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Figure 1. General location map of the North Slope of Alaska showing the
location of NPRA, related oil and gas fields, and selected geologic provinces.
Modified from (Kumar, Bird, and others, 2002) .
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Figure 2. Stratigraphic chart showing major reservoir rock units within and
adjacent to NPRA. The stratigraphic intervals of the known oil and gas
accumulations discussed in this paper are indicated. Modified from (Kumar, Bird,
and others, 2002) .
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Figure 3. The hydrocarbon composition, shown as gas dryness, C,/C,,, plotted asa

function of depth for the three major stratigraphic sequences on the North Slope.
3A: Brookian reservoirs (green), 3B: Beaufortian reservoirs (blue), 3C:
Ellesmerian reservoirs (red). Subsequent figures will use this color coding to
distinguish samples from different stratigraphic sequences. Samples are from wells
in known fields and individual wells outside of known accumulations. In each plot,
vertical red and green lines mark C,/C,, ratios of 100 (approx. 1% C,,) and 30

(approximately 3% C,.,), respectively.
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Figure 3. The hydrocarbon composition, shown as gas dryness, C,/C,,, plotted as a function

of depth for the three major stratigraphic sequences on the North Slope. 3A: Brookian
reservoirs (green), 3B: Beaufortian reservoirs (blue), 3C: Ellesmerian reservoirs (red).
Subsequent figures will use this color coding to distinguish samples from different
stratigraphic sequences. Samples are from wells in known fields and individual wells outside
of known accumulations. In each plot, vertical red and green lines mark C,/C,; ratios of 100

(approx. 1% C,,) and 30 (approximately 3% C,, ), respectively.


http://www.usgs.gov/
http://www.doi.gov/
http://www.usgs.gov/
mailto:jmwatson@usgs.gov,kathiewatson@usgs.gov?Subject=Online Publication
http://www.usgs.gov/privacy.html
http://www.doi.gov/footer/disclaim.html
http://www.usgs.gov/accessibility.html

& USGS

U.S. Geological Survey Open-File Report 03-041

Figure 3C
C1'[CE+
1 10 100 1000 10000 100000
ﬂ T WY -
# Endicott
o AE. Barrow
]
@t o ® S. Barrow
MK H Kavik
4000 I. & Kemik
Depth, g A Prudhoe B.ayr
£t @ Prudhoe Lisburne Pool
% Ix " I Liberty Unit
8000 oA K ¥ Individual Wells
® &
b b
Gas Dryness:
. m % Ellesmerian
12000 Fields and Wells
16000

Figure 3. The hydrocarbon composition, shown as gas dryness, C,/C,,, plotted as a function

of depth for the three major stratigraphic sequences on the North Slope. 3A: Brookian
reservoirs (green), 3B: Beaufortian reservoirs (blue), 3C: Ellesmerian reservoirs (red).
Subsequent figures will use this color coding to distinguish samples from different
stratigraphic sequences. Samples are from wells in known fields and individual wells outside
of known accumulations. In each plot, vertical red and green lines mark C,/C,; ratios of 100

(approx. 1% C,,) and 30 (approximately 3% C,, ), respectively.
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Figure 4. The hydrocarbon composition, shown as gas dryness, C,/C,,, plotted as a function

of depth for known oil and gasfields (4A) and all samplesincluding fields and individual
wells outside of known accumulations (4B). Color coding asin Figure 3..
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Figure 4. The hydrocarbon composition, shown as gas dryness, C,/C,,, plotted as a function

of depth for known oil and gasfields (4A) and all samplesincluding fields and individual
wells outside of known accumulations (4B). Color coding asin Figure 3..


http://www.usgs.gov/
http://www.doi.gov/
http://www.usgs.gov/
mailto:jmwatson@usgs.gov,kathiewatson@usgs.gov?Subject=Online Publication
http://www.usgs.gov/privacy.html
http://www.doi.gov/footer/disclaim.html
http://www.usgs.gov/accessibility.html

& USGS

U.S. Geological Survey Open-File Report 03-041
Figure 5A

100

% CO
0.001 0.01 0.1 % 10
0 - .;. - -
80
) @ i 45 ahdlg :
<
4000 e
Depth, m
ft. o
8000
. N ,tii ﬂ?ﬂ
L A
|
12000
16000

CO,vs Depth
Fields

M Umiat

A Gubik

@ Simpson

A Square Lake

O Tarn

& West Sak

@ Wolf Creek

# Alpine

B Kuparuk

A Point Macintyre
® Walakpa

% Kalubik

A E. Barrow

@ 5. Barrow

# Endicott

4 Prudhoe Bay

@ Prudhoe Lisburne Pool
B Kavik

< Kemik

O Liberty Unit

Figure 5. The CO, content of North Slope gases as a function of depth, stratigraphic sequence,
and the occurrence of samples within known fields (5A) and all samplesincluding non-field

wells (5B).
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Figure 5. The CO, content of North Slope gases as a function of depth, stratigraphic sequence,

and the occurrence of samples within known fields (5A) and all samplesincluding non-field
wells (5B).
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Figure 6. The N, content of North Slope gases as a function of depth, stratigraphic sequence,

and the occurrence of samples within known fields or in non-field wells. The vertical line at 4
mole % N, provides a visual reference to distinguish high N, content samples from the more

frequent low values that are typical of oil field gases.
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Figure 7. Carbon isotopic composition of methane as a function of depth with samples color
coded for stratigraphic sequence of the reservoir.
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Figure 8. Carbon isotopic composition of methane as a function of hydrocarbon gas
composition, shown as gas dryness, C,/C,,. Fields are |abeled to show the range of values

expected for methane generated by microbial processes and thermogenic cracking reactions.
Curving lines are hypothetical mixing models that show the range of compositions that can
occur due to mixing between microbial and thermogenic endmembers. The magentacurveisa
hypothetical mixing line between a“ Simpson-like” endmember and a “ Prudhoe Gas Cap”
type endmember. The red curve is the mixing line between avery light and dry microbial gas
and aless mature “Prudhoe-like” endmember. The green curve is a mixing line between the
light microbial endmember and a very wet, low thermal maturity gas. The vertical line shows
the possible effects of gas hydrate formation on the gas composition in shallow reservoirs
beneath and within permafrost.
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Figure 9. The carbon and hydrogen isotopic composition of methane with fields labeled
according to Schoell (Schoell, 1983) .
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Figure 10. The natural gas plot (Chung, Gormly, and Squires, 1988) showing the
carbon isotopic composition of individua hydrocarbons as a function of the
carbon number (C,,) of the hydrocarbon. Gases from Walakpa, Wolf Creek, and

Umiat fields and one laboratory generated gas from the Hue Shale (see Figure


http://www.usgs.gov/

10E) are shown in 10A. Ranges of the carbon isotopic composition of kerogen
from the Shublik Formation, Kingak Shale, Torok Formation shales, and the
Pebbl e shale unit are shown adjacent to the y-axis. Data are from (Burwood,
Cole, and others, 1985; Schoell, Wehner, and Coleman, 1985) . Figure 10B
shows gases from the South Barrow and East Barrow fields. Gases from the
greater Prudhoe Bay area are shown in figure 10C. Additional gases from the
greater Prudhoe Bay area and the adjacent fields on the western edge of the
greater Kuparuk River field (Masterson, 2001) are shown in 10D. Gases
generated in the laboratory during hydrous pyrolysis of North Slope source rocks
are shown in Figure 10E. Seetext for discussion.
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Figure 10. The natural gas plot (Chung, Gormly, and Squires, 1988) showing the
carbon isotopic composition of individua hydrocarbons as a function of the
carbon number (C,,) of the hydrocarbon. Gases from Walakpa, Wolf Creek, and

Umiat fields and one laboratory generated gas from the Hue Shale (see Figure


http://www.usgs.gov/

10E) are shown in 10A. Ranges of the carbon isotopic composition of kerogen
from the Shublik Formation, Kingak Shale, Torok Formation shales, and the
Pebbl e shale unit are shown adjacent to the y-axis. Data are from (Burwood,
Cole, and others, 1985; Schoell, Wehner, and Coleman, 1985) . Figure 10B
shows gases from the South Barrow and East Barrow fields. Gases from the
greater Prudhoe Bay area are shown in figure 10C. Additional gases from the
greater Prudhoe Bay area and the adjacent fields on the western edge of the
greater Kuparuk River field (Masterson, 2001) are shown in 10D. Gases
generated in the laboratory during hydrous pyrolysis of North Slope source rocks
are shown in Figure 10E. Seetext for discussion.
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Figure 10. The natural gas plot (Chung, Gormly, and Squires, 1988) showing the
carbon isotopic composition of individua hydrocarbons as a function of the
carbon number (C,,) of the hydrocarbon. Gases from Walakpa, Wolf Creek, and

Umiat fields and one laboratory generated gas from the Hue Shale (see Figure


http://www.usgs.gov/

10E) are shown in 10A. Ranges of the carbon isotopic composition of kerogen
from the Shublik Formation, Kingak Shale, Torok Formation shales, and the
Pebbl e shale unit are shown adjacent to the y-axis. Data are from (Burwood,
Cole, and others, 1985; Schoell, Wehner, and Coleman, 1985) . Figure 10B
shows gases from the South Barrow and East Barrow fields. Gases from the
greater Prudhoe Bay area are shown in figure 10C. Additional gases from the
greater Prudhoe Bay area and the adjacent fields on the western edge of the
greater Kuparuk River field (Masterson, 2001) are shown in 10D. Gases
generated in the laboratory during hydrous pyrolysis of North Slope source rocks
are shown in Figure 10E. Seetext for discussion.
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Figure 10D
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Figure 10. The natural gas plot (Chung, Gormly, and Squires, 1988) showing the
carbon isotopic composition of individua hydrocarbons as a function of the
carbon number (C,,) of the hydrocarbon. Gases from Walakpa, Wolf Creek, and

Umiat fields and one laboratory generated gas from the Hue Shale (see Figure


http://www.usgs.gov/

10E) are shown in 10A. Ranges of the carbon isotopic composition of kerogen
from the Shublik Formation, Kingak Shale, Torok Formation shales, and the
Pebbl e shale unit are shown adjacent to the y-axis. Data are from (Burwood,
Cole, and others, 1985; Schoell, Wehner, and Coleman, 1985) . Figure 10B
shows gases from the South Barrow and East Barrow fields. Gases from the
greater Prudhoe Bay area are shown in figure 10C. Additional gases from the
greater Prudhoe Bay area and the adjacent fields on the western edge of the
greater Kuparuk River field (Masterson, 2001) are shown in 10D. Gases
generated in the laboratory during hydrous pyrolysis of North Slope source rocks
are shown in Figure 10E. Seetext for discussion.
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Figure 10. The natural gas plot (Chung, Gormly, and Squires, 1988) showing the
carbon isotopic composition of individua hydrocarbons as a function of the
carbon number (C,,) of the hydrocarbon. Gases from Walakpa, Wolf Creek, and

Umiat fields and one laboratory generated gas from the Hue Shale (see Figure


http://www.usgs.gov/

10E) are shown in 10A. Ranges of the carbon isotopic composition of kerogen
from the Shublik Formation, Kingak Shale, Torok Formation shales, and the
Pebbl e shale unit are shown adjacent to the y-axis. Data are from (Burwood,
Cole, and others, 1985; Schoell, Wehner, and Coleman, 1985) . Figure 10B
shows gases from the South Barrow and East Barrow fields. Gases from the
greater Prudhoe Bay area are shown in figure 10C. Additional gases from the
greater Prudhoe Bay area and the adjacent fields on the western edge of the
greater Kuparuk River field (Masterson, 2001) are shown in 10D. Gases
generated in the laboratory during hydrous pyrolysis of North Slope source rocks
are shown in Figure 10E. Seetext for discussion.
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Figure 11. Carbon dioxide concentration as a function of the carbon isotopic composition of
CO,, with samples distinguished by stratigraphic sequence of the reservoir.
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Figure 12
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Figurel2. Carbon dioxide concentration as a function of the difference in carbon isotopic
composition of ethane (C,) and propane (C3). Arrows indicate different paths for gases

altered by microbial oxidation of ethane and propane.
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