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ABSTRACT 

This thesis endeavors to define the reservoir characteristics, stratigraphy, facies 

architecture and their relationships of the Lower Cretaceous Cardium Formation in the 

northeast Pembina Oil Field of west-central Alberta. Bioturbated lower shoreface to 

offshore sandstones are subdivided into two separate depositional units. The lower 

depositional unit is characterized by four stacked shoreface-offshore parasequences       

(A Ð D), and the upper unit consists of two sandspit parasequences (E Ð F). The units are 

separated by an erosion surface that eroded the uppermost deposits of the underlying 

shoreface Ð offshore parasequence. Characterization of the low permeability Cardium 

reservoir facies indicates that the horizontal and vertical sand-filled burrows improve 

sandstone bed connectivity and enhance permeability flow pathways. Subsurface 

reservoir mapping coupled with facies characteristics and production data established a 

more thorough understanding of the reservoir characteristics and fairway widths of 

unconventional low permeability offshore deposits. 
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CHAPTER 1: INTRODUCTION

This thesis is written in paper format; the Cardium Formation sedimentology 

and reservoir architecture are discussed in chapter 2 (paper 1), and the reservoir 

characterization is discussed in chapter 3 (paper 2). The rock analysis conducted for this 

thesis was completed in collaboration with other labs; thin section microphotographs, 

grain mineralogy, x-ray diffraction (XRD), cation exchange capacity analysis (CEC) and 

mercury injection capillary pressure analysis were provided by Holly Nicholas at AGAT 

labs. The x-ray computer tomography (XRCT) scans were provided by Perm Inc. 

�7�K�H���&�D�U�G�L�X�P���)�R�U�P�D�W�L�R�Q���R�I���W�K�H���$�O�E�H�U�W�D���S�O�D�L�Q�V���K�D�V���E�H�H�Q���D���S�U�R�O�L�¿�F���R�L�O���S�U�R�G�X�F�H�U��

since its discovery in the 1953 (Krause et al., 1994). The supergiant Pembina Oil Field in 

�Z�H�V�W���F�H�Q�W�U�D�O���$�O�E�H�U�W�D���L�V���R�Q�H���R�I���W�K�H���O�D�U�J�H�V�W���F�R�Q�Y�H�Q�W�L�R�Q�D�O���R�L�O���¿�H�O�G�V���L�Q���1�R�U�W�K���$�P�H�U�L�F�D���D�Q�G���R�Q�H��

of the most economically important sandstone and conglomerate units in the Colorado 

Group (Fig. 1.1) (Neilsen, 1957; Owen, 1975; Nielsen and Porter, 1984). Initial oil 

production began shortly after the discovery of the Pembina Oil Field in 1953 (Nielsen, 

1957) and since 1960 has underwent several improved oil recovery schemes such as 

�Z�H�O�O���G�R�Z�Q���V�S�D�F�L�Q�J�����Z�D�W�H�U���À�R�R�G�L�Q�J���D�Q�G���K�R�U�L�]�R�Q�W�D�O���Z�H�O�O���G�U�L�O�O�L�Q�J���S�U�R�J�U�D�P�V�����$�W���S�U�H�V�H�Q�W�����W�K�H��

Pembina Oil Field has a well count of 5220 vertical oil wells, 1746 water injectors and 

823 horizontal wells. The Cardium Formation in the Pembina Oil Field hosts more than 

1,483 MMBbls of recoverable oil of an estimated 9,363 MMBbls OOIP of 38.1 degree 

API oil and 1,829 Bcf of recoverable gas of an estimated 5,070 Bcf OGIP (MMBbls – 

million barrels of oil; OOIP – original oil in place; API – American Petroleum Institute; 

Bcf – billion cubic feet; OGIP – original gas in place) (GeoScout). 

The Late Cretaceous (Turonian/Coniacian) Cardium Formation was deposited 

as a muddy, sandy and conglomeratic clastic wedge (Krause et al., 1994) in the Western 

Interior Seaway with the main sediment source the actively uplifting cordillera to the 

west (Plint and Walker, 1987). The Cardium sandstones represent eastward prograding 

�F�O�L�Q�R�I�R�U�P�V���W�K�D�W���I�R�U�P�H�G���G�X�U�L�Q�J���Q�X�P�H�U�R�X�V���V�H�D���O�H�Y�H�O���À�X�F�W�X�D�W�L�R�Q�V�����-�R�L�Q�H�U�������������������7�K�H��


































































































































































































































































