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���#��I	F���I�����	�
���
F�F����	
����C�
����	
��
F�����
F	
E������I�	��F�I���#C�
���
F����	C�������
G�
�	
E��������C#���	�
��������A�������
�������	
E��	
���F������C#����������������B���������
����	��������	
E��E����E	�������F	����#��T�����I�����	�
��
F���
����	
E������G������	EG�b���J��
F�����B�F�C��G�
�������I�	��A�c
bG������
��������
F�#��E��C��	
���F�����J�C��G�
	�����H��
�	I������	
E�������J�#��#���	����E��b	
b#������
F��	�b	
b#�����C�F��	
E��
�������E����	d�	F���	��F�C�F��	
E��#����#G��	����C�F��	
E��
F�#����E��#G	��������
F��S�	C�E	
EA����	��������C#���	�
�����G	��#��T������G��S������C��
F����	�	�	����������d�	��F�B��e�eS�R�B������	���@���A�E����B�A��CDA��f3gO0<�h6<.0536�ij�k�lmnopjjinqkr�pqsiqppm�tiuv�nwpm�xy�zpkmj{�p|lpmipq}p�iq�uvp�nir��
F�E���	
F�����A���#��	��	~	
E�	
������I�	���
E	
���	
E��G��G������J�F�	
�B��G�C�
�E�C�
���
F����G
	����#��	�	�
�A����E	

	
E����cC#��	����	����������F�B��!�������������
�F	�
���
�����G���CB��J�F��
������	�������
���#��
���	���T�
	�����C#�
	����	
���F	
E����J�I	����
��E���S�	�
E�����������C���
F�S�~���
��E�����E�
	~��	�
���G	�G��#��	��	~�F�	
�F�I���#	
E��
F��H#��	�	
E��
��
I�
�	�
��������I�	����������G����E�����
F��G�����	�A�������
����#��I	F	
E���
����	
E����I	�����G��	����������J	
E��	�G������C����������E���������������
�����C#�
���	�G���������E�������d�	�	
E��
F���F�I���#	
E��
F��b�H#��	��F��	EG���	�������I�	��A��
11



��������	�
������
���������������	������������������	�
��������������� !"��#��

$%&'(&)*+,�-$./(-0$�/*'�1'&2.���3
��
4�
�	�
���5����
6��	��#�����7�4����8�����6�8	
����6�	��	
5����	4	���	
��7��������
���
�6����6	8�
��������	
�9:�;<=�>?@?ABC��D
��7��������6��������
��
4�
�	�
���������8#��������8�6�����6��	
������	E�6�F��
6��	���
����7����#��8��F	�	���4������
�F�����
���
4�
�	�
����
6��
��
4�
�	�
��������4�	��C���	�7���
�	
��6��4�����	�
����4��	����#�������
6��	�7���
���
���G	8#��4	
5�6�	��	
5��
6���8#���	�
����7
���5	�������
�������	H����
���G��
�	
������#�����8���������4�	���7�������	��	����7����7����
5����	E�6�6��	
	�	�
�C����I7��������������7��#��#��������7	�����6������6��	
���
��
4�
�	�
��������4�	�������������J�� 3
��
4�
�	�
��������4�	�����
�	���������G#��8��F	�	������K�	
��7	�7��7��#�����#���������#��������

����6��8�K	
5�	��6	��	����������	���
6�5����������C��D
���6������#��6�����	���
6�5���������
�8	���������	
6������������64�
��6���	8����	�
����7
	L����
�#�	8��	���7��	H�
����6�	��	
5��
6�8���	G���5��7�6����	���������	
5C��M3
��
4�
�	�
��N�9B��7�����8�4	
5����5����6�#�
6�
���#�
����7
���5���
6����
�8	���������������#�
������4�	���7�������	��	��C�������K��
��
6���6����
�O� !!P��
���H�6��7���#�����8�����
��
4�
�	�
����	��#�������
6����	5
�6��7�8�����7��������5��	��J�� Q�RSTUV��	��#�����
��	��7���8	5����6����8����������������4�	����7	�7���
�	������������	���������F�
������	�7�����#��8��F	�	������L�	�	
5�7��	H�
����6�	��	
5��
6�8���	G�������	8����	�
����#��6�����	��������
�8	�������C��I7���	66�����KK�
���
6���
������7���	��	���
����	
��
6�#���	�
������7����
�
���	
�W�F������
6��C�C�����5��6��E�8#���X��Q�YZ[\��	��#�����
��	��7���8	5����6����8����������������4�	����7	�7�	
���6��������G#��8��F	�	�����	
5������
K	
5���
4�
�	�
��������	���
6����F�
���������4�	��C��I7��7����#������
�F��6�4���#�6��	�7�7��	H�
�����8���	G���������F���������
���5���7����	5	
�����
4�
�	�
���#��������C�������#�����8����E��
6�4���	���������8�����
4�
�	�
���#�������������������������C��I7�����6	�8�]��8��	�
�	
�����G��
�����W�F�����	���7�������	�����E�8#��X��Q� ÛZ[_��	��#�����
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

Formation of central Alberta, and Permian shales and distal clastics in the 
Permian Basin of Texas and New Mexico.  

 
Our assessment of resource oil potential in northeastern B.C. is guided by the Clarkson 
and Pedersen classification.  We discuss several examples of each of the three 
categories, specifying the category as we introduce each prospective unit.  One key 
learning is that tight and halo oil reservoirs can occur in normal stratigraphic trap 
settings, and thus are not limited to regional, basin-centred settings that are typical of 
many unconventional gas plays.  Our search has thus been very wide-ranging. 
 
Another key point is that recovering oil from unconventional reservoirs is more difficult to 
accomplish than recovering gas.  The U.S. Energy Information Administration (2013), in 
its first comprehensive world-wide review of both shale gas and shale oil resources, 
made the following critically-important point: 
 

“the production of shale oil requires that at least 15 percent to 25 percent 
of the pore fluids be in the form of natural gas so that there is sufficient 
gas-expansion to drive the oil to the well-bore. In the absence of natural 
gas to provide reservoir drive, shale oil production is problematic and 
potentially uneconomic at a low production rate. Consequently, producer 
drilling activity that currently targets oil production in the Eagle Ford shale 
is primarily focused on the condensate-rich portion of the formation rather 
than those portions that have a much greater proportion of oil and 
commensurately less natural gas.” 
 

Thus, simply identifying oil in place and reservoir characteristics is not sufficient to 
predict productive potential, particularly in shales.  Operators in the Duvernay play of 
Alberta drilled hundreds of wells and experimented extensively with completion 
technologies for several years, and decided to focus development on liquids-rich gas 
reservoirs at Fox Creek / Kaybob, as they could not make economic oil wells in the 
area.  Only recently has true oil production from the Duvernay been established in the 
shallower East Shale Basin area, although its productive potential is still being tested. 
 
 
UNCONVENTIONAL OIL EVALUATION STRATEGY 
 
Our strategy in this report is to define and describe potential resource oil plays in NEBC, 
and to set the stage for more detailed work in the future that will establish play viability 
and optimize economics.  We are working largely at a conceptual level, as there has 
been little drilling dedicated to resource oil plays in B.C. 
 
To fulfill this strategy, we do need to understand two key elements for each potential 
resource oil play: 
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1. The oil resource in place – governed by the distribution of the reservoir, its 
capacity to contain hydrocarbons, and the geochemistry and maturity of the 
source rocks (which may be the same as the reservoir for self-sourced / shale 
plays); 
 

2. The produceability of the oil resource.  Reservoir mineralogies and 
geomechanical properties can be measured to determine how readily the rock 
can be fracture stimulated.  The reservoir stress regime, which depends upon 
rock properties, regional stress fields and their anisotropies, and reservoir 
pressure will also play a role in designing fracture stimulation programs, and 
determining how effectively the rock can be fractured. 
 

In the future, we would look for our work to be built upon by systematic collection and 
analysis of supporting datasets, as has been undertaken on the Horn River play in NWT 
(e.g., Pyle et al., 2014).  With such data, detailed unconventional play evaluation, as 
outlined by Stoneburner (2015) can be undertaken – and in the future, advanced 
resource potential models, such as those constructed for the Cardium Formation by 
Chen and Osadetz (2013), can be constructed.   
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X-ray fluorescence is used to determine geochemical compositions of specific 
features. 
 

 Mechanical Properties – Most critical of these are Young’s modulus (YM) and 
Poisson’s ratio (PR), which are used to model and understand behaviour of 
reservoir rocks when fractured.  These are measured in the laboratory, and can 
be calculated from well logs, particularly dipole sonic logs.  See Appendix 2 for 
further discussion. 

 
After compiling existing datasets from the literature and BCOGC core files, we identified 
gaps hindering effective evaluation of prospective resource oil plays.  We designed and 
completed a program of sampling from cores and sample cuttings, and undertook 
analytical procedures to best evaluate each play; complete results are presented in 
Appendix 3, along with more detail on laboratory procedures.  While we did not 
undertake any interpretation of dipole sonic logs, wells with available dipole sonics are 
highlighted on play maps. 
 
 
PHASE 3.  PLAY CHARACTERIZATION 
 
Characterizations completed for Resource Oil plays were governed by their overall 
prospectivity, and upon available datasets.  Work included: 
 
Reservoir mapping and facies characterization 

 Depth to top formation and total thickness maps, outlining areal extent of the 
play; 

 Facies and paleogeographic interpretations, backed by previous studies, 
literature, and core and sample observations 

 Cross-sections illustrate stratigraphic elements that are key controllers for 
productive potential; 

 Where possible, reservoir mapping and characterization has been related to 
existing conventional pools. 
 

Reservoir quality assessment 

 Lithological / petrographic controls on reservoir quality;  

 Porosity / permeability relationships, backed by core and sample data. 
 

Hydrogeology, geochemistry, and fluid distribution 

 Organic matter content, type and maturity in each play, as a guide to 
hydrocarbon types that would be expected to occur; 

 Production and hydrogeology 
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

 
Reservoir Engineering Analysis 
 
We studied production from 13 horizontal Muskwa wells south and east of the Horn 
River Basin and Cordova Embayment – nine oil wells drilled between 2009 and 2012 in 
Alberta, one gas well and one uncompleted well in Alberta, and two B.C. gas wells.  
Horizontal legs vary between 600m and 1700m, and all were fracked with 3 to 25 
stages using both perf and open hole techniques (Table M1).  We saw no correlation 
between completion characteristics and production results.  None of the wells were 
drillstem tested; however, initial reservoir pressures were measured in most.  Pressure 
gradients are as high as 0.49 psi/ft (11.08 kPa/m) to datum depth, indicating some 
degree of overpressure.  We also noted gradients as low as 0.29 psi/ft, but it is not clear 
whether all pressure measurements are fully built up. 
 
 

Well 
Top 

Completion 
Bottom 

Completion 
Approx 

HZ Length 
Completion Style 

No of 
Fracs 

IP 
bbl/d 

EUR bbl 

100/16-33-106-09W6/00 2015 3769 1754 Perf, acid, frac 16 54 13232 

100/13-34-106-09W6/00 2060 3769 1709 Perf, frac 17 65 9572 

100/02-28-107-09W6/02 1858 3179 1321 Perf, frac 3 23 2810 

100/08-36-108-11W6/02 1961 3370 1409 Open hole 25 27 3079 

100/02-30-109-08W6/00 2219 2990 771 Perf, frac 11 129 116000 

100/03-30-109-08W6/00 2115 3120 1005 Open hole 12 51 10870 

100/16-06-109-12W6/00 2020 3540 1520 Open hole 14 11 1033 

100/04-30-110-09W6/00 2822 3380 558 Open hole 7 31 6993 

100/02-25-110-10W6/00 2070 3807 1737 Perf, frac 20 97 55000 

 
Table M1.  Completion summary, Muskwa oil wells. 

 
 
Table M2 summarizes production from each of the nine horizontal oil wells.  They all 
appear to be connected to gathering systems, and intermittent production does not 
appear to be related to weather (see production plots, Appendix 5).  Only one well, 2-
30-109-8W6 can be deemed economic, with at IP rate of 20.5 m3/d (129 BOPD), 
cumulative production of 10.2 e3m3 (64 MBO), and estimated ultimate recoverable 
resources of 18.4 e3m3 (116 MBO).  Only one of the three gas wells recovered 
substantial gas – b-33-B/94-I-8/02 produced 0.46 BCF (13.0 e6m3), with a forecast EUR 
of >1 BCF (see Muskwa Report in Appendix 5 for more detail). 
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Well Field Pool Status 
Current 

Operator 
First Prod Last Prod 

Cum OIL 
(Bbl) 

Cum 
GAS 
(Mcf) 

Cum 
CND 
(Bbl) 

Cum 
WTR 
(Bbl) 

IP 
bbl/d 

EUR bbl 

100/16-33-106-09W6/00 HARO Muskwa Susp OIL Husky 2014/04 2016/10 13232 90136 0 2720 54 13232 

100/13-34-106-09W6/00 HARO Muskwa Pump OIL Husky 2014/04 2017/10 9572 110172 0 2351 63 9572 

100/02-28-107-09W6/02 RAINBOW Muskwa Susp OIL Husky 2011/04 2011/11 2810 4295 0 3210 23 2810 

100/08-36-108-11W6/02 BLACK Muskwa ABD OIL Murphy 2012/03 2012/08 3079 35827 0 3290 27 3079 

100/02-30-109-08W6/00 RAINBOW Muskwa Pump OIL Husky 2009/11 2018/01 63690 58746 0 3073 129 116000 

100/03-30-109-08W6/00 RAINBOW Muskwa Susp OIL Husky 2012/10 2017/04 10870 12263 0 1379 51 10870 

100/16-06-109-12W6/00 BLACK Muskwa Susp OIL Husky 2013/08 2013/12 1033 29140 0 0 11 1033 

100/04-30-110-09W6/00 BLACK Muskwa Pump OIL Husky 2013/10 2017/11 6993 17257 0 4192 31 6993 

100/02-25-110-10W6/00 BLACK Muskwa Pump OIL Husky 2013/04 2018/01 39803 95734 0 0 97 55000 

 
 

Table M2.  Production statistics, Muskwa oil wells. 
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

Analytical Data 
 
B.C. Ministry of Energy and Mines / CBM Solutions (2005) tabulated Rock-Eval data for 
twenty Muskwa samples from seven wells in NEBC.  They found S2 values to be very 
low, suggesting the shales to be overmature with respect to the oil window, and Tmax 
values unreliable for determination of maturity.  Huge gas resources hosted by the 
Muskwa and older Horn River shales have been identified in the Horn River Basin and 
Cordova Embayment.  BCMEM/NEB (2011) tabulated gas-in-place of 3729e9m3 
(132 TCF) and marketable gas of 711e9m3 (25 TCF) (medium case) in the Muskwa in 
the Horn River Basin, while in the Cordova Embayment BCMNGD (2015) assigned 
700.3e9m3 (24.7 TCF) gas-in-place and 90.9e9m3 (3.2 TCF) marketable gas in the 
Muskwa (P50 case).  Gas in both basins is very dry, with significant CO2 content – 
indicative of very low liquids potential.  Wilson and Bustin (2017) have acquired 
additional Muskwa geochemical and maturity data in undertaking an analysis of 
petroleum systems in Devonian shales in the Horn River and Liard Basins. 
 
We mapped Total Organic Carbon (TOC) for the Muskwa, using all available Rock-Eval 
and Source Rock Analyzer (SRA) data in NEBC (Appendix 6; Map M3).  Where multiple 
data points are available from one wellbore, we selected median TOC values.  In the 
major basins where thick sections are sampled, TOC values are generally moderate to 
high. 
 

 The Rainbow-Zama area, part of the Alberta Muskwa Basin, has TOC values 
typically between 1-3 wt%, and shows decreasing TOC content with increasing 
rock burial and maturity from east to west.  Downhole TOC analysis of the one 
core from the Rainbow-Zama area in BC, at well Husky Bivouac a-55-B/94-I-8, 
demonstrates large organic content variability (1.6-5.6 wt%) and richness despite 
the thermal maturity (Tmax 443-473°C) (see Muskwa Core Analysis section 
below). 
 

 The Horn River Basin shows TOC values ranging generally between 2 and 4 
wt%, but up to 8 wt% TOC in some areas. 
 

 The Cordova Embayment shows TOC values ranging up to >4 wt%.  Using log 
analysis, Balogun (2014) determined the Muskwa to have fair to good source 
rock potential in the Cordova Embayment. 
 

Relatively low TOC values outside the major basins reflect at least in part the thinner 
Muskwa section, and likely inadequate sampling and dilution with other shales where 
drill cuttings were analyzed.  Overall, it is clear that the Muskwa is generally rich in 
organic matter. 
 
Ferri and Griffiths (2014) mapped vitrinite reflectance data in NEBC to show generally 
high thermal maturities, although lower values indicate prospectivity for liquids-rich gas 
generation eastward along the Alberta border (Fig. M3).  However, during the Devonian 
higher-order plants were just emerging and only limited vitrinite is present – and where it 
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May, 2018/lps 

Static mechanical properties of the Muskwa from two samples show Young’s modulus 
ranging from 30.4 to 30.7 Gpa, and Poisson’s ratio ranging 0.178 to 0.188 (Table M6).  
Compressive strength differs significantly between the two samples, but filled horizontal 
fractures in the 1840.39m sample may explain a lower strength value.  Dynamic 
Young’s modulus and Poisson’s ratio are significantly higher than the static values 
(Table M7).  Correlation between these values can help to understand dipole sonic logs 
used in the calculation of in situ stresses. 

 

Well Location 
Depth 

(m) 
Formation 

Confining 
Pressure 

(MPa) 

Compressive 
Strength 

(MPa) 

Residual 
Strength 

(MPa) 

Static 
Young’s 
Modulus 

(GPa) 

Static 
Poisson’s 

Ratio 

200/a-055-B 094-I-08/00 1824.89 Muskwa 16.0 168.85 129.45 30.70 0.178 

200/a-055-B 094-I-08/00 1840.39 Muskwa 16.0 137.94 108.57 30.40 0.188 

Table M6.  Muskwa Formation – static mechanical properties, Husky Hz Bivouac a-55-B/94-I-8. 

 

Well Location 
Depth 

(m) 
Formation 

P-Wave 
Velocity 

(m/s) 

S-Wave 
Velocity 

(m/s) 

Dynamic 
Poisson’s 

Ratio 

Dynamic 
Young’s 
Modulus 

(GPa) 

200/a-055-B 094-I-08/00 1824.89 Muskwa 4814.9 2514.2 0.312 40.58 

200/a-055-B 094-I-08/00 1840.39 Muskwa 4793.0 2531.1 0.307 42.02 

Table M7.  Muskwa Formation – dynamic mechanical properties, Husky Hz Bivouac a-55-B/94-I-8. 

 
 
Resource Oil Assessment 
 
Muskwa Formation shales are rich regional source rocks, and have proven to be highly 
productive shale gas reservoirs in the Horn River Basin and Cordova Embayment.  To 
the southeast, organic maturity levels are lower, and one might expect the same rocks 
to produce liquids-rich gas and even oil. 
 
Analytical work confirms favourable organic content and maturity, backed up by our 
analysis at the Husky Bivouac well.  Geomechanical properties may require further 
characterization, as parts of the Muskwa may be more clay-rich and less amenable to 
fracture stimulation.  Limited oil and liquids production from the overlying Jean Marie 
and Tetcho carbonates in the Helmet area suggest that the Muskwa has generated 
liquid hydrocarbons, a viewpoint shared by Ferri and Griffiths (2014).  Moreover, 
Rokosh et al. (2012) mapped the Muskwa to be rich in natural gas liquids in 
northwestern Alberta, immediately east of our study area. 
 
However, horizontal wells drilled to test Muskwa oil and liquids production have 
produced some liquid hydrocarbons, but in generally subeconomic quantitites.  Limited 
reservoir pressure data suggest some elevated pressures, but the presence of 
widespread overpressuring to support shale production has not been established.  We 
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Figure JM1. Stratigraphic cross-section J1-J1’.
Note relatively thin, uniform carbonate platform
to east, and abrupt thickening at the westerly
shelf margin (from McAdam, 1993).

39

lsears
Typewritten Text

lsears
Typewritten Text

lsears
Typewritten Text

lsears
Typewritten Text



��������	�
������
���������������	������������������	�
��������������� !"��#��

�����$�	��%����	#�	�
��&'()*+,�-.')/0+1����
2���3�  45���62	$	2�2��7��������
�#������8���9��
����	��	
��������2�#��	�	�
����������	�
�:��;7��6������
	����
�	���������	
�	2������<����
���2�#��	��2�6�������	�=����7�����$��6�����
����	2��#���2���8#:��;7���##����7�����
	�����8#�	�����8#��������
�>����	$�=��>����	$������������
>	
>����8������	$����2��#=�������6��
�7	
>������=6���	
>��	8����
��������7�������=��������������	8����
���3?	>:�9��5:��@
��7�����������#���7��������#����!  �8�������������>�����	�7����	�������
����6������$�
�8�������6�$���7�����������:��;7	
��#���������8���#���	2��������2�����$��
�������8����<A��	�7	
��7	����7��������$	�	���7����2��7����>���B*,'.CD(���
2�������������	���2�6���	8��8�2��3?	>:�9�E��45:��F�#��8��6	�	���$��#����	��������=#�������8�������
����	��2�����7����9��
����	�������$�	���	
��7�����8��������36���5��
2���7���#������8�������3��25�����G7	6	��#����	�	����#����!HI��
2�#��8��6	�	�	��������%��������8����3?	>:�9�H5:�������$�	��J���	���	
��7��6��������������<����
��	��#�������
�
=�G	���
�:���	�7	
��7���##����7������������#������8��	8����
�����	����G7	6	��#����	�	�������=KI���
2�#��8��6	�	�	�����
>	
>����8� : !���� :H�8%:���#�	8���9��
����	�������$�	���3�����	>��#7	���������#���5��������	�7	
��7��#���7���������7����B*,'.CD(�	��#������
�	���������7�2���
2�6�	�������$	��=�	��	
>�8�2���
���������������2�3����<����!LL�A���
2�����  4A�?	>:�9�45:��������
��������7���>7��7����MNOPQRSTU�SQP�VMWVTX�RSQMSYTP�SNZ�[\OPN�]ÛM_X̀�
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Figure JM2.  Cross-section illustrating reefal buildups on regional Jean Marie platform (from Stoakes, 1992).
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Figure JM3.  Jean Marie reefal facies, dominated by tabular stromatoporoids,
many in growth position.  Well b-66-I/94-P-10, 1139.6-1140.9m.
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Figure JM5.  Porosity / permeability cross-plot, Jean Marie Member, distinguishing cores
from Helmet area, other platform areas, and Gunnell Creek (western margin buildup).
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

Looking at 722 gas wells in the surrounding area, condensate volumes are very small, 
averaging about 1 bbl/MMCF.  Only eight wells produced more than 10,000 barrels 
condensate (the largest was about 22,000 barrels), and another 38 produced >5000 
barrels (Fig. JM7).  Figure JM8 shows the same data expressed as condensate-gas 
ratios, and on both maps, one can interpret a strong northwest-southeast trend of high-
condensate wells.  Two less pronounced trends of high condensate values, orthogonal 
to the main trend, are evident on the condensate production map, although only the 
southern trend shows on the ratio map. 
 

Reviewing about 100 valid DST’s in the Helmet area, there was significant oil recovery 
from only one at d-54-F/94-P-2 – which appears to lie on the southern orthogonal 
lineament of high condensate values (Fig. JM7, JM8).  Reservoir pressures from DST’s 
showed an underpressured gradient of about 0.2 psi/ft (4.5 kPa/m) overall, but a fair 
scatter of values with only suggestions of local compartmentalization.  The Jean Marie 
report in Appendix 5 provides additional detail. 
 
 

Analytical Data 
 

While the Jean Marie has been cored extensively, database searches revealed almost 
no analytical data submitted other than routine core analyses (Appendix 1).  Obviously, 
however, operators have completed many horizontal / multi-frac wells for gas production 
– and we assume that techniques have been perfected to efficiently stimulate the 
reservoir. 
 
Hydrocarbon composition is at least in part a function of the underlying source rock, 
which is likely the Muskwa over most of the productive area.  As noted above, the 
Muskwa is more liquids-prone away from the Horn River Basin, eastward toward the 
Alberta border – although Helmet lies tens of kilometres northwest of the area where the 
Muskwa itself has been tested horizontally for liquids. 
 
 
Resource Oil Assessment 
 
The Jean Marie Formation is a regionally extensive, well-studied carbonate platform, 
composed of stacked reefal carbonate cycles with intricate reservoir quality controls.  It 
has been horizontally drilled over large areas for regionally-pervasive subnormally-
pressured gas. 
 
Oil has been produced only at a few wells at Helmet (94-P-7), in the same general area 
where other Paleozoic reservoirs (Tetcho and Rundle) produce oil as well.  This area 
appears to be tens of kilometres northwest of the where Muskwa source rocks have 
themselves been drilled horizontally in an effort to produce liquids.  
 
Jones (1980) mapped a series of northwest-southeast trending “isostatic adjustment” 
faults in NEBC, one of which trends directly through the Helmet area (Fig. JM9).  While 
Jones envisioned these faults being conduits for dolomitizing fluids, they may have 
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Figure JM7.  Condensate production cumulative volumes from Jean Marie wells in the Helmet area. 
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Figure JM8.  Condensate production ratios from Jean Marie wells in the Helmet area. 
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Figure JM9.  Isostatic adjustment fault trends, NEBC, highlighting areas of oil production from
Jean Marie, Tetcho and Rundle Group reservoirs (after Jones, 1980).
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Table KT1.  Mineralogical and TOC/Tmax data of Exshaw-Tetcho interval, CNRL Hz Helmet 202/c-A46-K/94-P-1 (Devon Hz Helmet 202/c-35-K/94-P-1). 

Tmax Sulphides

oC
Albite K-fsp Calcite

Dolomite, Fe-

dolomite
Illite/mica Chlorite Kaolinite Pyrite

720.8 Exshaw Core 720.80 439 1.54 25.9 3 2.5 1.6 37.5 12.5 12.3 4.6

722.52 Exshaw Core 722.52 439 1.82 31.1 3.5 3.2 1.6 37.3 9.8 8.5 5

723.57 Exshaw Core 723.57 434 0.97 7.8 56.7 3.7 1.3 13.9 12.2 4.4

723.71 Kotcho- U. Lst Core 723.71 426 0.41 4.8 94.3 0.8 0.1

724.91 Kotcho- U. Lst Core 724.91 418 0.45 2 90.5 6.3 1.2

726.19 Kotcho- U. Lst Core 726.19 441 0.33 3.9 88.4 7.6 0.1

728.04 Kotcho- U. Lst Core 728.04 441 0.32 2.6 91.7 5.7

729.76 Kotcho- U. Lst Core 729.76 440 0.30 2.2 88.4 8.4 1

731.26 Kotcho- U. Lst Core 731.26 0.9 92.1 7

731.28 Kotcho- U. Lst Core 731.28 438 0.32 1.6 94.5 4

733.06 Kotcho- U. Lst Core 733.06 441 0.27 2.4 91.3 5.1 0.4 0.8

737.16 Kotcho- U. Lst Core 737.16 424 0.33 1.9 97.2 1

888.48 Tetcho- L. Lst Core 888.48 437 0.30 1.3 95.7 1 0.7 0.7 0.6

890.54 Tetcho- L. Lst Core 890.54 433 0.52 0.6 98.7 0.7

892.23 Tetcho- L. Lst Core 892.23 440 0.45 0.9 98 1.1

894.28 Tetcho- L. Lst Core 894.28 436 0.28 0.5 98.1 1.4

896.89 Tetcho- L. Lst Core 896.89 435 0.33 1.1 91.6 7.3

900.03 Tetcho- L. Lst Core 900.03 436 0.35 0.8 98.8 0.4

903.43 Tetcho- L. Lst Core 903.43 438 0.32 0.9 98 1.1

907.62 Tetcho- L. Lst Core 907.62 440 0.35 1 98.2 0.8

910.87 Tetcho- L. Lst Core 910.87 440 0.36 1.4 89.9 8.6

913.9 Tetcho- L. Lst Core 913.90 434 0.35 0.9 98 1.1

916.62 Tetcho- L. Lst Core 916.62 441 0.30 2.4 97 0.6

919.53 Tetcho- L. Lst Core 919.53 430 0.50 1.3 87.1 11.6

919.87 Tetcho- L. Lst Core 919.87 1.8 91.4 6.8

921.54 Tetcho- L. Lst Core 921.54 441 0.25 1.3 98.4 0.4

924.58 Tetcho- L. Lst Core 924.58 437 0.33 3.8 95.8 0.5

Apatite

CNRL Hz 

Helmet

C-A-046-K/94-

P-01

WA 28724

aka:

Devon Hz 

Helmet

C-035-K/94-P-

01

(int: 725.00 - 

927.00 m)

TOC

%
Quartz

Feldspar Carbonates Clays

Well ID Sample ID Zone
Sample

Type

Depth

(m)
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Table KK2.  Kakisa Formation – unconfined porosity and GRI matrix permeability  measurements from 
core samples in three wells. 

 
 
 
 

 
 

Table KK3.  Kakisa Formation – MICP porosity and conformance-corrected porosity measurements from 
core samples in three wells. 

Avg Std Dev Avg Std Dev

Husky Ekwan c-052-I/094-I-10 973.43 Kakisa 2.631 2.715 3.12 5.26E-06 3.60E-06 5.26 3.60

Husky Ekwan c-052-I/094-I-10 976.83 Kakisa 2.628 2.728 3.64 1.11E-05 1.08E-05 11.14 10.85

Husky Ekwan c-052-I/094-I-10 980.33 Kakisa 2.622 2.717 3.52 1.54E-05 1.58E-05 15.43 15.78

Husky Ekwan c-052-I/094-I-10 986.41 Kakisa 2.545 2.711 6.12 3.34E-05 1.94E-05 33.38 19.42

Encana Peggo c-060-C/094-P-01 1061.92 Kakisa 2.651 2.688 1.36 9.42E-07 1.62E-07 0.94 0.16

Encana Peggo c-060-C/094-P-01 1064.45 Kakisa 2.667 2.705 1.38 1.68E-06 2.46E-07 1.68 0.25

Encana Peggo c-060-C/094-P-01 1066.25 Kakisa 2.678 2.700 0.83 7.20E-07 1.58E-07 0.72 0.16

Encana Peggo c-060-C/094-P-01 1072.57 Kakisa 2.668 2.704 1.33 2.78E-06 7.94E-07 2.78 0.79

Encana Peggo c-060-C/094-P-01 1075.33 Kakisa 2.584 2.715 4.82 3.60E-05 1.96E-05 35.97 19.59

Encana Peggo c-060-C/094-P-01 1076.68 Kakisa 2.676 2.727 1.87 8.23E-06 7.46E-07 8.23 0.75

Husky Hz Ekwan b-053-C/094-I-10 1108.42 Kakisa 2.652 2.706 2.01 3.30E-06 9.27E-07 3.30 0.93

Husky Hz Ekwan b-053-C/094-I-10 1111.07 Kakisa 2.608 2.706 3.63 1.35E-05 1.55E-06 13.46 1.55

Husky Hz Ekwan b-053-C/094-I-10 1113.47 Kakisa 2.609 2.709 3.67 2.11E-05 1.05E-05 21.06 10.49

Husky Hz Ekwan b-053-C/094-I-10 1118.10 Kakisa 2.635 2.703 2.50 9.27E-06 1.13E-06 9.27 1.13

Husky Hz Ekwan b-053-C/094-I-10 1120.47 Kakisa 2.521 2.707 6.88 1.22E-04 4.37E-05 122.49 43.69

Husky Hz Ekwan b-053-C/094-I-10 1122.55 Kakisa 2.637 2.710 2.68 5.58E-06 1.81E-06 5.58 1.81

Husky Hz Ekwan b-053-C/094-I-10 1125.26 Kakisa 2.637 2.723 3.17 6.78E-06 5.56E-07 6.78 0.56

Skeletal Density

(g/cc)

Unconfined Porosity and Matrix Permeability

Well Name Well Location

Core 

Depth

(m)

Fm

Density

Porosity

(%)

GRI Matrix 

Permeability

(md)

GRI Matrix 

Permeability

(nd)
Bulk Density

(g/cc)

Bulk 

Density

(g/cc)

Skeletal 

Density

(g/cc)

Peak 

Range

Modal 

Peak

Encana Peggo c-060-C 094-P-01 1061.92 Kakisa 2.572 2.600 3.31 1.08 6 - 160 38 14

Encana Peggo c-060-C 094-P-01 1066.25 Kakisa 2.631 2.670 1.80 1.47 4 - 70 4 6

Encana Peggo c-060-C 094-P-01 1076.68 Kakisa 2.671 2.679 0.90 0.30 32 - 260 189 2

Husky Ekwan c-052-I 094-I-10 973.43 Kakisa 3.957 4.023 1.91 1.64 4 - 60 6 12

Husky Ekwan c-052-I 094-I-10 980.33 Kakisa 2.619 2.660 1.58 1.54 15 - 420 53 0

Husky Hz Ekwan b-053-C 094-I-10 1108.42 Kakisa 2.670 2.692 1.49 0.81 6 - 150 41 9

Husky Hz Ekwan b-053-C 094-I-10 1113.47 Kakisa 2.541 2.699 6.28 5.83 5 - 1100 522 25

Husky Hz Ekwan b-053-C 094-I-10 1120.47 Kakisa 2.593 2.676 3.44 3.10 41 - 2260 1030 19

Husky Hz Ekwan b-053-C 094-I-10 1125.26 Kakisa 2.669 2.712 1.87 1.57 4 - 40 4 7

MICP Porosity

Peak RangeDensity g/cc

Fm

Core 

Depth

(m)

Well LocationWell Name
Porosity

(%)

Corrected 

Porosity

(%)

Stem Volume 

Used

(%)
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Figure KK1.  Porosity / permeability cross-plot, Kakisa Formation. 55
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Figure KK3.  Pressure vs time plots for several Kakisa gas wells in the Ekwan-Tooga-Helmet area.  Note the anomalous increase
of reservoir pressure with production and time in the b-5-E and d-81-G wells.
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

steep, and in a couple of cases almost too flat to get decline curves to converge.  It is 
possible there is at least a partial water drive supporting gas production, but the 
reservoirs are underpressured, at an average datum pressure gradient of 0.25 psi/ft (5.7 
kPa/m).  Average depth is 1100m, average pressure 900 psia (6205 kPa). 
 
Kakisa DST’s are generally inconclusive, or indicate the formation has low permeability.  
A more detailed engineering analysis is available in Appendix 5.  
 
 
Analytical Data 
 
We analyzed cores from the Kakisa in three wells:  Encana Peggo c-A60-C/94-P-1, 
Husky Ekwan b-53-C/94-I-10, and Husky Ekwan c-52-I/94-I-10 (Appendix 3).  
Lithologies including light grey nodular to laminated mudstones, wackestones, 
packstone, and stromatoporoid boundstones represent reef mounds and associated 
reefal debris.  We felt this level of analysis was justified given the paucity of existing 
data, and an initial impression that oil prospectivity could be established. 
 
Kakisa mineralogy is dominated by calcite (in many samples >95%), with small to trace 
amounts of quartz, dolomite and organics (Table KK1).  Several samples also contain 
small amounts of feldspars, clay minerals (predominantly illite and chlorite), and pyrite.   
 
Petrographically, we observed Kakisa bioclastic wackestones, packstones, 
boundstones and mudstones (Fig. KK4-KK7).  Limestones are heavily recrystallized and 
in many cases micritic with some spar; micritic muds can impart a darker grey colour.  
Scattered large open pores are present, particular as fossiliferous shelter porosity 
(Fig. KK4, 5).  Pressure solution features such as stylolites are common, and 
recrystallization and cementation markedly reduce porosity. 
 
Unconfined porosities of Kakisa samples range between <1% to ~7%, and matrix 
permeabilities measure from 1.2 e-4 to 8 e-7 mD (Table KK2).  MICP conformance-
corrected porosity is <5.8%, reflecting pronounced porosity reduction through diagenetic 
overprint (Table KK3).  The difference between the two porosity measures implies that a 
significant number of pore throats are <3-4 nm, although some samples feature larger 
pore throats – compare pore throat distribution patterns in two samples from the b-53-C 
well (Fig. KK8, KK9). 
 
Total organic carbon is very low (generally <0.7 wt%) (Table KK1).  Tmax values range 
from ~425-440°C, but their validity is questionable given the low TOC values.  
Hydrocarbon analysis (S1) shows that residual hydrocarbons are present and most 
commonly contain C15-C35 chains with calculated API gravities of 30-35°, and calculated 
specific gravities ranging between 0.85-0.89 (Table KK4, Fig. KK10); heavy 
condensates are dominant (Fig. KK11).  We conclude that hydrocarbon liquids are 
present in the Kakisa Formation, despite observing no hydrocarbon staining in large 
pores. 
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Figure KK10.  Bulk rock hydrocarbon analysis (S1), showing hydrocarbon chain distribution and detection, Kakisa Formation,
Husky Ekwan c 52 I/94 I 10, 976m.
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Kotcho / Tetcho
Formations

Figure KT1.  Wabamun (Kotcho-Tetcho) paleogeography, WCSB (from Halbertsma, 1994).
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

 
Production performance has been encouraging, averaging 11.6 m3/d (73 BOPD) initially 
with EUR’s of about 7.6 e3m3 oil (48 MBO) (Fig. KT3).  Water production has been 
negligible, and GOR behavior has been normal for primary production, rising from the 
mid 100’s scf/bbl to low 1000’s.  No oil analysis was available, but a liquid sample from 
one of the gas producers indicated an API gravity of 45 degrees. 
 
Three horizontal gas wells were also drilled by Devon (now CNRL), with poor production 
results.  Two wells were suspended after producing less than 2.8 e6m3 gas (0.1 BCF), 
and one well is currently producing at 2.7 e3m3/d (95 MCF/D).  All were drilled to a true 
vertical depth of 1100m, with measured depths of 2400m and average horizontal 
lengths of 1200m.  Completions were open hole with 12 to 15 frac stages. 
 
Eight Tetcho pressure points were found, seven from completed wells.  Four of the six 
producing wells recorded initial pressures; two of the oil wells had pressures averaging 
4070 kPa (590 psia) at depths of 870m, giving a datum gradient of 4.75 kPa/m (0.21 
psi/ft).  The two gas wells showed average gradients of 5.2 kPa/m (0.23 psi/ft) – 
significantly underpressured compared to a normal water gradient of 9.9 kPa/m (0.44 
psi/ft).  
 
Of the completed non-producing wells, three were production tested, but none recorded 
any flow data.  Pressures at these three wells, all located downdip from the producing 
wells, showed pressure gradients of 5.4 kPa/m (0.24 psi/ft), which if correct and built-up, 
are also significantly underpressured. 
 
A DST in the northeast corner of the study area at b-68-D/94-P-16 showed good 
pressure response and moderate permeability.  Although not fully built-up or 
extrapolated, the test indicated gas recovery along with oily mud, and was 
overpressured at 0.46 psi/ft.  Some depletion was noted on the charts. 
 
A more detailed engineering analysis is available in Appendix 5. 
 
 
Analytical Data 
 
Database and literature searches showed very few existing analytical reports for the 
Kotcho / Tetcho (Appendix 1). 
 
We analyzed cores from the Kotcho / Tetcho interval in three wells:  CNRL Hz Helmet 
02/c-A46-K/94-P-1 (Devon Hz Helmet 02/c-35-K/94-P-1) (Exshaw, Kotcho / Tetcho), 
CNRL Hz Helmet d-A11-K/94-P-2 (c-22-K/94-P-2) (Tetcho lower limestone), and Czar 
Venus d-13-C/94-P-9 (Tetcho) (Appendix 3).   All are grey to dark grey, nodular to thinly 
bedded limestones with intervals containing abundant intraclasts (Appendix 4).  As for 
the Kakisa, we felt this level of analysis was justified given the paucity of existing data, 
and an initial impression that oil prospectivity could be established. 
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Figure KT3.  Production plots
for the three horizontal Tetcho
oil wells. 70
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Table KT1.  Mineralogical and TOC/Tmax data of Exshaw-Tetcho interval, CNRL Hz Helmet 202/c-A46-K/94-P-1 (Devon Hz Helmet 202/c-35-K/94-P-1). 

Tmax Sulphides

oC
Albite K-fsp Calcite

Dolomite, Fe-

dolomite
Illite/mica Chlorite Kaolinite Pyrite

720.8 Exshaw Core 720.80 439 1.54 25.9 3 2.5 1.6 37.5 12.5 12.3 4.6

722.52 Exshaw Core 722.52 439 1.82 31.1 3.5 3.2 1.6 37.3 9.8 8.5 5

723.57 Exshaw Core 723.57 434 0.97 7.8 56.7 3.7 1.3 13.9 12.2 4.4

723.71 Kotcho- U. Lst Core 723.71 426 0.41 4.8 94.3 0.8 0.1

724.91 Kotcho- U. Lst Core 724.91 418 0.45 2 90.5 6.3 1.2

726.19 Kotcho- U. Lst Core 726.19 441 0.33 3.9 88.4 7.6 0.1

728.04 Kotcho- U. Lst Core 728.04 441 0.32 2.6 91.7 5.7

729.76 Kotcho- U. Lst Core 729.76 440 0.30 2.2 88.4 8.4 1

731.26 Kotcho- U. Lst Core 731.26 0.9 92.1 7

731.28 Kotcho- U. Lst Core 731.28 438 0.32 1.6 94.5 4

733.06 Kotcho- U. Lst Core 733.06 441 0.27 2.4 91.3 5.1 0.4 0.8

737.16 Kotcho- U. Lst Core 737.16 424 0.33 1.9 97.2 1

888.48 Tetcho- L. Lst Core 888.48 437 0.30 1.3 95.7 1 0.7 0.7 0.6

890.54 Tetcho- L. Lst Core 890.54 433 0.52 0.6 98.7 0.7

892.23 Tetcho- L. Lst Core 892.23 440 0.45 0.9 98 1.1

894.28 Tetcho- L. Lst Core 894.28 436 0.28 0.5 98.1 1.4

896.89 Tetcho- L. Lst Core 896.89 435 0.33 1.1 91.6 7.3

900.03 Tetcho- L. Lst Core 900.03 436 0.35 0.8 98.8 0.4

903.43 Tetcho- L. Lst Core 903.43 438 0.32 0.9 98 1.1

907.62 Tetcho- L. Lst Core 907.62 440 0.35 1 98.2 0.8

910.87 Tetcho- L. Lst Core 910.87 440 0.36 1.4 89.9 8.6

913.9 Tetcho- L. Lst Core 913.90 434 0.35 0.9 98 1.1

916.62 Tetcho- L. Lst Core 916.62 441 0.30 2.4 97 0.6

919.53 Tetcho- L. Lst Core 919.53 430 0.50 1.3 87.1 11.6

919.87 Tetcho- L. Lst Core 919.87 1.8 91.4 6.8

921.54 Tetcho- L. Lst Core 921.54 441 0.25 1.3 98.4 0.4

924.58 Tetcho- L. Lst Core 924.58 437 0.33 3.8 95.8 0.5

Apatite

CNRL Hz 

Helmet

C-A-046-K/94-

P-01

WA 28724

aka:

Devon Hz 

Helmet

C-035-K/94-P-

01

(int: 725.00 - 

927.00 m)

TOC

%
Quartz

Feldspar Carbonates Clays

Well ID Sample ID Zone
Sample

Type

Depth

(m)
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Table KT2.  Mineralogical and TOC/Tmax data, Tetcho Formation, CNRL Hz Helmet d-A11-K/94-P-2 and 
Czar Venus d-13-C/94-P-9. 

Tmax Feldspar Sulphides

oC
Albite Calcite

Dolomite, Fe-

dolomite
Illite/mica Chlorite Pyrite

1197.39 Tetcho- L. Lst Core 1197.39 439 0.53 3.5 88 1.4 2.6 1.5 2.9

1197.55 Tetcho- L. Lst Core 1197.55 449 0.26 0.9 99.1 0.1

1199.06 Tetcho- L. Lst Core 1199.06 442 0.36 0.4 99.6

1201.13 Tetcho- L. Lst Core 1201.13 443 0.37 0.7 99.3

1201.44 Tetcho- L. Lst Core 1201.44 438 0.33 0.9 99.1

1203.85 Tetcho- L. Lst Core 1203.85 444 0.35 3 89 4.6 1.5 0.7 1.2

1205.34 Tetcho- L. Lst Core 1205.34 443 0.34 1.1 94.6 1.9 0.6 0.5 1.2

1206.77 Tetcho- L. Lst Core 1206.77 444 0.46 1.6 95.4 1.5 0.6 0.8

1209.44 Tetcho- L. Lst Core 1209.44 441 0.26 1.8 95.4 2 0.9

1211.43 Tetcho- L. Lst Core 1211.43 429 0.34 1 96.8 2.2

1212.54 Tetcho- L. Lst Core 1212.54 447 0.31 1.4 95.9 2 0.8

1213.81 Tetcho- L. Lst Core 1213.81 447 0.43 2.4 88.8 6.5 1.5 0.8

1215.7 Tetcho- L. Lst Core 1215.70 423 0.33 1.3 98.1 0.7

1217.51 Tetcho- L. Lst Core 1217.51 429 0.32 1.3 98 0.7

1219.14 Tetcho- L. Lst Core 1219.14 475 0.28 1.2 98.4 0.4

1221.92 Tetcho- L. Lst Core 1221.92 440 0.35 0.8 97.4 1 0.8

1224.5 Tetcho- L. Lst Core 1224.50 464 0.29 0.6 99.1 0.3

1225.82 Tetcho- L. Lst Core 1225.82 445 0.46 3.8 85.8 9.5 0.9

1228.98 Tetcho- L. Lst Core 1228.98 447 0.68 6.8 71.3 17.1 2.5 2.3

1231.52 Tetcho- L. Lst Core 1231.52 435 0.28 8.8 90 1.1

1232.9 Tetcho- L. Lst Core 1232.90 428 0.26 5.2 88 6.8

1235.72 Tetcho- L. Lst Core 1235.72 426 0.43 2.5 91.9 3.6 0.7 1.2

1237.54 Tetcho- L. Lst Core 1237.54 433 0.33 7 77.8 12.9 0.9 1.4

810.11 Tetcho Core 810.11 440 0.28 1.7 0.1 96.8 0.8 0.3 0.4

812.74 Tetcho Core 812.74 441 0.29 1.7 0.3 96.3 1.1 0.1 0.4

813.66 Tetcho Core 813.66 438 0.27 1.1 0.2 97.7 0.4 0.4 0.2

815.82 Tetcho Core 815.82 440 0.32 1.2 0.2 97.2 0.5 0.3 0.5

817.54 Tetcho Core 817.54 429 0.26 2.5 0.5 94.7 0.8 0.5 0.4 0.5

819.55 Tetcho Core 819.55 440 0.27 1.8 0.3 96 1.1 0.4 0.4

821.4 Tetcho Core 821.40 443 0.34 1.5 0.2 97.1 1 0.2 0.1

823.28 Tetcho Core 823.28 440 0.28 1 0.1 98.1 0.6 0.1 0.2

824.6 Tetcho Core 824.60 444 0.26 0.9 0.1 98 0.6 0.2 0.3

826.04 Tetcho Core 826.04 423 0.30 0.8 0.2 97.8 0.7 0.2 0.2

827.17 Tetcho Core 827.17 437 0.36 4.6 0.7 92.4 1.6 0.2 0.6

827.71 Tetcho Core 827.71 1.4 0.2 97.2 0.6 0.2 0.3

828.84 Tetcho Core 828.84 439 0.27 1.4 0.2 97.3 0.8 0.1 0.3

830.62 Tetcho Core 830.62 439 0.35 1.8 0.2 91.4 5.9 0.6 0.1

832.4 Tetcho Core 832.40 446 0.38 2.1 0.5 72.5 20.4 4.5 0.1

834 Tetcho Core 834.00 440 0.34 2.8 0.3 95.7 0.8 0.2 0.2

835.38 Tetcho Core 835.38 448 0.42 3.9 0.5 86.5 5 3.6 0.5

837.21 Tetcho Core 837.21 438 0.46 2.4 0.5 87.4 8.7 0.5 0.4

839.02 Tetcho Core 839.02 439 0.36 1.9 0.6 81.8 14.8 0.7 0.3

841 Tetcho Core 841.00 442 0.32 10.1 1.1 86.1 2.1 0.3 0.2

842.9 Tetcho Core 842.90 440 0.36

844.72 Tetcho Core 844.72 444 0.41 16.5 1.1 59.9 14.8 6.9 0.9 0.1

846.44 Tetcho Core 846.44 434 0.26

847.69 Tetcho Core 847.69 437 0.31 7 0.7 90.2 1.1 0.6 0.4

Carbonates Clays

Well ID Sample ID Zone
Sample

Type

Depth

(m)

TOC

%

CNRL Hz Helmet

D-A011-K/094-P-02

C-22-K/094-P-02

WA 27829

(int: 1196.96 - 1238.65m)

Czar Venus

d-13-C/94-P-9

Quartz
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Figure KT4.  Mineralogy and TOC plots for samples from the Kotcho and Tetcho formations,
CNRL Hz Helmet 02/c-A46-K/94-P-1.
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Figure KT5.  Photomicrograph, Kotcho
Formation, CNRL Hz Helmet 02/c-A46-K/94-P-1 (727.6-727.64 m) under plane polarized light.  Fossiliferous packstone containing coarse
crystalline shell fragments in a micritic matrix.  Microcrystalline porosity is highlighted by
pink epoxy.
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Figure KT6.  Photomicrograph, Kotcho
Formation, CNRL Hz Helmet 02/c-A46-K/94-P-1 (727.6-727.64 m) under plane polarized light. 
Sparry calcite fill of fenestral fabric or possibly fractures.
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Figure KT7.  Photomicrograph, Tetcho
Formation, CNRL Hz Helmet 02/c-A46-K/94-P-1 (907.45-907.51 m) under plane polarized light.  Wackestone with dolomitized patches
preserved as interlocking anhedral to euhedral dolomite crystals up to 50 um.  Finely dispersed opaques (clays, pyrite, organic matter) occur
along crystal edges.
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Figure KT8.  Photomicrograph, Tetcho
Formation, Czar Venus d-13-C/94-P-9
(812.69-812.73 m) under plane polarized
light.  Bioclastic wackestone with a
microcrystalline calcite matrix and floating
shell debris.
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Figure KT9.  BSED SEM micrograph of
Tetcho Formation, Czar Venus d-13-C/94-P-9 (812.69-812.73 m).  Fabric is dominated by interlocking microcrystalline calcite with
pervasive overgrowths, with small amounts of euhedral secondary quartz.
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Table KT3.  Kotcho and Tetcho – unconfined porosity and GRI matrix permeability  measurements from 
core samples in three wells. 

Avg Std Dev Avg Std Dev

CNRL Hz Helmet d-011-K/094-O-02 1197.55 Tetcho 2.651 2.705 2.00

CNRL Hz Helmet d-011-K/094-O-02 1201.44 Tetcho 2.636 2.704 2.52

CNRL Hz Helmet d-011-K/094-O-02 1205.34 Tetcho 2.661 2.700 1.46

CNRL Hz Helmet d-011-K/094-O-02 1209.44 Tetcho 2.636 2.709 2.67

CNRL Hz Helmet d-011-K/094-O-02 1211.43 Tetcho 2.531 2.708 6.51

CNRL Hz Helmet d-011-K/094-O-02 1217.51 Tetcho 2.607 2.708 3.75

CNRL Hz Helmet d-011-K/094-O-02 1224.50 Tetcho 2.642 2.707 2.43

CNRL Hz Helmet d-011-K/094-O-02 1231.52 Tetcho 2.646 2.707 2.23

CNRL Hz Helmet d-011-K/094-O-02 1237.54 Tetcho 2.607 2.720 4.15

Czar Venus d-013-C/094-P-09 811.84 Tetcho 2.658 2.722 2.34 4.61E-06 3.19E-06 4.61 3.19

Czar Venus d-013-C/094-P-09 822.99 Tetcho 2.653 2.723 2.54 4.01E-06 6.69E-07 4.01 0.67

Czar Venus d-013-C/094-P-09 833.53 Tetcho 2.634 2.719 3.14 1.26E-05 4.21E-06 12.56 4.21

Czar Venus d-013-C/094-P-09 844.97 Tetcho 2.671 2.726 2.00 3.35E-06 5.55E-07 3.35 0.56

CNRL Hz Helmet c-046-K/094-P-01 724.91 Kotcho 2.501 2.734 8.52 5.46E-05 2.78E-05 54.57 27.76

CNRL Hz Helmet c-046-K/094-P-01 729.76 Kotcho 2.550 2.723 6.36 2.66E-05 1.92E-06 26.63 1.92

CNRL Hz Helmet c-046-K/094-P-01 733.06 Kotcho 2.619 2.716 3.58 6.99E-06 9.17E-07 6.99 0.92

CNRL Hz Helmet c-046-K/094-P-01 888.48 Tetcho 2.654 2.714 2.20 1.13E-06 6.58E-08 1.13 0.07

CNRL Hz Helmet c-046-K/094-P-01 892.23 Tetcho 2.584 2.707 4.56 3.16E-05 2.54E-06 31.60 2.54

CNRL Hz Helmet c-046-K/094-P-01 896.89 Tetcho 2.607 2.731 4.51 1.25E-05 1.15E-06 12.49 1.15

CNRL Hz Helmet c-046-K/094-P-01 903.43 Tetcho 2.599 2.713 4.21 6.68E-06 5.79E-07 6.68 0.58

CNRL Hz Helmet c-046-K/094-P-01 907.62 Tetcho 2.624 2.707 3.08 1.83E-05 1.24E-06 18.34 1.24

CNRL Hz Helmet c-046-K/094-P-01 910.87 Tetcho 2.630 2.719 3.25 6.44E-06 6.15E-07 6.44 0.61

CNRL Hz Helmet c-046-K/094-P-01 916.62 Tetcho 2.647 2.711 2.37 4.84E-06 6.44E-07 4.84 0.64

CNRL Hz Helmet c-046-K/094-P-01 921.54 Tetcho 2.618 2.714 3.52 1.18E-05 9.72E-07 11.82 0.97

CNRL Hz Helmet c-046-K/094-P-01 924.58 Tetcho 2.635 2.707 2.66 1.73E-06 2.37E-07 1.73 0.24

Bulk Density

(g/cc)

Skeletal Density

(g/cc)

Unconfined Porosity and Matrix Permeability

Well Name Well Location

Core 

Depth

(m)

Fm

Density

Porosity

(%)

GRI Matrix 

Permeability

(md)

GRI Matrix 

Permeability

(nd)
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Table KT4.  Kotcho and Tetcho – MICP porosity and conformance-corrected porosity measurements 
from core samples in three wells. 

 

 

Table KT5.  Kotcho and Tetcho – hydrocarbon composition data, three wells. 

 

 
 

Table KT6.  Kotcho and Tetcho – rock mechanical properties from two wells. 

Bulk 

Density

(g/cc)

Skeletal 

Density

(g/cc)

Peak 

Range

Modal 

Peak

CNRL Hz Helmet c-046-K 094-P-01 724.91 Kotcho- U. Lst 2.476 2.674 8.05 7.41 20 - 3120 1213 12

CNRL Hz Helmet c-046-K 094-P-01 733.06 Kotcho- U. Lst 2.599 2.657 2.68 2.20 19 - 130 58 18

CNRL Hz Helmet c-046-K 094-P-01 888.48 Tetcho- L. Lst 2.673 2.696 1.29 0.85 9 - 70 18 11

CNRL Hz Helmet c-046-K 094-P-01 910.87 Tetcho- L. Lst 2.639 2.717 3.65 2.87 4 - 100 23 15

CNRL Hz Helmet c-046-K 094-P-01 924.58 Tetcho- L. Lst 2.648 2.675 1.33 1.02 10 - 70 16 9

CNRL Hz Helmet d-011-K 094-P-02 1197.55 Tetcho- L. Lst 2.666 2.690 1.10 0.90 15 - 90 41 14

CNRL Hz Helmet d-011-K 094-P-02 1201.44 Tetcho- L. Lst 2.642 2.687 1.91 1.70 17 - 120 41 27

CNRL Hz Helmet d-011-K 094-P-02 1205.34 Tetcho- L. Lst 2.674 2.687 0.61 0.50 10 - 60 16 9

CNRL Hz Helmet d-011-K 094-P-02 1209.44 Tetcho- L. Lst 2.656 2.689 1.50 1.25 13 - 150 29 19

CNRL Hz Helmet d-011-K 094-P-02 1211.43 Tetcho- L. Lst 2.574 2.692 4.62 4.39 18 - 1220 81 30

CNRL Hz Helmet d-011-K 094-P-02 1217.51 Tetcho- L. Lst 2.634 2.689 2.20 2.03 19 - 890 41 24

CNRL Hz Helmet d-011-K 094-P-02 1224.50 Tetcho- L. Lst 2.641 2.681 1.94 1.53 20 - 290 88 21

CNRL Hz Helmet d-011-K 094-P-02 1231.52 Tetcho- L. Lst 2.655 2.688 1.43 1.22 18 - 190 41 12

CNRL Hz Helmet d-011-K 094-P-02 1237.54 Tetcho- L. Lst 2.622 2.687 2.88 2.45 12 - 180 35 42

Czar Venus d-013-C 094-P-09 811.84 Tetcho 2.640 2.676 1.59 1.35 4 - 30 12 11

Czar Venus d-013-C 094-P-09 822.99 Tetcho 2.621 2.652 1.27 1.14 14 - 100 74 9

Czar Venus d-013-C 094-P-09 833.53 Tetcho 2.631 2.680 2.27 1.83 16 - 200 53 30

Czar Venus d-013-C 094-P-09 844.97 Tetcho 2.655 2.665 0.63 0.37 10 - 70 23 8

MICP Porosity

Well Name Well Location

Core 

Depth

(m)

Fm

Density g/cc

Porosity

(%)

Corrected 

Porosity

(%)

Peak Range Stem 

Volume 

Used

(%)

Devon Hz Helmet 202/c-046-K 094-P-01/00 725.14 Kotcho- U. Lst 0.00 93.29 0.00 0.00 6.71 C29 169 C10 545 C40 0.88 29.50 good

Devon Hz Helmet 202/c-046-K 094-P-01/00 890.54 Tetcho- L. Lst 0.00 91.65 0.00 0.00 8.35 C25 188 C11 544 C40 0.88 30.10 good

Devon Hz Helmet 202/c-046-K 094-P-01/00 902.20 Tetcho- L. Lst 0.00 88.74 0.14 0.00 11.13 C30 72 C6 542 C40 0.87 31.11 okay

Czar Venus 200/d-013-C 094-P-09/00 812.74 Tetcho 0.00 100.00 0.00 0.00 0.00 C18 9 <C6 495 C36 0.86 33.35 no good

Czar Venus 200/d-013-C 094-P-09/00 819.55 Tetcho 0.00 8.12 0.00 0.00 91.88 phytane 11 <C6 476 C33 0.81 43.30 no good

Czar Venus 200/d-013-C 094-P-09/00 828.84 Tetcho 0.00 80.93 0.00 0.00 19.07 C29 6 <C6 516 C39 0.89 27.85 no good

Czar Venus 200/d-013-C 094-P-09/00 837.21 Tetcho 0.00 99.09 0.00 0.00 0.91 C34 58 <C6 538 C40 0.87 31.56 poor

Czar Venus 200/d-013-C 094-P-09/00 844.72 Tetcho 0.00 100.00 0.00 0.00 0.00 C17 15 <C6 452 C30 0.85 35.79 no good

CNRL Helmet 202/d-011-K 094-P-02/00 1209.55 Tetcho- L. Lst 0.00 90.82 0.16 0.00 9.02 C26 180 C10 491 C35 0.86 33.21 poor

CNRL Helmet 202/d-011-K 094-P-02/00 1210.94 Tetcho- L. Lst 1.36 81.75 0.13 0.18 16.59 C15 160 C9 438 C29 0.85 35.84 good

Hydrocarbon Composition by Thermal Desorption Gas Chromotography
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Well Name Depth
(m)

Confining
Pressure

(MPa)

Axial 
Strain

at Failure
(%)

Compressive
Strength

(MPa)

Residual
Strength

(MPa)

Static 
Young’s
Modulus

(GPa)

Static
Poisson’s

Ratio

Static 
Bulk

Modulus
(GPa)

Static 
Shear

Modulus
(GPa)

d-011-K 094-P-02 1200.83 17.0 0.360 173.49 134.36 53.77 0.268 38.63 21.20

d-011-K 094-P-02 1211.80 17.0 0.561 210.62 144.50 52.52 0.283 40.40 20.46

d-011-K 094-P-02 1229.99 17.0 0.585 216.22 195.93 47.55 0.251 31.85 19.00

d-013-C 094-P-09 816.25 14.5 0.385 229.15 183.88 63.28 0.295 51.56 24.42

d-013-C 094-P-09 834.28 14.5 0.444 234.45 120.65 62.68 0.331 61.75 23.55
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Figure KT10.  Incremental and percent intrusion versus pore size, Kotcho Formation, 

CNRL Hz Helmet 02/c-A46-K/94-P-1 (724.91m), highlighting wide range of pore 

throat sizes with a major peak around 1000 nm.

Figure KT11.  Incremental and percent intrusion versus pore size, Tetcho Formation, 

CNRL Hz Helmet d-A11-K/94-P-2 (1211.43m), highlighting wide range of pore 

throat sizes with a major peak around 80 nm.
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Figure KT10.  Incremental and percent intrusion versus pore size, Kotcho Formation,
CNRL Hz Helmet 02/c-A46-K/94-P-1 (724.91m), highlighting wide range of pore
throat sizes with a major peak around 1000 nm.
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Figure KT11.  Incremental and percent intrusion versus pore size, Tetcho Formation,
CNRL Hz Helmet d-A11-K/94-P-2 (1211.43m), highlighting wide range of pore
throat sizes with a major peak around 80 nm.
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Figure KT12.  Bulk rock hydrocarbon analysis (S1), showing hydrocarbon chain distribution
and detection, Kotcho/Tetcho.

Figure KT13.  Normalized fraction plot of hydrocarbon groups, Kotcho and Tetcho, three wells
(10 samples listed by well and depth).  Heavy condensates dominate in all but one sample.
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�	��-���Z[\]̂ _�̀�aZ\̂ �bcdZb�efbĝ hcfi\���̂jk�lmn�oplq�hqrk��s##���t�1�
	�
���u������	��	��	##	�
�
��&�����	������v�w9A@J:C8=X=8Lx��yzV�wHBL�
��	��#���#���	1	���
�������)�	�&�$�	
��&�����$������-���bkj{|mlp�}k|p|jq��,&���*�&���T��%��	�
�	���
���'�
	�/�	�&�)���(�%��	
���&�����$�#��	��$���������&���
�	���������
���
�$����$	%�
��������	
�$��	
'���'	�
������
�'����	�
�	
��������t�1�
	�
��
$�����	�����	��	��	##	�
��	%��3�%	�&��
$�����	
���   4-������	�(��
$�T������3�  ~4�$����	)�$�#����'��#&	����'�
	�����	����&���%�(���&���*�&����
��*�����
���
$�����/����'
	+�$�����������(-���&	�����'	�
������*��
�	1����&���*�&���	��'�
��������&	
���
$�	
�%�
��������	��
���$	�����
�	���$����%��1����	
'���
����&������
$�$	��������)�
����-��Y
�
���&������
��-�-��	���&	�(�
���������$�	
����&��u	��$����	
���
$��1�
�������)���%�������%#�
�
������&���&	�(��)��	
���������	1���T��%��	�
�3T	'-��!4-�������/����	�
��*�&��/7�@WBUV�BH@A�$�%�
���������&	�������	�
�&	#���
$�&	'&�	'&����&��&	'&/'�%%����'��*#����	�
�����&���*�&���	
���1��-��������&����&����$	����	1�����'�
	�/�	�&�	
���1���	��������&�
�! %��&	�(�	
�%�������������������&��u	��$����	
-���
81



d-064-K
094-N-16

a-067-D
 094-O-13

c-086-F
 094-O-12

b-23-K
 094-O-05

c-086-B
 094-O-05

b-066-H
 094-O-05

a-079-B
 094-O-11

d-046-H
 094-O-11

d-097-B
 094-O-10

c-062-H
 094-O-10

d-013-L
 094-O-09

b-048-I
 094-O-09

a-087-K
 094-P-12

d-047-I
 094-P-11

Beaver
YT G-01

Kotaneelee
YT E-37

Kotaneelee
YT I-48

BRITISH COLUMBIAYUKONNWT

Horn River Basin
deformed belt

Pointed Mntn
L-68

Pointed Mntn
G-62

Mount Coty
2K-02

Platform

TD 3582m

TD 5250m

TD 4575m

TD 3865m

TD 4455mTD 4135m

TD 4393m

TD 2190m

TD 1519m

TD 2535m

TD 2961m

TD 3046m

TD 4725m

TD 4777m

TD 3391m

TD 4330m

TD 3100m

Exshaw

Redknife

Evie

Jean Marie

Trout R.
Tetcho

L. Keg R.
Chinchaga

Kakisa

Slave Pt. + U. Keg R.

Ft. Simpson

Nahanni

Patry

Banff Banff

Nahanni

Nahanni

Ft. Simpson

Ft. Simpson

Kotcho

Trout R.

Exshaw

Patry

Otter Pk
Evie

Muskwa

shale

organic-rich shale

carbonate

500

400

300

200

100

0

metres

Bovie
Structure

Banff
Exshaw

Kotcho

Otter Pk

Evie

Muskwa

Liard Basin

TD 4631m

Banff

Nahanni

Exshaw

Horn 
River

0 5 10 20 40

kilometres

N

YUKON

BRITISH COLUMBIA

NORTHWEST TERRITORIES

Liard Basin

undeformed

deformed
Horn River

Basin

I-48

E-37

G-01

d-064-K

a-067-D

c-086-F

b-023-K

b-066-H

c-086-B

a-079-B

d-046-H

d-097-B

c-062-H
d-013-L

b-048-I

a-087-K d-047-I

Platform

L-68

G-62

2K-02

TD 4140m

TD 4493m

Figure E1.  Regional cross-section,
Exshaw and Besa River formations
(from NTGO et al., 2016).

82



��������	�
������
���������������	������������������	�
��������������� !"��#��

$%&'()*+&,�-,'�./0*�1-*-��23�4��56�789�:� !;<�3���4�
��3��	4	��3�3�	��	
=�����3���=���	
��>�?�����������	@����?�����	
��?��A	��3����	
B��C���	�56�789�:� !D<��?���3��?���?	�E������@�	��	
���@������F�������	=��#?	�������G�	@���
������?���?	
��>�?���C��4��	�
�����?������9��H��	
=�	
	�	���3�@���#4�
��������
��	@����?����=���	
��?��
���?������
�#��������?�����
��	@������	
��I�	�E�	�@�������������	
3	����3��?����	���?����������
���
����3�	
��?���>�?���	
���@��9��J?���3	3�
���#��3�����
���>�?����	������?��=?�����4#���	�
���������4#��3����3K�"K2�LMK�K!D���?	�?����
3����������#�
3�3��>�?���=�������9���N,-OP*+)-O�1-*-���?	���3���F���������?����?����?����?���>�?�����������	@���	
���@���?���F��
���4#��3�	
���
�4F������������	
�
���?������
��9�9��4�
����4#�����������E�
����4�3�	�������	
=���
3��	3������������
�4��
	
=���
�	3���F����
�����	
���������?�����#����
���	@���?����4#�	
=����9��2
����	�������E�?��������F��
�������3��
�=��K#��
��������	
��
3��3Q���
������?��A	��3����	
9���?�
������4#��3���������4����A��R����4��� ���K2M;KS�LMK�K!������?��S���?���
3�J���?�������
���R�3��?������4#�������4��?���@����	
=��>�?�����?	�?��?���3��F�
3�
�������4	
�������
3���F���
�	���G����R�������������?	=?�J���4������4�
���:C	=9�SJMB�J�F���SJ!<�:2##�
3	>�T<9��U
�
���?������
�2�F������3Q���
������?���9�9�F��3������E��?������9�:� !�<�����=
	R�3��?��#����
�������?��F�������
����>�?�������������E��������	�
�F���3	3�
����������?�3�����F�
�����������F�������������
��3�����
3����E����	
3�������������
��?��	
���@��9�������������������	�
��:�  D<���4#��3��?���>�?���	
������������	
��������
3����
3�J���@��������
=	
=����4�@�����������G�	����	�?B�?���@�����������@������#��3���3��
���	�F���J4�>�4������4�
�����
3���==����?	=?���4��������=�
	��4����	��9��C���	������9�:� !D<����
3��?���##���������	@����G�	@���
�������?���>�?���	
��?��A	��3����	
����F��?	=?���4�������
3��	�	��K��
3���=�
	��K�	�?���
3��?����
��>�����
���?����=��������@�	�9���V/0&(%)/�W+O�N00/00X/,*����������	�����#���#���	@	��������?���>�?������������������	�����=���	
�����9��U��	���?	
��
3�?�������	@�3��	���������
�	�
�	
�������
��������?����	��4	=?��F���>#����3����F���	��#��
�9��U���?	�E�
���������3�	
����?��A	��3����	
�������4�#��������?��������	@���#��E�=���F���	����������#���#���	@������=��9��
83



��������	�
������
���������������	������������������	�
��������������� !"��#��

$%&''�'()*%+,(&���%-.�/01�23/4�+45.��6������	��	��	##	�
�
�7	89���	�������:�	89�����;�
�������
<���
�=>�?@ABCDEFGHGFIJ��KLM�?NOI�
�8�
�������#���������P�	��#���
�	����	�9������	���9���Q���).-RS0/3�T.S3S-4��79����
���U��V��	�
�	����;��	
���������#������V;��8������9������
<�V�<<���	V����
��������
8�<�	
�����W�<��9�����	
8XYCZO@[�BYEEDBBGA\B�]̂MLA\\DNN_�̀aabc�dGEeO@[B�fg�hij��!kkl=Q���	89��X�
��8����9�������	V��8��	
���
����
<�V�<<���	<������;�
�����������9	89���	
��9������	�
���
<�V���<�P���#���
P�
�	�
��������P�	��m���	����#���	���������9�����9�����;���#�;�
���9�V�n����
��
���V	�	���:��������fg�hiQ��!kko=Q�����9�P��<��	8
���<�FeGB�ENDO\D@�EO@pA\OFD�BDEFGA\�FeD�qYCCD@�rO\ss�EO@pA\OFD�Y\GFt�G\�uvrL�]L@ABBX����	�
���
��X��
��Mwx��y�<	��	
���V	z�<��	�	�	�����	�����;�
�����������	�
��P���	����9���9�����X���������;�
��������	�
�	
�
���9������
�����
<��<n���
��y�;����c�ZD�eOHD�FD@{D[�GF�FeD�qYCCD@�rO\ss�ENOBFGE�Y\GFt�:��#��!>������X����	�
���
��X��
��MwQ��y��	V	�����
	������<����	;�<�	
��9��8��������������<�������������9��
�y�;�����;�����<�9��#��:!kk|=���
<��	�9��<��fg�hij�:!kkl=����������<�����
<X[A{G\OFD[�q}D{pD@�~t�OF�FeD�FAC�As�FeD�rO\ss�AHD@�{YEe�As��9��������
��	<������9��������
���
�<����<	V�
��������	
Q�����������;�����
�:�   =�<����	;�<��##�����
��������	���	
�������
<��<n���
��y�;�����	
�<���	���;���<�#�	V��	����
������	
�y�;����Q��79����
���	���P����	
�V��������������
���V�;���;���9���������;�
���������9����
<�������#���
<�	��;�P����<�����9��
���9�����;���9��#��X������������
��
���V	���:�����X����	�
���
��X��
��Mwx���F�BeONDB�AYF�\A@FeZDBFZO@[�O\[�pDEA{DB�O�EA{CA\D\F�As�FeD�;��	
���������	P���U��V��	�
�	
��9��6	��<����	
Q�����	���<�#�9����
8�����V��l  V�	
��9������
���9���������!   V�����9������9��
��<8������9��#���#���	P����	�����:��#���=Q��6	�9���8���
<������P�	������	����79���##�����
��������	���
	����
�	������	
���;�<<�<��	�����
�����P�����	
�X8��	
�<���
<���
���8���
X8����V�<���
����
<��9�����:	
�#������V�����<�;�	�W���<=���
<��9	
�;�<���������	�	�������V�<���
�Q��y���#	��������	�
�	��<�V	
�
�����9����	
��9���##����
<�;������9	�<����9	����9��V	<<����9	�<�	��#��<�V	
�
�����	�����
�Q���
��9���##����
<�;������
	����V�<	�V����<��W�8���
X8�����9�������
��	
�	������<���
�����
<��9	
�;�<�����m����������	�����
���
<�����	�	������������������V�<���
�Q��6������	��	P	�	����
<��������
	�����
�	���	V���<	��	
8�	�9��##�����
���
�
X������������9��������V�V������������������W��;���������9��89��9	
��	�����
���
<������������;�<��#��<����8�VV�����
	���
<�<�
�	����#	W��Q��
84



��������	�
������
���������������	������������������	�
��������������� !"��#��

$%��&	''�������	�
���&#�	����(����)�����	�����
����*��	�+�����&�
��'�+�����+�
����&	
��������
'�*��	�+���	
���+�''�'��	�%�,���
-,����&�'���
��.������
��	�����
����/%	+	��*��������-'�*���#�'������
���	##��������-��&	
��	�
��	
�#������%	,%�	,%��'�+�����������
'�&�'���
��#���	
,������%	
�+�'�.��$%�����
�	�����&�����
�	����������+���
'�'�������
'�'������-�����'�(����)�,��	
����	�%������������&��
������,�����
	����#%��#%�����'���	����'���&	����
'����'�#���0���������+�����
���   1.�������	���*��������
��/���'��23���%	���#��&��+	�	�	�����
,���#������*�����%�
'��'�&	��	'���	���	
��%	
�����
�+�'��04	,.��!1.��5���	�������+�
����&�'��
'��%���	����������	�%���'	�#����'��%���,%��%�����6����������&	
�������	
	
,���'	&�
���������������.��7��%	,�
	����&�
���������&#���'�#�	&��	���������+�
����&	
�����.�������*�	�-(���	����	�����
�����
,���#����8-9�&�������%	�6�0�.,.��������-"8-��:9-;-!<��'-2<-��:9-�-<� 8�������-����	�
���
��-��
��=>?�@AB�CDE�FGHHGIAJB�BK��������������&�������������.�����'�%��#��0!::<1�	
���#����'�#����	���'�*���#&�
��	
��%���##�����
�������������'����+�	
,��
�	���������
'������
'�����	+���+������'���&	�	)��	�
��
'������	�
.��$%����#����������##�������%�*���
%�
��'�#����	���	
��##�����
��������	���	
�������
'��'L���
��7�+���������#�����������*�	�����6�	��&������
�	���
����'�*���#�'����
,��%����+���#��',��0��#���1.�����������*���,��	��*����#����	
��%���
'����	
,��##�����
������+�
�����
	���+�����,���
'��%�������*�	��+�����������,,����	��	������
,���%������	�%	���	�%��	�������
�	���
�������*�	��'�*���#&�
��04	,.��!1.��7���%��+��������%���##�����
������+�
������%���*�����%����	������
�	���
���-'�*���#�'�����
����+�
�����
	���#�����	*��&�������%	�6�0�����-����	�
���
��-MCNHH=1.��7�� ��'-8-��:9-;-!9���������������%	������	�
��%����#����	�	������8-!"3���
'�#��&��+	�	�	������ .!-�.!&5.��O�,�����&���%�����������,,������&#���+��������*�	��(���	���	���	'��#���'.�������	
��
�	*�������	,��#%	�����6�&�����*�����%��#����
������&���	#�������
����+�
�����
	���	
��%	��#��������%����
��.���PQRSTUVWRX�YXS�Z[\V�]YVY����
*�
�	�
���,���#�����%�*��+��
�'�*���#�'������������
,��%���##�����
��������	�����+���#��',������������
'�̂���%��	
�7�+�������
'��%�6	�	��	
������0��#��!1.������������*��������&������������	
,��%	
�
���#�������	�
���
'��%������'�#�%��0�
'��%��������	*������������*�����������1_��%���%����&�	
�#������������
���"" ��<&8�08!.!���41���	,	
���&��6���+��������*��.�����������+�����
�0�   1�&�##�'�����,	�
����(�	���������&�	
��%�������	*������
�	
������##�����
����	�����
���	
�7�+�������
'��%���'��%����,���#��������+����
*�
�	�
��������	,��#%	�����#�������	���'��	�%��%���(�	���.��4���%���
���%�������'��%���*�����%����#�������##�����
�����
'���
��������������
�	
�������'�*���#�'���������*�������������-+���	
,�'�	�����&���������
'������*�	��#������������&���������'�,����������%���
����,	�
�����
�	
�	���0���������+�����
���   1.��;
��''	�	�
�����	���
'�,���#��'��������##�����
��������	���
'����+�
��������	�
��%�*��+��
���&#����'�	
�&�����%�
�9 �������	
�
���%������
����0��#��!����1.��7�	'��(���)����
'��&�������������������&#��'�	
�&�����������,�
�������������	
,�	
��&�����
�
-��&&���	���,��������.��7��&�����&��
���������
��	������#��'���'����&��%���##��&�����##�����
��������	������'-88-4�:9-�-̀�0��#��!����1.�
85



100000

Banff Formation

Banff Carbonates

y = 0.0381e15.58x

y = 0.0312e33.607x

R² = 0.7462

10000

Banff Carbonates

Banff Clastics

y
R² = 0.1409

1000

)

10

100

Pe
rm

ea
bi

lit
y 

(m
D

1

P

0.1

0.01
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Porosity

Figure B1.  Porosity / permeability cross-plot, Banff Formation. 86



��������	�
������
���������������	������������������	�
��������������� !"��#��

�$%��&���������
����&�
��������%���##�����
������&�
�����������	�
�%��������'�(���	
���)����������	�
����
'��##�������
�	���
���%�'�����&�
*&���	
(��
���(��+�����*����	�
���
��*,-.//012��3��'*45*��67*�*5� 8���%��&��������&�
����#��'���'�7954�:8��	��+8 ����1���������	
(���:	
���(��������	
��%��
���&��&*47*�������+�����*����	�
���
��*,-.//012�������)���:�������	��	
��%���������� ��'*8*��67*;*!7�:������'��#����45<�����%��(%��%��=�
�������	���'�������#�
'�'�(�������������2���>?@ABCDE@A�F@C@��G;������
����	����'����%�)��&��
���H�	��'������%���##�����
�����%����%�
�����	
��������
������2����)���������������I��
��������
'���%���������%�)��&��
���:#����'�	
��%���H�	)���
���%���*'�:	
���'�������	)�������	�
�����%�������	
��%��G	��'����	
2���JKLMNOEK�PDA�>LLKLLQK?C��;
��
�	���
����'�)���#�'����
)�
�	�
��*H���	����##�����
����	�����
����##�������%�)���	:	��'�#���
�	��������	������%��(%��%���:���&���%��(�'������������R���
�+67*�*91���%�����
'����	
(�R�)�
	�
����&�
������
'��%���)����	
(���
'�������#�����������	�*�%��(�'2����
�	���
��*'�)���#�'�&��������&�
���������%���##�����
������&�
�����
	���%����&������#���
�	��S�T��
��#��'��	
(��	��������
'����	(
	�	��
���	���%���	
�����U�T���##�&������
�	���
���*'�)���#�'�:�'����������	(%�������)�	��H���	��U�T���
�	
�����%�'�����&�
��������	�
��##���
�����:���(�U�T�����
�	�������������	)�����##	
(��
'�#��������	�����	�
�&�����
����%	�I��
'����	
(��%��������	�
��
'��)����	
(��	(%���%������
'����&�
����2��$%���������%	

����
'������:�##�&��������)�	�����(�����%�
��%���
'����	
(�R�)�
	�
�#������:������&�
�����
�&���#��%�#������'�%�)��&��
��%��(�'��	�%��	��&���V�%����%������%�����%�������	
��%���	��:����	����	
'��2���JWXFYZ�[JPW\���>]K�@?̂�\A@B�_B̀K���	��	��	##	�
�
�$	(%����������	�������+�	(%�����&�
���1U�abcdefghijihkl��m,0�an-k�
��	��#��'���	)	�������&�	�%�'�	
�:��(	
��������
)�
�	�
��*H���	��������)�	�����	�%���:��#���
�	������(�����%��#������	
(�:����'���	��'�:�##	
(��
'�������	)��%��	=�
����'�	��	
(���:���	*�������:#���	�
������2�
87



��������	�
������
���������������	������������������	�
��������������� !"��#��

��$%&'()*+�,%(+(&-��.����
	��/�	����
����
0�1�2�
	�
�3��	
4�	��	
5���0	6�
���	�
�������0�3���0���7�����4���������3�
������6#�����	
5�����0�2���#��7���57����������
���
�0��
�����7���
0�����7��1�2�
	�
���
0����#���	����7���57�6��7�����	��	��	##	�
��	6�8��9
�
���7������
�:�3������
0�
���7������
���	�	�7�����63	������3�
������6#�����#�0�
���7�������0�	
����7�����#7���.���57���7�������#�����3��	
���0	6�
�������6�����0�����7��������
��05������7������7�:6��	��
������
�;��������<=�>?8��!@@AB��	�7��0��<=�>?8��!@@CD�;E	58��!D8��.7��1�2�
	�
��	��	��	##	�
�:
��������5�
��7�0������	2�����	�������������
��7�������
��3��������0�	���������
�6��5	
�������������0����6��	�
�����7��1�2�
	�
�����	�
���
�3���3���2�0���
0������	2��	�
������0���3���6�
�����������	
����
��0��7��0�2���#6�
������	��	��	##	�
������2�	�����	���;�����
��!@@FD8����
0�������#������	5��#7��	����
�	���
����0�2���#�0��7���57�������
�:�3������
0�
���7������
���	�	�7�����63	�8��9����6#�	�����7����7	57��4��������	2�����3�
�����7�������
	���;���6���0����������
5���DG���7����H	�H����7�
0���
0�1�3�������6��	�
��;E	58�ID8�������4����	�
���
0��4JKLMNOP�QRSSONTUOV�UWOX�	
��������
0������0���	����7����H��
���63��������5
	Y�0������0	��	
���3������
	���	�7	
��7��1�3����E��6��	�
8��9
��7��
���7��
��
0�������
�#���������7�����0���������7����
0���	����##�0�3���7��#��4������������
��
���6	�����7	�7�	
�	����
���7�������0�������	
5�7	57���6�##�3�����3���#��05���;�����4����	�
���
0��4JKLMNOPZ�[T\��!D8������7�������0���	�7��7�����
�	�	�
����6����0	��������	����7����
��	���
�����6��	�
����
�
����
5���3��0	�����
�	���0���
0����6�#��7����
0�������#�������
	��;��#��!B����������3�����
���   ��� ! D8�����	���0�#�7����
5�����6�]C  6�	
��7������
���7��������6�����7�
�C!  6�	
��7������7�����1��#����	
�������0��#�;��#��!D8��������������7���3��#��0��#�
	
5���������7����2	��E�����̂�
�����6��7�����
��	2������	
�	
����7��_	��0����	
8�������2�	��1�2���#6�
���
0�̀���	���������2�	��/���	���	
���
0������3�
�����	��0�2���#�0�	
��7����#�	6��������	
5�G�� !8������2�	���	66�0	������3�
���7��7��#��4������������
��
���6	�����7�����������7�2��3��
��a��
�	2����������0�3��0	�5�
��	��#��������B���8������2�	����7	�7�7�2������	
�0�#�	6����;0�#��	�	�
��D�#����	�������7��57�0	�5�
��	������6�0	�	�0������6��0�5���B���I8��	57��4��������0������2�	�������
0�#�	6��	���	
�������������40����6�0�����	
5�8��E	5����������#��6��3	�	���2��#����	��������4#��������������
0���������	
�������0�6�
�������������6�
0������
5����������2�	��/���	��8��
88



Figure R1.  Regional isopach and lithofacies, Rundle Group,
Western Canada (from Richards et al., 1994)
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Figure R2.  Porosity / permeability cross-plot, Rundle Group (regional). 90
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Figure R3.  Porosity / permeability cross-plot, Rundle Group (Fort St John Graben area). 92



��������	�
������
���������������	������������������	�
��������������� !"��#��

����������	��#���
�	���	��$�����	%��������&	���	
�$�'	�	�'�#�	$����#����	��������(�	�����)	�)�)����$�����&	��	
*���
'����	��#�����	
������+����,���
�-�����.�����
'����'���	�
��
'�/����,����0����12����0���#������(�	����&)	0	��*�
�������*��'������(�	��3���	�����
'�����	
����##	
*��	����	�
���
������
*���0���#��'*���
��)	�)��##�������0��#�	$��	���*��4�)��*�'2��-�������'������(�	���	
��)��-���)	����������$�����&����	(����*��4�)��*�'�����������&��#���������0������
'���������+��#��!12��,���
�-�����.�������#�����
'������4����	�
�,���
4,���
5�	������������
'����	��#��������,���
2��������
�	
*������������	*��#)��'�(���#�'�0�����������0�����
�+�   1��#��'���	�
�	��#�	$��	������$��)���)�
'��-��$��	�
�����)��*)���$��#������������	�	�����'��	*
���'������%	�%�2��.��)��*)��)����%��
�	��#����
���	��	��
������	*
	�	��
����
��	0���������	��#��'���	�
2����(�����$��%���0�'����
�0�����������'����������	�)	
��)���)�
'����)	�)�)	*)�	*)���'	��	
���#������6�
����	�)	
�����
��	$����
������(��	���������	*��#)	����(���2�������4����	�
�,���
4789:;5������	�����������#��(��	(���$���4�����������	
*���������	
*��)��������$��%�����
'�	
����
�	
*���#��)�
'������������+��#���12��,��#	����)�����0(	����������������
'������	*��#)	��(��	��	�
��	
������(�	��'�(���#$�
���)�'��'�
�$	���
����	��	
'	�����*�
����������(�	��#����������
�	
�	����)���*)����,���
��
'�����)���'����/��*��+���<���   12�����)�(��
����
'����%�
�'���	��'�$�##	
*����	
'	(	'����#������6�
��������������)�	����
�	
�	����0���	������'�0��	
������	(�����'����2�������(�	��'�(���#$�
��	
��)���)�
'��	����#	�������$�'	�	�'�#�	$����#����	����	$����
�����
'�	����
������'�0�������������=��	1��#�	$�$�'�(���#$�
�����*��	
���
�����	����#��������
������'�0�����������
'�#��	�	�
��������������$�(�$�
��>��
'�		1�'	�*�
��	���(�
���#�����(	
*��
'��
)�
�	
*�'�#��	�	�
���#����	���+-	*2��?12����*	�
����������'	������'�0��@�
���+!A" 1���)	�)�	
���'���'�'���$	�	6	
*����	'�������'���,�(�
	�
������(�	����$���0�����#�
�	0�������0��)������������������������)���)�
'����(�����
'�	
���'���	�
�������	'��$�'	��	
*���
'��������(�	��2��������
����	��'����	
�-	*2��B��)�����0���
�	�����
(�
�	�
��43���	��������(�	�����%�+#��$��0	�	���C�!$,1��0����3�������	*
	�	��
�����4#��$��0	�	������%�
�	
������'�
����	�)������0���(��	�
����	
���0�''�'�#�������
'�
�
4#������6�
����
���*��+�����4����	�
�,���
4789:;5DE���FGHIJKLMHN�ONI�PQRL�SOLO��.�
�$0���������*��*���#��������������
*��)��,�0�������%��
��
'���%	�%����0���#��'*���	
�
���)������
�.�0�����+��#��!12����(	
*�
���)�������'�	
�����	�	�)�����$0	���
�$������*���������)�(��0��
���$#����'����
*��)����%��
��
'�,�0�����'*����0������#���##�������0���$�������
'��������
�	
�������
'������(�	�����������)����#�����)����
'�������	�
�	
���0���#������(�	��2��,���
�-�����.�����.��,���
��
'�/��*���$�'	�$4*��'���	��)���0��
������'��
'�#��'���'����$�$�'	�	�'�#�	$���������(�	���	
��)���)�
'��+��#���12��TUV59�WXYZ�[\\]�̂898_̀8�̂8a\_b�9c\d9���(�
��	��#��������,���
���	�)��)��0��%�����)���������
'���98_̀89�e;�bd\�f[8ge9g\h�a\\]9E��
93



Figure R4.  Partly dolomitized coarse-grained crinoidal limestone, Gulf AEC Desan d-41-D/94-P-7
(640.1m).  Dolomite (D) is an early-stage cement, followed by syntaxial calcite cement (Sy).  Fair
enlarged interparticle porosity (core analysis porosity 5.3%, permeability 4.9 mD).
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Original oil in place is tabulated as 9,555e3m3 (60.1 MMBO), initial reserves as 1,228 
e3m3 (7.7 MMBO), and current annual production as 43e3m3 (270 MBO).  A recovery 
factor of 18% has been assigned to the largest pool, which is under active waterflood.  
Oil densities range from 900 to 909 kg/m3.   To the south, two “Debolt” pools at Tooga 
are assigned initial reserves of 31e3m3 (195 MBO), but have not been produced.  There 
are additional Rundle oil shows in the area, as far west as D/94-P-6. 
 

Reservoir Engineering Analysis 
 

We studied approximately 130 oil wells in the greater Desan area, included 44 newer 
horizontal wells infilled amongst the older verticals (Appendix 5).  A clear distinction can 
be made between the North Pool, which was not waterflooded, and the South Pool, 
which was (Map R2).  The Tooga Pool was also evaluated. 
 

Production from the earliest group of vertical wells began in January 1984, and 
proceeded intermittently for three winter seasons, presumably due to lack of all-weather 
roads and pipeline takeaway capacity.  The wells were shut in from March 1986 until 
November 1994, when full field production commenced.  In 1996, injection began in the 
South Pool, expanding from a single injector to 6 injectors by 1998 and ultimately 16 
injectors by 2010. 
 

South Pool Waterflood Area – Figure R6 shows vertical well configuration as it existed 
on waterflood prior to the commencement of horizontal drilling, and the subsequent 
addition of horizontal wells.  Horizontal drilling began in 1996 and carried on through 
2012.  Average horizontal length is 800m.  The horizontal wells appear to be intended to 
create polygons of production drainage patterns around the injection wells.  All 
horizontal wells were completed open hole and acidized.  Six wells within the waterflood 
area were re-acidized around 2014, and showed average improvement in rates of about 
40%, improving as a group from 175 bbl/d to 245 bbl/d.  Five of the six wells showed 
improvement; one well stayed the same. 
 

 

Figure R6.  South Pool 
Waterflood Area map, 
Desan focus study.  Map 
on left shows vertical well 
configuration prior to 
horizontal drilling, and 
map on right shows the 
subsequent addition of 
horizontal wells (in green). 
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Figure R10.  Production history plot, North Pool area, Desan Field.
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Plotting reservoir pressures in non-waterflood wells, initial pressures remain high even 
in wells drilled quite late, further supporting the concept of significant reservoir 
heterogeneity and/or compartmentalization (Fig. R11). 
 
 

 
 

Figure R11.  Pressure history plots, North Pool non-waterflood producing wells, Desan Field. 
 
 

There are substantial differences in production performance between the South 
(waterflood) and North (non-waterflood) areas (Table R1).  While waterflood support is 
partly responsible for better performance, it appears likely that the operator chose to 
waterflood the South Pool because better, more continuous reservoir quality was 
mapped there.  It is particularly important to note that the performance of non-waterflood 
horizontal wells (IP 47 BOPD, EUR 20 MBO) is uneconomic by any measure. 
 

Well Performance Comparison 
 Vertical Horizontal 

 IP (bbl/d) EUR (mbl) IP (bbl/d) EUR (mbl) 

South (WF) 23 43 111 244 

North (non-WF) 18 16 47 20 

 

Table R1.  Well performance comparison, waterflood (south) versus non-
waterflood (North) areas, Desan Field. 
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GOLATA FORMATION 
 
 

Age and Play Type 
 
Upper Mississippian – Shale Oil Play; 
Prospectivity:  ‘C’ Play – Extensive, mappable marine shale – but low organic content 
and high maturity levels preclude significant oil prospectivity. 
 
 

Regional Geology 
 

After Rundle Group carbonate ramp deposition, profound subsidence of the former 
Peace River Arch took place, significantly influencing deposition of the upper 
Mississippian through Pennsylvanian and Permian Stoddart Group (Golata, Kiskatinaw, 
and Taylor Flat formations) and Belloy Formation (O’Connell et al., 1990).  Barclay et al. 
(1990) showed deposition to have occurred within the broad, west-east trending Peace 
River Embayment, focused within the structurally-bounded Fort St. John Graben / 
Dawson Creek Graben Complex (Fig. G1).  They documented up to 1200 metres of 
syndepositional subsidence in distinct, fault-bounded compartments (Fig. G2, G3; 
Cross-section Stoddart-Stoddart’). 
 

As the Fort St. John Graben subsided, shales and siltstones of the Golata Formation 
accumulated in a low-energy, restricted marine embayment that transgressed the 
Debolt platform and graded to open marine facies westward (Barclay, 1988; Barclay et 
al., 1990) (Fig. G4) (core photos 11-34-84-15W6 and 7-22-80-14W6, Appendix 4).  
Map G1 illustrates restriction of Golata deposition to the Fort St. John Graben area, 
although a southerly limit has not been defined because deep well control is lacking.  
Map G2, depth to top Golata, illustrates structural compartmentalization within the Fort 
St. John Graben, and significant deepening to  >3500m southward.  Post-Golata 
differential subsidence caused exposure and erosion over some structural blocks, and 
likely degraded Golata source rock quality (Fig. G5; Barclay, 1988; Barclay et al., 2002).  
The Golata ranges up to more than 100m thick, but thicknesses change abruptly across 
faults as the result of both syn-depositional and post-depositional movements (Map G1). 
 
While Golata and equivalent strata are present in the deformed belt and crop out to the 
west, stratigraphic changes and structural deformation make it difficult to map. 
 

Golata-equivalent shales have also been identified in the Liard Basin and surrounding 
areas, where Rocheleau et al. (2014) found them to have good source rock 
characteristics. 
 
 

Production and Test Data 
 
There are no production or meaningful test data from the Golata, as it has not been 
targeted as a potential shale gas/oil play.  Commercial database searches indicate 
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Figure G1.  Peace River Embayment tectonostratigraphic elements,
Mississippian-Permian time (from Barclay et al., 1990).  
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Figure G2.  Schematic deposition of Stoddart Group and Belloy Formation
during subsidence of Fort St. John Graben (from Barclay et al., 1990).
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Figure G3.  Belloy-Debolt cross-section in Fort St. John Graben, showing syndepositional faulting
that profoundly affected depositional thicknesses (from Barclay et al., 1990).
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Figure G4.  Schematic cross-section illustrating depositional relationships of Stoddart Group and Belloy Formation 

in Fort St. John Graben (from Barclay et al., 2002).
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Figure G4.  Schematic cross-section illustrating depositional relationships of Stoddart Group and Belloy Formation
in Fort St. John Graben (from Barclay et al., 2002).
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Figure G5.  Kiskatinaw valley fill to interfluve relationship (from Barclay et al., 2002).
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Figure G5.  Kiskatinaw valley fill to interfluve relationship (from Barclay et al., 2002).
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Golata production from some wells, but the producing zones are actually basal 
Kiskatinaw sandstones erroneously assigned to the Golata. 
 
 
Analytical Data 
 
Little analytical work has been completed on the Golata – our database search revealed 
only GSC Open File reports on source rock analysis from cuttings in two wells 
(Appendix 1; Map G1). 
 
We analyzed one Golata core, from PCI Doe Creek 7-22-80-14W6, consisting of dark 
grey organic-rich shales, to ensure adequate characterization of the play (Appendix 3, 
4). 
 
Clay minerals and quartz dominate Golata mineralogies; small amounts of feldspars 
(<9%), siderite (<23%) and pyrite (<9%) are also present (Fig. G6; Table G1).  A few 
samples contain apatite (<9%), and one sample has dolomite.  Clay minerals include 
interstratified illite, mixed layers and mica (20-62%),with kaolinite (1-32%) and smaller 
amounts of chlorite (2-7%).  Total Organic Carbon (TOC) ranges between 0.5-2.6 wt%, 
with higher values in the upper part of the cored section.  Tmax values range between 
460-500°C, indicating high maturation of organic matter – wet to dry gas equivalent. 

 
Tmax Feldspar Sulphides

oC
Albite

K-

feldspar
Dolomite Siderite Illite/mica Chlorite Kaolinite Pyrite

2400 Golata Core 2400.00 544 0.90 59.7 2.3 1.9 26.5 2.9 5.9 0.9

2401 Golata Core 2401.00 0.65 58.7 2.1 2.1 25.5 3.1 7.3 1.3

2402 Golata Core 2402.00 481 1.20 57.8 2.0 1.5 6.5 20.1 3.4 7.7 1.0

2403 Golata Core 2403.00 473 1.78 40.5 3.7 1.3 5.8 28.6 4.2 11.7 4.2

2404 Golata Core 2404.00 500 0.90 7.9 0.1 0.1 0.3 54.4 3.4 32.5 1.4

2405 Golata Core 2405.00 496 1.07 11.4 0.1 0.1 0.6 54.3 3.5 28.4 1.6

2406 Golata Core 2406.00 498 0.78 8.8 0.1 0.1 2.1 55.5 3.7 28.6 1.2

2407 Golata Core 2407.00 487 1.31 7.9 0.1 0.1 16.9 46.5 2.6 24.0 1.8

2408 Golata Core 2408.00 488 1.76 24.4 2.3 2.8 0.4 41.6 4.3 22.2 1.8

2409 Golata Core 2409.00 484 1.17 23.9 2.2 2.8 11.5 37.1 3.1 17.2 1.9

2410 Golata Core 2410.00 488 2.02 24.3 2.2 2.7 0.9 42.1 4.6 21.3 1.7

2411 Golata Core 2411.00 485 2.17 34.2 2.2 2.2 2.8 36.5 4.0 16.5 1.5

2412 Golata Core 2412.00 487 1.52 26.1 2.4 2.6 1.3 42.1 4.6 19.0 1.8

2413 Golata Core 2413.00 484 1.31 26.3 2.7 2.9 0.8 40.9 4.2 19.7 2.4

2414 Golata Core 2414.00 485 1.24 29.4 2.3 2.3 8.0 35.5 5.1 15.7 1.5

2415 Golata Core 2415.00 483 1.90 32.3 2.3 2.5 0.5 38.0 4.9 17.8 1.5

2416 Golata Core 2416.00 480 1.60 48.8 2.1 2.4 9.7 19.0 7.0 10.0 1.0

2417 Golata Core 2417.00 474 1.86 42.0 2.2 2.6 2.1 31.2 6.1 9.1 4.6

2418 Golata Core 2418.00 500 0.44 84.5 0.9 0.5 5.9 2.4 2.0 2.8 0.7

2422 Golata Core 2422.00 506 0.71 46.2 2.5 1.9 9.8 28.0 4.2 6.8 0.5

2423 Golata Core 2423.00 499 0.87 40.1 2.5 3.0 1.2 37.3 5.3 9.6 0.8

2424 Golata Core 2424.00 1.00 12.1 2.2 3.3 23.8 46.3 4.4 6.3 1.4

2425 Golata Core 2425.00 493 0.51 25.1 2.9 3.8 2.5 50.7 5.1 8.3 1.4

2426 Golata Core 2426.00 482 0.56 13.7 2.8 2.9 0.1 55.5 3.7 10.4 1.5 9.4

2427 Golata Core 2427.00 484 0.57 30.5 3.4 4.5 0.1 49.7 2.1 2.9 1.7 4.8

2428 Golata Core 2428.00 493 0.73 25.2 3.1 2.9 0.2 55.0 1.9 2.7 8.8

2429 Golata Core 2429.00 479 2.64 24.8 3.4 3.4 9.0 49.6 2.8 3.5 3.7

2430 Golata Core 2430.00 483 0.64 29.7 3.7 4.4 0.7 56.0 1.9 0.9 2.6 0.1

2431 Golata Core 2431.00 468 0.45 22.1 4.0 4.6 1.1 61.6 2.0 0.8 3.6 0.2

2432 Golata Core 2432.00 461 0.55 26.3 3.8 4.1 0.6 56.2 2.4 1.4 5.0

2433 Golata Core 2433.00 470 0.59 27.3 3.9 4.3 0.5 55.2 2.7 1.6 4.2

Apatite

PCI Doe Creek 

7-22-80-14W6  

WA:06823

Quartz

Carbonates Clays

Well ID Sample ID Zone
Sample

Type

Depth

(m)

TOC

%

 

Table G1.  X-Ray diffraction analyses, Golata Formation, PCI Doe Creek 7-22-80-14W6. 
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Figure G6.  Mineralogy and TOC plots for samples from the Golata Formation,
PCI Doe Creek 7-22-80-14W6.
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Petrographically, the Golata consists of thinly-bedded dark shale with scattered sandy 
interbeds and abundant bioturbation (Fig. G7, G8).  Quartz grains are silt-sized to fine-
grained, with rare medium grains that are angular to subangular.  Overall, sorting 
appears to be fairly good.  Some secondary quartz cements are observed. 
 

 
 
 
 

 

 

Figure G8. Photomicrograph, Golata 
Formation, PCI Doe Creek 
7-22-80-14W6 (2416.14 m) under 
plane polarized light.  Angular to 
subangular quartz grains with 
interstitial clays occur interbedded 
with and opaque-rich layer with silt-
sized quartz grains. 

Figure G7.  Photomicrograph, 
Golata Formation, PCI Doe 
Creek 7-22-80-14W6 
(2416.14 m) under plane 
polarized light.  Laminae of very 
fine- to fine-grained sandstone 
are interbedded with laminae rich 
in clays, organic matter and 
pyrite.  Epoxy-filled (pink) 
fractures are a product of sample 
preparation. 
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Figure G10.  Passey analysis output logs for wells
in the Nordegg (G10a) and Golata (G10b) sections.
Large sonic-resistivity separation (coloured pink) and
uranium anomaly indicate high organic matter content
in the Nordegg; lack of these indicators demonstrate
very low organic matter in the Golata. 114



Figure KI1.  Schematic deposition of basal Kiskatinaw Formation (from Barclay et al., 2002).
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Figure KI2.  Basal Kiskatinaw reservoir development
and structural-stratigraphic trapping relationships
(from Barclay et al., 1997).

117



y = 0.128e44.389x

R² 0 422

100000

Kiskatinaw Sandstone (<2690 Kg/m3)

R² = 0.422

10000

1000

)

10

100

Pe
rm

ea
bi

lit
y 

(m
D

1

P

0.1

0.01
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Porosity

Figure KI3.  Porosity / permeability cross-plot, Kiskatinaw sandstone. 118



��������	�
������
���������������	������������������	�
��������������� !"��#��

�$	%����&'(��)���������*�	��+���	���	
�&	�,��	
���-	.�/��	�)���%	���0%��	
�/�
�	����12 �����33 �,%�-4��	
/	���	
%���5���
�	����-��
������/�
����-	
�������
/���-�
��67��8)����	��-���������������
%	
%����-��	%)���9��-�
��/���-#�������#����	�	����#����� :��#��5�5����)������������/	�%�
��	���
)�
��-�
�7����#�&'��	�����������/	���	5��	�
����
���#������&	�,��	
�����
/���
������	
%���#����	������9�������1:�0��
/���
��/�
�	�����%6�	
���-5	
��	�
��	�)��������%�--����%����9�������3;�<�'��
	��7����
����������/���
��
�����%	�
���5��	���
/�����%�
����	=�/>�-����/���	��/�������-�##	
%���	
%���	�-	������/��)���-����	
��	��������-#���-�
���	=�/������*�	��5�/	��7���<�-��������
���#�����������*�	����
/���
����������	�)	
��)	�,�5�������
/���
��>��)	

�����
/���
���)	%)���	
��)������	�
���
/����5��-������-�
��/��
/��������
�	
����7��?@ABC�DE�FGHIJ@EC�@EC�KLMNOBDEPA�QRSSRT�NDENJLAGDEAU�MOB�VDAM���
�	
�����#��������
/���
����)���/�����������������)��
���)��
���5���#��/%�7���WXYZ[\]̂Y_�̀_Z�abc]�d̀ ]̀��&	�,��	
�����
/���
���#��/����%������-�������������������	%��#)	�����#��	
��)��$�������e�)
�%��5�
�	
�������
�<�5������
/�	
����)��������
-�������
�)	#������)���������	*�������,�	
��7�7�0��#�&'!67���	��#��/���	�
���������
������-��)����%���$	��/�08�#�"(9!"�16���)��������,�/���������
/�&	�,��	
�����
/���
�������5��)��	�95���	
%���
/�	
���������/�����������)�������
�����)��<�5�����5��/��7���	��#��/���	�
������%����##��������5�����������	
�#��������
��	�
�����������)��%�>�5��)��)����������
/��)����
�
��������#��/�����	��	
��)	���������
/�#�	-��	���%��������)���7�������%%�����)����-���5���
����-�
�����/��#��������������)�����*������	��-	%���	�
�	
��)	������������)�����##��������5��	
��)��f���
������-�������7����8)���������&	�,��	
�������,�/������*�	��������%�������-�������	��/����
/������������/���	
%�*���	���������7��������������
/�#���������*�����	/�������%%���	
%������	%��#)	���
/��������������-#���-�
���	=��	�
��	�)	
��)���	��/��������
/�#���	5����#�	-	=��	�
�#���
�	��7���*��������)���	��/������	���-����
��
�����*���������	�
����
/��##������	%)����5��
/�/�5��5��)��	%
	�	��
����������
/��5��#�������*�	�����	����)�
%��7��8)����)�*��5��
�
��)��	=�
����������/�	���/�	
��)��&	�,��	
���	
�����7���g_̀hi]̂\̀h�d̀ ]̀���)	����)��������-�
�����//������&	�,��	
�����������)���
����
����	������#�����������//��������#��������	
��)��������/���5������)����)�
�����	
��������
��������
/����%�9	
���*�������������,��
����	���
�����	
%��	����#����%��#)�����/���
�!����-#�������-��)��8������$����$��-��	�
�	
�8��
�)	#�" 9!2�1�0<##�
/	.�!67�����/	/�
����
/����,���
���//	�	�
����
����	�������,7���
119



y = 0.1011e30.223x

²

100000

Kiskatinaw Mixed Sandstone/Dolomite (2690-2770 Kg/m3)

R² = 0.2882

10000

1000

)

10

100

Pe
rm

ea
bi

lit
y 

(m
D

1

P

0.1

0.01
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Porosity

Figure KI4.  Porosity / permeability cross-plot, Kiskatinaw mixed lithologies. 120



��������	�
������
���������������	������������������	�
��������������� !"��#��

$%&'()*%�+,-�.&&%&&/%01���	2��#���2�3���#��2���	�
��
2��
���4�����������	��#��2���	�
�#�����2������	��	��#���
�	�������
����������	�5�����������	��#���#���	4	���	
��5��6	�7��	
����
2�8������9���:����������	�����5�����	��#���
�	����������	
3��;	��	
3�#��2���	�
�������
�<=�����������
�>�� ?�85���	�@#��2��	
3�����������3���	��4�����	35����=��
2�2�=��=��5�������������
2������	3��#5	�����<�
��A�?�85	�7�=�����6	�7��	
��������4�	�����������
3����5�

��	B�2���
2��������	�����#���
�	�������5�������	����	�5��
��
4�
�	�
��������4�	��#���
�	��A�?�85	

�����
2���
����
2���
2�����=�
�����5	35���	
��5��6	�7��	
����
2�8������9��������	�
���
2����=���5	
��
2��	35������<�
��2��<�7	
3�	��2	��	��������<�#������
��
4�
�	�
���#���
�	���	
��5	
�����7�2������4�	����4����	
3��5���	�@=���	
3�=����������4�	��:���CDEE+F�G+$H.IJ+K���.L%�M0N�O-MP�IPQ%�����<	�
�
�������	�������R�	35����
2���
�S�TUVWXYZ[\]\[̂_��̀ab�Tcd̂�@�e	������4	2�
������<�##�=������
2�����#��2���	4���5�������	��	��������33����5��������	35���	��#���
�	��:���$%L,'0M-�f%'-'LP����������gh�ijk�R!llmS���<<��	B�2��5�����������3	�
����>�� 85�������������2�#��	��2��	�5	
��5���������	4����<=��<�
��	
��������	4���������
	���������=�����5�����@�������<��	
���5��������	
3��5�������	B�2�=��<	;�2����=�
�����
2��	�	�	�����	��2�#��	�	�
:��n
�������
����	�������<=��3�����2���<	�	����
2���
���
2�2������
����o�	
���=���
3�����	2����5����	
���
4	��
<�
��:��85	�7���2�#��	�����
�	��	
3�����	�����
���
2��	<����
��	
��5��������
�#���������5���������	4����<=��<�
������	
���#����2����2��#�����������������5�������=��	
�����2	<�
��:���;#�������
2�����	�
�����5�����<	�
@8�	���	���
��
���<	��������2��
�	
���;�����5�����
2��	�	�����<�
���	
����5���##��<�������<	�
��
	����
2�����������2��5��	�����	�
���������4�	���
	�������5����#�����5��������:��p
�
���5������
��:�:���5����������4���	���	
���=�22�2���
2���
����
2����=�
���������5��8������9����9��<��	�
��
��
���<�=�����
2��;5	=	���	
���
�����<#��;	���<��7�2�=����4������
��
���<	�	���R9	3:��e!S:��8������9�����
2���������������5�4��
���=��
�
121



Figure BL1.  Schematic internal stratigraphy of Kiskatinaw through Debolt succession, Fort St. John Graben
of northeastern B.C. and adjacent Alberta (from Barclay et al., 2002).  Note complex internal stratigraphy of
Belloy Formation, including internal unconformities.
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Figure BL3.  Stacked shoaling-upward Belloy reservoirs at Boundary Lake (from Bloy and Scott, 1993).
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=�gFPPD�bBIPPFb�I\�HYF�]̂h̀OD�Q\b�]̂ìODj��f���	������V�?� ! @�;����	U�;���k  T��>	�S�����	�
�����>��<��;�
�����>�����������	R���?���lme�e!m@������������
	
=e�#���;��������	�
����;	��������U	;	�����U���T	
=�T����#��c	T�������>����#V��<>������������;��>������	�
��	�>��>��n�	=��
;���
�
�������>���;d���
����U���������U���;	;�
�������=
	o���
���#��	�	�������	=��#>	��U��
;��	����>�������;�U��T���>�;����T��������������U�������V��f����>	�����;������T�#��>��<��;e�����	
=��
���	
��>��:	��;����	
�
�=��=��#>	������;	��	
������T��>����
�
��en�	=��������	�
�����>�������>�?f	=V�<�!@V����T������>����	=	
����	��;�����	�
�������;����	U�;�	
��>��<�	���	��������#�������	
�������
�lm��?��#�<�!@V��p
��>��:	��;����	
���U����������>��<��;e�����	
=��>	�S�
���������;����T��
��U��#������������������
������;�o�����;=�����
=��>����R	��f�����q�
�����T�����>�
�l  T��>	�S�?��#�<�!�������e����	�
�:	��;!erIQBb]Osj�����	���;�#�>����
=�����T��U����"  T�	
��>����������t��  T�	
��>���������;d���
������>��;����T��	�
����
��?��#�<��@V��<>��<��;e�����	
=�	����##�;��
��
���T�U���U���>��:�����������������>	
S�>�f��T��	�
���
;��
��
���T�U����R���	����>�����T	�
�f�
���u�����v	
;����������	�
�?�����e����	�
�:	��;!erIQBb]Oa�rIQBbwerIQBbwOsj������c�T	
�;�<��;e�����	
=����������T���R�
������	�
��?x##�
;	c�m@y�� z�pT#��	�����
�xT��	��
�<�������e�ke��lme�e!!{�z�:�=������c>�T	�>�Ue!le|�lme�e!!{�z���x���c>�T	�>�Ue}le|�lme�e!!{�z�x�����c>�T	�>��el~e|�lme�e!!{�z���������c>�T	�>��ekme��lme�e!m{�z�x�����c>�T	�>��e!ke��lme�e!m{�z���x���c>�T	�>�;em"e��lme�e!!V��x�������>������T#��;��>���##��T����<��;e�����	
=������>��#�	T�������=����������	
=������>���R����	
=��>	
S�>V��<>������	�
����T#��;���
�	���#�	T��	��������T	
���;�����	##��;�
131



Figure TG1.  Triassic structure, WCSB, showing separation of Liard Basin Triassic strata from Triassic
units to the south (from Edwards et al., 1994).
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Figure TG4.  Photomicrograph, Toad-Grayling Formation, ECA Maxhamish d-48-B/94-O-11 (1480.06-1480.09 m) under plane polarized
light.  Bioturbated argillaceous siltstone
consisting of silt-sized quartz grains in a
clay-rich matrix.  Organic material and pyrite
opaques occur finely dispersed and in streaks.
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Figure TG5.  BSED SEM photomicrograph,
Chinkeh Formation, ECA Maxhamish
d-48-B/94-O-11 (1480.06-1480.09 m),
showing mica and clay minerals embedded
in quartz grains coated in clay material. 
Iron- and magnesium-rich micas may be
biotite altering to chlorite.
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A: C orrelations  in the Doig-Halfway  interval along a s trike-oriented stratigraphic cross  section.  G amma-ray logs . All depths  in metres  unless  otherwise indicated.
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Figure D1.  Doig correlations in NEBC, highlighting
occurrences of ATSB’s.  Cross-section locations on
Map D1 (from Dixon, 2006). 142



Figure D2.  Core description, Doig ATSB at Wembley 16-33-72-8W6 (from Dixon, 2011).
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Figure D3.  Isopach maps, Doig ATSB’s at Buick Creek and Dawson Creek (from Dixon, 2011).
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

Vertical wells were typically perfed and frac’d with small, single-stage fracs; some were 
also acidized.  Most horizontal wells were drilled open hole and were left 
unstimulated.Ten horizontals drilled in 2011-2012 were treated with multistage fracs, 
averaging 8 stages per well (maximum 13).  Average horizontal length is 760m, 
meaning frac stage intervals of about 100m.  Of the 10 multi-frac wells, six are at 
Fireweed; these are all the horizontals in the pool, so we cannot make a comparison 
between frac’d and unfrac’d wells.  The other four multi-frac wells are widely distributed, 
with only one in Buick Creek, so meaningful performance comparisons are not possible 
here either.  Some horizontals with open hole completions were also perfed through 
casing above the open hole and this interval was then fracked with a single stage.  No 
discernable advantage can be attributed to this procedure. 
  
New horizontal drilling of the Doig ATSB at Red Creek was proposed by a junior 
operator in 2016 but has not taken place.   
 
Northern Oil Pools (Buick Creek / Stoddart West / Fireweed / Cache Creek 
 
Initial production rates were very good for both verticals and horizontals in these pools 
(Table D1) (Appendix 5).  At Buick Creek, ultimate recovery volumes from the 
horizontals are spectacular.  For the depth and cost, recoveries in the other three areas 
are likely economic, although horizontal well declines are very steep.  Horizontals show 
twice the average recovery of verticals except at Buick, where they are 5 times better.  
However, at Fireweed and Cache Creek, the best vertical wells are better than the best 
horizontals, by a fairly wide margin (Fig. D5).  As most wells are now non-producing or 
are near the end of life, cumulative production is a good proxy for EUR. 

 

Field API

Pressure 

psi

Depth 

m

Gradient 

psi/ft

Cum. 

Oil 

mstb

GOR 

scf/bbl

WOR 

bbl/bbl Wells

IP 

bbl/d

EUR 

mstb Wells

IP 

bbl/d

EUR 

mstb

Stoddart W 46 2600 1600 0.50 5116 7750 0.02 11 75 74 37 476 120

Cache Ck 49.8 3000 1700 0.54 881 21200 0.03 22 163 35 2 349 56

Buick Ck 42.7 1830 1280 0.44 12871 5960 0.07 23 136 58 38 551 307

Fireweed 44.6 1920 1550 0.38 1484 2660 0.8 16 113 58 6 230 123

Vertical HorizontalDoig Area Summary

 
 

Table D1.  Oil pool summaries, Doig Formation ATSB’s, Stoddart / Buick Creek / Fireweed area. 

148



��������	�
������
���������������	������������������	�
��������������� !"��#��

��$	%����&'(����)����	*���	��#��+���	�
�,�,,���)�#��&�	%�$��)��	�
��
���-��
��	��#����(��.��-��%-�+�#�-��	
�����#���������,�����
�!/  ��
+�!0  )��#����������
+�#��������%��+	�
���*�����	+����12�,���&!3(��.�4�%��*	����
+�������������-���#���+�	
�#��������5�	(�(��-	%-���#��������%��+	�
���-����)����*����	����	��(�����++�����
+����-������6������*��#�������+����	�6�	��
��)����7#�������+���
+�$	�����+���	%-�����
+��#�������+�1$	%(�&83(��2���	������+��*��#�������+�������1	
�&�9:7.7!:3��	��,�����
���	�6��
+�$	�����+�	
�&�9:7�7!:(��2���-������-�����������++��������������#����������
+��#�������+��
+��
��	���*��#�������+(��$��)��-	��+	�#��	���	
�#��������%��+	�
����	���##�����
������
%���

���	�
��������	
%���#�������������)���
�,��	
�����+(��
149

lsears
Typewritten Text
T88
R18W6

lsears
Typewritten Text

lsears
Typewritten Text



��������	�
������
���������������	������������������	�
��������������� !"��#��

��$	%����&'(��&	���	)��	�
����#��������%��*	�
����&�	%�$��+��	�
��
���,��
��	��#����(�����,������-��
*����**���������,�.��#��*���*�
�%�	%	)����������
*�,�.��,�*�
��������	
/���	�
(��$	�����*���
��,����,���,�
*���,������+����	.��������#��*���	�
������+����!�))��������#���))���	���)����,����,���)��
�
��	
/���	�
(��0	�������������,��������#��*���	�
���+������+��,����,��	1�
�����������*2342����25�2���)265�2��������*��
��,��������
��	*������,��#���(��&�	%���
*���
��������	�-�����-������*�.���#�*����!'�7�������������#������)����,	���##��������)�������*+	
	�����	.�������
��+�����,�
������+��	�������.�	��*	��	
��	�
(��6���%��,����,��������"'������������,	�,�38�����,��	1�
���(��$������
������������	���*����	
/������������+��#�	
��*��	
%��,�	���	.���9$	%(�&:;(��<,���������
�.���+�����,�
��	%,��	
/��������
�	
/���	�
�����
���	+��*��	
%��,��#��-�����
*�������   (����+����	.��	
/���	�
������(4���������+#���*����!5(4������	��#��*���	�
��
*�������,�
�!�����������#��*���	�
�����	���##�����������	
/���	�
�,�*�+	
	+���������(��
150

lsears
Typewritten Text
T88
R18W6

lsears
Typewritten Text



��������	�
������
���������������	������������������	�
��������������� !"��#��

��$	%����&'(��������	
)���	�
��������&�	%�$��*��	�
����	�+�����+�$	��,(���-./01234/0�5/2/��6�	
%������7�	��8���,�������*��9���	����������
,������
����	���	����������
�������,�:���;��%�
	���	�9
���<��
,�:*�=�;*����	��<�*�#�������9��&�	%�$��*��	�
�;��#��&���&><�;?##�
,	=�@<(������������+�,����������������,����*��9��&�	%��9��#9����A�
���
����������)�,%�,���*#�������*��##���&�	%������	�������,�
���#��#�����������������������+�#���
�	��(��$���:���*�##	
%���9����*���	#���,����#�	
��������7�	��8������*�������8���������������,��9��*�,	�
�7����(��:*�=��	%����������������,����*��9����*#����	�9��9��9	%9�������7����B�	���9��*�=	*�*����7�����	��C!*%�%�����)�,%�,��9�������8��
��7��	,�:*�=��	%���(����#�&��,�*�
���������9����9����	���8�
,�
����%�
	�D�	�9����+�	
��9��&�	%�
�8���*��������9���	�9����7����������	
�*�,	������,��
,	#�#��	�	�
����9	�9�	����*��9����
�=#����,(�����*�������������,��=#����9	%9���*����	�����7����	
��9�������������9�7�������,�*��9�����9����%�
	��*����	������9�7��8��
���
7����,����9�,�����8�
���
,��=#����,(���
��
151

lsears
Typewritten Text
A/94-A-14

lsears
Typewritten Text

lsears
Typewritten Text



��������	�
������
���������������	������������������	�
��������������� !"��#��

#���	$����%#��
��	�
�	���&����&���&��#&����'�
��$���(���(��&��&	�)����
*�(�����	)�������$����(#��*��*�+�������	
�������
���������
*�&�
���(���$��$��������#����
��*,����#�-.��&�����&��-�	/����$��(�����������	��/�
����	�
�	
��&���������	�&���/�
������������*�	
��������	�&�*�#�&����/��0(������1�����,��2&	��#�����
�������#�
*��������	�&��&���������
�������	���
*�/���	
��##���-�	/������1�	��,��3�����2(�%�1������	
��&������&��
�-��#����	
�(��������������������*�*��������	
�(����	�������&��������
��*/������&��4���&	����*���(�
��*�$������	
��
*�����	
�5� !67��$�����(#��	
/���#�!����������&���-�	/������1�	�������/��0#��
���&���/&�����&	������,���	�1���
*�����	
�5� !"7��&���*�#���	(	
�������������
�����(#��&�
�	1��-�	/�#�������(������(���
����	��#��8����	
�#��/�������1�����	
/�#���
�	�������&��-�	/��	�&��������
��&��*	���	$��	�
����#��*��	$����	+�	*�,��2&�	��#���	(	
����2����
*�(����	���(�##	
/��&���*	���	$��	�
��$���*����	(	��������&����(�##�*�&�����$����	���&�1������(������
�����#�	
����#�
�#��8������(#���	�
,����1	��	
/�����������	�
���
*���#������#���	
�9##�
*	%�!����������&����1�	��$����
����	�������)��
��&��-�	/����������
�����������)��
����	���
*��&�������	:��	�
�����&����/���#���
�	��;��&����	�������	1�����	��������)��
��&����
*���
�������1�	��,����)��&�<=�>?,�5� !�7�*	*�
����**�����-�	/��
��
1�
�	�
���#���
�	���	
�9�$����,������&�<=�>?,�5�  67����������*�������	
0#������&����/���#���
�	���5	
�����7����@ 0�  �2�4������&���##���-�	/���
*�A �2�4������&��-�	/��&��#&�����$���(�*��
������(#�����+��
�	����	+�	*��#���
�	��,���&��(�����
*�����	
�5� !��7��
���:�*�(	
�����/������&��-�	/��	�����
������
*���
�������1�	���������
*$	��&��	�&��&��#���#���	1������
*�����
*	
/����$�*�/�����#��	����
*�#����	���#��(��$	�	�����
�����,���	�1���
*�����	
�5� !A7�*���(�
��*�#��/������
������*������&�������	:��-�	/��
��
1�
�	�
���&�*�����$�
�#���
�	����&���/&�����(#��&�
�	1��#�������(������(���
����	��
��	�&����������
�*��	
���	
/��&��#���
�	�������#��*��	$����	+�	*�,���BCDEFGHC�IJK�LDDCDDMCNO��-�	/���
*���
����##�������&�1���**	�	�
�������������
*���
1�
�	�
����	��#���
�	���	
�������$���	
��
�	1����/	�
��������	/��#&	�����)�	����+�	��*�����
*�����
*�	������#�,��2��
�&	#0PQRST�UVWXYP�Z[P\�PT]T̂RS�SR̂_T�[̀S�RQQabaSR\̀[cPd�PT]T̂RS�[e�fZ̀QZ�ZR]T�$��
��%#��	��*����������������	
/�&��	:�
���������,�������1�	��#����������
*����(��	�
������������+�	���1��	�$����
*�
���������
*������*��
�����/	�
���$��	�,��2&��*	���	$��	�
�[e�UVWXYP�̀P������
���������
*������*���
*���(#��%�����������-�	/������	/��#&	��T̂SR\̀[cPZ̀gPd�̀cQSah̀c_�\ZT�RPP̀_cbTc\�[e�P[bT�i[̀_�UVWXYP�\[�\ZT�jS[fT̂�kRSefRlm�����&�����
�������&���	����	�
,����9�&�
*��*0)	��(�����/�#�$�����
�-�	/�92���#��*���	�
�	
�������
�9�$������
*�#����������	�)�����)���4	�����*���//�����
��%#�����	�
���	���������&��/&�#���#�����(	/&��$���1�
�$������
���&������	�)�����)���&����-�	/��&��#&����2���1����������&	/&�
152



��������	�
������
���������������	������������������	�
��������������� !"��#��

$��#�%�&'��(
��)��
���)��)���*����+������
*�
�	�
��������*�	��,���	����##��������-�+	
������
-�#���#�����+���.����
�	
�-����-	���������
*�
�	�
�������+����	�
�'���/012304�25670895:���0;<�=>?�@A=B�8BC<���	--���D�	���	��
�������	������E�FGHIJKLMNONMPQ��RST�FUVP�
�W����X#��+��.	�	���.����	�X.���	
Y��)����������
-���
����##�������)�*��.��
����Y����	Y
���-�	
�+���	X�	��-�-�*���#+�
����)�+��'���6<;Z[>=A�\<[A[;B��D)����������]��+��	�
���
�	������������	����������)�������-�#��Y��-	
Y����Y����	*��.���	��X	���
-��)��������������̂�-�.���	-����)�

����$�	.��
��
-��-���-���!__ E���#��
��
-���������!__̀&'����
-���
��.�-	����	�)	
�	
-	*	-����#�����,��
������
�.�������	Y��#)	������	������-�	
��#-	#�������abcNILHdMNdeHeIf�gVUhiVPj��.���#��������)�������-�	
�����.���-����
�	
������)��������
-���
����+#��k�$�	�-�lm�no'��!__pE�%	k�
���  "&'��D)����������	����Y	�
������k��
�	*���)���Y)�����)������)��
�#�������
���)������
���	�	�)�����+.	����
-�Y��-����������-�	
����)	�̂�����̂�-�+��	
���	
�XY��	
�-������	�������)��W	��-�]��+��	�
�$q�

�*��-�lm�no'��!__̀&�$��#��!&'��r��)��Y)�#���	��������	Y��#)	�������	�
�)	#��)�*��.��
�-�.���-������������
-���
���#�����,��
�����*���	���)��%�	Y�+��������������
���+�.��'��(
��)�������������	���-������������)���������)���	��W�̂��	
����	
Y����	�)��)�����������.���.��)��)���������)���	��W�̂���
-��)�����������������-�-�.�
���)�	
���X�)���	��W�̂���
��
���+	�	�������)�������$]	Y'��!����E���#��!&'���)	������)�*���)��
���-��	
�-��#-	#��-Y�������������#��������
-���
���$���+���������
-�%�*	����!__s&�������	Y��#)	�������	�
�)	#��.���+����+#��k��
-�-	��	�����������������
�	���
����	
��)���������
-��)��������#����������	�������������)	���	
��$]	Y'��!E������X����	�
��%�	YX�%HNtTju����������.��	���-�#�)����
Y�����+�v!   �+������	
��)��
���)��	
�����	
Y����+�����)�
�p   �+������	
��)������)������
�%��#����	
�$��#��!&'��������#��,�	*���
��������	-��#���-�	
��)���-w���
��%����+�-�����'��
153



Figure H1.  Event stratigraphic summary for Triassic succession of WCSB (same as Fig. CL1).  Note conformable, interfingering
relationship between the Halfway and lower Charlie Lake in the west; both are removed eastward beneath intra-Charlie Lake
unconformities (from Davies, 1997a).
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TRIASSIC HALFWAY FORMATION STRATIGRAPHY, WCSB 67

Figure H2.  Regional Halfway cross-section
illustrating stratigraphic relationships
(from Dixon, 2008).
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���)������=AA@AA�LI=GFM�F?G�EFH@BH?=G�?B�HI@�N=G<O=DV�O@�@m=C?B@K�#��)���	�
����&��	)����'�

���+'	*'S8���	��7��
)���*	�
����'��������+*�
����������S8���	��7���
)���
�������$�	���	
��'�����:��������+-5SXS![��
)�!\7������	
*��
������$�	���
����	��(����#��
��
)��������+!--.��!---7�+��#��!����7,��l
��))	�	�
�������:�����'�����������)������������	
���)�����������#�����������$����	��������
���������'��%�	*���#	)���
)���#���,��R	�������������	��#��)���	�
�	
��'�������)�����(��Y����!-[-���
)����&����#���������$����&�����,��n���#���&�����������'�������	
���)��+�������� ![/�X##�
)	P�-7o�� p���	*	
����	��	
�#����o�Z""!"��Z&Z�+�55�����7/�p�l
	�	��������$��o�!Z\[ ��Z&Z�+"\�����7/�p����)���	�
����)���o�!�.-[��Z&Z�+" ,[�����7/�p������	��o��-S�5Q�+�$���*��!.Q7/�p��������������	�
o��!ZS[�Q�+�$���*���-Q7/�p��	��)�
�	��o��"! S"5\�+�$���*��"�Z7�Y*�&Z�+�	*'���	�7,�����������'���������������$���	
��'�����������	
�#������
)������������)/�
�����'���(�
)�
��������	
:���	�
��������
���#���,�
156



BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

 
Caplan and Moslow (1997, 1999) demonstrated that tidal inlet/channel sublitharenites 
and bioclastic grainstones are the primary conventional Halfway reservoirs in the Peejay 
area, and are readily distinguished from regional shoreface sandstone parasequences 
in core and on logs (Fig. H3, H4).  Tidal inlet reservoirs are readily correlated at various 
stratigraphic levels (Fig. H5-H7; Map H2).  Caplan and Moslow (1999) developed a 
reservoir distribution model, showing tidal channels embedded within regional 
parasequences as reservoir “sweet spots”; reservoir distribution is further complicated 
by post-Halfway extension and faulting (Fig. H8).  Subsequently, oil migration charged 
the Halfway reservoir complex, beneath a top seal provided by tight Charlie Lake 
evaporitic strata (Fig. H9).  This situation suggests widespread potential for “halo” oil in 
lower-quality Halfway shoreface sandstones, outside the tidal channel sweet spots. 
 
We reviewed all wells in the Peejay Field focus area, and mapped the distribution of 
Halfway shoreface sandstones and tidal inlet deposits (Map H3, H4; stratigraphic data 
are in Appendix 10).  Tidal channel and shoreface intervals were picked as per the 
Caplan and Moslow cross-sections (Fig. H5-H7).  Maps are computer contoured and 
should be regarded as schematic, as contouring at this scale cannot accurately depict 
well-to-well variations where drilling is so dense.  Both shoreface and tidal channel 
facies are laterally extensive and continuous in aggregate, although they would appear 
less continuous if broken out by parasequence.  The Halfway erosional edge on Map 
H3 and H4 is the general eastern limit of Halfway reservoir sandstones; they are 
removed to the east by post-Halfway erosion (Cross-section HDoig-HDoig’; Fig. H7). 
 
Reviewing core analysis data by facies, tidal channel reservoir quality is clearly better – 
most values lie in the 10-25% porosity range with permeabilities ranging from a few 
millidarcies up to a Darcy, whereas most shoreface sandstone samples measure 
porosities of 5-20% and permeabilities of 100mD or less (Fig. H10, H11).  Scattered 
high poro/perm values on the shoreface plot may represent isolated coquinas in the 
shoreface (e.g., Fig. H4). 
 
Reservoir Engineering Analysis 
 
Examining test and production data, we discovered (not surprisingly) that almost all 
evaluations and completions were conducted on the tidal channel reservoirs, which are 
readily distinguished from tighter shoreface sandstones on density and sonic logs.  
Shoreface sandstones were tested in a number of wells, but we found only nine wells 
where they were DST’d alone, and five where they were completed alone – either 
separately from tidal channel facies in the same well, or in wells where there are no tidal 
channel facies (Map H5, Appendix 5).  Most test results showed the shoreface to be 
tight by conventional standards, but oil has been produced from all five Halfway 
shoreface completions: 
 

1. d-81-H/94-A-15:  Section cored, analysis shows low permeabilities characteristic 
of the shoreface throughout.  A three-foot section at the base of the Halfway 
shoreface was acidized and frac’d, and 1033 barrels oil produced over four 
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Figure 8—Sedimentological characteristics and gamma-ray log profile of a bioclastic grainstone (coquina), wave-
dominated tidal-inlet fill from lithofacies succession II (well d-99-C/94-A- 1 6; see Figure 3 for location).Figure H3.  Core and well log, wave-dominated tidal inlet reservoir sandstone,

Peejay Field (from Caplan and Moslow, 1999).
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Figure 6—Sedimentological characteristics of lithofacies succession I (well d-27-C/94-A-16; see Figure 3 for loca -
tion). Capital letters refer to lithofacies described in text and summarized in Table 3. Included is the gamma-ray sig -
nature of parasequence 3 (Pa. 3) overlain by Pa. 4. The erosion surface (marking erosion that took place after

Figure H4.  Core and well log, prograding shoreface succession,
Peejay Field area (from Caplan and Moslow, 1999).
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Figure H5.  Stratigraphic cross-section A-A’,
Peejay area, demonstrating sequence stratigraphy
of the Halfway/Doig succession, and highlighting
occurrence of tidal channel/inlet reservoirs
(from Caplan and Moslow, 1997).
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Figure H6.  Stratigraphic cross-section B-B’,
Peejay area, demonstrating sequence stratigraphy
of the Halfway/Doig succession, and highlighting
occurrence of tidal channel/inlet reservoirs
(from Caplan and Moslow, 1997). 161



Figure H7.  Stratigraphic cross-section C-C’,
Peejay area, demonstrating sequence stratigraphy
of the Halfway/Doig succession, and highlighting
occurrence of tidal channel/inlet reservoirs
(from Caplan and Moslow, 1997).
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Figure H8.  Geological history of Halfway deposition and
subsequent structural deformation in the Peejay area
(from Caplan and Moslow, 1999).
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Figure H9.  Idealized hydrocarbon exploration framework for Halfway reservoirs at Peejay
(from Caplan and Moslow, 1999).  Note that regional shoreface sandstones, in addition to
tidal channel “sweet spot” reservoirs, are hydrocarbon-charged.
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Figure H16.  Historical reservoir pressures in Halfway at d-59-C/94-H-16 and adjacent wellbores. 

 
4. d-89-C/94-A-16:  Section cored, analysis shows permeabilities of 4mD or less 

throughout.  Caplan and Moslow (1997) interpreted the entire section as 
shoreface facies (Fig. H6).  An eight-foot section was acidized and frac’d, and 
26.2 e3m3 (164,730 barrels) oil produced at rates up to 16 m3/D (100 BOPD) 
between 1966 and 1987.  A reservoir pressure of 9046 kPa (1312 psia) was 
taken shortly after production commenced; a measurement in 1986 showed a 
decline to 3000 kPa  (435 psia). 
 
Surveying seven offsetting Halfway wells (five producers and two water injectors, 
all completed in the tidal channel facies), we saw fairly consistent pressure 
behaviour and good waterflood responses, with reservoir pressures mostly within 
a fairly narrow band of 7585-9650 kPa (1100-1400 psia) (Fig. H17, H18).  The 
five producers show limited gas/oil ratio increases and water breakthrough with 
increasing water/oil ratios. 
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Figure H17.  Historical reservoir pressures in Halfway at d-89-C/94-H-16 and adjacent wellbores. 

 

 
 
Production behaviour at d-89-C demonstrates that it is in a separate reservoir 
compartment; besides the declining reservoir pressures, we see little water 
production and generally smoothly-declining oil production rates (Fig. H19).  We 
interpret this compartmentalization to result from the stratigraphic separation of 
the shoreface reservoir at d-89-C from the tidal channel reservoirs producing in 
the offsetting wells.  See Appendix 5 for a more detailed discussion. 
 

5. d-2-E/94-A-16:  Section cored, analysis shows permeabilities of 7mD or less 
throughout, except for four intervals of 0.7 feet or less with perms of 10-37mD.  
 

Figure H18.  Schematic map showing 
reservoir pressure boundary in the 
Halfway reservoir between 
d-89-C/94-H-16 and offsetting wells. 
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Figure H19.  Production history plot, d-89-C/94-H-16, showing no evidence of response to waterflooding in offset wells.
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We conclude that the shoreface reservoir at d-2-E is in contact with tidal channel 
reservoirs in its nearest neighbours, likely through incision of tidal channels into 
the shoreface.  Further work would be required to understand the structural 
and/or stratigraphic separation that has produced pressure baffles and barriers 
between the d-2-E group and offsetting wells.  See Appendix 5 for a more 
detailed discussion. 

 
Looking at DST data, eight of the nine wells tested in the shoreface reservoir analyze as 
low permeability, with no valid reservoir fluid information.  At c-59-L/94-A-9, some good 
permeability is evident, likely from a very thin (<1m) clean porous sandstone in the 5m 
thick shoreface succession. 
 
We conclude that while high-quality tidal channel reservoirs have been the primary 
producers in the Halfway in the Peejay area, there exists a substantial body of lower-
quality, oil-charged reservoir rock that in places is capable of oil production from vertical 
wellbores. 
 
 
Regional Production and Test Data 
 
Halfway reservoirs host gas in western areas, including major accumulations at Tommy 
Lakes (northern stratigraphic subcrop edge), Bubbles / Jedney / Beg (outer Foothills 
structural traps), and at Monias and related structurally-trapped pools in the Fort St. 
John Graben area to the south (Map H1).  Oil pools are found updip, generally 
shallower than 1500m in northeastern B.C., but at considerably greater depths in 
adjacent Alberta.  Maturity of underlying Doig source rocks appears to be the primary 
control on Halfway reservoir fluid composition (Podruski et al., 1988). 
 
Appendix 9 summarizes important characteristics of conventional Halfway oil pools in 
British Columbia.  Key observations: 
 

 Only one field – Peejay – has more than 100 million barrels of oil originally in 
place (MMBOOIP), and contains twice as much oil as Milligan Creek Halfway ‘A’, 
the next largest accumulation. 

 Four other pools exceed 30 MMBOOIP, while the next 50 pools tabulated contain 
1-18 MMBOOIP.  While generally thicker than the Charlie Lake, net pays are 
thin, and pool boundaries are sharply defined vertically and horizontally by facies 
and cementation boundaries. 

 Most pools are very mature and remaining reserves are relatively small. 

 The largest Halfway discoveries were made in the 1960’s and 1970’s; 
smaller discoveries were made commonly through the 1990’s.  Since 
2000, however, the pace of discovery has slowed considerably, and only 
one Halfway oil pool has been discovered since 2008. 

 Oil gravities are light to very light. 
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Figure 5. Core descriptions through the Brassey Field wells a) Well 14-02-77-19W6 is an abandoned well showing the lateral limits of the 
Brassey Field reservoir because it does not contain the reservoir facies F2a but only some intermittent F2b sands; b) well 6-1-77-19W6 is 
a producing well (with the corresponding gamma log) showing a full intersection through reservoir subfacies F2a.

Figure CL2.  Core descriptions for the productive Artex Member at Brassey Field. Producing facies F2a is less than 2m thick at producing well 6-1-77-19W6.
Well 14-2-77-19W6, at the pool boundary, shows thinner, more cemented, lower-quality sandstones.  From Fefchak and Zonneveld (2010).
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Figure 7. Northeast-southwest cross section through pools B and D of the Brassey Field. -
graphic datum (indicated by a pink line). The marker corresponds to a slightly sandier silt bed within facies F1.
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Figure 7.

Figure CL3.  Northwest-southeast cross-section through pools B and D of the Brassey Field, highlighting thin reservoir
sandstones of the Artex Member.  Line of section shown in Fig. CL4.  From Fefchak and Zonneveld (2010).
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Figure CL4.  Facies and pool map, Brassey Field.  Note the main producing trend is only
about 2km wide and less than 10km long.  From Fefchak and Zonneveld (2010).
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Figure CL5.  Structural cross-section through Inga Field.
From Fitzgerald and Peterson (1967).
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• $2.6M horizontal drill complete cost (down 25% YOY)
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Figure CL9.  Upper Charlie Lake play fairway, west-central Alberta.  From Tourmaline Oil, 2016.
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Figure CL12.  Revised stratigraphic relationships of the upper Charlie Lake
and Worsley Member in west-central Alberta.  After Davies (1997a).
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UPPER CHARLIE LAKE
RESOURCE OIL FAIRWAY

Figure CL13.  Compilation of tectonic and depositional elements that
influenced Triassic sedimentation.  From Davies (1997a).
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Figure P-8. (from Davies, 1997b)

A.  Type section of the Charlie Lake and Baldonnel formations in Paci�c Fort St. John No. 16 well in 2-18-84-19W6 (Hunt and
Ratcli�e, 1959), with addition of Charlie Lake members, markers and unconformities.  The high degree diachroneity of the Baldonnel-
Charlie Lake boundary for di�erent areas is indicated down the right side of the log.  Approximate correlations of Baldonnel subdivisions
of Barss and Montandon (1981), extended from the Bullmoose-Sukunka area 120 km to the southwest, are shown at upper right.

B.  Reference well log b-10-L, 94-G-2 for the Upper Charlie Lake, Baldonnel and Pardonet formations in a western Foothills setting in the
Sikanni area of northeastern British Columbia.  The plot shows correlations to the subdivisions of Barss and Mantandon (1981) for the
Baldonnel and Pardonet and the positions of the Jedney and Laprise unconformities correlated from the east.  In this northwestern setting,
most of the Baldonnel is in a limestone facies and the Pardonet is in its “type” pelagic limestone facies.  Note the occurrence of a clean skeletal
carbonate at “upper Pardonet P3” level.

Figure BD2.  Baldonnel and Pardonet internal stratigraphy (from Davies, 1997b).
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Figure BD3.  Pardonet-Baldonnel isopach and lithofacies (from Edwards et al., 1994).
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Figure BD6.  Mineralogy and TOC plots for samples from the Baldonnel Formation,
Texaco Boundary 11-30-87-14W6.
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Table BD1.  Baldonnel Formation – thermal maturity and mineralogical data from samples in Texaco 
Boundary 11-30-87-14W6. 
 
 
 

 
 

Table BD2.  Baldonnel Formation – source rock analysis data from samples in Texaco Boundary 
11-30-87-14W6 

Bulk 

Density

(g/cc)

Skeletal 

Density

(g/cc)

Peak 

Range

Modal 

Peak

AEC Maxhamish 200/c-016-G 094-O-14/00 1252.91 Upper Chinkeh 2.548 2.657 4.30 4.09 8 - 470 32 53

AEC Maxhamish 200/c-016-G 094-O-14/00 1254.14 Upper Chinkeh 2.542 2.662 4.74 4.49 6 - 1130 27 61

AEC Maxhamish 200/c-016-G 094-O-14/00 1255.16 Upper Chinkeh 2.572 2.658 3.60 3.26 7 - 220 23 43

AEC Maxhamish 200/c-016-G 094-O-14/00 1263.50 Top Porosity Chinkeh 2.425 2.648 8.70 8.41 15 - 430 174 98

GSENR Maxhamish 200/a-064-B 094-O-14/00 1293.57 Top Porosity Chinkeh 2.258 2.542 11.16 10.75 58 - 2460 58, 711 94

GSENR Maxhamish 200/a-064-B 094-O-14/00 1295.04 Top Porosity Chinkeh 2.482 2.657 6.57 6.25 6 - 890 29 51

GSENR Maxhamish 200/a-064-B 094-O-14/00 1295.39 Top Porosity Chinkeh 2.557 2.666 4.10 3.31 <3 - 370 14 44

GSENR Maxhamish 200/a-064-B 094-O-14/00 1300.91 Top Porosity Chinkeh 2.5089 2.659 5.63 5.26 6 - 250 35 48

ECA Maxhamish 200/d-048-B 094-O-11/00 1466.95 Upper Chinkeh 2.563 2.659 3.62 3.03 4 - 120 10 36

ECA Maxhamish 200/d-048-B 094-O-11/00 1467.85 Upper Chinkeh 2.562 2.664 3.81 3.46 <3 - 190 6 36

AEC Maxhamish 200/c-095-J 094-O-11/00 1503.76 Upper Chinkeh 2.556 2.626 3.23 2.68 4 - 70 8 41

AEC Maxhamish 200/c-095-J 094-O-11/00 1505.43 Upper Chinkeh 2.530 2.632 4.54 3.87 5 - 240 11 53

AEC Maxhamish 200/c-095-J 094-O-11/00 1506.78 Upper Chinkeh 2.566 2.636 2.95 2.66 4 - 110 4 41

AEC Maxhamish 200/c-095-J 094-O-11/00 1508.15 Upper Chinkeh 2.566 2.641 3.28 2.87 4 - 130 11 36

AEC Maxhamish 200/c-095-J 094-O-11/00 1511.32 Top Porosity Chinkeh 2.271 2.623 14.05 13.44 9 - 3220 2218 61

AEC Maxhamish 200/c-095-J 094-O-11/00 1513.52 Top Porosity Chinkeh 2.107 2.395 13.26 12.04 8 - 5170 2870 49

AEC Maxhamish 200/b-049-J 094-O-11/00 1616.79 Upper Chinkeh 2.550 2.622 2.74 2.38 <3 - 210 5 31

Legacy Maxhamish 200/b-019-J 094-O-11/00 1623.61 Upper Chinkeh 2.572 2.658 3.25 2.51 <3 - 70 5 34

Legacy Maxhamish 200/b-019-J 094-O-11/00 1627.74 Top Porosity Chinkeh 2.595 2.640 1.71 1.53 <3 - 490 4 21

Legacy Maxhamish 200/b-019-J 094-O-11/00 1634.10 Top Porosity Chinkeh 2.598 2.691 3.47 3.25 6 - 870 18, 96 42

MICP Porosity

Well Name Well Location

Core 

Depth

(m)

Fm

Density g/cc

Porosity

(%)

Corrected 

Porosity

(%)

Peak Range Stem 

Volume 

Used

(%)

GSENR Maxhamish 200/a-064-B 094-O-14/00 1293.57 Top Porosity Chinkeh 1.78 82.18 0.43 0.39 15.22 C20 61 <C6 434 C28 0.85 34.64 okay

GSENR Maxhamish 200/a-064-B 094-O-14/00 1295.04 Top Porosity Chinkeh 6.41 81.13 0.47 0.79 11.21 C15 61 <C6 482 C34 0.85 35.43 good

ECA Maxhamish 200/d-048-B 094-O-11/00 1466.95 Upper Chinkeh 13.69 63.55 3.02 5.51 14.23 C16 75 C6 393 C24 0.83 39.68 good

ECA Maxhamish 200/d-048-B 094-O-11/00 1467.85 Upper Chinkeh 11.97 67.89 1.80 4.30 14.04 C16 116 C8 385 C23 0.83 38.87 good

AEC Maxhamish 200/c-095-J 094-O-11/00 1505.59 Upper Chinkeh 14.26 62.89 3.71 6.50 12.64 C16 49 <C6 440 C29 0.83 37.98 poor

AEC Maxhamish 200/c-095-J 094-O-11/00 1510.83 Top Porosity Chinkeh 17.19 41.51 11.86 23.27 6.16 C15 48 <C6 423 C27 0.82 41.41 good

AEC Maxhamish 200/c-095-J 094-O-11/00 1514.17 Top Porosity Chinkeh 0.04 90.27 0.22 0.06 9.42 C22 56 <C6 473 C33 0.86 32.58 poor

AEC Maxhamish 200/b-049-J 094-O-11/00 1616.79 Upper Chinkeh 7.79 72.81 1.04 2.03 16.33 C16 82 C6 474 C33 0.84 37.71 excellent

Hydrocarbon Composition by Thermal Desorption Gas Chromotography
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Figure BD7.  Photomicrograph, Baldonnel 

Formation, Texaco Boundary 11-30-87-14W6 

(3887.5 ft) under plane polarized light. 

Bioclastic dolomitic limestone with patches of 

recrystallized calcite.  A few shell fragments 

have been replaced by chert.

Figure BD8.  Photomicrograph, Baldonnel 

Formation, Texaco Boundary 11-30-87-14W6 

(3887.5 ft) under plane polarized light. 

Spherical bioclasts have been replaced by fine 

crystalline dolomite, and are embedded in 

sparry calcite.

Figure BD9.  BSED SEM photomicrograph, 

Baldonnel Formation, Texaco Boundary 

11-30-87-14W6 (3887.5 ft), showing interlocking 

calcite (smooth surfaces) and dolomite (rough 

surfaces).
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Figure BD7.  Photomicrograph, Baldonnel
Formation, Texaco Boundary 11-30-87-14W6
(3887.5 ft) under plane polarized light.
Bioclastic dolomitic limestone with patches of recrystallized calcite.  A few shell fragments
have been replaced by chert.
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Figure BD8.  Photomicrograph, Baldonnel
Formation, Texaco Boundary 11-30-87-14W6
(3887.5 ft) under plane polarized light.
Spherical bioclasts have been replaced by fine crystalline dolomite, and are embedded in
sparry calcite.
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Figure BD9.  BSED SEM photomicrograph,
Baldonnel Formation, Texaco Boundary
11-30-87-14W6 (3887.5 ft), showing interlocking
calcite (smooth surfaces) and dolomite (rough surfaces).
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

“NORDEGG” (GORDONDALE) MEMBER 
 
 
Age and Play Type 
 
Lower Jurassic – Shale Oil Play; 
Prospectivity:  ‘C’ Play – While most rock properties appear to favour resource oil 
prospectivity, horizontal multi-frac completions have not been attempted in the Nordegg 
in B.C., largely because of lack of success in Alberta. 
 
 
Regional Geology 
 
The “Nordegg” Member in northwestern Alberta and adjacent British Columbia is a 
highly-mappable, regionally continuous shale at the base of the Fernie Formation 
(Map N1, Cross-section Nordegg-Nordegg’).  Asgar-Deen et al. (2004) mapped the unit 
regionally, and formally named it the Gordondale Member to distinguish it from the type 
Nordegg, which is a cherty carbonate package found in the Alberta Foothills and 
adjacent south-central Plains (Fig. N1).  Observing long-term industry usage, we refer to 
the Nordegg Member in this report, but the correct nomenclature is now Gordondale. 
 
Ross and Bustin (2006, 2007), described the Nordegg in northeastern BC as 
mudstones, calcareous mudstones, phosphatic mudstones and phosphatic marlstones, 
which they subdivided into four lithological units:  a basal mudstone 
conglomerate/breccia, phosphatic calcareous mudstone, calcareous mudstone grading 
to siliceous mudstone, and capped by a phosphatic marlstone to mudstone (Fig. N2).  
Fossil material, including fish fragments, bivalves, belemnoids, ammonites, coccoliths, 
and radiolarians, is abundant.   
 
We examined Nordegg cores from  Texaco Boundary 11-30-87-14W6 and Murphy 
Heritage 16-1-78-18W6 (photos in Appendix 4).  We have not posted all available 
Nordegg core on our maps, because many are very short sections taken where under- 
or overlying strata were the primary targets; note that many of the more complete 
Nordegg cored sections are indicated on Maps N3 and N4 where analytical data 
locations are posted. 
 
Log signatures – particularly spiky and elevated gamma log readings and high 
resistivities – are highly distinctive and enable confident correlation of the Nordegg 
(Cross-section Nordegg-Nordegg’).  High gamma log values are produced by 
radioactive elements (particularly phosphate and uranium) associated with very high 
organic content.   
 
The Nordegg lies unconformably on Triassic strata – primarily the Baldonnel Formation 
in the current study area, and on the Pardonet Formation to the southwest and in the 
Foothills.  There is a relatively minor unconformity between the Nordegg and the 
overlying Poker Chip Shale, marked by a mudstone conglomerate (Fig. N2).  The pre-
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Fig. 5. Isopach map of the Gordondale Member modified from Asgar-Deen (2003). Distribution of the Gordondale Member is shown by 
shading. Lighter shading and a dashed outline represent uncertainty as to the western limit of the Gordondale Member. The western edge of the
Nordegg Member is illustrated in a palinspastically restored position west of the present day locations of cross-sections W–W� and Z–Z� fromFigure N1.  Nordegg / Gordondale stratigraphic relationship (from Asgar-Deen et al., 2004).

211



Fig. 3. Core description, gamma-ray log response and organic carbon contents of complete Gordondale cored section.
Figure N2.  Core description, stratigraphic subdivision, gamma-log response and total organic carbon (TOC)
of a completely-cored Nordegg section at d-88-H/94-A-13 (from Ross and Bustin, 2007).
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Cretaceous unconformity incises the Jurassic section northeastward, producing an 
abrupt Nordegg subcrop edge (Cross-section Nordegg-Nordegg’, Map N1).  North of the 
subcrop edge, highly radioactive basal Gething detrital sections are commonly mistaken 
for the Nordegg (e.g., well c-80-B/94-A-16, Cross-section Nordegg-Nordegg’, Fig. N3), 
and local sandstone reservoirs in this basal section are in places called the “Nordegg-
Baldonnel”. 
 
Where completely preserved, the Nordegg in NEBC ranges in excess of 30m thick 
(Map N1), and is buried to depths of <1100m to more than 3500m thick (Map N2). 
 
 

Production and Test Data 
 
Only two completions have been attempted in the Nordegg in NEBC: 
 

 At 16-1-78-18W6, Murphy perfed and frac’d a 20m vertical section of the 
Nordegg in 2009, and did not recover the load fluid.  No further work has been 
undertaken, and the well is onstream as a Doig gas producer. 

 At b-24-H/94-B-8, Canbriam completed a horizontal Nordegg section in 2012, but 
detailed information is held confidential under terms of an Experimental Scheme.  
Some gas flow was achieved; note that this location is in the outer Foothills, 
where structural deformation, natural fracturing, and high organic maturity levels 
would be expected. 

 
Most DST’s straddling the Nordegg in NEBC were run to test the underlying Baldonnel 
conventional reservoir, and impart no meaningful information on the Nordegg.  The few 
DST’s completely contained in the Nordegg generally show very poor permeability. 
 
The Nordegg shale play has been pursued as an unconventional target in Alberta, 
primarily south of Twp 80, where a few naturally-fractured wells have produced oil.  
Activity peaked in 2010-2012 with several tests yielding minor oil and gas production, 
but industry has been unable to systematically design economic completions in the 
Nordegg. 
 
 
Analytical Data 
 
The Nordegg is regarded as an important conventional oil and gas source rock in 
western Canada (Riediger et al., 1990b; Riediger, 1994; Riediger and Bloch, 2005).  
Extensive analytical datasets have been acquired, historically in evaluating the Nordegg 
as a conventional source rock, and more recently in evaluating it as a shale gas / shale 
oil reservoir.  Rokosh et al. (2012) mapped mean oil resources in place in the “north 
Nordegg shale” of Alberta, contiguous with the Nordegg fairway of NEBC, of 6459e6m3 
(40.6 billion barrels) (Fig. N4).  Note, however, that the northern limit of the oil-prone 
Nordegg in Alberta is governed by maturity (as measured by vitrinite reflectance) – and 
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Figure N3.  Core log, well c-80-B/94-A-16, showing basal Gething detrital section often mistakenly
correlated as Nordegg because of elevated gamma log signatures.
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Figure N4.  P50 shale oil initially in place in the north Nordegg shale play of Alberta, contiguous with the
Nordegg project area of the current project (after Rokosh et al., 2012).  Compare the oil-prone area in
British Columbia mapped in this study.
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substantially disagrees with the oil-prone area in B.C. measured by Tmax in this study 
(Fig. N4). 
 
Maps N3 and N4 show Tmax and TOC values respectively from Nordegg core and 
cuttings data.  Where multiple data points are available from one wellbore, median TOC 
value was selected, while the Tmax value from the sample with the highest S2 value was 
used (if maximum S2 < 1mg/g, no Tmax value was plotted) (Appendix 6).  The Nordegg 
exhibits very high TOC values near the subcrop edge, and lower values with greater 
burial depth southwestward, where it is more mature and has expelled most of its 
original hydrocarbon content (Map N3).  The maturity (Tmax) map shows the Nordegg to 
be mature for oil generation in updip areas and overmature downdip (Map N4).  Bustin 
and Bustin (2016), using Tmax and vitrinite data, documented a reversal of 
southwestward-increasing maturity in the Nordegg on a more regional scale (Fig. N5). 
 

 

 
Ross and Bustin (2007) evaluated the Nordegg as a shale gas reservoir in northeastern 
B.C. , with a primary focus on understanding sorbed and free gas capacity.  They did 
note, however, that their unit C (central section of the formation (Fig. N2)) contains 
abundant silica and small amounts of ductile clay, making it most amenable to frac 
stimulation. 
 
Analysis of Nordegg Core 
 
We examined Nordegg core from two wells – Texaco Boundary 11-30-87-14W6 and 
Murphy Heritage 16-1-78-18W6.  In both locations, the Nordegg comprises thinly 
bedded to finely laminated siliceous mudstones/shales and calcareous limestones 
(Appendix 4).  Anhydrite-cemented zones showing brittle fracturing are also present.  At 
16-1, we also noted thin carbonate beds to finely laminated mudstones/shales with 
abundant recrystallized, cm-scale shell fragments. 
 
Mineralogical trends throughout the section illustrate diverse origins and diagenetic 
pathways, like those documented by Ross and Bustin (2007) (Fig. N6, N7; Table N1).   
The upper section features organic-rich siliceous shale overlying calcite-rich mudstones.  

Figure N5.  Regional 
isomaturity map for 
Nordegg / Gordondale 
(from Bustin and 
Bustin, 2016). 
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Figure N6.  Mineralogy and TOC plots for samples from the Nordegg Member, Texaco Boundary 11-30-87-14W6.
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Figure N6.  Mineralogy and TOC plots for samples from the Nordegg Member,
Texaco Boundary 11-30-87-14W6.
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Figure N7.  Mineralogy and TOC plots for samples from the Nordegg Member,
Murphy Heritage 16-1-78-18W6.
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Below, quartz, feldspar and clay minerals increase downhole to the top of the 
Baldonnel, where dolomite dominates. 
 
Petrographically, the Nordegg comprises finely laminated, organic-rich siliceous shale 
interbedded with packstones with abundant macro- to nanofossils (Fig. N8, N9).  SEM 
images show the matrix to contain microcrystalline to sparry calcite and dolomite, and 
abundant coccoliths and pseudo-spherical fossils (likely radiolaria) (Fig. N10).  Algal 
material occurs as short streaks or clusters of opaque organics, including bituminous 
material.  
 

Clays Sulphate Sulphides

Albite Microcline Calcite

Dolomite, 

Fe-

dolomite

Illite/mica Anhydrite Pyrite Marcasite

1988.16 Nordegg Core 1988.16 475 5.05 33.6 2.5 50.4 1.7 7.8 2.3 0.3 1.3

1988.97 Nordegg Core 1988.97 494 8.86 75.1 3.2 17.4 2 0.9 0.8 0.1 0.5

1989.85 Nordegg Core 1989.85 492 4.45 2.3 95.9 0.6 0.4 0.7

1991.03 Nordegg Core 1991.03 481 7.32 7.5 2.5 85.1 2 2 0.9

1991.9 Nordegg Core 1991.90 500 5.23 2.6 96.6 0.2 0.5

1992.99 Nordegg Core 1992.99 475 4.56 17.4 1.7 69.3 2 7.1 2.4

1993.2 Nordegg Core 1993.20 481 3.87 27.4 2.5 57.4 1.2 5.2 4.2 2 0.1

1994 Nordegg Core 1994.00 485 5.19 22.9 13.1 23.6 2.4 27.1 1.2 6.9 2.8

1994.8 Nordegg Core 1994.80 486 9.50 34.4 12.5 42.8 2.4 4.6 2.8 0.5

1996.09 Nordegg Core 1996.09 479 6.02 43.4 6.4 36 1.5 6.4 0.7 2 3.5

1996.84 Nordegg Core 1996.84 488 7.30 46.8 12.6 20.7 3.5 10.5 5.4 0.5

1997.6 Nordegg Core 1997.60 476 2.98 2.9 6.9 81.5 2.1 3.2 1.3 2

2000.4 Nordegg Core 2000.40 499 2.19 32 13 5.4 2.4 37.6 9.6 0.1

2001.27 Nordegg Core 2001.27 526 1.09 1.2 0.3 97.3 0.8 0.1 0.2

2002.5 Nordegg Core 2002.50 571 7.13 8.5 1.4 80.9 2.1 1.6 1.4 4

2003.85 Nordegg Core 2003.85 579 8.63 24.1 3.5 36.6 6.8 17.8 1.2 4.5 5.4

2004.52 Nordegg Core 2004.52 568 1.68 23.8 1.6 62.3 6.6 1.4 4.3

2006.08 Nordegg Core 2006.08 569 1.21 14.9 0.9 71.4 7 1.6 4

2007.75 Nordegg Core 2007.75 1.08 20 1.7 0.8 67 4.9 0.8 4.8

2008.08 Nordegg Core 2008.08 428 1.05 2 5.6 85.7 0.1 6.5

2009.97 Nordegg Core 2009.97 549 0.53 35.2 3.8 6.4 0.6 18.6 23.9 11 0.4

2010.25 Nordegg Core 2010.25 0.57 44.9 2.7 4.6 1.6 40.9 4.1 0.9 0.2

2010.92 Nordegg Core 2010.92 0.45 31.4 3.6 4.2 0.5 45.2 12.2 2.2 0.5

3850'2" Nordegg Core 1173.52 444 7.56 50.3 2.1 17.5 3.3 12.6 3.9 10.2

3853'3" Nordegg Core 1174.47 442 2.96 3.9 95 1.1

3857'10" Nordegg Core 1175.87 440 8.33 22.5 0.6 0.1 50.7 5.3 14.5 4.6 1.7

3861'6" Nordegg Core 1176.99 446 4.50 25.4 3.8 5.9 20.8 14.2 23.8 3.6 2.5

3865'4" Nordegg Core 1178.15 440 4.50 42.1 2.5 24.4 9.8 18.8 1.3 1.1

3868'6" Nordegg Core 1179.12 441 4.13 18 7.2 13.9 47.7 6.8 5.5 0.8

3871'10" Nordegg Core 1180.13 440 5.19 37.4 4.1 4.5 9.5 33.1 6.5 4.8

3874'9" Nordegg Core 1181.02 433 0.60 2.5 7.9 86 0.1 3.6

3876'4" Nordegg Core 1181.51 426 1.17 2.4 13.1 81.3 0.1 3.2

3877'10" Nordegg Core 1181.96 421 0.47 2.8 5.2 87.9 0.4 0.1 3.7

3878'8" Nordegg Core 1182.22 427 0.91 2.8 20.3 74.2 0.1 2.7

3881'8" Baldonnel Core 1183.13 434 0.49 6 7.8 82.9 0.1 3.2

3884'4" Baldonnel Core 1184.05 435 0.60 3.3 3.1 90 0.1 3.4

3887'1" Baldonnel Core 1184.78 426 1.63 3.2 4.8 88.8 0.1 3.1

3887'2" Baldonnel Core 1184.80 446 0.97 2.8 14.4 79.9 0.1 2.8

3891'1" Baldonnel Core 1186.00 426 1.18 2.9 7.5 84.7 0.1 4.9

3895'3" Baldonnel Core 1187.27 429 1.74 2.4 0.2 96.2 0.1 1.2

3897' Baldonnel Core 1187.81 433 0.87 1.7 0.9 96.3 0.1 1.1

3898'11" Baldonnel Core 1188.39 433 1.06 2.6 0.1 1.7 95.7

Sample

Type

Murphy 

Heritage

100/16-01-078-

18W6/00

WA: 24334

Texaco 

Boundary  

100/11-30-087-

14W6/00 WA: 

03098

Well ID Sample ID Zone Apatite
Tmax 

in °C

Depth

(m)

TOC

%
Quartz

Feldspar Carbonates

 
 

Table N1.  Nordegg Member – thermal maturity and mineralogical data from samples in Texaco Boundary 
11-30-87-14W6 and Murphy Heritage 16-1-78-18W6. 
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Figure N8.  Photomicrograph, Nordegg 

Member, Murphy Heritage 16-1-78-18W6 

(1989.96 m) under plane polarized light. 

Typical organic-rich bioclastic packstone, 

highlighting abundant radiolarians 

(40-220 um) and other recrystallized 

nannofossils composed of sparry calcite.

Figure N9.  Photomicrograph, Nordegg 

Member, Texaco Boundary 11-30-87-14W6 

(3856’2”) under plane polarized light.  Very 

fine-grained calcareous-argillaceous bed 

overlying bioclastic limestone bed.

Figure N10.  BSED SEM photomicrograph, 

Nordegg Member, Murphy Heritage 

16-1-78-18W6 (1989.96 m), showing fine 

crystalline calcite with abundant coccolith 

plates.
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Figure N8.  Photomicrograph, Nordegg
Member, Murphy Heritage 16-1-78-18W6
(1989.96 m) under plane polarized light.
Typical organic-rich bioclastic packstone,
highlighting abundant radiolarians
(40-220 um) and other recrystallized
nannofossils composed of sparry calcite.
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Figure N9.  Photomicrograph, Nordegg
Member, Texaco Boundary 11-30-87-14W6
(3856’2”) under plane polarized light.  Very
fine-grained calcareous-argillaceous bed
overlying bioclastic limestone bed.
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Figure N10.  BSED SEM photomicrograph,
Nordegg Member, Murphy Heritage
16-1-78-18W6 (1989.96 m), showing fine
crystalline calcite with abundant coccolith
plates.
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Unconfined porosity values range between 1.5-7.4%, and matrix permeabilities range 
from 6.5-14 nD (Table N2).  In general, pervasive carbonate cementation has reduced  
porosity and permeability.  MICP conformance-corrected porosity values are similar to 
the unconfined values, and range between 0.4-6.4% (Table N3).  Most pore throat sizes 
are <50 µm (Fig. N11). 

Avg Std Dev Avg Std Dev

Texaco Boundary 100/11-30-087-14W6/00 1175.03 Nordegg 2.431 2.577 5.65 1.32E-05 2.29E-06 13.24 2.29

Texaco Boundary 100/11-30-087-14W6/00 1178.86 Nordegg 2.359 2.527 6.63 9.59E-06 2.36E-06 9.59 2.36

Murphy Heritage 100/16-01-078-18W6/00 1989.42 Nordegg 2.413 2.450 1.52 4.36E-07 7.82E-08 0.44 0.08

Murphy Heritage 100/16-01-078-18W6/00 1994.81 Nordegg 2.303 2.355 2.22 1.03E-06 1.41E-07 1.03 0.14

Murphy Heritage 100/16-01-078-18W6/00 1998.14 Nordegg 2.526 2.611 3.25 7.56E-06 1.57E-06 7.56 1.57

Murphy Heritage 100/16-01-078-18W6/00 2001.69 Nordegg 2.242 2.328 3.71 1.41E-06 3.85E-07 1.41 0.39

Murphy Heritage 100/16-01-078-18W6/00 2005.61 Nordegg 2.605 2.812 7.38 1.49E-05 1.65E-06 14.93 1.65

Skeletal Density

(g/cc)

Unconfined Porosity and Matrix Permeability

Well Name Well Location

Core 

Depth

(m)

Fm

Density

Porosity

(%)

GRI Matrix 

Permeability

(md)

GRI Matrix 

Permeability

(nd)
Bulk Density

(g/cc)

 

Table N2.  Nordegg Member – unconfined porosity and GRI matrix permeability  measurements from core 
samples in Texaco Boundary 11-30-87-14W6 and Murphy Heritage 16-1-78-18W6. 

Bulk 

Density

(g/cc)

Skeletal 

Density

(g/cc)

Peak 

Range

Moda

l Peak

Texaco Boundary 100/11-30-087-14W6/00 1178.86 Nordegg 2.376 2.432 2.37 2.30 4 - 40 7 19

Murphy Heritage 100/16-01-078-18W6/00 1989.42 Nordegg 2.402 2.439 1.63 1.52 4 - 30 4 0

Murphy Heritage 100/16-01-078-18W6/00 1998.14 Nordegg 2.590 2.601 0.92 0.43 6 - 110 18 12

Murphy Heritage 100/16-01-078-18W6/00 2005.61 Nordegg 2.590 2.771 6.83 6.56 5 - 150 75 39

MICP Porosity

Well Name Well Location

Core 

Depth

(m)

Fm

Density g/cc

Porosity

(%)

Corrected 

Porosity

(%)

Peak Range Stem 

Volume 

Used

(%)

 

Table N3.  Nordegg Member – MICP porosity and conformance-corrected porosity measurements from 
core samples in Texaco Boundary 11-30-87-14W6 and Murphy Heritage 16-1-78-18W6. 
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Figure N11.  Incremental and percent intrusion vs pore size, Texaco Boundary 11-30-87-14W6 
(3867’8”).  Pore throat diameters are very small (<40 nm). 

 
Hydrocarbon analysis (S1) shows abundant residual hydrocarbons, most commonly 
containing C10-C35 chains with calculated API gravities of 33-49°; most samples are 
around 30-33°.  Calculated specific gravities range between 0.78-0.88 (Table N4).  
Heavy hydrocarbons dominate with high aromatics in two samples from Murphy 
16-1-78-18W6 and light condensates in all samples at lower concentrations (Fig. N12). 

Texaco Boundary 100/11-30-087-14W6/00 1174.42 Nordegg 0.18 95.01 0.12 0.31 4.39 C20 95 C7 538 C40 0.88 28.39 best

Texaco Boundary 100/11-30-087-14W6/00 1178.15 Nordegg 0.62 93.14 0.14 0.79 5.31 C20 85 C7 543 C40 0.88 30.04 best

Texaco Boundary 100/11-30-087-14W6/00 1181.51 Nordegg 0.04 96.27 0.02 0.17 3.50 C20 192 C11 542 C40 0.88 30.13 best

Murphy Heritage 100/16-01-078-18W6/00 1989.85 Nordegg 4.22 78.92 0.41 1.51 14.94 C15 70 C6 545 C40 0.85 34.46 best

Murphy Heritage 100/16-01-078-18W6/00 1994.00 Nordegg 14.80 25.53 10.38 44.01 5.29 toluene 41 <C6 549 C40 0.78 49.54 excellent

Murphy Heritage 100/16-01-078-18W6/00 1997.60 Nordegg 5.60 65.32 2.55 11.47 15.05 phytane 45 <C6 544 C40 0.85 35.47 best

Murphy Heritage 100/16-01-078-18W6/00 2001.27 Nordegg 3.22 73.79 1.26 7.07 14.66 C20 43 <C6 549 C40 0.86 33.65 good

Murphy Heritage 100/16-01-078-18W6/00 2003.85 Nordegg 3.50 45.27 4.42 42.27 4.54 toluene 38 <C6 551 C40 0.79 47.06 good

Murphy Heritage 100/16-01-078-18W6/00 2009.97 Nordegg 0.00 65.89 0.14 0.52 33.45 C16 48 <C6 552 C40 0.86 33.12 good
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Table N4.  Nordegg Member – hydrocarbon composition data from samples in Texaco Boundary 
11-30-87-14W6 and Murphy Heritage 16-1-78-18W6. 
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Figure N12.  Normalized fraction plot of hydrocarbon groups identified in nine Nordegg core samples. 

 
Mechanical properties show a wide range of compressive strength (57-310 MPa) and 
residual strength (38-182 MPa);  Poisson’s ratio is ~0.24-0.30 and Young’s modulus 
~14-54 (Table N5).  However, the 1989.67m sample from 16-1 was severely damaged 
prior to testing and consequently yielded a significantly lower compressive strength and 
Young’s modulus, as well as an erroneous (and therefore excluded) Poisson’s ratio.  
Other samples may have similar flaws that create a wide spread in the data; however, 
mechanical damage may be representative of the zone itself. 

 

Confining 

Pressure

Axial Strain 

at Failure

Compressiv

e Strength

Residual 

Strength

Static Young's 

Modulus

Static Bulk 

Modulus

Static Shear 

Modulus

(MPa) (%) (MPa) (MPa) (GPa) (GPa) (GPa)

Texaco Boundary 100/11-30-087-14W6/00 1175.16 Nordegg 13.0 0.753 224.18 117.66 34.19 0.255 23.22 13.63

Murphy Heritage 100/16-01-078-18W6/00 1989.67 Nordegg 17.0 0.331 57.82 38.27 13.59 NA NA NA

Murphy Heritage 100/16-01-078-18W6/00 1998.02 Nordegg 17.0 0.821 178.97 102.69 34.34 0.240 22.03 13.84

Murphy Heritage 100/16-01-078-18W6/00 2005.80 Nordegg 17.0 0.626 310.66 182.28 54.38 0.297 44.60 20.97

Triaxial Data

Well Name Well Location
Core Depth

(m)
Fm

Static Poisson's 

Ratio

 

Table N5.  Nordegg Member – rock mechanical analysis data from samples in Texaco Boundary 
11-30-87-14W6 and Murphy Heritage 16-1-78-18W6. 

Figures N13 and N14 show mechanical stress-strain relationships for samples from the 
two wells. 
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Figure N13.  Mechanical stress-strain graph, Nordegg Member,
Texaco Boundary 11-30-87-14W6 (3855’6”).
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Figure N14.  Mechanical stress-strain graph, Murphy Heritage
16-1-78-18W6 (1998.02m).
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Figure Ch1.  Core logs of typical Chinkeh
sections in the Maxhamish Field area
(from Frank, 2002).
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L1  N67260 E4485;
L4 N67337 E4463;
L5 N67211 E4043;
L6 N67336 E3994;
L8 N671715 E4394;
L9 N64825 E4460;
L12 N67177 E4316;
L14 N67395 E4106;

L16 N67348 E4375;
L18 N67348 E4458;
L19 N67423 E4287;
L23 N67338 E4078;
L26 N66895 E4965;
L33 N67256 E4494;
L37 N64899 E4429;
L39 N65931 E3944. Figure Ch2.  Graphic logs from outcrop sections of

the Chinkeh Formation (from Leckie et al., 1991).
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Representative Horizontal Oil Well

Figure Ch4.  Production plot, representative horizontal Chinkeh oil well.
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Representative Vertical Oil Well

Figure Ch5.  Production plot, representative vertical Chinkeh oil well.
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Gas wells offsetting the oil area generally produce at low rates (below 2.8e3m3/d 
(100 MCF/D)), and have become erratic due to lifting water of condensation (Fig. Ch6).  
Thus, gas production is almost at an end, while oil production continues to be robust.  
Gas-oil ratio was initially 500 scf/bbl, and has increased only modestly over 10-15 years 
of production, currently averaging 1700 scf/bbl.  Flat declines and large estimated 
ultimate recovery oil volumes indicate significant pressure support.  Modest increases in 
GOR also indicate pressure support from somewhere, but the lack of rapidly rising GOR 
indicates minimal support from the gas cap.  The lack of significant water production in 
either the gas or oil areas suggests that there is not an active aquifer. 
 

A large amount of pressure data is available from the gas wells, two of the vertical oil 
wells have pressure data, and four observation wells to the north, northwest, west, and 
south of the oil area also provided data (Map Ch3; Fig. Ch7).  Oil pressures are not  
declining as rapidly as pressures in the gas area, particularly in the vicinity of the 
northern-most vertical oil well, b-49-J/94-O-11.  In addition, observation wells to the 
west and northwest are maintaining pressures significantly above pressure in either the 
oil or gas areas.  Observation wells on the north and south ends of the oil area, and the 
vertical oil well at the south end, a-18-J/94-O-11, are declining more quickly than the  
b-49-J oil well and westerly observation wells, but not as quickly as most of the adjacent 
gas wells. 
 

We conclude that there is a source of pressure to the west of the oil wells, and that 
pressure communication with the updip gas area is weak. 
 

DST Analysis 
 
Thirteen DSTs conducted in the Chinkeh Formation were reviewed, most within or 
flanking the Maxhamish Lake Chinkeh ‘A’ Pool.  There are additional tests in field wells 
not used in our mapping, but these were judged not to offer significant additional 
information.  Of the thirteen tests, six have useable pressures and can be plotted on a 
Pressure-Elevation plot.  Pressure gradients for valid tests range from 5.69 to 8.23 
kPa/m (0.251 to 0.364 psi/ft).  Most tests show relatively low (0.1-2 mD) to very 
low/virtually no (<0.01 mD) qualitative permeability, and only two tests (both in  
B/94-O-14) are rated relatively high (10-20 mD) and high (20-50 mD).  All of the tests 
recovered mud or gas, and no tests reported any water recovery. 
 
 

Analytical Data 
 

New analytical work was undertaken on samples from the six cores examined for this 
study (Appendix 3). 
 
At a-64-B/94-O-14, the Chinkeh contains >60% quartz with some dolomite, feldspar and 
clay minerals (Fig. Ch8).  At d-48-B/94-O-11, the mineralogical profile shows that quartz 
content increases to >80% at the base, and clay mineral content decreases 
concurrently (Fig. Ch9).  At b 19-J/94-O-11 (d-99-G/94-O-11), quartz content increases 
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Representative Adjacent Gas Well

Figure Ch6.  Production plot, representative vertical Chinkeh gas well.
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Figure Ch7.  Chinkeh pressure versus time plots for oil, gas and observation wells near the gas-oil interface in the Maxhamish Chinkeh ‘A’ Pool.
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Figure Ch8.  Mineralogy and TOC plots for samples from the Chinkeh and Toad formations,
GSENR Maxhamish a-64-B/94-O-14.
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Figure Ch9.  Mineralogy and TOC plots for samples from the Chinkeh and Toad formations,
ECA Maxhamish d-48-B/94-O-11.
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z{|}{~�{KI��}�}��H���{I���H�����K��K�����H��K������K �K����}|�H�}{ �}�K�JK�H���� �� �}�}��H���� ������H�����K��K�����H���I� ������H�����K��K�����H��{I������JK{��H��F�||� G�K�KH���JK{��H��F�||�JK{��H�

��8�&����%!4���%	
(�%�3��1��	�
�
��
��
�	
�$�#����	����
$���6�1���	7�#��1��&	�	����1������1�
������1��������1#����	
�)��	���������4�
242



Figure Ch10.  Mineralogy and TOC plots for samples from the Chinkeh Formations,
Legacy Maxhamish b 19 J/94 O 11.
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Figure Ch11.  Photomicrograph, Chinkeh 

Formation, AEC Maxhamish c-95-J/94-O-11 

(1504.60-1504.68 m) under plane polarized 

light.  Argillaceous dolomitic siltstone with 

angular to subrounded quartz grains; 

glauconite grains (green) are deformed 

and/or disaggregated pellets or clasts with 

a sugary texture; silt-size crystals of dolomite 

(grey).

Figure Ch12.  Photomicrograph, Chinkeh 

Formation, AEC Maxhamish c-95-J/94-O-11 

(1510.25-1510.35 m) under plane polarized 

light.  Finely laminated argillaceous siltstone 

consisting primarily of silt-size quartz with 

local porosity development (pink).  Clay 

material is finely distributed throughout, 

and laminations are defined by layers with 

elevated organic matter (opaque).

Figure Ch13.  Photomicrograph, Chinkeh 

Formation, AEC Maxhamish c-95-J/94-O-11 

(1510.25-1510.35 m) under plane polarized 

light.  Quartz and dolomite dominate sand- 

rich laminae.  Quartz grains are angular to 

subangular quartz; irregular shapes suggest 

authigenic (i.e. diagenetic) origin.  Ferroan 

dolomite is stained blue.  Green glauconite 

(green) grains are deformed or 

disaggregated pellets or clasts with a 

sugary texture.  The image shows the 

contact of two sandy laminae divided by an 

organic-rich thin lamina.
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Figure Ch11.  Photomicrograph, Chinkeh Formation, AEC Maxhamish c-95-J/94-O-11 (1504.60-1504.68 m) under plane polarized
light.  Argillaceous dolomitic siltstone with
angular to subrounded quartz grains;
glauconite grains (green) are deformed
and/or disaggregated pellets or clasts with
a sugary texture; silt-size crystals of dolomite (grey).
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Figure Ch12.  Photomicrograph, Chinkeh Formation, AEC Maxhamish c-95-J/94-O-11 (1510.25-1510.35 m) under plane polarized
light.  Finely laminated argillaceous siltstone consisting primarily of silt-size quartz with
local porosity development (pink).  Clay
material is finely distributed throughout,
and laminations are defined by layers with elevated organic matter (opaque).
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Figure Ch13.  Photomicrograph, Chinkeh Formation, AEC Maxhamish c-95-J/94-O-11 (1510.25-1510.35 m) under plane polarized
light.  Quartz and dolomite dominate sand-
rich laminae.  Quartz grains are angular to subangular quartz; irregular shapes suggest authigenic (i.e. diagenetic) origin.  Ferroan dolomite is stained blue.  Green glauconite
(green) grains are deformed or
disaggregated pellets or clasts with a
sugary texture.  The image shows the
contact of two sandy laminae divided by an organic-rich thin lamina.
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Figure Ch14.  BSED SEM photomicrograph, 

Chinkeh Formation, AEC Maxhamish c-95-J/94-O-11 

(1510.25-1510.35 m), showing angular quartz and 

smooth surfaces, some of which indicates diagenetic 

growth.  Minor amounts of albite and solid organic 

matter (<1%) are present.

Figure Ch15.  Photomicrograph, Chinkeh Formation, 

AEC Maxhamish c-16-G/94-O-14 (1260.37-1260.41m) 

under plane polarized light.  Very fine- to fine-grained 

(up to 140 µm), quartzose sandstone; light-coloured 

minerals are predominantly quartz, with minor chert 

and rare feldspar.  Disaggregated and degraded 

glauconite pellets/clasts (greenish) occur throughout, 

and dolomite cement is patchy.  Pink epoxy highlights 

pervasive pore network.

Figure Ch16.  BSED SEM photomicrograph, Chinkeh 

Formation, AEC Maxhamish c-16-G/94-O-14 

(1260.37-1260.41 m), featuring both detrital (rounded 

edges) and neomorph (diagenetic with euhedral 

shapes) quartz. Open pore space is also present. 

Euhedral pseudohexagonal Fe-phyllosilicate 

(glauconite) sheets form clusters perpendicular 

to grain surfaces within pore spaces.  Intergranular 

porosity is estimated at up to 3% volume.
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Figure Ch14.  BSED SEM photomicrograph,
Chinkeh Formation, AEC Maxhamish c-95-J/94-O-11 (1510.25-1510.35 m), showing angular quartz and
smooth surfaces, some of which indicates diagenetic
growth.  Minor amounts of albite and solid organic
matter (<1%) are present.
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Figure Ch15.  Photomicrograph, Chinkeh Formation,
AEC Maxhamish c-16-G/94-O-14 (1260.37-1260.41m)
under plane polarized light.  Very fine- to fine-grained
(up to 140 µm), quartzose sandstone; light-coloured
minerals are predominantly quartz, with minor chert
and rare feldspar.  Disaggregated and degraded
glauconite pellets/clasts (greenish) occur throughout,
and dolomite cement is patchy.  Pink epoxy highlights pervasive pore network.
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Figure Ch16.  BSED SEM photomicrograph, Chinkeh Formation, AEC Maxhamish c-16-G/94-O-14 (1260.37-1260.41 m), featuring both detrital (rounded
edges) and neomorph (diagenetic with euhedral
shapes) quartz. Open pore space is also present.
Euhedral pseudohexagonal Fe-phyllosilicate
(glauconite) sheets form clusters perpendicular
to grain surfaces within pore spaces.  Intergranular
porosity is estimated at up to 3% volume.

lsears
Typewritten Text

lsears
Typewritten Text

lsears
Typewritten Text



��������	�
������
���������������	������������������	�
��������������� !"��#��
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	����#��#���	��(�� TUVWXVXVY�Z[\]]̂[\_̀Xab�cd[aXV�ad�eaXb̂[\ TUfg[\]]Xh\�cd[\VYdi j\]Xk̂ab�cd[\VYdicdadXl�mÛVYn]�oUk̂b̂] cdadXl�p̂bq�oUk̂b̂]cdadXl�ci\a[�oUk̂b̂]roZas rts roZas roZas ruZas ruZas ruZasvwx�yz{|z}~�| ����������������������� ������� ������x|~���| ���� ����� ������ ����� ����� ����� ����� ����vwx�yz{|z}~�| ����������������������� ������� ���������~���x|~���| ���� ����� ������ ������ ����� ����� ����� ����wxv�yz{|z}~�| ����������������������� ������� ������x|~���| ���� ����� ������ ������ ����� ����� ����� �����wxv�yz{|z}~�| ����������������������� ������� ���������~���x|~���| ���� ����� ������ ����� ����� ����� ����� �����vwx�yz{|z}~�| ����������������������� ������� ������x|~���| ���� ����� ������ ������ ����� ����� ����� �����vwx�yz{|z}~�| ����������������������� ������� ���������~���x|~���| ���� ����� ������ ����� ����� ����� ����� �������z���yz{|z}~�|���� ������������������ ������� ������x|~���| ���� ����� ������ ������ ����� ����� ����� ��������z���yz{|z}~�|���� ������������������ ������� ���������~���x|~���| ���� ����� ������ ������ ����� ����� ����� �����vwx�yz{|z}~�| ���� ������������������ ������� ������x|~���| ���� ����� ������ ������ ����� ����� ����� �����
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BH/GeoScience BC – New Resource Oil Plays, 
NEBC Portion of WCSB 
May, 2018/lps 

Poorer-quality Chinkeh sandstones above the basal clean unit, and possibly underlying 
Toad-Grayling sandstones should be assessed for their potential contribution. 
 
 
BUCKINGHORSE FORMATION (GARBUTT FORMATION) 
 
 
Age and Play Type 
 
Lower Cretaceous – Shale Oil Play 
Prospectivity: ‘B’ Play – Potentially prospective reservoir characteristics, but has not 
been tested. 
 
 
Regional Geology 
 

Regional transgression from the north during Early Cretaceous time initiated clastic 
sedimentation across the Western Canada Sedimentary Basin after a long period of 
exposure during the latest Jurassic and earliest Cretaceous.  In southern and central 
areas, continental and shallow marine coarse-grained clastics derived from rising 
western orogenic highlands, included in the Blairmore / Mannville / Bullhead / Spirit 
River / Peace River units, were deposited along the southern margin of the Boreal sea.  
These become increasingly marine northward, and north of about Twp 90 (southern 
94A, H), the entire package grades to marine Buckinghorse shales (Fig. BU1). 
 
Organic-rich condensed sections marking transgressive events at the top of the 
Bullhead, Spirit River, and Peace River units can be correlated as radioactive log 
markers throughout the northern part of the basin (Fig. BU2).  Although organic-rich 
sections are widespread and readily mapped, they have received very little attention as 
potential shale reservoirs except in the outer Foothills west of Fort St John (see 
discussion under Production and Test Data), and in the Liard Basin.   
 
Liard Basin 
 
In the Liard Basin, Garbutt Formation shales represent the earliest stages of 
transgression above basal clastics of the Chinkeh Formation.  Leckie and Potocki 
(1998) described the Garbutt in outcrop as: 
 

“black silty shale and mudrock … The basal contact is sharp, resting either 
conformably on the Chinkeh Formation or unconformably on underlying 
[Toad-Grayling or] Paleozoic strata … Bentonite beds, 1 to 20 cm thick, 
are common  … The upper contact is gradational and is marked by the 
first occurrence of thick-bedded sandstone of the overlying Scatter 
Formation.” (see Fig. BU3 for outcrop sections). 

 
Garbutt core photos from wells a-26-B/94-O-11and b-53-B/94-O-14 are shown in 
Appendix 4.  
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Garbutt Fm

Figure BU1.  Stratigraphic relationships of Buckinghorse and Garbutt shales (from Leckie and Potocki, 1998).
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Fig. 7. Stratigraphic cross-section A–A�. Cross-section shows the Buckinghorse Formation and its equivalents. Refer to Figure 3 for location
of cross-sections. Location of PRA is identified by the erosion of the Sikanni and part of the Lepine formations.

Figure BU2.  South to north cross-section A-A’,
highlighting organic-rich shales in transgressive
sections that converge northward as radioactive
markers as the intervening clastic packages
shale out (from Chalmers and Bustin, 2008).
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Figure BU3.  Measured sections of the Garbutt and
Scatter formations, Liard Basin (from Leckie and
Potocki, 1998).
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Figure BU4.  West-east cross-section straddling Liard Basin and Horn River Basin to the east;
note abrupt thinning of Garbutt Formation shales at the Bovie Fault Zone (from Ferri et al., 2017).
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In the subsurface, Leckie and Potocki noted a lower radioactive shale interval, 
recognized regionally as “Radioactive Marker No. 1” on well logs.  The upper third of the 
Garbutt consists of several coarsening- and sandier-upward cycles, each 4 to 20m 
thick.  Ferri et al. (2017) recommended subdivision of the Garbutt into the lower Garbutt 
shale, a middle organic-rich, high gamma ray interval (Radioactive Zone, containing 
Radioactive Marker No. 1), and the upper Garbutt shale / siltstone / sandstone, which 
grades conformably into the overlying Scatter Formation (Fig. BU4).  Ferri et al. (2017) 
mapped thickness of the Radioactive Zone and lower Garbutt Formation (Fig. BU5). 
 

 
 

Deposition took place in an offshore marine setting, predominantly below storm wave 
base.  The radioactive shale represents a condensed section deposited at the peak of 
the transgression above the basal transgressive surface, and overlying highstand 
progradational beds were deposited in shallowing marine waters. 
 

Radioactive Marker #1 serves as the datum for Chinkeh cross-sections Ch1-Ch1’ and 
Ch2-Ch2’, and illustrates the relationship of the lower Garbutt to underlying strata.  
Cross-sections Liard1-Liard1’ and Liard2-Liard2’ illustrate correlation of the Garbutt 
across the basin, and clearly show the middle radioactive interval and upper Garbutt 
transition to the overlying Scatter Formation.  Relatively little work has been done on the 
Lepine Formation, which lies immmediately above the Scatter Formation (Cross-
sections Liard1-Liard1’ and Liard2-Liard2’), but it is a regional marine shale similar to 
the Garbutt, and was sampled in core from well b-6-C/94-O-11 (Appendix 4). 

Figure BU5.  Isopach 
map of the Radioactive 
Zone and lower Garbutt 
Formation, Liard Basin 
and surrounding areas 
(from Ferri et al., 2017). 
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Map BU1 illustrates thickness of the Garbutt Formation across the NEBC portion of the 
Liard Basin.  It thins abruptly at the eastern margin, suggesting the Bovie Fault Zone 
was active at the time of Garbutt deposition (Fig. BU4); we have not mapped the 
Garbutt east of the Bovie FZ.  Within the basin, the Garbutt thickens southwestward to 
more than 350m.  A composite thickness of about 280m at an outcrop section 
measured by Ferri et al. (2011b) in northwestern 94-N-10 conforms to this pattern, but 
we did not measure thicknesses in the few wells west of the deformation front because 
of the potential for structural distortion. 
 
Drill depth to the top of the Garbutt increases abruptly moving westward across the 
Bovie FZ, and increases westward to more than 2000m in 94-O-13 (Map BU2). 
 
 
Production and Test Data 
 
Adams et al. (2016) reviewed exploration / assessment activity in Cretaceous shales in 
the Beg-Jedney, Blair Creek, and Farrell Creek regions – all in the outer Foothills west 
of Fort St. John, from 94-B-8 northward to 94-G-1.  Operators are focused on shale gas 
potential, and realize cost efficiencies in pursuing the play uphole from and in the same 
area as gas development in the Montney Formation. 
 
While Cretaceous shale gas and oil potential has been studied throughout the Western 
Canada Sedimentary Basin, there has been very little drilling and testing, other than in 
established plays such as the naturally-fractured Second White Specks (Upper 
Cretaceous) shales in the southern and central Alberta Foothills.  No horizontal drilling / 
multi-frac completion testing has been undertaken in the Garbutt Shale of the Liard 
Basin. 
 
 
Analytical Data 
 
Chalmers and Bustin (2012b) assessed light volatile liquid and gas shale reservoir 
potential in the Lower-Upper Cretaceous Shaftesbury Formation southeast of Fort St 
John (eastern 93P, 94A).  They concluded that there is substantial liquid hydrocarbon in 
place in these shales, but in relatively shallow sections that are generally regarded as 
too shallow and clay-rich to offer reservoir potential.  Rokosh et al. (2012) mapped 
relatively low concentrations of oil in place in the Lower Cretaceous Wilrich Member in 
Alberta adjacent to the B.C. Deep Basin – a southern equivalent of the lower 
Buckinghorse (Moosebar shale in Fig. BU1; Fig. BU6). 
 
We sampled Garbutt core from AEC Maxhamish b-53-B/94-O-14 and the Lepine core 
from ECA Maxhamish b-6-C/94-O-11 (Appendix 4).  Quartz and clay minerals dominate, 
with carbonates typically absent, although elevated siderite values are seen toward the 
base of the core at b-53-B (Fig. BU7, BU8).  Clay minerals are typically 60-80% of the 
samples, including mixed-layer clays and smectites.  Feldspars are generally <6% and 
pyrite ranges between 2-4%.  
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Figure 5.7.1. P50 (best estimate) shale-hosted oil initially-in-place in the Wilrich Member.
Figure BU6.  P50 shale-hosted oil in place, Wilrich Member, Alberta (from Rokosh et al., 2012).
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Figure BU7.  Mineralogy and TOC plots for samples from the Garbutt Formation,
AEC Maxhamish b-53-B/94-O-14.
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Figure BU8.  Mineralogy and TOC plots for samples from the Lepine Formation, 
ECA Maxhamish b-6-C/94-O-11. 

 
TOC ranges generally between 2-4 wt%, and Tmax values range between 438-447°C, 
indicating maturity within the oil window (Table BU1, BU2). 
 
Thin section and SEM petrography show finely laminated organic-rich shale with 
abundant small silt-size quartz and abundant opaque streaks and dispersed material 
(Fig. BU9, BU10). Quartz clusters are also present in lenticular shapes or wavy forms 
and bioturbation appears to have been subtle but common.  Under SEM, most grains 
are fully embedded in illitic clay minerals (Fig. BU11). 
 
Unconfined porosities range between 3.2-8.8%, and matrix permeabilities are 0.5-38 nD 
(Table BU3).  MICP conformance-corrected porosities are slightly lower, ranging 
between 2.4-5.2% (Table BU4).  Pore openings are narrowly confined to a range of <20 
nm (Fig. BU12). 
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Table BU1.  Garbutt Formation – Thermal maturity and mineralogical data from samples in AEC 
Maxhamish b-53-B/94-O-14. 

 
 
 
 

 
 

Table BU2.  Garbutt Formation – Thermal maturity and mineralogical data from samples in ECA 
Maxhamish b-6-C/94-O-11. 

Sulphate Sulphides

Albite Microcline Calcite Siderite Illite/mica Ill/Mont Chlorite Kaolinite Barite Pyrite

1260 Garbutt Rad Zone Core 1260.00 442 3.36 29.6 3.6 3 37.9 8.5 14 3.4

1261.03 Garbutt Rad Zone Core 1261.03 447 2.74 27 3.5 2.6 41.7 8.6 14.4 2.2

1261.96 Garbutt Rad Zone Core 1261.96 444 2.90 28.6 3.7 3.2 40.2 9 11.8 3.5

1263.01 Garbutt Rad Zone Core 1263.01 437 3.30 25.7 3.7 3.1 37.9 9 10.5 10

1264.03 Max Rad Marker Core 1264.03 438 4.88 28.2 3.1 2.5 36.7 7.9 9.3 12.4

1265.02 Max Rad Marker Core 1265.02 441 4.13 27 4.5 2.9 41.7 8.7 10.6 4.6

1265.14-.20 Max Rad Marker Core 1265.14 11.1 29.2 59.7

1265.99 Max Rad Marker Core 1265.99 442 4.90 26.1 4.1 3 40.9 8.6 11.9 5.4

1266.13 Max Rad Marker Core 1266.13 0.5 87.4 12.2

1267.03 Max Rad Marker Core 1267.03 441 4.56 25.1 4 3.3 39.1 11.1 10.9 6.6

1267.99 Max Rad Marker Core 1267.99 439 4.24 27.8 3.7 2.9 35.3 9.3 8.6 12.5

1269.04 Max Rad Marker Core 1269.04 440 4.22 27.6 4 3.8 38.7 10.2 9.1 6.6

1669.4 Max Rad Marker Core 1669.40 1.5 40.9 57.6

1269.81 Max Rad Marker Core 1269.81 445 2.45 28.3 4 3.1 40.6 10.7 8.6 4.5

1270.8 Max Rad Marker Core 1270.80 442 3.23 27.5 3.9 3.3 39.1 11.1 9.7 5.5

1271.5 Max Rad Marker Core 1271.50 4.9 71.3 23.8

1271.7 Max Rad Marker Core 1271.70 443 2.52 32.8 4 3.3 37.2 10 8.7 4.1

1272.74 Max Rad Marker Core 1272.74 441 2.33 28.6 2.9 3.1 36.9 9.7 9.2 9.7

1273.61 Max Rad Marker Core 1273.61 442 1.73 51.3 2.6 3.1 29.8 6.3 4.8 2.2

1273.82 Max Rad Marker Core 1273.82 23.1 66.2 10.7

1274.69 Max Rad Marker Core 1274.69 442 2.10 29.5 4.2 5.3 37.9 11.9 4.3 6.9

1275.23 Max Rad Marker Core 1275.23 5.1 54.6 40.4

1275.45-.50 Max Rad Marker Core 1275.45 17.7 2 62.6 9 3.3 1.3 1.2 3

1275.77 Max Rad Marker Core 1275.77 444 2.46 27.6 3.8 4.9 27.6 10.8 5.9 3.5

1276.59 Max Rad Marker Core 1276.59 441 3.99 28.6 3.4 3.9 28.7 25 3.3 4.9 2.1

1277.49 Max Rad Marker Core 1277.49 446 3.17 18.4 1.8 2 1.3 58.9 10.1 4.8 1.3 1.3

1278 Max Rad Marker Core 1278.00 444 1.29 28.4 4.3 5.7 45.9 6.1 8.5 1.2

Well ID Sample ID Zone
Sample

Type

Depth

(m)
Tmax in °C

Clays

AEC 

Maxhamish

200/b-053-B 

094-O-14/00

WA 9950

(Int: 1260-

1278m)

TOC

%
Quartz

Feldspar Carbonates

Sulphides

Albite Microcline Illite/mica* Chlorite Kaolinite Pyrite

1151 Garbutt Core 1151.00 441 2.67 40.3 2.9 2.3 33.7 7.9 9.7 3.1

1151.98 Garbutt Core 1151.98 441 3.45 43.2 3 2.3 32.4 7 8.8 3.4

1153.05 Garbutt Core 1153.05 440 3.12 38 3.2 2.6 34.1 8 10.5 3.5

1154.24 Garbutt Core 1154.24 438 3.73 41.1 3 2.3 32.7 7.9 9 3.8

1155.02 Garbutt Core 1155.02 436 3.53 38.4 2.9 2.1 36 7 9.7 4

1156.03 Garbutt Core 1156.03 442 2.50 35.5 4 3 35.1 8.2 11.1 3.1

1157 Garbutt Core 1157.00 443 3.06 35.3 3.9 3.1 34.4 8.4 11.8 3.1

1157.97 Garbutt Core 1157.97 442 3.05 40.2 3.8 2.5 34.1 7.4 9.7 2.2

1158.95 Garbutt Core 1158.95 441 3.05 37.4 3.7 2.9 35.2 7.8 10.9 2.2

1160 Garbutt Core 1160.00 440 3.18 40.2 3.3 2.4 34.2 7.4 9.2 3.2

1160.92 Garbutt Core 1160.92 442 2.50 44.9 3.6 2.3 33.6 5.4 8 2.3

1162 Garbutt Core 1162.00 441 3.25 36.4 3.7 2.7 36 7.5 10.3 3.5

1163 Garbutt Core 1163.00 443 2.92 38.2 3.5 2.7 36.8 6.9 9.7 2.1

1164 Garbutt Core 1164.00 443 2.76 35.8 3.8 3 38.4 7.3 9.6 2.2

1165 Garbutt Core 1165.00 443 3.00 37.6 3.6 2.8 37.6 7.4 9.1 2

1166 Garbutt Core 1166.00 443 2.81 35.1 3.4 2.9 37.8 7.6 10.6 2.6

1166.8 Garbutt Core 1166.80 446 3.15 38.3 3.2 2.4 38.9 5.7 9.4 2

Tmax in °C
TOC

%
Quartz

Feldspar Clays

ECA 

Maxhamish

200/b-006-C 

094-O-11/00 

WA 18890

Well ID Sample ID Zone
Sample

Type

Depth

(m)
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Table BU3.  Garbutt Formation– unconfined porosity and GRI matrix permeability  measurements from 
core samples in AEC Maxhamish b-53-B/94-O-14 and ECA Maxhamish b-6-C/94-O-11. 
 
 
 

 
 

Table BU4.  Garbutt Formation – MICP porosity and conformance-corrected porosity measurements from 
core samples in AEC Maxhamish b-53-B/94-O-14 and ECA Maxhamish b-6-C/94-O-11. 

Avg Std Dev Avg Std Dev

ECA Maxhamish 200/b-006-C 094-O-11/00 1151.57 Garbutt 2.411 2.578 6.47 1.32E-05 9.21E-07 13.16 0.92

ECA Maxhamish 200/b-006-C 094-O-11/00 1154.72 Garbutt 2.417 2.593 6.76 1.39E-05 2.70E-06 13.90 2.70

ECA Maxhamish 200/b-006-C 094-O-11/00 1158.40 Garbutt 2.422 2.630 7.90 1.77E-05 4.40E-06 17.67 4.40

ECA Maxhamish 200/b-006-C 094-O-11/00 1162.48 Garbutt 2.432 2.667 8.83 9.82E-06 1.21E-06 9.82 1.21

ECA Maxhamish 200/b-006-C 094-O-11/00 1165.67 Garbutt 2.434 2.569 5.24 1.33E-05 2.76E-06 13.29 2.76

AEC Maxhamish 200/b-053-B 094-O-14/00 1260.47 Garbutt Rad Zone 2.462 2.556 3.70 1.13E-05 7.33E-07 11.33 0.73

AEC Maxhamish 200/b-053-B 094-O-14/00 1262.57 Garbutt Rad Zone 2.471 2.578 4.18 1.95E-05 2.67E-06 19.47 2.67

AEC Maxhamish 200/b-053-B 094-O-14/00 1263.89 Max Rad Marker 2.414 2.527 4.47 1.18E-05 5.00E-07 11.81 0.50

AEC Maxhamish 200/b-053-B 094-O-14/00 1264.55 Max Rad Marker 2.405 2.499 3.75 1.32E-05 2.32E-06 13.21 2.32

AEC Maxhamish 200/b-053-B 094-O-14/00 1266.99 Max Rad Marker 2.438 2.522 3.33 1.79E-05 2.16E-06 17.90 2.16

AEC Maxhamish 200/b-053-B 094-O-14/00 1268.45 Max Rad Marker 2.435 2.624 7.18 3.91E-05 1.51E-05 39.11 15.05

AEC Maxhamish 200/b-053-B 094-O-14/00 1270.50 Max Rad Marker 2.459 2.652 7.26 4.99E-05 1.77E-05 49.86 17.71

AEC Maxhamish 200/b-053-B 094-O-14/00 1272.75 Max Rad Marker 2.517 2.718 7.41 4.00E-05 1.82E-05 39.98 18.17

AEC Maxhamish 200/b-053-B 094-O-14/00 1274.31 Max Rad Marker 2.457 2.654 7.41 7.41E-05 1.53E-05 74.05 15.28

AEC Maxhamish 200/b-053-B 094-O-14/00 1275.27 Max Rad Marker 2.693 2.783 3.23 4.38E-05 1.71E-05 43.79 17.13

AEC Maxhamish 200/b-053-B 094-O-14/00 1276.60 Max Rad Marker 3.066 3.215 4.61 5.06E-05 3.88E-05 50.60 38.82

AEC Maxhamish 200/b-053-B 094-O-14/00 1277.25 Max Rad Marker 2.929 3.026 3.22 1.52E-05 6.73E-06 15.23 6.73

Density

Unconfined Porosity and Matrix Permeability

Well Name Well Location

Core 

Depth

(m)

Fm
Porosity

(%)

GRI Matrix 

Permeability

(md)

GRI Matrix 

Permeability

(nd)
Bulk Density

(g/cc)

Skeletal Density

(g/cc)

Bulk 

Density

(g/cc)

Skeletal 

Density

(g/cc)

Peak 

Range

Moda

l Peak

ECA Maxhamish 200/b-006-C 094-O-11/00 1151.57 Garbutt 2.404 2.519 4.99 4.55 4 - 100 5 25

ECA Maxhamish 200/b-006-C 094-O-11/00 1158.40 Garbutt 2.410 2.544 5.89 5.25 4 - 80 8 36

ECA Maxhamish 200/b-006-C 094-O-11/00 1165.67 Garbutt 2.435 2.557 5.13 4.80 4 - 100 5 26

AEC Maxhamish 200/b-053-B 094-O-14/00 1260.47 Garbutt Rad Zone 2.482 2.566 3.28 2.70 <3 - 130 11 37

AEC Maxhamish 200/b-053-B 094-O-14/00 1262.57 Garbutt Rad Zone 2.485 2.587 3.94 3.28 <3 - 130 5 32

AEC Maxhamish 200/b-053-B 094-O-14/00 1263.89 Max Rad Marker 2.412 2.514 4.06 3.41 <3 - 160 4 52

AEC Maxhamish 200/b-053-B 094-O-14/00 1264.55 Max Rad Marker 2.398 2.520 4.83 3.71 <3 - 140 <3 45

AEC Maxhamish 200/b-053-B 094-O-14/00 1266.99 Max Rad Marker 2.430 2.538 4.25 3.61 <3 - 160 8 51

AEC Maxhamish 200/b-053-B 094-O-14/00 1268.45 Max Rad Marker 2.443 2.574 5.09 4.69 <3 - 130 6 42

AEC Maxhamish 200/b-053-B 094-O-14/00 1270.50 Max Rad Marker 2.483 2.638 5.88 5.15 <3 - 100 7 52

AEC Maxhamish 200/b-053-B 094-O-14/00 1272.75 Max Rad Marker 2.559 2.700 5.21 4.47 <3 - 110 6 48

AEC Maxhamish 200/b-053-B 094-O-14/00 1274.31 Max Rad Marker 2.490 2.613 4.70 4.31 <3 - 160 7 49

AEC Maxhamish 200/b-053-B 094-O-14/00 1275.27 Max Rad Marker 2.695 2.773 2.79 2.29 11 - 820 38372 19

AEC Maxhamish 200/b-053-B 094-O-14/00 1276.60 Max Rad Marker 3.159 3.247 2.71 2.45 8 - 220 23 24

MICP Porosity

Well Name Well Location

Core 

Depth

(m)

Fm

Density g/cc

Porosity

(%)

Corrected 

Porosity

(%)

Peak Range Stem 

Volume 

Used

(%)
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Figure BU9.  Photomicrograph, Garbutt Formation,
ECA Maxhamish b-6 C/94-O-11 (1152.65 m) under
plane polarized light.  Bioturbated, finely-laminated
siliceous shale with alternating light (quartz-rich)
layers and dark (high-organic and opaque) layers.  Bioturbation causes minor disruption of some layers.
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Figure BU10.  Photomicrograph, Garbutt Formation,
ECA Maxhamish b-6 C/94-O-11 (1152.65 m) under
plane polarized light.  Bioturbated, finely-laminated
siliceous shale with a greater percentage of
quartz-rich laminae.
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Figure BU11.  BSED SEM photomicrograph,
Garbutt Formation, ECA Maxhamish b-6 C/94-O-11 (1152.65 m) featuring laminated texture and coated
silt-sized quartz grains.
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Figure BU12.  Incremental and percent intrusion versus pore size, Garbutt Formation, AEC 
Maxhamish b-53-B/94-O-14 (1262.57 m) highlighting very small pore throat diameters (generally 
<20 nm). 

 
Hydrocarbon analysis (S1) show that residual hydrocarbons are present and most 
commonly contain C10-C55 chains with calculated API gravities of 37-39° and calculated 
specific gravities between 0.83-0.84  (Table BU5, Fig. BU13).  Hydrocarbon liquids thus 
appear to be present in the Cretaceous shale section. 

 

ECA Maxhamish 200/b-006-C 094-O-11/00 1151.98 Garbutt 15.83 68.68 1.80 4.98 8.72 C10-C26 C13 59 <C6 442 C29 0.84 37.55 excellent

ECA Maxhamish 200/b-006-C 094-O-11/00 1154.24 Garbutt 19.14 64.25 2.49 6.99 7.13 C10-C25 C13 55 <C6 453 C30 0.84 37.91 best

ECA Maxhamish 200/b-006-C 094-O-11/00 1157.00 Garbutt 20.25 62.31 2.81 6.84 7.78 C10-C23 C13 54 <C6 427 C28 0.83 39.04 excellent

ECA Maxhamish 200/b-006-C 094-O-11/00 1160.92 Garbutt 22.17 61.52 2.13 6.32 7.86 C9, C10-C23 C13 57 <C6 422 C27 0.83 38.64 best

ECA Maxhamish 200/b-006-C 094-O-11/00 1163.00 Garbutt 20.90 61.12 2.82 6.76 8.40 C9-C23 C13 58 <C6 402 C25 0.83 39.62 excellent

ECA Maxhamish 200/b-006-C 094-O-11/00 1166.80 Garbutt 21.47 63.58 2.07 5.45 7.43 C9-C24 C13 58 <C6 429 C28 0.83 38.91 best
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Table BU5.  Garbutt and Lepine Formations – hydrocarbon composition data from samples in AEC 
Maxhamish 
b-53-B/94-O-14 and ECA Maxhamish b-6-C/94-O-11. 
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Figure BU13.  Normalized fraction plot of hydrocarbon groups identified in nine core  
samples from two wells.  Most samples are dominated by heavy condensates. 

 
Mechanical properties of Garbutt rocks from the b-53-B well show compressive 
strengths of 88-275 MPa and residual strengths of 16-63 Mpa; Poisson’s ratio is ~0.14-
0.28 and Young’s modulus ~5-61 (Table BU6).  However, the 1274m sample was below 
the recommended length to diameter ratio (1.42 vs recommended ratio of 2.0-2.5), and 
results are thus not reliable.  Results from the 1261.74 sample are reliable, and show 
higher than average (relative to the rest of the study) Young’s modulus and brittleness. 

 

Confining 

Pressure

Axial Strain 

at Failure

Compressive 

Strength

Residual 

Strength

Static Young's 

Modulus

Static Bulk 

Modulus

Static Shear 

Modulus

(MPa) (%) (MPa) (MPa) (GPa) (GPa) (GPa)

AEC Maxhamish 200/b-053-B 094-O-14/00 1261.74 Garbutt Rad Zone 16.0 0.449 275.31 16.00 61.05 0.288 48.10 23.69

AEC Maxhamish 200/b-053-B 094-O-14/00 1274.01 Max Rad Marker 16.0 1.996 88.81 63.65 5.28 0.140 2.45 2.32

Triaxial Data

Well Name Well Location
Core Depth

(m)
Fm

Static 

Poisson's 

Ratio

 
 

Table BU6.  Garbutt Formation, AEC Maxhamish b-53-B/94-O-14 - Rock mechanical analyses showing 
confining pressure, compressive strength, Young’s Modulus, Poisson’s Ratio and bulk and shear modulii. 

 
Ferri et al. (2017) published a significant study of Garbutt prospectivity in the Liard 
Basin after initiation of our current project.  Rather than duplicate their compilation and 
interpretation of available data, we summarize key points from their report.  They did 
include Rock-Eval (TOC and maturity) and mineralogical (XRD) data from the two wells 
we examined for our study. 
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Figure 24.
Analysis reported in Nexen Canada Ltd., 2002 and Encana Corporation, 2005.

Figure BU16.  Compositional analysis by X-ray diffraction of samples from the Radioactive Zone
(samples in (a) analyzed in the Ferri et al. (2017) study, and samples in (b) reported in Nexen and
Encana well reports)
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