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Disclaimer

This document is protected by copyright and is provided for informational and educational purposes
only. No unauthorized commercial reproduction or exploitation is allowed. Any use and interpretation is
solely the responsibility of the purchaser. When using these data in publications or presentations, due
acknowledgement is to be given to the EUB/AGS and authors.

The Alberta Energy and Utilities Board, Alberta Geological Survey (EUB/AGS) and its employees make
no warranty, guarantee, representation, expressed or implied, or assume any legal liability regarding the
correctness, accuracy, completeness, reliability, usefulness or fitness for purpose of any information,
apparatus, product or process disclosed on this product or that  the information disclosed will not
infringe any patent, copyright, trade secret or any other proprietary or intellectual property right of any
person.

Any references made in this publication to any specific commercial product or service by trade name,
trade mark, manufacturer or otherwise, does not constitute or imply the endorsement, recommendation
or favouring of the EUB/AGS.
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Coal bed Methane Potential of Selected Alberta Coal Deposits 

(A review of coal geology, distribution and characterization as related to coal bed methane potential) 
A. Beaton, D. Chen and R. Richardson, Alberta Geological Survey, and 
J. Campbell, Jaycon Reconnaissance 
 
The Alberta Plains area contains significant coal resources within strata ranging in age from Cretaceous to 
Tertiary. Shallow coal deposits are a traditional source of energy for power generation, but increasing 
demand for energy has led to a renewed interest in the coal bed methane potential within Alberta.  

Coal characterization is an essential component of any coal bed methane project evaluation. Rank, 
composition, seam continuity, thickness and distribution are critical parameters in predicting gas 
generation and production potential.  

The Cretaceous upper Mannville contains several thick, continuous coal seams that are potential coal bed 
methane targets. Cores and cuttings were sampled across the Alberta Plains, providing detailed coal rank 
and compositional data relevant to gas potential. Some shallow rank anomalies were observed suggesting 
favourable coal bed methane potential in selected areas of central Alberta. 

Coal bed methane potential across Alberta is being assessed by the Alberta Geological Survey. Detailed 
regional and local cross sections across the Alberta Plains are being constructed to examine the geology, 
distribution and character of Cretaceous coals associated with the above-mentioned rank anomalies. 
Overlying coal zones within the Belly River Formation and Edmonton Group are being examined and 
their coal bed methane generation potential is currently being assessed. A detailed coal bed methane 
database including stratigraphy, lithology, coal quality and predicted gas potential is in preparation. 

Acknowledgements: Funding for the coal bed methane evaluation of Alberta is in part provided by 
ASRA, the Alberta Science and Research Authority. 
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Bedrock Topography and Drift Thickness, Athabasca Oils Sands (in situ) Area and 
Adjoining Regions 

Laurence D. Andriashek, P.Geol., John G. Pawlowicz, Mark M. Fenton, P.Geol., and Ilona M. Ranger 
 
Bedrock topography and drift thickness maps provide valuable information to the energy industry on such 
aspects as: depth to bedrock, thickness and nature of drift cover, occurrence of buried aquifers for 
groundwater supply, potential for boulder or gravel horizons that may impede drilling operations, 
aberrations in airborne geophysical exploration surveys, and drill casing depths for groundwater 
protection. This poster consolidates the interpretations of previous bedrock topography studies in the 
region. In addition, the poster highlights the results and interpretations that are the outcome of 1) new 
projects that the AGS conducted in support of regulation of the energy development in the Oil Sands 
areas, and 2) initiation of the new AGS Minerals Program to support both exploration and development.  

Landscape features that record the erosion and deposition from multiple glacial advances and retreats 
during the past 1.5 million years or more characterize the present-day topography of northern Alberta. 
Masked by these glacial sediments is a bedrock surface which displays a markedly different appearance - 
one that records a history of major fluvial channel systems that modified the bedrock landscape during the 
Tertiary, and later overprinted by deep channels scoured into the bedrock surface by glacial meltwater 
during Quaternary glacial periods. 

This poster presents the Alberta Geological Survey's current understanding of the bedrock topography and 
buried fluvial channel features in the parts of northern Alberta defined by longitude 1100 to 1160 W and 
latitude 550 to 580 N (see figure). This area encompasses the Athabasca Oil Sands (in situ) Area as well 
as the Athabasca Oil Sands (surface mineable) Area, the northern part of the Cold Lake Oil Sands Area, 
and the western part of the Athabasca Oil Sands Area overlying the Grosmont and Wabasca oil sand 
deposits. Each of these areas has, is, or will be undergoing intensive oil sands development. 

Buried channels form the most dramatic aspect of the bedrock topographic surface. Two major channel 
morphologies emerge from the interpretation of borehole logs in the region. The first consists of broad, 
shallow-walled channels or valleys that are interpreted to represent regional drainage systems formed 
during the Tertiary. In a few locations where the fluvial sediment resting on the floor of these channels 
has been sampled, the clast petrology is consistent with a preglacial source from the Cordillera west of the 
region. Rock types from the Laurentide Shield to the northeast (granite, gneiss) are conspicuously absent 
in the clast composition. The general trend of these channel, or valley, systems is north and east toward 
the Arctic Ocean. In some cases, opposing ends of channels display reverse gradients, indicative of 
headwall erosion and stream capture of older drainage systems. Stream piracy and subsequent channel 
abandonment is also indicated by abrupt, hanging wall confluences with other channel systems. All attest 
to the evolutionary degradation of the exposed bedrock surface during the late Cenozoic. Because of their 
broad width, preglacial valleys serve as depositional basins for subsequent geological events. In this 
regard, preglacial valleys are the foci for thick accumulations of both stratified glaciofluvial, and 
nonstratified glacial diamict (till). Accumulations of more than 250 m of drift are not uncommon in this 
region.  

The second type of buried-channel form consists of deep, narrow, and steep-walled channels that are 
interpreted to have been scoured into the bedrock surface by catastrophic releases of glacial meltwater 
during any one of several glacial events that have occurred in the region. The composition of the clasts on 
the floors of these channels includes a significant component of Laurentide Shield rock types from 
northeast of the region, which could only have been transported into the area by glacial advances from 
that direction. The orientations of glacial meltwater channels are influenced as much by the position of 
glacial ice margins as they are by the underlying regional topography. As such they do not necessarily 
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follow the same drainage direction as preglacial channels. The fact that some meltwater channels are 
incised onto the highest parts of the local bedrock surface, or exhibit shallow U-shaped longitudinal 
profiles, indicates that some were probably formed in a subglacial rather than subaerial environment.  
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Seismic Modeling of Upper Cretaceous Coal-Bearing Strata of the Willow Creek Area, 
East of Drumheller: Implications for CBM Exploration 

C. Willem Langenberg1, Frances J. Hein1, Sarah Richardson2 and Rudi Meyer2 

 
 
Most of the coal resources in the Drumheller area (Drumheller Coal zone) are contained in estuarine, tidal 
and fluvial deposits of the Upper Cretaceous Horseshoe Canyon/Bearpaw transition zone. This sequence 
was deposited in an easterly prograding deltaic complex fed by rivers flowing from the West and draining 
into the Bearpaw Sea. Most of this delta complex is interpreted to have deposited in an embayment, 
where tidal currents dominated over wave and river processes. The paleo-swamps developed on the 
floodplains overlying, and in-land from the distributary and tidal channels. The upper part of the 
transition zone appears to have a higher proportion of fluvial channels and associated overbank deposits.  

Ten measured stratigraphic columns were recorded along a 4 km stretch of the Willow Creek area. A 
structural cross section with 6 times vertical exaggeration was constructed from these columns with help 
from panoramic photographs taken from opposing valley walls. Six coal seams can be distinguished in 
this interval, whereby four (#0, #1, #4 and #5 seams) are continuous along the whole cross section and 
two (#2 and #3) are intermittently exposed. The distributary channel deposit below the #0 seam locally 
shows lateral accretion bedding (IHS) with dips in various directions, hence representing several 
amalgamated channel bars. 

The seismic response along this cross section line was modeled by ray-tracing. Our modeling indicates 
that the coal seams and the inclined beds can be seismically imaged in areas of CBM exploration. 
Imaging of coal seams is possible given sufficiently high quality seismic data with dominant frequencies 
of approximately 100 Hz, whereas the more closely-spaced inclined beds require higher frequencies, 
approximately 150 Hz, to be effectively imaged. 

Construction of synthetic seismograms from nearby wells shows that seismic definition of coal beds is 
dependent not only on coal bed thickness, but also on the nature of the surrounding matrix and the 
spacing of multiple coal seams. The majority of coals in these wells become seismically distinct (separate 
events for the top and base of a coal bed) at frequencies greater than 150 Hz, though single coal seams 
surrounded by homogeneous high-contrast sediments become distinct at much lower frequencies, 
approximately 100 Hz. These observations and predictions will be of great importance in areas of CBM 
production, where the best production will be expected from thick, continuous coal beds. 

                                                      

1 Alberta Energy and Utilities Board Alberta Geological Survey  
4th Floor, 4999-98th Avenue, Edmonton, Alberta, T6B 2X3 

2 Department of Geology and Geophysics  
University of Calgary, Calgary, Alberta, T2N 1N4 
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The Drumheller Coal Zone, Lower Horseshoe Canyon Formation: Sedimentology and 
Sequence Stratigraphic Analysis for Coal Bed Methane (CBM) Exploration1 

Cristina Pana, Frances J. Hein, C. Willem Langenberg and Andrew Beaton2 
 
Renewed government interest in the coal bed methane (CBM) potential of Alberta has led to geologic 
studies in targeted areas of the Plains and Foothill regions of Alberta. One area of interest is the 
“Drumheller Coal Zone” (Lower Horseshoe Canyon Formation) of south central Alberta that has large 
reserves of coal present at an attractive depth. Detailed sedimentological and sequence stratigraphic 
analysis was done on continuous outcrop exposures of the Drumheller Coal Zone, and associated 
sediments, in the Willow Creek and Red Deer River valleys, along with subsurface analysis and 
correlation of oil/gas well logs. Much of this work used a multidisciplinary approach involving facies 
analysis of outcrops and cores, well-log analysis and correlation, regional mapping, as well as 
comparisons with modern analogues. 

Three major sequences are recognized (from bottom to top): 

Sequence A is defined by a major marine flood parasequence at the base, Bearpaw Formation (s. s.), 
considered as the most important transgression following the thick clastic sequence of non-marine Belly 
River Formation. Successively younger marine paraseqences southeasterly step farther basinward 
producing a progradational paraseqence set. The facies association is: floodplains bearing coals and 
channel fills.  

The interbedded silts and shales of Sequence B represent the last widespread flooding event of Bearpaw 
Sea in the study area. Considered as a regional “Marine Marker”, Sequence B is recognized as single 
retrogradational parasequence based on Gr-Resistivity traces. The marine-flooding Sequence B separates 
two major progradational cycles, the consistent coarsening upward unit (CU1) of Sequence C above and 
the last progradational event of Sequence A below.  

Sequence C is the last progradational cycle defined in the study area by the CU1 unit at the base and the 
well-exposed fluvial floodplain - channels association at the top on the Willow Creek valley. The coarser 
parasequence sets are successively deposited farther basinward. Sequence C is dominantly fluvial in 
character interfering with restricted marine recurrences. Regional outcrop-subsurface correlation shows 
that CU1 unit as a major progradational event correlates with the Dorothy shoreline sandstones. The 
laterally persistent coarsening-upward CU1 parasequence is thought to be a result of a high rate of 
sediment supply, coupled with a lowstand marine system. 

The spatial distribution of the different parasequences fits a model, originally proposed by Shepheard and 
Hills (1970), of a depositional platform for the Horseshoe Canyon deltaic system within a marine-
continental transition zone. The regional correlation of the different coal seams within individual 
parasequences (i.e. not crosscutting parasequence boundaries), and the number and distribution of coals is 
directly related to the origin of the facies preserved within the different parasequences.  

The present study shows that sequence stratigraphic analysis provides a realistic framework for 
deciphering the 3-D architecture of individual coal seams within the Drumheller Coal Zone. Such a 
framework, coupled with coal rank, cleat -orientation, structural and petrographic data, is useful for 
characterization of the coal bed methane potential of the Alberta Plains. 

                                                      
1 This study was funded by ASRA (Alberta Science and Research Authority) 
 
2 Technical Assistance: D. Magee, J. Delorme, C. Croque, M. Berhane and N. Koso 
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Hydrochemistry and Isotope Systematics of Regional Drift Aquifer Systems, 
Athabasca Oil-Sands (in situ) Area 

Tony Lemay and Sheila Stewart 
 

The extensive regional Quaternary drift aquifers and Quaternary/Tertiary buried valley complexes in the 
Athabasca Oil Sands (in situ) Area south of Fort McMurray, Alberta (Figure 1), have long been assumed 
to contain vast quantities of groundwater. The oil sand industry will need water of suitable chemistry for 
successful development of in situ projects. Where sufficient volumes of treatable brackish water from 
deep formations are limited or unavailable, potable to near-potable groundwater from drift aquifers may 
be used as a source of make-up water. Major questions remain as to the sustainable yields of these drift 
aquifers and the chemical nature of the groundwater therein. 

Ongoing work at the Alberta Geological Survey seeks to determine the sustainable yields of the drift 
aquifers, understand the controls on groundwater chemistry, and document baseline hydrogeological 
conditions prior to intensive energy development. This poster provides an update on ongoing efforts 
towards understanding the geochemistry of the drift aquifers. 

A field program was conducted during the summers of 1999 to 2001 to collect high quality groundwater 
samples. The program had three components: 

1. Sampling of water from domestic water wells, existing observation wells, and springs discharging 
from drift aquifers; 

2. Sampling of produced water from oil and gas wells; 

3. Sampling of new piezometers installed as part of this program. 

This poster will present preliminary results for the first two points. 

Sampling Methods and Analytical Program 
An extensive list of analytes was constructed (Table 1) in order to arrive at the best possible baseline 
characterization and geochemical understanding of the drift aquifers in the study area. The groundwater 
sampling protocols used in this program were developed from the combined practices of the United States 
Geological Survey, the United States Environmental Protection Agency, and geochemical specialists at 
the University of Calgary, the University of Alberta and the University of Saskatchewan. 

Sampled wells were carefully chosen based on location, completion depth, and quality of well 
construction based on drillers’ reports. High quality water samples from these wells, AGS piezometers, 
and samples from a spring discharging from an exposed section of a Quaternary/Tertiary buried channel 
were collected along with quality control samples. The samples were analyzed for major, minor and trace 
constituents, organic acids, naturally occurring radioactive materials, stable isotopes and radiogenic 
isotopes. Additional historical chemical information was gathered from analyses performed by the 
Alberta Research Council and Alberta Environment as well as produced water analyses collected by the 
Alberta Energy and Utilities Board. The additional sample points were selected based on well completion 
quality and charge balance criteria. 
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Initial Results 
Initial interpretation of the collected data suggests a number of hydrogeological and geochemical 
processes are causing substantial regional variability in groundwater chemistry. The processes include 
mixing of waters of meteoric, and possibly glacial origin, with basinal waters emanating from deeper 
formations, as well as water-rock interactions. The piezometric surface developed for the Quaternary 
aquifers suggests that flow is dominated by topography, flowing from recharge in the Moostoos Uplands 
and other highlands towards Christina, Horse, Wandering and Athabasca River basins. Flow within the 
major Quaternary/Tertiary buried channel in the study area is towards the Athabasca River. 

Ongoing Activities 
Work continues on better defining the nature of the water-rock and water-water interactions. Statistical 
analyses of the data along with geochemical and GIS analyses will help explain not only point by point 
chemical characteristics, but also will place the data and results of analyses in a spatial context from 
which the regional chemical system can be examined and defined. 
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Chemical Parameter Reason for analysis 

Process identification 
(i) water rock interaction 
(ii) mixing of diferent waters 
(iii) mineral dissolution and precipitation 
Health concerns 
Geothermometry and age dating 

Major, minor and trace elements 

Oil and gas and mineral exploration tools 
Organic acids Many are water-soluble and naturally occurring. The potential exists for 

complexation between organic acids and metals, facilitating transport of 
the metals. 
Water source 
Paleohydrogeology 

δ18O and δ2H 

Renewablility of the resource 
Process identification 
(i) dissolution of carbonate minerals 
(ii) dissolution of organic carbon 
(iii) solution of atmospheric of soil  
(iv) rates of decomposition and burial of organic matter 
(v) mixing of waters 

δ13C 

Tracing pathways by which C enters or leaves groundwater 
Process identification 
(i) dissolution of evaporite gypsum 
(ii) dissolution of organic matter (coal or peat) 
(iii) dissolution of sulphide minerals 
(iv) sulphate reduction 

δ34S 

Tracing pathways by which S enters or leaves groundwater 
Process identification 
(i) mixing of waters 
(ii) water rock interactions 

δ11B 

(iii) anthropogenic input 
Process identification 
(i) mixing of waters 
(ii) dissolution of carbonates 
(iii) weathering of continental crust or volcanic rocks 

δ87Sr 

Water source 
Health concerns 
Process identification NORMS 
(i) mixing of waters 

Table 1. List of analytes 
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 Figure 1. Study Area 
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Coalbed Methane Potential of Selected Alberta Coal Deposits

A.Beaton, D.Chen and R.Richardson,  Alberta Geological Survey, and
                         J. Campbell,  Jaycon Reconnaissance 

Abstract
Stratigraphy and Typical Geophysical Log Signatures
    of Main Coal Bearing Strata of Alberta Plains
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Distribution and Depth of Coal Bearing Strata
                   in the Alberta Plains
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        Coalbed Methane Test Wells
 Gas Contents and Reservoir Properties
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Coalification Trends and Rank Distribution
Mannville Equivalents and Basin Trends
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  The Main Coal-Bearing Zones

0

250

500

750

1000

1250

1500

1750

2000

2250

932.7

0

250

500

750

1000

1250

1500

800.3

0

250

500

750

1000

1250

1500

769.7

0

250

500

750

1000

1250

1500

1750

827.3

0

250

500

750

1000

1250

690.7

0

250

500

742.2

1000

1250

1500

0

250

500

750

1000

1250

676.7

0

250

500

736.4

1000

1250

1500

0

250

500

750

1000

1250

1500

1750

2000

2250

924

0 10 20 km

Present
Sea Level

Ground Surface

8-36-51-6W5
11-11-51-8W5

10-12-50-10W5

7-34-53-2W5

10-33-54-1W5 8-2-55-27W4

6-14-52-4W5 8-5-53-3W5

Base of Fish Scale

Cenozoic

Ardley
Coal Zone

Carbon-
Thompson
Coal Zone

Upper

H
or

se
sh

oe
 C

an
yo

n

D
ru

m
he

ll
er

 C
oa

l 
Z

on
e

B
el

ly
 R

iv
er

C
ol

or
ad

o 
S

ha
le

s

Lea Park

Cardium Sandstone

Peace River

M
an

nv
il

le

Pre-Cretaceous

Upper

S
co

ll
ar

d

08-32-49-10W5

Taber
Coal Zone

McKay
Coal Zone

Lower

Lower

Daly

Lethbridge
Coal Zone



Laurence D. Andriashek, P.Geol.,  John G. Pawlowicz, Mark M. Fenton, P.Geol.,  and Ilona M. Ranger

�

Alberta Geological Survey, Alberta Energy and Utilities Board
4999 - 98 Avenue, Edmonton, Alberta, T6B 2X3
Laurence.Andriashek@gov.ab.ca, John.Pawlowicz@gov.ab.ca

Bedrock Topography and Drift Thickness, Athabasca Oils Sands (in situ) Area and Adjoining Regions Bedrock Topography and Drift Thickness, Athabasca Oils Sands (in situ) Area and Adjoining Regions 

��������

��������	�
����
����������	�	����������
��
�����������������������	����	��	��������������	��
���������
��	��������
	�	�����������	��������������	�����������	����������������������������
���������������������	�����

����
�	��	����������������������������������	�	�������
������������
�
���	������������	����� ���������������
���������
����	����������������������� ���������
	�� ���
��������	��� 
��	��	����� � ���� 
��	��� ���������	��� 	�� ��	��
��	�	����� ��� 
�������� �������
	�
����
���	���������	���������� ������	�����	��
��	��������	��	�������	��������	��
��	�	����
	�	�����	����	��������!"�����
��#��	��	�	�	��$%&�������	��������

��	����������	�������	�
�������������
���	����	��'���&����������������("����	��	�������	������$%&�)��������*������
	����

��	���	���
����	��������������
���	�

+������
�� ���	����� 	�	� ������� 	����������������
���	���� ��������	�
�����������������������
��	���	�� ������� 	�� 
��	� !�,� �������� ������ ��� ����� �����	������ 	�� 
�����	-���� 	�
����
�� ��
���	���� $����	��� � )������ ��� 	���� �������� �������	�� ��� �� �������� �������� ���� ���
����� �
�����������������	��

��������-�����	�	�������������	���������#���������������������	����	�	
��������� 	�� �������� �������
�� ������� 	�� ���	������ ���� ��	��� ����
���	��� ��� ���
� �������
����������	��	��������������������������������	��	����������.��	���������������
�������

���� 
��	��� 
�����	�� 	�� $����	�� %���������� &�����/�� ������	� ������	������� ��� 	�� �������
	�
����
�� ���� ������� �������� ������� ���	����� ��� 	�� 
��	�� ��� ���	���� $����	�� �������� ��

�����	���� !!00� 	�� !!10� 2� ���� ��	�	���� ,,0� 	�� ,30� 4� 5���� ������"�� � ���� ����� �����
������ 	�
$	�������'���&�����5�����	�"�$���������������	��$	�������'���&�����5����������������"�$����
	�����	����
��	���� 	��6����+����'���&�����$��������� 	�����	����
��	���� 	��$	�������'��
&�����$��������������	��%������	�����2�����������������
���	����7������	�����������������
������������������������	����������������������
���	�

��������������������	�����	������	�����
��	����	����������	�
����
�������������������#��
����������
��������������� ����� 	�� ��	��
��	�	��������������� ����� ��� 	�� �������� ���� ����	
������	������������������-�������������������������� 	�	����� ��	��
��	��� 	�� ��
�����	� ��������
��������� ���	���� ������� ������� 	�� ���	������ �  �� �� ���� ����	����� ����� 	�� �������� �������	
���	�������	�����������	�����������������������
�����	������	�
�	����������������	��	���	��

����������������������	��6�������������	����	�����������8����	�
��������	��+�����	����&����
	��	�����	���	�5�����	���������"���������
��������������	����	������	����
���	���������������
	�������� 	��������������������������	����������	��������	� 	������	��$��	���'������ �  ������
��������

�������������������������
�������������������	���������	��������������������������
�	����� ��
	���� ��� ������ ��������� ���	����� � &	����� 
������ ���� ���������	� ������
����������	���������������	����������
	����������������������������	��	�������������	����
$��� �		��	� 	�� 	�� �����	������� �������	���� ��� 	�� ��
����� �������� �������� ������� 	�� ��	�
6��������� � �������� ��� 	���� ������ ���	�� 
���������� �������� ������ ��� ��
���	������ ������� ���
���������	� ����������� ����	��� �  �� 	��� �������� 
���������� �������� ���� 	�� ����� ���� 	���
��������	����� ��� ��	� �	��	������ ��������������� ���� ����	��	������ �������� ������	� 5	���"�
$�������	�������������	���(,0����������	�������	�������������	����������

��� ������� 	�
�� ��� ������-������� ����� ������	�� ��� ���
�� �������� ���� �	��
-������� �������
	�	����� ��	��
��	��� 	������������������� ��	�� 	�����������������������	��	��
��������������
�����������	��	�����������������������������������������	��	�	�����������������	�������������
���
���	���� ��� 	�� ����	�� ��� 	�� ������� ��� 	���� �������� ��������� �� ����������	� ���
����	� ��
+�����	���� &����� ����� 	�
��� ����� ���	���	� ��� 	�� �������� ���� ������ ����� ���� ����
	����
��	��� ��	�� 	�� ����� ��� �������� ��������� ����� 	�	� �����	����� � ��� �����	�	����� ��� �������
���	��	������������������������������������	��
���	������������������������������	���������
	������������� ��������� 	�
����
���$������ 	��������	������������� ������� 	���������������
�����	�������
���������� ��������� � ��� ���	� 	�	� ��������	��	��� �������� ���� ����������	�� 	�
����	� 
��	�� ��� 	�� ������ �������� ��������� ��� �����	� ������� 9-��
��� �����	������� 
��������
������	���	�	�����������
���������������������������������	���	�����������������������	���

:��	
)�)�����

7����	��

6�������

����

����

����

	
�������

������

����

����

����������

(00� ;00�!00�0�

<�����	���

=>7�

=;+�

=;)�

=>?�

3;*�

3; �

3>$�

3>@�

3>��

3>%�

3;'�

>A0

,00

,!0

,(0

,;0

,>0

,,0

,10

,=0

,30

,A0

100
!!00

!!>0!!30

&	��������

4
��

	

4��	

4
��	

4��	

���������	�
�����
�
������
��������

:	��)�)�����

6����+���

:	��)�)�����

6����+���

:	��)�)�����

6����+���

:	��)�)�����

6����+���



Surface casing - no data

Empress Unit 3, glacial - sand, gravel

Empress Unit 2, preglacial - silt, clay

Empress interfluve, glacial - sand, gravel

Empress, origin unknown - sand, gravel

Empress Unit 1, preglacial - sand, gravel

Drift, glacial - undifferentiated
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The Drumheller Coal Zone, Lower Horseshoe Canyon Formation:
Sedimentology and Sequence Stratigraphic Analysis for

Coal Bed Methane (CBM) Exploration
�������2,���C24�����2D(2����C2�(23����?2����������2��'2+�'��&2������

+������%'��(���/%�'�'�0��-#�-��-�0�����#&���&����'�������&��-%�������� +�&���&���-�������&�1��2�3�4��5��62��������5��2����$%�5�32�)���������'��2�7�����8�

����&�'2��B���?���
�������2��2�	�2����#��'2?��	#
���27���82"��������2�>2+������2	�
��'2��2��������2�
'��2��2�������'2����2�>
�	�2,����2��'24���	���2������2�>2+������(2.��
����2�>2�������2�2�	�2E��
?	�����2����26���F27��&��
����	��2���!��24��?�����82�>2�
�	2�������2+������2�	��2	�
�����2����B�2�>2����2"�����2��2��2��������B�2'�"�	(2�������'2�'�#
?�����������2��'2�=
����2��������"	��2����!�2&�2'���2��2������
�

�
����"2�G"�
��2�>2�	�2��
?	�����2����26���C2��'2�������'2�'�?���C2��2�	�
3����&2����$2��'2��'2����2��B��2B����!C2�����2&��	2
�
�>���2����!�2��'2�����������
�>2���0��2&���2���(2�
�	2�>2�	�2&��$2
�'2�2?
���'���"�����!2�""����	2��B��B���2>����2����!#
�2�>2�
����"2��'2����C2&���#���2����!�2��'2�����������C2��������2?�""���C2�2&���2�2��?"���#
��2&��	2?�'���2������
�(

�	���2?�H��2�=
����2���2�������I�'27>��?2�����?2��2��"8J

#�$%��&��-2�2'�>���'2�!2�2?�H��2?�����2>���'2"����=
����2��2�	�2���C2����"�&24��?�����27(2(8C2����'���'2�2�	�2?��
�?"������2����������2>����&���2�	�2�	��$2������2�=
����2�>2���#?�����2����!2��B��24��?�����(22�
����B��!2!�
����2?�����
"����=����2�
�	������!2��"2>���	��2����&��'2"��'
����2�2"�����'�������2"����=����2��(2�	�2>����2���������2�J2>���'"����2�������
����2��'2�	�����2>���(

�	�2�������''�'2���2��'2	���2�>2#�$%��&��)2��"�����2�	�2���2&�'�"���'2>���'���2�B���2�>2����"�&2���2��2�	�2�
'!2����(2����'���'2�2�2��������2E������
���$��FC2��=
����2�2�2�������I�'2�2�����2��������'�������2"����=
����2���'2��2*�#�����B��!2�����(2�	�2?�����#>���'���2��=
����2�2�"�����2�&�2?�H��
"�����'�������2�!���C2�	�2��������2���������2
"&��'2
���27���82�>2��=
����2�2���B�2��'2�	�2���2"�����'�������2�B���2�>2��=
����2+2����&(

#�$%��&���2�2�	�2���2"�����'�������2�!���2'�>���'2��2�	�2�
'!2����2�!2�	�2���2
���2��2�	�2���2��'2�	�2&���#�G"��'2>�
B���2>���'"����2#2�	�����2���������2��2�	�2��"2��2�	�23����&
����$2B����!(2�	�2������2"����=
����2��2���2
����B��!2'�"����'2>���	��2����&��'(2��=
����2�2�2'�?������!2>�
B���2��2�	�������2�����>�����2&��	2��������'2?�����2���
�����(2��������
�
����"#
�
�>���2�����������2	�&2�	��2���2
���2�2�2?�H��2"�����'�������2�B���2���������2&��	2�	�2�����	!2	�������2��'����(2�	�2��������!2"�������2���������#
"&��'2���2"����=
����2�
�	�
�	�2��2��2�2��
��2�>2�2	��	2����2�>2�'�?���2
""�!C2��
"��'2&��	2�2��&���'2?�����2!��?(

�	�2"�����2'�����
����2�>2�	�2'�>>�����2"����=
����2>��2�2?�'��C2���������!2"��"��'2�!2�	�"	���'2��'2����27���)8C2�>2�2'�"��������2"���>��?2>��2�	�2����	��2���!��2'������2!��?2&��	��2�2?�����#�����������2����#
�����2I���(2�	�2��������2�����������2�>2�	�2'�>>�����2����2��?2&��	��2��'�B�'
��2"����=
����27�(�(2���2���#�
�����2"����=
����2��
�'����8C2��'2�	�2�
?���2��'2'�����
����2�>2����2�2'������!2������'2��2�	�2������2�>2�	�
>����2"����B�'2&��	��2�	�2'�>>�����2"����=
����(

�	�2"�����2�
'!2	�&2�	��2�=
����2��������"	��2����!�2"��B�'�2�2��������2>��?�&��$2>��2'���"	�����2�	�2/#�2���	�����
��2�>2��'�B�'
��2����2��?2&��	��2�	�2��
?	�����2����26���(2�
�	2�2>��?�&��$C2��
"��'2&��	2����2���$C2�����2#
�����������C2��
��
���2��'2"�������"	��2'���C2�2
�>
�2>��2�	��������I�����2�>2�	�2����#��'2?��	���2"��������2�>2�	�2+������2,����(
2

+������

The Drumheller Coal Zone, Lower Horseshoe Canyon Formation:
Sedimentology and Sequence Stratigraphic Analysis for

Coal Bed Methane (CBM) Exploration
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