L�Q�W���E�D�U���G�H�S�R�V�L�W�V�����3�D�O�H�R�À�R�Z�V���D�U�H���X�Q�L�G�L�U�H�F�W�L�R�Q�D�O�����P�D�L�Q�O�\���G�L�U�H�F�W�H�G���Q�R�U�W�K�����Z�L�W�K���U�D�U�H���S�D�O�H�R�À�R�Z�V���G�L�U�H�F�W�H�G��
�V�R�X�W�K�����7�K�H���¿�Q�H�U���J�U�D�L�Q�H�G�����V�P�D�O�O�H�U���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���D�Q�G���S�R�L�Q�W���E�D�U���G�H�S�R�V�L�W�V���D�U�H���R�Y�H�U�O�D�L�Q���E�\���D���W�R�S�P�R�V�W���P�D�L�Q��
�H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���¿�O�O���W�K�D�W���¿�Q�H�V���X�S�Z�D�U�G�����D�W���W�K�H���W�R�S���R�I���W�K�H���8�S�S�H�U���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q�����L�Q�W�R���H�V�W�X�D�U�L�Q�H��
point-bar deposits.
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7.2 McMurray Formation Type #2 Section 

Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476157E, 6291350N

Location and Access:���7�K�L�V���V�H�F�W�L�R�Q���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�����������N�P���G�R�Z�Q�V�W�U�H�D�P���I�U�R�P���W�K�H���F�R�Q�À�X�H�Q�F�H���R�I���W�K�H��
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek 
(Figures 17A, 17B, 17D). 

Highlights:

• Thick estuarine channel and point-bar sediment with rapid facies changes.

• Well developed crossbedding and bioturbation features in channel sands.

�‡�� �6�W�D�F�N�H�G���S�D�F�N�D�J�H�V���R�I���P�X�O�W�L�V�W�R�U�\���L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�H�G���V�H�W�V��

• Unconformity between the Lower and Upper McMurray successions.

Description:���,�Q���W�K�L�V���W�K�L�F�N���R�X�W�F�U�R�S���V�H�F�W�L�R�Q�����D�E�R�X�W���������P���K�L�J�K�������D���W�K�L�Q���U�H�P�Q�D�Q�W���������P���W�K�L�F�N�����R�I���W�K�H���À�X�Y�L�D�O��
�V�D�Q�G���R�F�F�X�U�V���D�W���W�K�H���E�D�V�H�����7�K�L�V���À�X�Y�L�D�O���G�H�S�R�V�L�W���L�V���R�I�W�H�Q���Q�R�W���V�H�H�Q���G�X�H���W�R���L�W�V���U�H�O�D�W�L�Y�H�O�\���X�Q�F�R�Q�V�R�O�L�G�D�W�H�G���Q�D�W�X�U�H��
���O�D�F�N���R�I���E�L�W�X�P�H�Q���F�H�P�H�Q�W�����D�Q�G���V�O�X�P�S�H�G���Q�D�W�X�U�H�����:�K�H�Q���E�H�G�V���D�U�H���H�[�S�R�V�H�G�����F�R�D�U�V�H���W�R���¿�Q�H���J�U�D�L�Q�H�G���V�D�Q�G��
is seen, with large-scale planar-tabular and trough crossbeds (Figure 19B). Unconformably overlying 
this unit is the more typically tidal-bedded sands and interbedded sand and mudstone with low-angle 
�L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�F�D�W�L�R�Q���D�Q�G���P�R�G�H�U�D�W�H���W�R���K�L�J�K���G�H�J�U�H�H�V���R�I���E�L�R�W�X�U�E�D�W�L�R�Q�����)�L�J�X�U�H�������$���D�Q�G�������&������
Mudstone interbeds increase in frequency and thickness going upsection. Concomitant with this 
increase in mudstones, there is also an increase in bioturbation intensity, with the most common types 
being Cylindrichnus and horizontal Planolites, and rare vertical Skolithos. Locally, toward the base of 
�W�K�H���L�Q�W�H�U�E�H�G�G�H�G���V�D�Q�G���D�Q�G���P�X�G�V�W�R�Q�H���X�Q�L�W�����W�K�H�U�H���D�U�H���G�L�Y�H�U�J�H�Q�F�H�V���L�Q���S�D�O�H�R�À�R�Z�V�����)�L�J�X�U�H�V�������$���D�Q�G�������%������
�8�S�V�H�F�W�L�R�Q�����W�R�Z�D�U�G���W�K�H���P�L�G�G�O�H���D�Q�G���W�R�S���R�I���W�K�L�V���R�X�W�F�U�R�S�����S�D�O�H�R�À�R�Z���S�D�W�W�H�U�Q�V���E�H�F�R�P�H���P�R�U�H���X�Q�L�G�L�U�H�F�W�L�R�Q�D�O����
generally oriented north (Figure 19C). 

At the very top of the outcrop is exposed a thin (< 1 m), bioturbated, black, silty mudstone that is the 
Wabiskaw D shale (Clearwater Formation), that unconformably overlies the McMurray Formation in this 
area.

Interpretation: ���7�K�H���S�H�E�E�O�\���D�Q�G���¿�Q�H�U���V�D�Q�G���D�W���W�K�H���E�D�V�H���R�I���W�K�H���V�H�F�W�L�R�Q���Z�L�W�K���W�K�H���S�U�R�P�L�Q�H�Q�W���F�U�R�V�V�E�H�G�G�L�Q�J��
�D�Q�G���O�D�F�N���R�I���L�Q�W�H�U�E�H�G�G�H�G���P�X�G�V�W�R�Q�H�V���R�U���E�L�R�W�X�U�E�D�W�L�R�Q���I�H�D�W�X�U�H�V���L�V���L�Q�W�H�U�S�U�H�W�H�G���D�V���/�R�Z�H�U���0�F�0�X�U�U�D�\���À�X�Y�L�D�O��
deposits. This is overlain by a very thick succession of stacked estuarine interbedded sand and mudstone 
deposits. Some of these estuarine sands are massive or show abundant crossbedding and are interpreted 
as estuarine channel sands. The sands that are interbedded with mudstone as inclined heterolithic 
�V�W�U�D�W�L�¿�F�D�W�L�R�Q���W�K�D�W���L�Q�W�H�U�¿�Q�J�H�U���Z�L�W�K���D�Q�G���R�U���D�U�H���F�U�R�V�V�F�X�W���E�\���W�K�H���F�K�D�Q�Q�H�O���V�D�Q�G�V���D�U�H���L�Q�W�H�U�S�U�H�W�H�G���D�V���H�V�W�X�D�U�L�Q�H��
point-bar deposits. 
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�)�L�J�X�U�H�������%�����&�R�D�U�V�H���J�U�D�L�Q�H�G�����W�U�R�X�J�K���F�U�R�V�V�E�H�G�G�H�G�����O�D�W�H�U�D�O�O�\���G�L�V�F�R�Q�W�L�Q�X�R�X�V���F�X�W���D�Q�G���¿�O�O�������R�Y�H�U�O�\�L�Q�J���¿�Q�H���J�U�D�L�Q�H�G�����W�U�R�X�J�K��
�F�U�R�V�V�E�H�G�G�H�G���V�D�Q�G�����/�R�Z�H�U���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q���R�I���W�K�H���0�F�0�X�U�U�D�\���7�\�S�H���������P�H�D�V�X�U�H�G���V�H�F�W�L�R�Q��
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7.3 McMurray Formation Type #3 Section 

Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476096E, 6291400N

Location and Access:���7�K�L�V���V�H�F�W�L�R�Q���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�����������N�P���G�R�Z�Q�V�W�U�H�D�P���I�U�R�P���W�K�H���F�R�Q�À�X�H�Q�F�H���R�I���W�K�H��
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek 
(Figures 17A, 17B, 17E).

Highlights:
�‡�� �7�K�L�Q���U�H�P�Q�D�Q�W���R�I���À�X�Y�L�D�O���F�K�D�Q�Q�H�O���V�D�Q�G���D�W���W�K�H���E�D�V�H����

• �9�H�U�\���W�K�L�F�N�����¿�Q�L�Q�J���D�Q�G���W�K�L�Q�Q�L�Q�J���X�S�Z�D�U�G�����H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���G�H�S�R�V�L�W�V�����O�D�U�J�H�O�\���U�L�S�S�O�H�G���R�U���W�U�R�X�J�K��
�� �F�U�R�V�V�E�H�G�G�H�G�����J�U�D�G�L�Q�J���X�S�Z�D�U�G���L�Q�W�R���P�X�O�W�L�S�O�H���V�H�W�V���R�I���O�R�Z���D�Q�J�O�H�����L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�H�G���V�D�Q�G���D�Q�G
  mudstone. 

• �:�H�O�O���G�H�Y�H�O�R�S�H�G���D�O�W�H�U�Q�D�W�L�R�Q���R�I���Y�H�U�W�L�F�D�O���D�F�F�U�H�W�L�R�Q�����"���W�L�G�D�O���À�D�W�����E�D�F�N���E�D�U�U�L�H�U���E�D�\���¿�O�O�����G�H�S�R�V�L�W�V���D�W���W�K�H���W�R�S��
 of the McMurray.

• Thin (< 2 m) glauconitic Wabiskaw C sand at the top of the outcrop.

Description: In this outcrop section about 57 m of McMurray section is exposed (Figure 20). At the base 
of the outcrop is a 3m thick unit of crossbedded quartz-pebble sands, with abundant trough crossbedding. 
�0�X�G�V�W�R�Q�H���L�Q�W�U�D�F�O�D�V�W�V���D�Q�G���F�D�U�E�R�Q�D�F�H�R�X�V���G�H�E�U�L�V���D�U�H���F�R�P�P�R�Q�����Z�L�W�K���V�R�P�H���P�X�P�P�L�¿�H�G���O�R�J�V���D�Q�G���W�Z�L�J�V�����$�W���W�K�H��
top of this unit is a siderite-cemented sandstone. 

�8�Q�F�R�Q�I�R�U�P�D�E�O�\���R�Y�H�U�O�\�L�Q�J���W�K�H���O�R�Z�H�U���F�U�R�V�V�E�H�G�G�H�G���V�D�Q�G�V���D�U�H���P�D�V�V�L�Y�H���D�Q�G���F�U�R�V�V�E�H�G�G�H�G���¿�Q�H���V�D�Q�G�V���W�K�D�W���O�D�F�N��
the cement, are unconsolidated and lack bitumen staining. Internally, the sands show planar-tabular and 
trough crossbedding, with rare dispersed mudstone intraclasts that are bioturbated. Farther upsection the 
�V�D�Q�G�V���D�Q�G���P�X�G�V�W�R�Q�H���L�Q�W�H�U�E�H�G�V���V�K�R�Z���D�Q���R�Y�H�U�D�O�O���¿�Q�L�Q�J���X�S�Z�D�U�G���V�X�F�F�H�V�V�L�R�Q���W�K�D�W���E�H�F�R�P�H�V���W�K�L�Q�Q�H�U���E�H�G�G�H�G����
�¿�Q�H�U���J�U�D�L�Q�H�G���D�Q�G���P�R�U�H���E�L�R�W�X�U�E�D�W�H�G�����Z�L�W�K���W�K�H���P�R�V�W���F�R�P�P�R�Q���W�\�S�H�V���E�H�L�Q�J��Cylindrichnus and Planolites. 
Rare root traces are within a small coarsening upward succession (22-26 m from the base) that may 
represent crevasse splay and overbank sedimentation. 

�7�K�H���Q�H�[�W���V�X�F�F�H�H�G�L�Q�J���������P���R�I���V�H�F�W�L�R�Q���F�R�Q�V�L�V�W�V���R�I���¿�Q�L�Q�J���X�S�Z�D�U�G���V�X�F�F�H�V�V�L�R�Q���R�I���,�+�6���V�D�Q�G���D�Q�G���P�X�G�V�W�R�Q�H����
The IHS is abruptly overlain by a bioturbated, complex sand and mudstone unit (42-57 m). This unit 
shows a variety of physical sedimentary structures, including large-scale convolute lamination, trough, 
current and wave ripples, parallel lamination and contorted bedding. Siderite bands are common and 
continuous across the outcrop. Bedding style of this uppermost unit is even and parallel at the base, 
becoming more wavy and discontinuous upsection. At the very top of the outcrop is exposed a thin (< 2 
m) green, bioturbated, silty sand of the Wabiskaw C (Clearwater Formation). 

Interpretation:  The stacked, thick crossbedded sands at the base of the section are interpreted as high 
�H�Q�H�U�J�\�����P�D�L�Q���À�X�Y�L�D�O���G�H�S�R�V�L�W�V���R�I���W�K�H���/�R�Z�H�U���0�F�0�X�U�U�D�\���)�R�U�P�D�W�L�R�Q�����7�K�L�V���L�V���F�D�S�S�H�G���E�\���W�K�H���V�L�G�H�U�L�W�H���F�H�P�H�Q�W�H�G��
zone, likely a disconformity surface between the Lower/Upper McMurray. The overlying Upper 
�0�F�0�X�U�U�D�\���L�V���G�R�P�L�Q�D�W�H�G���E�\���W�K�L�F�N�����K�L�J�K���H�Q�H�U�J�\�����H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���V�D�Q�G�V���D�W���W�K�H���E�D�V�H���W�K�D�W���E�H�F�R�P�H���¿�Q�H�U��
�J�U�D�L�Q�H�G���D�Q�G���W�K�L�Q�Q�H�U���E�H�G�G�H�G���X�S�V�H�F�W�L�R�Q�����L�Q�W�R���H�V�W�X�D�U�L�Q�H���S�R�L�Q�W���E�D�U���G�H�S�R�V�L�W�V���D�Q�G���Y�H�U�W�L�F�D�O���D�F�F�U�H�W�L�R�Q���W�L�G�D�O���À�D�W���R�U��
�E�D�F�N���E�D�U�U�L�H�U���E�D�\���¿�O�O�V��
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7.4 McMurray Formation Type #4 Section

Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476120E, 6291840N

Location and Access:���7�K�L�V���V�H�F�W�L�R�Q���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������N�P���G�R�Z�Q�V�W�U�H�D�P���I�U�R�P���W�K�H���F�R�Q�À�X�H�Q�F�H���R�I���W�K�H��
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek 
(Figures 17A, 17B and 17F). Land along the bank and climb the slump face about 20 m in height to a 
terrace along the Athabasca River valley. Walk inland about 0.5 km to a small scarp face at the eastern 
edge of the terrace. The measured section is about midway along the outcrop face. 

Highlights:
• �9�H�U�\���W�K�L�F�N�����¿�Q�L�Q�J���D�Q�G���W�K�L�Q�Q�L�Q�J���X�S�Z�D�U�G�V�����H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���G�H�S�R�V�L�W�V�����O�D�U�J�H�O�\���U�L�S�S�O�H�G���R�U���W�U�R�X�J�K��
 crossbedded.

• Well developed crossbedding and bioturbation features in channel sands.

�‡�� �3�R�V�V�L�E�O�H���V�D�Q�G���À�D�W���G�H�S�R�V�L�W�V���D�W���W�K�H���W�R�S���R�I���W�K�H���8�S�S�H�U���0�F�0�X�U�U�D�\���V�X�F�F�H�V�V�L�R�Q��

• Thin �4�X�D�W�H�U�Q�D�U�\���¿�O�O�������������P���W�K�L�F�N����

Description: In this outcrop section about 14 m of section is exposed. The outcrop is a thick, 
crossbedded sand unit with abundant ripples, including current, ripple-drift and wave types and less 
commonly, planar-tabular or trough crossbedded units. Finer grained siltstone/mudstone interbeds are 
�U�D�U�H�����7�R�Z�D�U�G���W�K�H���E�D�V�H���R�I���W�K�H���R�X�W�F�U�R�S�����W�K�H���V�D�Q�G�V���D�U�H���V�R�P�H�Z�K�D�W���¿�Q�H�U���J�U�D�L�Q�H�G�����E�H�F�R�P�L�Q�J���F�R�D�U�V�H�U���Z�L�W�K�L�Q���W�K�H��
basal 2 m of section, and have an abundance of ripple drift and wave-ripple crossbeds. Farther upsection 
�W�K�H���F�U�R�V�V�E�H�G�G�H�G���V�D�Q�G�V���E�H�F�R�P�H���W�K�L�Q�Q�H�U���E�H�G�G�H�G���D�Q�G���¿�Q�H�U���J�U�D�L�Q�H�G�����D�Q�G���V�K�R�Z���D�Q���L�Q�F�U�H�D�V�H���L�Q���W�K�H���G�H�J�U�H�H���R�I��
bioturbation, with the most common types being Cylindrichnus and Planolites. At the very top of the 
outcrop is exposed a thin (< 1 m), rooted, tan-brown, unconsolidated quartz sand that is interpreted as 
Quaternary cover.

Interpretation:  The coarsening upward sand at the base of the section is interpreted as possible crevasse 
splay overbank deposits of the Upper McMurray succession. This is overlain by a very thick succession 
of estuarine channel deposits. Most of these estuarine sands are rippled throughout and, where sandy-
�L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�F�D�W�L�R�Q���R�F�F�X�U�V�����W�K�H���L�Q�W�H�U�Q�D�O���U�L�S�S�O�H���G�U�L�I�W���D�Q�G���Z�D�Y�H���U�L�S�S�O�H�V���G�R�P�L�Q�D�W�H���W�K�H���E�H�G�G�L�Q�J��
�R�Q���V�H�W�V�����6�X�F�K���L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�F�D�W�L�R�Q���L�V���U�D�U�H�����3�D�O�H�R�À�R�Z�V���D�U�H���X�Q�L�G�L�U�H�F�W�L�R�Q�D�O�����P�D�L�Q�O�\���G�L�U�H�F�W�H�G��
north. There is a general absence in the occurrence of lateral accretion crossbedding and the dominance 
of small-scale bedform features, which indicates relatively little lateral migration of meandering channel/
�S�R�L�Q�W���E�D�U�V�����7�K�L�V���L�V���V�X�J�J�H�V�W�L�Y�H���W�K�D�W���W�K�H���H�V�W�X�D�U�L�Q�H���V�D�Q�G�V���D�U�H���D���U�H�V�X�O�W���R�I���Y�H�U�W�L�F�D�O���D�F�F�U�H�W�L�R�Q���D�Q�G���L�Q�¿�O�O���R�I��
�V�H�F�R�Q�G�D�U�\���F�K�D�Q�Q�H�O�V�����K�L�J�K���X�S���Z�L�W�K�L�Q���W�K�H���G�U�R�Z�Q�H�G���H�V�W�X�D�U�L�Q�H���Y�D�O�O�H�\�����S�H�U�K�D�S�V���Q�H�D�U���D���V�D�Q�G�\���W�L�G�D�O���À�D�W���V�H�W�W�L�Q�J����
Such secondary channels may be vertically accreting, anastomosed channel deposits within an overbank 
�W�R���W�L�G�D�O���À�D�W���D�U�H�D�����À�D�Q�N�L�Q�J���W�K�H���P�D�L�Q���H�V�W�X�D�U�L�Q�H���Y�D�O�O�H�\����
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7.5 Reservoir Analogues: McMurray Type Section, Athabasca River

�$�W���W�K�H���0�F�0�X�U�U�D�\���W�\�S�H���V�H�F�W�L�R�Q���W�K�H���À�X�Y�L�D�O���S�H�E�E�O�\���V�D�Q�G���U�H�P�Q�D�Q�W�V���D�U�H���S�U�H�V�H�U�Y�H�G���D�O�R�Q�J���S�D�O�H�R�W�R�S�R�J�U�D�S�K�L�F��
�O�R�Z�V���D�O�R�Q�J���W�K�H���X�Q�F�R�Q�I�R�U�P�L�W�\�����7�K�H���/�R�Z�H�U���0�F�0�X�U�U�D�\���L�V���L�Q�W�H�U�S�U�H�W�H�G���D�V���D�P�D�O�J�D�P�D�W�H�G���E�U�D�L�G�H�G���À�X�Y�L�D�O��
channel-and-bar complexes that would have very good to excellent porosity and permeability, likely 
�I�R�U�P�L�Q�J���V�K�H�H�W���V�D�Q�G�V���Z�L�W�K�L�Q���W�K�H���E�H�G�U�R�F�N���F�R�Q�¿�Q�H�G���S�D�O�H�R�Y�D�O�O�H�\�V���D�O�R�Q�J���W�K�H���V�X�E���&�U�H�W�D�F�H�R�X�V���X�Q�F�R�Q�I�R�U�P�L�W�\����
�$�V���V�K�R�Z�Q���L�Q���W�K�H���R�X�W�F�U�R�S�V�����W�K�H�U�H���D�U�H���O�R�F�D�O���E�D�V�D�O���Z�D�W�H�U���V�D�Q�G�V���W�K�D�W���L�Q�W�H�U�¿�Q�J�H�U���Z�L�W�K���W�K�H���/�R�Z�H�U���0�F�0�X�U�U�D�\��
bitumen sands. As indicated by Flach and Hein (2001), these water sands may be interconnected along 
�W�K�H���E�D�V�H�V���R�I���W�K�H���P�D�L�Q���S�D�O�H�R�Y�D�O�O�H�\�V�����E�X�W���P�R�U�H���O�R�F�D�O�L�]�H�G���R�X�W�V�L�G�H���W�K�H���P�D�L�Q���S�D�O�H�R�Y�D�O�O�H�\�V�����,�Q���F�R�U�H�����À�X�Y�L�D�O��
coarse to pebbly sand is commonly bitumen saturated, with trough and/or planar-tabular crossbedding 
and scattered intraclasts (Figure 21). On geophysical logs this facies association is represented by 
�D���E�O�R�F�N�\���R�U���F�R�D�U�V�H�Q�L�Q�J���W�K�H�Q���¿�Q�L�Q�J���X�S���U�H�V�S�R�Q�V�H�����)�L�J�X�U�H�������������0�L�Q�R�U���G�L�V�U�X�S�W�L�R�Q�V���W�R���À�X�L�G���À�R�Z���Z�L�W�K�L�Q��
reservoir sands occur in mudstone-clast breccia zones (Figure 22) or in reservoir sands where there is 
sideritization, both as isolated caps or as replacement of mudstone clasts/beds (Hein et al., 2000). 

�1�H�[�W���L�Q���V�H�T�X�H�Q�F�H���D�U�H���W�K�H���8�S�S�H�U���0�F�0�X�U�U�D�\���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���E�L�W�X�P�H�Q���V�D�Q�G�V���W�K�D�W���L�Q�W�H�U�¿�Q�J�H�U���D�O�R�Q�J���V�W�U�L�N�H��
and grade up into the sand/mudstone beds with IHS, interpreted as estuarine point-bar deposits. Overall 
at the type section, the facies become muddier and thinner bedded, as well as increasing in bioturbation 
intensity up section. There are no thick continuous sections that are uniformly coarsening upwards, as 
would be represented in a deltaic succession. Rather there is variability along-strike depending upon 
whether one is in a channel or the adjacent point-bar/overbank succession. Local, thin, coarsening-
upwards units are interpreted as crevasse splays formed along the margins of the estuarine channels. 
In core, the estuarine channel sands tend to be massive, with mudstone intraclasts (Figure 22), and are 
interbedded with units showing low-angle IHS (Figure 23). Associated mudstone clasts and mudstone 
interbeds are commonly bioturbated (Figure 23), which increase in intensity upsection within a given 
�¿�Q�L�Q�J���X�S�Z�D�U�G�V���F�K�D�Q�Q�H�O���S�R�L�Q�W���E�D�U���V�X�F�F�H�V�V�L�R�Q�����2�Q���J�H�R�S�K�\�V�L�F�D�O���O�R�J�V�����W�K�L�V���I�D�F�L�H�V���D�V�V�R�F�L�D�W�L�R�Q���F�R�Q�V�L�V�W�V���R�I���D��
�J�U�D�G�X�D�O�O�\���¿�Q�L�Q�J���X�S���X�Q�L�W�����R�I�W�H�Q���F�D�S�S�L�Q�J���W�K�H���P�R�U�H���E�O�R�F�N�\���X�Q�G�H�U�O�\�L�Q�J���H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���V�D�Q�G�V�����)�L�J�X�U�H�V��
23 and 24). As indicated by Flach and Hein (2001), the amalgamated, multistory, estuarine meandering 
channel-and-point-bar complexes have somewhat lower porosity and permeability, compared with the 
�X�Q�G�H�U�O�\�L�Q�J���/�R�Z�H�U���0�F�0�X�U�U�D�\���À�X�Y�L�D�O���U�H�V�H�U�Y�R�L�U�V�����$�G�G�L�W�L�R�Q�D�O�O�\�����E�D�I�À�H�V���W�R���À�R�Z���R�F�F�X�U���D�V���P�X�G�V�W�R�Q�H���L�Q�W�U�D�F�O�D�V�W��
breccias and within the mud beds of the IHS which is juxtaposed with the cleaner, more porous/
permeable channel sands (Hein et al., 2000). Overall the porosity/permeability would decrease upsection 
in response to the increasing mud content of the succession. In core, this is represented by rhythmically 
�O�D�P�L�Q�D�W�H�G�����W�K�L�Q�O�\���L�Q�W�H�U�E�H�G�G�H�G�����Y�H�U�\���¿�Q�H���V�D�Q�G���D�Q�G���P�X�G�V�W�R�Q�H���W�K�D�W���R�F�F�X�U�V���Z�L�W�K�L�Q���E�L�R�W�X�U�E�D�W�H�G���,�+�6���X�Q�L�W�V��
(Figure 25). On geophysical logs, the muddier IHS shows complex grading patterns and a much higher 
mud response (Figure 25). 

The top of the McMurray Type #3 section shows a complex, highly bioturbated sand and mudstone 
�V�X�F�F�H�V�V�L�R�Q�����7�K�H�V�H���Z�H�U�H���L�Q�W�H�U�S�U�H�W�H�G���D�V���Y�H�U�W�L�F�D�O���D�F�F�U�H�W�L�R�Q���¿�O�O���W�K�D�W���G�H�Y�H�O�R�S�H�G���R�Q���W�K�H���W�R�S���R�I���D�E�D�Q�G�R�Q�H�G����
�E�X�W���V�W�L�O�O���À�R�R�G�H�G�����H�V�W�X�D�U�L�Q�H���F�K�D�Q�Q�H�O���S�R�L�Q�W���E�D�U�V�����7�K�H���K�L�J�K���G�H�J�U�H�H���R�I���E�L�R�W�X�U�E�D�W�L�R�Q���L�Q�G�L�F�D�W�H�V���D���U�H�O�D�W�L�Y�H�O�\��
low, although episodic, sedimentation rate. In core, such facies associations are represented by heavily 
bioturbated, laminated and thinly interbedded, muddy sand and mudstone (Figure 25). Geophysical log 
responses show a mud-dominated succession, with complex grading patterns (Figure 25). The overall 
porosity and permeability are dependent upon the interconnectivity of the sand burrow networks and 
�W�K�H�L�U���R�U�L�H�Q�W�D�W�L�R�Q�V�����L���H�������Y�H�U�W�L�F�D�O�����V�X�E�S�D�U�D�O�O�H�O���W�R���E�H�G�G�L�Q�J���R�U���R�E�O�L�T�X�H�������7�K�X�V�����L�W���L�V���G�L�I�¿�F�X�O�W���W�R���S�U�H�G�L�F�W���W�K�H��
porosity/permeability of this unit, but it may be similar to the underlying multistory IHS units; certainly 
�O�H�V�V���W�K�D�Q���D�V�V�R�F�L�D�W�H�G���F�K�D�Q�Q�H�O���I�D�F�L�H�V�����7�K�H���O�L�P�L�W�H�G���H�[�W�H�Q�W���R�I���W�K�L�V���X�Q�L�W���L�Q���R�X�W�F�U�R�S���V�X�J�J�H�V�W�V���L�W���P�D�\���E�H���D���E�D�I�À�H��
���D�V���R�S�S�R�V�H�G���W�R���D���E�D�U�U�L�H�U�����W�R���À�X�L�G���À�R�Z���L�Q���W�K�H���V�X�E�V�X�U�I�D�F�H�����7�K�H���L�Q�F�U�H�D�V�H�G���F�R�Q�W�L�Q�X�L�W�\���R�I���W�K�H���D�V�V�R�F�L�D�W�H�G��
�V�L�G�H�U�L�W�L�]�H�G���L�Q�W�H�U�E�H�G�V���P�D�\���D�O�V�R���S�U�R�Y�L�G�H���D���K�L�Q�G�H�U�D�Q�F�H���W�R���V�X�E�V�X�U�I�D�F�H���À�R�Z����
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�)�L�J�X�U�H�����������&�R�U�H���S�K�R�W�R�J�U�D�S�K�V���D�Q�G���Z�L�U�H�O�L�Q�H���O�R�J�V���R�I���W�K�H���0�R�E�L�O���������&�O�D�U�N�H���&�U�H�H�N���Z�H�O�O�����O�R�F�D�W�L�R�Q�����$�$���������������������������:����
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�)�L�J�X�U�H�����������&�R�U�H���S�K�R�W�R�J�U�D�S�K�V���D�Q�G���Z�L�U�H�O�L�Q�H���O�R�J�V���R�I���W�K�H���0�R�E�L�O���������&�O�D�U�N�H���&�U�H�H�N���Z�H�O�O�����O�R�F�D�W�L�R�Q�����$�$���������������������������:����
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�)�L�J�X�U�H�����������&�R�U�H���S�K�R�W�R�J�U�D�S�K�V���D�Q�G���Z�L�U�H�O�L�Q�H���O�R�J�V���R�I���W�K�H���8�7�)���V�L�W�H���%�&�����������O�R�F�D�W�L�R�Q�����������������������������������:����
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�)�L�J�X�U�H�����������&�R�U�H���S�K�R�W�R�J�U�D�S�K�V���D�Q�G���Z�L�U�H�O�L�Q�H���O�R�J�V���R�I���W�K�H���8�7�)���V�L�W�H���$�*�,�������Z�H�O�O�����O�R�F�D�W�L�R�Q�����������������������������������:����
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�)�L�J�X�U�H�����������&�R�U�H���S�K�R�W�R�J�U�D�S�K�V���D�Q�G���Z�L�U�H�O�L�Q�H���O�R�J�V���R�I���W�K�H���8�7�)���V�L�W�H���$�2���������Z�H�O�O�����O�R�F�D�W�L�R�Q�����$�(���������������������������:����
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8 Outcrop Descriptions: Day 1, Stop 2, Marl Section

8.1 Fluvial Marl Section 

Map Coordinates: 74D/14 Wood Creek, Scale 1:50 000, UTM 0474746E, 6305712N

Location and Access:���7�K�L�V���V�H�F�W�L�R�Q���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\���������N�P���G�R�Z�Q�V�W�U�H�D�P���I�U�R�P���W�K�H���F�R�Q�À�X�H�Q�F�H���R�I���W�K�H��
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of McLean 
Creek (Figures 26A, 26B and 26C).

Highlights:  

�‡�� �0�D�U�O�\���P�X�G�G�\���V�D�Q�G�����S�D�O�H�R�V�R�O�����F�D�U�E�R�Q�D�F�H�R�X�V���P�X�G�V�W�R�Q�H���D�Q�G���À�X�Y�L�D�O���V�D�Q�G�����J�H�Q�H�U�D�O�O�\���V�O�X�P�S�H�G��

• Some of the oldest Lower Cretaceous sediment in the area.

Description: In this small outcrop (about 5 m high), some of the oldest Lower Cretaceous sediment that 
unconformably overlies the Devonian limestone in the area is exposed (Figures 27A and 27B). Here is 
exposed a slumped section of paleosol/marly muddy sand, with interbedded carbonaceous mudstone 
and minor crossbedded granule sand that occupies a paleotopographic low on the pre-Cretaceous 
unconformity. Note the general absence of bitumen staining, the abundance of organics and ironstone 
concretions, and the generally unconsolidated nature to the sediment. 

�)�L�J�X�U�H�������$�����$�H�U�L�D�O���S�K�R�W�R�J�U�D�S�K���V�K�R�Z�L�Q�J���O�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�D�U�O���V�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U��
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�)�L�J�X�U�H�������%�����7�R�S�R�J�U�D�S�K�L�F���P�D�S���V�K�R�Z�L�Q�J���O�R�F�D�W�L�R�Q���D�Q�G���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���0�D�U�O���V�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U��

Interpretation: ���3�R�V�V�L�E�O�H���S�D�O�H�R�V�R�O�V�����O�D�F�X�V�W�U�L�Q�H���P�D�U�O���D�Q�G���À�X�Y�L�D�O���V�D�Q�G���U�H�P�Q�D�Q�W�V���D�U�H���S�U�H�V�H�U�Y�H�G���L�Q���W�K�L�V��
generally recessive and slumped outcrop. Regional mapping suggests this location is typical of areas that 
were originally paleotopographic lows along the karstic pre-Cretaceous unconformity. Originally the 
unit was probably water bearing, since exposure along the Athabasca River valley has become further 
eroded and slumped along the bank. One hypothesis that accounts for the lack of bitumen staining in 
this part of the section is that the original medium to heavy crude was emplaced laterally along-strike at 
a stratigraphic interval higher than that represented by the marl section. This unit, although Cretaceous, 
may be older than the McMurray Formation. 
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�)�L�J�X�U�H�������&�����0�H�D�V�X�U�H�G���)�O�X�Y�L�D�O���0�D�U�O���V�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U��
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�)�L�J�X�U�H�������'�����0�H�D�V�X�U�H�G���0�D�U�O���X�S�S�H�U���V�H�F�W�L�R�Q�����I�U�R�P���+�H�L�Q���H�W���D�O������������������
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�)�L�J�X�U�H�������$�����0�D�U�O���V�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����V�K�R�Z�L�Q�J���D�U�J�L�O�O�D�F�H�R�X�V���O�L�P�H�V�W�R�Q�H���R�I���W�K�H���'�H�Y�R�Q�L�D�Q���:�D�W�H�U�Z�D�\�V���)�R�U�P�D�W�L�R�Q���R�Y�H�U�O�D�L�Q���E�\��
�À�X�Y�L�D�O���P�D�U�O���G�H�S�R�V�L�W�V��

�)�L�J�X�U�H�������%�����0�D�U�O���V�H�F�W�L�R�Q�����$�W�K�D�E�D�V�F�D���5�L�Y�H�U�����V�K�R�Z�L�Q�J���P�D�U�O���G�H�S�R�V�L�W���R�F�F�X�S�\�L�Q�J���D���O�R�Z���R�Q���W�K�H���V�X�E���&�U�H�W�D�F�H�R�X�V���X�Q�F�R�Q�I�R�U�P�L�W�\�����)�O�X�Y�L�D�O��
marl section.
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8.2 Marl Upper Section

Map Coordinates: 74D/14 Wood Creek, Scale 1:50 000, UTM 0474800E, 6305750N

Location and Access:���7�K�L�V���V�H�F�W�L�R�Q���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������������N�P���G�R�Z�Q�V�W�U�H�D�P���I�U�R�P���W�K�H���F�R�Q�À�X�H�Q�F�H���R�I���W�K�H��
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of McLean 
Creek (Figures 26A, 26B and 26D). From the Fluvial Marl Section continue along the east bank of the 
Athabasca River for a couple hundred metres and access a low terrace section via small gullies in the 
bank. The measured outcrop is behind the treed bank in a slumped cutbank about 100 m above the river 
level, and set back in the trees by about 70 m. This section is not easily seen from the river bank. The 
measured section starts approximately 13 m above the vegetated bank that sits above the Fluvial Marl 
Section. 

Highlights:  
�x�� Even and horizontal bedding style alternating with wavy bedding.

�x�� Large-scale convolute lamination and oversteepened crossbedding within thick cliff forming 
�� �V�D�Q�G�V���W�K�D�W���O�D�W�H�U�D�O�O�\���D�O�R�Q�J���V�W�U�L�N�H���L�Q�W�H�U�¿�Q�J�H�U���Z�L�W�K���P�X�G�V�W�R�Q�H���G�H�S�R�V�L�W�V��

Description: In this steep outcrop (about 25 m high) is a largely inaccessible and partially slumped 
�V�H�F�W�L�R�Q���R�I���L�Q�W�H�U�E�H�G�G�H�G���V�D�Q�G���D�Q�G���P�X�G�V�W�R�Q�H�����7�R�Z�D�U�G���W�K�H���E�D�V�H�����¿�Q�H���V�D�Q�G���L�V���L�Q�W�H�U�E�H�G�G�H�G���Z�L�W�K���W�K�L�Q���V�L�O�W�\��
mudstone, partially burrowed and sideritized. Bedding is wavy with local coarse pebble lags. Sands 
are generally rippled throughout, and an isolated coal boulder clast occurs in the lowermost sand. 
Next is a covered, recessive, 3 m thick interval. Overlying the recessive unit, is a 7 m thick succession 
�R�I���E�L�R�W�X�U�E�D�W�H�G�����¿�Q�H���W�R���Y�H�U�\���¿�Q�H���V�D�Q�G�����L�Q�W�H�U�E�H�G�G�H�G���Z�L�W�K���V�L�O�W�\���P�X�G�V�W�R�Q�H�����%�H�G�G�L�Q�J���L�V���Z�D�Y�\���R�U���H�Y�H�Q���D�Q�G��
horizontal, and bioturbation is more prominent toward the base, with mainly Planolites and Skolithos 
types. Mudstone intraclasts and thin mudstone breccias occur throughout the interbedded sand and 
mudstone units. Carbonaceous content is also high within these interbedded parts of the outcrop. The 
�W�K�L�F�N���F�O�L�I�I���I�R�U�P�L�Q�J���V�D�Q�G�V���D�U�H���D�E�R�X�W�������P���K�L�J�K�����F�R�Q�V�L�V�W�L�Q�J���R�I���S�H�E�E�O�\���V�D�Q�G���W�K�D�W���¿�Q�H���X�S�Z�D�U�G�V���L�Q�W�R���¿�Q�H���W�R��
medium sand with dispersed mudstone intraclasts. Toward the base within the pebbly units, the sands are 
sideritized. Crossbedding is deformed and dewatering features and large-scale convolute laminations are 
common. Sands are bioturbated with Skolithos traces. Crossbedding includes planar-tabular and ripple 
�G�U�L�I�W�����7�R�Z�D�U�G���W�K�H���W�R�S���R�I���W�K�H���F�O�L�I�I���V�D�Q�G�V���L�V���V�D�Q�G�\���L�Q�F�O�L�Q�H�G���K�H�W�H�U�R�O�L�W�K�L�F���V�W�U�D�W�L�¿�F�D�W�L�R�Q�����2�Y�H�U�O�\�L�Q�J���W�K�H���F�O�L�I�I��
forming sands is an inaccessible, interbedded unit of grey sand and mudstone. 

Interpretation:  The pebbly and bioturbated sand at the base of the section is interpreted as high 
energy, estuarine channel deposits of the Upper McMurray succession. This is overlain by a very thick 
succession of stacked estuarine deposits. Some of these estuarine sands are massive, or show abundant 
crossbedding, and are interpreted as estuarine channel sands. Other sands occur with mudstone that 
�L�Q�W�H�U�¿�Q�J�H�U���Z�L�W�K���D�Q�G���R�U���D�U�H���F�U�R�V�V�F�X�W���E�\���W�K�H���F�K�D�Q�Q�H�O���V�D�Q�G�V�����:�K�H�U�H���D�F�F�H�V�V�L�E�O�H�����W�K�H�V�H���L�Q�W�H�U�E�H�G�G�H�G���X�Q�L�W�V���D�U�H��
horizontally bedded and may be vertical, accretion-abandoned channel deposits. 

8.3 Reservoir Analogues: Marl Section, Athabasca River 

The slumped section of marly muddy sand, with interbedded carbonaceous mudstone and minor 
crossbedded granule sand, occupies a paleotopographic low on the pre-Cretaceous unconformity. It is 
also the oldest dated material within the outcrops studied in the Fort McMurray area. There is no bitumen 
staining, an abundance of organics and common siderite concretions. In the subsurface, such sediment 
would represent a lower water-sand succession, locally preserved within paleotopographic lows along 
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the sub-Cretaceous unconformity. Paleolows along the unconformity often contain water-bearing sands. 
�7�K�H�V�H���E�D�V�D�O���Z�D�W�H�U���V�D�Q�G�V���P�R�V�W���O�L�N�H�O�\���U�H�À�H�F�W���S�D�O�H�R���Z�D�W�H�U���R�L�O���F�R�Q�W�D�F�W�V�����+�H�L�Q���H�W���D�O���������������������7�K�H���P�L�[�H�G���F�O�D�V�W�L�F��
�D�Q�G���F�D�U�E�R�Q�D�W�H���S�D�O�H�R�Y�D�O�O�H�\���¿�O�O�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���P�D�U�O�V���D�Q�G���S�D�O�H�R�V�R�O�V���R�E�V�H�U�Y�H�G���L�Q���W�K�L�V���V�O�X�P�S�H�G���V�H�F�W�L�R�Q�����D�U�H��
not well connected to one another, as shown by their patchy and unpredictable outcrop and subsurface 
occurrence. 

For the most part, these units would be poor reservoirs. However, any associated water sands may 
�V�L�J�Q�L�¿�F�D�Q�W�O�\���D�I�I�H�F�W���L�Q���V�L�W�X���V�W�H�D�P���S�U�R�G�X�F�W�L�R�Q���R�I���R�Y�H�U�O�\�L�Q�J���E�L�W�X�P�H�Q���U�H�V�H�U�Y�R�L�U�V�����L�I���K�R�U�L�]�R�Q�W�D�O���L�Q�M�H�F�W�L�R�Q���D�Q�G��
production wells intersect these paleotopographic lows (Hein et al., 2000). Other potential problems of 
production of reservoirs with associated marls relates to their high organic content, alteration of clays 
due to pedogenesis and later siderite cementation. Local mineralization (mainly sulphides, mostly pyrite) 
�L�V���F�R�P�P�R�Q���L�Q���V�H�G�L�P�H�Q�W�V���Z�L�W�K���K�L�J�K�H�U���R�U�J�D�Q�L�F���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����&�O�D�\�V���P�D�\���S�U�H�V�H�Q�W���D���P�L�J�U�D�W�L�R�Q���R�I���µ�¿�Q�H�V�¶��
problem, whereas the siderite, pyrite and other sulphides are acid sensitive to HCl. The marl has a high 
�F�D�O�F�L�X�P���F�D�U�E�R�Q�D�W�H���F�R�Q�W�H�Q�W�����D�Q�G���F�D�O�F�L�W�H���W�H�Q�G�V���W�R���I�R�U�P���V�F�D�O�H���Z�L�W�K���L�Q�F�R�P�S�D�W�L�E�O�H���À�X�L�G�V�����+�H�L�Q���H�W���D�O��������������������
�6�L�G�H�U�L�W�H���F�R�Q�F�U�H�W�L�R�Q�V���P�D�\���U�H�S�U�H�V�H�Q�W���E�D�I�À�H�V���W�R���À�R�Z��

In core, the mottled sandy marl is represented by waxy, very carbonaceous sandy clay, which is overlain 
by organic, carbonaceous, silty mudstone (Figure 28). On geophysical logs, the marl is too thin for a 
‘carbonate’ response; however, the log responses indicate a mud-dominated package (Figure 28).
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�)�L�J�X�U�H�����������&�R�U�H���S�K�R�W�R�J�U�D�S�K�V���D�Q�G���Z�L�U�H�O�L�Q�H���O�R�J�V���R�I���W�K�H���0�R�E�L�O���������&�O�D�U�N�H���&�U�H�H�N���Z�H�O�O�����O�R�F�D�W�L�R�Q�����$�$���������������������������:����
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