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List of figures 

Figure 1. Isotope depth profiles for four mudlogs across the Western Canada Sedimentary Basin 

showing. Variables display in each profile includes: lithology; isotope profiles for n-alkanes 

(methane, ethane and propane); percent methane; and total hydrocarbon gas recovered at each 

depth (please see for details Tilley and Muehlenbachs, 2006).  

Figure 2. Map of production (a), surface casing vent (SCV)(b), and ground migration (GM)(c) 

wells locations in the Western Canada Sedimentary Basin (WCSB). 

Figure 3. Boxplots of n-alkanes (methane, ethane, propane, i-butane, n-butane) and carbon dioxide 

isotopic values for production (a), surface casing vent (SCV) (b), and ground migration (GM)(c) 

gases for the Western Canada Sedimentary Basin (WCSB). 

Figure 4. Histogram showing the methane (i), ethane (ii), propane (iii) and carbon dioxide (iv) 

isotopic values for production (a), surface casing vent (b), and ground migration (c) in W3. 

Figure 5. Histogram showing the methane, ethane, propane and carbon dioxide isotopic values for 

production (a), surface casing vents (b), and ground migration (GM) gases from W4. 

Figure 6.  Histogram showing the methane, ethane, propane and carbon dioxide isotopic values for 

production (a), surface casing vents (b), and ground migration (GM) gases from W5. 
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Figure 7.  Histogram showing the methane, ethane, propane and carbon dioxide isotopic values for 

production (a), surface casing vents (b), and ground migration (GM) gases from W6. 

Figure 8.  Histogram showing the methane, ethane, propane and carbon dioxide isotopic values for 

production (a), surface casing vents (b), and ground migration (GM) gases from British Columbia 

(BC). 

Figure 9.  Contour map of methane carbon isotope values of production (a), surface casing vent 

(SCV)(b), and ground migration (GM)(c) gases. 

Figure 10.  Contour map of ethane carbon isotope values of production (a), surface casing vent 

(SCV)(b), and ground migration (GM)(c) gases. 

Figure 11.  Contour map of propane carbon isotope values of production (a), surface casing vent 

(SCV)(b), and ground migration (GM)(c) gases. 

Figure 12.  Contour map of n-butane carbon isotope values of production (a), surface casing vent 

(SCV)(b), and ground migration (GM)(c) gases. 

Figure 13.  Contour map of i-butane carbon isotope values of production (a), surface casing vent 

(SCV)(b), and ground migration (GM)(c) gases. 

Figure 14.  Contour map of carbon dioxide carbon isotope values of production (a), surface casing 

vent (SCV)(b), and ground migration (GM)(c) gases. 

Figure 15.  Topography under contour map of methane carbon isotope values of production (a), 

surface casing vent (SCV)(b), and ground migration (GM)(c) gases. 
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Figure 16.  Topography under contour map of ethane carbon isotope values of production (a), 

surface casing vent (SCV)(b), and ground migration (GM)(c) gases. 

Figure 17.  Topography under contour map of propane carbon isotope values of production (a), 

surface casing vent (SCV)(b), and ground migration (GM)(c) gases. 

Figure 18.  Topography under contour map of n-butane carbon isotope values of production (a), 

surface casing vent (SCV)(b), and ground migration (GM)(c) gases. 

Figure 19.  Topography under contour map of i-butane carbon isotope values of production (a), 

surface casing vent (SCV)(b), and ground migration (GM)(c) gases. 

Figure 20.  Topography under contour map of carbon dioxide carbon isotope values of production 

(a), surface casing vent (SCV)(b), ground migration (GM)(c) gases. Location map of zoom-in 

areas in the region (d). 

Figure 21. Location, isotope values contour maps and topography under contour maps for surface 

casing vent (SCV) gases in the Easter Alberta zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 22. Location, isotope values contour maps and topography under contour maps for ground 

migration (GM) gases in the Easter Alberta zoom-in area. The maps include: location maps of 
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samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 23. Location, isotope values contour maps and topography under contour maps for surface 

casing vent (SCV) gases in the Lloydminster zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 24. Location, isotope values contour maps and topography under contour maps for ground 

migration (GM) gases in the Lloydminster zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 
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Figure 25. Location, isotope values contour maps and topography under contour maps for surface 

casing vent (SCV) gases in the Lindbergh zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 26. Location, isotope values contour maps and topography under contour maps for ground 

migration (GM) gases in the Lindbergh zoom-in area. The maps include: location maps of samples 

(a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane contour 

map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under methane 

contoured isotopic values (h), topography under ethane contoured isotopic values (i), topography 

under propane contoured isotopic values (j), topography under n-butane contoured isotopic values 

(k), topography under i-butane contoured isotopic values (l), and topography under i-butane 

contoured isotopic values (m). 

Figure 27. Location, isotope values contour maps and topography under contour maps for surface 

casing vent (SCV) gases in the Wildmere zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 
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isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 28. Location, isotope values contour maps and topography under contour maps for ground 

migration (GM) gases in the Wildmere zoom-in area. The maps include: location maps of samples 

(a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane contour 

map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under methane 

contoured isotopic values (h), topography under ethane contoured isotopic values (i), topography 

under propane contoured isotopic values (j), topography under n-butane contoured isotopic values 

(k), topography under i-butane contoured isotopic values (l), and topography under i-butane 

contoured isotopic values (m). 

Figure 29. Location, isotope values contour maps and topography under contour maps for surface 

casing vent (SCV) gases in the Beaver Dam zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 

methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 30. Location, isotope values contour maps and topography under contour maps for ground 

migration (GM) gases in the Beaver Dam zoom-in area. The maps include: location maps of 

samples (a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane 

contour map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under 
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methane contoured isotopic values (h), topography under ethane contoured isotopic values (i), 

topography under propane contoured isotopic values (j), topography under n-butane contoured 

isotopic values (k), topography under i-butane contoured isotopic values (l), and topography under 

i-butane contoured isotopic values (m). 

Figure 31. Location, isotope values contour maps and topography under contour maps for surface 

casing vent (SCV) gases in the Pembina zoom-in area. The maps include: location maps of samples 

(a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane contour 

map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under methane 

contoured isotopic values (h), topography under ethane contoured isotopic values (i), topography 

under propane contoured isotopic values (j), topography under n-butane contoured isotopic values 

(k), topography under i-butane contoured isotopic values (l), and topography under i-butane 

contoured isotopic values (m). 

Figure 32. Location, isotope values contour maps and topography under contour maps for ground 

migration (GM) gases in the Pembina zoom-in area. The maps include: location maps of samples 

(a), methane contour map (b), ethane contour map (c), propane contour map (d), n-butane contour 

map (e), i-butane contour map (f), carbon dioxide contour map (g), topography under methane 

contoured isotopic values (h), topography under ethane contoured isotopic values (i), topography 

under propane contoured isotopic values (j), topography under n-butane contoured isotopic values 

(k), topography under i-butane contoured isotopic values (l), and topography under i-butane 

contoured isotopic values (m). 

Figure 33. Zoomed-in map showing a high sample density area of the heavy oil field at 

Lloydminster, eastern Alberta (a), and a and a cross-section from A to A’ (b). Contour map of 
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Easter Alberta zoomed-in area of ethane carbon isotope composition (i). Overlaid ethane isotopic 

composition highlight the geomorphological features in the area (ii), whereas a contoured map 

clearly displays energy wells’ sampling location, ethane isotopic composition contouring, and a 

cross-section from A to A’ (iii). Cross-section from A to A’ showing: topographic variation, red 

rhombus indicate actual well measurements (i), methane (ii), ethane (iii), propane (iv), n-butane 

(v), and i-butane (iv) isotopic values.  

Figure 34. Correlation of isotope mud-logs of two wells from the Lindberg heavy oil field. Wells 

are from high (a) and low (b) elevation areas. 

Figure 35. Cross-plot of n-alkane production gases isotopic composition from W3 (a), W4 (b), W5 

(c), W6 (d), and BC (e). 

Figure 36. Cross-plot of n-alkane surface casing vent (SCV) gases isotopic composition from W3 

(a), W4 (b), W5 (c), W6 (d), and BC (e). 

Figure 37. Contour map of ethane carbon isotope values of SCV over topography showing 

potential gas families in the region. Isoscape map showing topographic base map overlaid by 

ethane isotopic composition contours. Color scale match mean isotopic values, which also 

correlates with depth (cold colors: depleted ethane isotope values, shallow leaks. Warm colors: 

enrich ethane values, deep-mature fingerprinting). Five groups are spatially distinctive and can be 

identified in the WCSB. Such distribution seems to be constrain by geological factors. Importantly, 

we observed that shallow leak are predominant in the southeastern region, and correlates with 

Quaternary geomorphological features, such as paleo-ice stream tracks. 

Figure 38. Cross-plot of n-alkane ground migration (GM) gases isotopic composition from W3 

(a), W4 (b), W5 (c), W6 (d), and BC (e). 
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Fig. 2A. Map of Production wells Locations in 
the Western Canada Sedimentary Basin 

(WCSB)
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Fig. 2B. Map of Surface Casing Vent (SCV) 
Locations in the Western Canada Sedimentary 

Basin (WCSB)
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Fig. 2C. Map of Ground Migration Locations in 
the Western Canada Sedimentary Basin 

(WCSB)
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Fig. 3. WCSB statistical analyses for 
Production, SCV and GM regional data
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Fig. 4A. Histogram showing the methane, ethane, propane and
carbon dioxide isotopic values for production gases from W3
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Fig. 4B. Histogram showing the methane, ethane, propane and
carbon dioxide isotopic values for surface casing vent (SCV)

gases from W3
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Fig. 4C. Histogram showing the methane, ethane, propane and
carbon dioxide isotopic values for ground migration (GM) gases

from W3
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Fig. 5A. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for production gases from W4
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Fig. 5B. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for SCV gases from W4
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Fig. 5C. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for GM gases from W4
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Fig. 6A. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for production gases from W5
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Fig. 6B. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for SCV gases from W5
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Fig. 6C. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for GM gases from W5
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Fig. 7A. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for production gases from W6
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Fig. 7B. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for production gases from W6
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Fig. 7C. Histogram showing the methane, ethane, propane and 
carbon dioxide isotopic values for production gases from W6
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Fig. 8A. Histogram showing the methane (i), ethane (ii), 
propane (iv) and carbon dioxide (v) isotopic values for 

production gases from British Columbia
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Fig. 8B. Histogram showing the methane (i), ethane (ii), 
propane (iv) and carbon dioxide (v) isotopic values for surface 

casing vent (SCV) gases from British Columbia
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Fig. 8C. Histogram showing the methane (i), ethane (ii), 
propane (iv) and carbon dioxide (v) isotopic values for ground 

migration (GM) gases from British Columbia
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Fig. 9A. Contour Map of Methane Carbon 
Isotope Values of Production Wells
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Fig. 9B. Contour Map of Methane Carbon 
Isotope Values of SCV
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Fig. 9C. Contour Map of Methane Carbon 
Isotope Values of GM
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Fig. 10A. Contour Map of Ethane Carbon 
Isotope Values of Production Wells
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Fig. 10B. Contour Map of Ethane Carbon 
Isotope Values of SCV
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Fig. 10C. Contour Map of Ethane Carbon 
Isotope Values of GM
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Fig. 11A. Contour Map of Propane Carbon 
Isotope Values of Production Wells

Propane 
Carbon Isotope 

Values 
(‰, VPDB)
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Fig. 11B. Contour Map of Propane Carbon 
Isotope Values of SCV
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Fig. 11C. Contour Map of Propane Carbon 
Isotope Values of GM
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(‰, VPDB)
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Fig. 12A. Contour Map of n-Butane Carbon 
Isotope Values of Production Wells
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Fig. 12B. Contour Map of n-Butane Carbon 
Isotope Values of SCV
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Fig. 12C. Contour Map of n-Butane Carbon 
Isotope Values of GM
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Values 
(‰, VPDB)
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Fig. 13A. Contour Map of i-Butane Carbon 
Isotope Values of Production Wells
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Fig. 13B. Contour Map of i-Butane Carbon 
Isotope Values of SCV
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Fig. 13C. Contour Map of i-Butane Carbon 
Isotope Values of GM
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(‰, VPDB)
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Fig. 14A. Contour Map of Carbon Dioxide 
Carbon Isotope Values of Production Wells
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(‰, VPDB)
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Fig. 14B. Contour Map of Carbon Dioxide 
Carbon Isotope Values of SCV
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Fig. 14C. Contour Map of Carbon Dioxide 
Carbon Isotope Values of GM
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Fig. 15A. Contour Map of Methane Carbon 
Isotope Values of Production Wells over 

Topographic Map
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75



Fig. 15B. Contour Map of Methane Carbon 
Isotope Values of SCV over Topographic Map
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Fig. 15C. Contour Map of Methane Carbon 
Isotope Values of GM over Topographic Map
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Fig. 16A. Contour Map of Ethane Carbon 
Isotope Values of Production Wells over 

Topographic Map
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(‰, VPDB)
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Fig. 16B. Contour Map of Ethane Carbon 
Isotope Values of SCV over Topographic Map
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(‰, VPDB)
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Fig. 16C. Contour Map of Ethane Carbon 
Isotope Values of GM over Topographic Map
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Fig. 17A. Contour Map of Propane Carbon 
Isotope Values of Production Wells over 

Topographic Map
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Fig. 17B. Contour Map of Propane Carbon 
Isotope Values of SCV over Topographic Map
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Values 
(‰, VPDB)
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Fig. 17C. Contour Map of Propane Carbon 
Isotope Values of GM over Topographic Map
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83



Fig. 18A. Contour Map of n-Butane Carbon 
Isotope Values of Production Wells over 

Topographic Map
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Values 
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Fig. 18B. Contour Map of n-Butane Carbon 
Isotope Values of SCV over Topographic Map
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Fig. 18C. Contour Map of n-Butane Carbon 
Isotope Values of GM over Topographic Map
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Fig. 20A. Contour Map of Carbon Dioxide 
Carbon Isotope Values of Production Wells over 

Topographic Map
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Fig. 20B. Contour Map of Carbon Dioxide 
Carbon Isotope Values of SCV over 

Topographic Map
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Fig. 20C. Contour Map of Carbon Dioxide 
Carbon Isotope Values of GM over Topographic 

Map
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Fig. 20A. Contour Map of Carbon Dioxide 
Carbon Isotope Values of Production Wells over 

Topographic Map
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Fig. 20B. Contour Map of Carbon Dioxide 
Carbon Isotope Values of SCV over 

Topographic Map
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Fig. 20C. Contour Map of Carbon Dioxide 
Carbon Isotope Values of GM over Topographic 

Map
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(‰, VPDB)
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Fig. 21A. Map of Surface Casing Vent (SCV) 
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Fig. 21B. Contour Map of Methane Carbon 
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Fig. 21C. Contour Map of Ethane Carbon 
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Fig. 21D. Contour Map of Propane Carbon 
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Fig. 21E. Contour Map of n-Butane Carbon 
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Fig. 21F. Contour Map of i-Butane Carbon 
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Fig. 21G. Contour Map of Carbon Dioxide Carbon 
Isotope Values of SCV Eastern Alberta Zoom-in

Carbon Dioxide 
Carbon Isotope 

Values 
(‰, VPDB)

99



Fig. 21H. Contour Map of Methane Carbon 
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Fig. 21I. Contour Map of Ethane Carbon Isotope 
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Fig. 21J. Contour Map of Propane Carbon 
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Fig. 21K. Contour Map of n-Butane Carbon Isotope 
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Fig. 21L. Contour Map of i-Butane Carbon Isotope 
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Fig. 21M. Contour Map of Carbon Dioxide Carbon 
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Fig. 22A. Map of Ground Migration (GM) 
Locations in the Eastern Alberta Zoom-in
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Fig. 22B. Contour Map of Methane Carbon 
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Fig. 22C. Contour Map of Ethane Carbon 
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Fig. 22D. Contour Map of Propane Carbon 
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Fig. 22E. Contour Map of n-Butane Carbon 
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Fig. 22F. Contour Map of i-Butane Carbon 
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Fig. 22G. Contour Map of Carbon Dioxide Carbon 
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Fig. 22H. Contour Map of Methane Carbon 
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Fig. 22I. Contour Map of Ethane Carbon Isotope 
Values of GM Eastern Alberta Zoom-in over 

Topographic Map

Ethane Carbon 
Isotope Values 

(‰, VPDB)

114



Fig. 22J. Contour Map of Propane Carbon 
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Fig. 22K. Contour Map of n-Butane Carbon Isotope 
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Fig. 22L. Contour Map of i-Butane Carbon Isotope 
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Fig. 22M. Contour Map of Carbon Dioxide Carbon 
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Fig. 23A. Map of Surface Casing Vent (SCV) 
Locations in the Lloydminster Zoom-in

119



Fig. 23B. Contour Map of Methane Carbon 
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Fig. 23C. Contour Map of Ethane Carbon 
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Fig. 23D. Contour Map of Propane Carbon 
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Fig. 23E. Contour Map of n-Butane Carbon 
Isotope Values of SCV Lloydminster Zoom-in

n-Butane
Carbon Isotope 

Values 
(‰, VPDB)

123



Fig. 23F. Contour Map of i-Butane Carbon 
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Fig. 23G. Contour Map of Carbon Dioxide Carbon 
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Fig. 23H. Contour Map of Methane Carbon 
Isotope Values of SCV Lloydminster Zoom-in 

over Topographic Map

Methane 
Carbon Isotope 

Values 
(‰, VPDB)

126



Fig. 23I. Contour Map of Ethane Carbon Isotope 
Values of SCV Lloydminster Zoom-in over 

Topographic Map

Ethane Carbon 
Isotope Values 

(‰, VPDB)

127



Fig. 23J. Contour Map of Propane Carbon 
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Fig. 23K. Contour Map of n-Butane Carbon Isotope 
Values of SCV Lloydminster Zoom-in

over Topographic Map

n-Butane
Carbon Isotope 

Values 
(‰, VPDB)

129



Fig. 23K. Contour Map of i-Butane Carbon Isotope 
Values of SCV Lloydminster Zoom-in
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Fig. 23M. Contour Map of Carbon Dioxide Carbon 
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Fig. 24A. Map of Ground Migration (GM) 
Locations in the Lloydminster Zoom-in
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Fig. 24B. Contour Map of Methane Carbon 
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Fig. 24C. Contour Map of Ethane Carbon 
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Fig. 24D. Contour Map of Propane Carbon 
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Fig. 24E. Contour Map of n-Butane Carbon 
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Fig. 24F. Contour Map of i-Butane Carbon 
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Fig. 24G. Contour Map of Carbon Dioxide Carbon 
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Fig. 24H. Contour Map of Methane Carbon 
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Fig. 24I. Contour Map of Ethane Carbon Isotope 
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Fig. 24J. Contour Map of Propane Carbon 
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Fig. 24K. Contour Map of n-Butane Carbon Isotope 
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Fig. 24K. Contour Map of i-Butane Carbon Isotope 
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Fig. 24M. Contour Map of Carbon Dioxide Carbon 
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Fig. 25A. Map of Surface Casing Vent (SCV) 
Locations in the Lindbergh Zoom-in
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Fig. 25B. Contour Map of Methane Carbon 
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Fig. 25C. Contour Map of Ethane Carbon 
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Fig. 25D. Contour Map of Propane Carbon 
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Fig. 25E. Contour Map of n-Butane Carbon 
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Fig. 25F. Contour Map of i-Butane Carbon 
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Fig. 25G. Contour Map of Carbon Dioxide Carbon 
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Fig. 25H. Contour Map of Methane Carbon 
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Fig. 25I. Contour Map of Ethane Carbon Isotope 
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Fig. 25J. Contour Map of Propane Carbon 
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Fig. 25K. Contour Map of n-Butane Carbon Isotope 
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Fig. 25L. Contour Map of i-Butane Carbon Isotope 
Values of SCV Lindbergh Zoom-in
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Fig. 25M. Contour Map of Carbon Dioxide Carbon 
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Fig. 26A. Map of Ground Migration (GM) 
Locations in the Lindbergh Zoom-in
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Fig. 26B. Contour Map of Methane Carbon 
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Fig. 26C. Contour Map of Ethane Carbon 
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Fig. 26D. Contour Map of Propane Carbon 
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Fig. 26E. Contour Map of n-Butane Carbon 
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Fig. 26F. Contour Map of i-Butane Carbon 
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Fig. 26G. Contour Map of Carbon Dioxide Carbon 
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Fig. 26H. Contour Map of Methane Carbon 
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Fig. 26I. Contour Map of Ethane Carbon Isotope 
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Fig. 26J. Contour Map of Propane Carbon 
Isotope Values of GM Lindbergh Zoom-in over 

Topographic Map

Propane 
Carbon Isotope 

Values 
(‰, VPDB)

167



Fig. 26K. Contour Map of n-Butane Carbon Isotope 
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Fig. 26L. Contour Map of i-Butane Carbon Isotope 
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Fig. 26M. Contour Map of Carbon Dioxide Carbon 
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Fig. 27A. Map of surface casing vent (SCV) 
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Fig. 27D. Contour Map of Propane Carbon 
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Fig. 27E. Contour Map of n-Butane Carbon 
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Fig. 27G. Contour Map of Carbon Dioxide Carbon 
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Fig. 27K. Contour Map of n-Butane Carbon Isotope 
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Fig. 27L. Contour Map of i-Butane Carbon Isotope 
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Fig. 28A. Map of Ground Migration (GM) 
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Fig. 29A. Map of Surface Casing Vent (SCV) 
Locations in the Beaver Dam Zoom-in

197



Fig. 29B. Contour Map of Methane Carbon 
Isotope Values of SCV Beaver Dam Zoom-in

Methane 
Carbon Isotope 

Values 
(‰, VPDB)

198
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Fig. 29H. Contour Map of Methane Carbon 
Isotope Values of SCV Beaver Dam Zoom-in over 

Topographic Map

Methane 
Carbon Isotope 

Values 
(‰, VPDB)

204
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Fig. 9K. Contour Map of n-Butane Carbon Isotope 
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Fig. 9M. Contour Map of i-Butane Carbon Isotope 
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Fig. 30A. Map of Ground Migration (GM) 
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Fig. 30K. Contour Map of n-Butane Carbon Isotope 
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Fig. 30L. Contour Map of i-Butane Carbon Isotope 
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Fig. 31A. Map of Surface Casing Vent (SCV) 
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Isotope Values of SCV Pembina Zoom-in
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Fig. 31H. Contour Map of Methane Carbon 
Isotope Values of SCV Pembina Zoom-in over 

Topographic Map
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Fig. 31I. Contour Map of Ethane Carbon Isotope 
Values of SCV Pembina Zoom-in over 

Topographic Map
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Fig. 31J. Contour Map of Propane Carbon 
Isotope Values of SCV Pembina Zoom-in over 

Topographic Map
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Fig. 31K. Contour Map of n-Butane Carbon Isotope 
Values of SCV Pembina Zoom-in

over Topographic Map
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Fig. 31L. Contour Map of i-Butane Carbon Isotope 
Values of SCV Pembina Zoom-in

over Topographic Map
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Fig. 31M. Contour Map of Carbon Dioxide Carbon 
Isotope Values of SCV Pembina Zoom-in

over Topographic Map
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Fig. 32A. Map of Ground Migration (GM) 
Locations in the Pembina Zoom-in
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Fig. 32B. Contour Map of Methane Carbon 
Isotope Values of GM Pembina Zoom-in
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Fig. 32C. Contour Map of Ethane Carbon 
Isotope Values of GM Pembina Zoom-in
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Fig. 32D. Contour Map of Propane Carbon 
Isotope Values of GM Pembina Zoom-in
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Fig. 32E. Contour Map of n-Butane Carbon 
Isotope Values of GM Pembina Zoom-in
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Fig. 32F. Contour Map of i-Butane Carbon 
Isotope Values of GM Pembina Zoom-in
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Fig. 32G. Contour Map of Carbon Dioxide Carbon 
Isotope Values of GM Pembina Zoom-in
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Fig. 32H. Contour Map of Methane Carbon 
Isotope Values of GM Pembina Zoom-in over 

Topographic Map
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Fig. 32I. Contour Map of Ethane Carbon Isotope 
Values of GM Pembina Zoom-in over 

Topographic Map
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Fig. 32J. Contour Map of Propane Carbon 
Isotope Values of GM Pembina Zoom-in over 

Topographic Map
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Fig. 32K. Contour Map of n-Butane Carbon Isotope 
Values of GM Pembina Zoom-in

over Topographic Map
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Fig. 32L. Contour Map of i-Butane Carbon Isotope 
Values of GM Pembina Zoom-in

over Topographic Map
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Fig. 32M. Contour Map of Carbon Dioxide Carbon 
Isotope Values of GM Pembina Zoom-in

over Topographic Map
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Fig. 33A. Contour Map of Methane Carbon 
Isotope Values of SCV
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Fig. 33B. Cross Section A-A’ Topography and
n-alkanes Isotopic Response
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Fig. 35A. Cross-plot of n-alkane production 
gases isotopic composition from W3
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Fig. 35B. Cross-plot of n-alkane production 
gases isotopic composition from W4
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Fig. 35C. Cross-plot of n-alkane production 
gases isotopic composition from W5
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Fig. 35E. Cross-plot of n-alkane production 
gases isotopic composition from W6
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Fig. 35E. Cross-plot of n-alkane production 
gases isotopic composition from 

British Columbia
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