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Assessment of Undiscovered Qil and Gas Resources in the
Central North Slope of Alaska, 2020

(]sing a geology-based assessment methodology, the U.S. Geological Survey estimated undiscovered, technically recoverable
mean resources of 3.6 billion barrels of oil and 8.9 trillion cubic feet of natural gas (associated and nonassociated) in conventional
accumulations in Mississippian through Paleogene strata in the central North Slope of Alaska.
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century lie along the Barrow Arch, a giant subsurface structure
along the Arctic coast of the central North Slope (fig. 2).

More recently, significant oil discoveries in stratigraphic
traps in the Beaufortian Sequence (for example, the Colville
River [or Alpine] Field) have stimulated exploration south of the
Barrow Arch. This trend in exploration has resulted in significant
(likely giant) oil discoveries between 2013 and 2017 at shallow
(around 4,000 feet or 1,200 meters) depths in the Brookian
Sequence (Houseknecht, 2019b). These latest discoveries have
stimulated renewed leasing across the central North Slope, sug-
gesting that the Brookian Sequence will be the main focus of
exploration in coming years.

Total Petroleum System and Assessment Units

Rich, oil-prone source rocks are in the Ellesmerian,
Beaufortian, and Brookian Sequences in various parts of the
assessment area (Houseknecht, 2019a). Studies of oil geo-
chemistry from producing oil fields indicate that certain oil

accumulations were sourced mainly from one of those source
rocks and that many oil accumulations represent mixtures of

oil from two or more of those source rocks (for example, Wang
and others, 2014). Since the spatial distribution of oil generated
from each specific source rock is poorly known and mixing of
oils from multiple source rocks occurred, we consider the central
North Slope to be part of the Arctic Alaska Composite Total
Petroleum System (Bird and Houseknecht, 2011).

Six assessment units (AUs) were defined in the Ellesme-
rian, Beaufortian, and Brookian Sequences, all of which con-
tain known and potential reservoirs (Houseknecht, 2019a).
Ellesmerian and Beaufortian strata are each divided into north
and south AUs. The north AUs are mainly in the oil window
(more oil accumulations than gas accumulations are anticipated),
and potential traps include stratigraphic, unconformity, fault-
block, and subtle fold geometries. The south AUs are mainly
in the gas window (more gas than oil accumulations are antici-
pated), and potential traps include thrust-faulted and folded
structures and stratigraphic geometries.
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Figure 2. Cross section of the central North Slope showing generalized stratigraphic and structural relationships from the Brooks Range
to the Beaufort Sea shelf edge (location shown in fig. 1). The stratigraphic positions of three main source rocks are shown schematically:
the Shublik Formation near the top of the Ellesmerian Sequence, the Kingak Shale at the base of the Beaufortian Sequence, and the
Brookian at the base of—and as tongues within—the Brookian Sequence. Source rocks are thermally immature above the segmented-
blue line, in the thermally mature oil window between the segmented blue and orange lines, and in the thermally supramature gas window
below and south of the orange line. Figure modified from Bird and Houseknecht (2011) and Houseknecht (2019a).



Two AUs are defined in Brookian strata based on seismic-
reflection character. Brookian strata that display foreset and
bottomset seismic facies include marine slope and deepwater
deposits; Brookian strata that display topset seismic facies
include shallow marine, shoreface, delta, and nonmarine
deposits. Both Brookian AUs are mainly in the oil window, and
potential traps include stratigraphic and structural geometries.
Significantly, Brookian strata in the Torok (foreset-bottomset)
and Nanushuk (topset) Formations in the central North Slope
are excluded from this assessment because they were previ-
ously assessed (Houseknecht and others, 2017).

Undiscovered Resources Summary

Input data and results of the USGS quantitative assessment
in the central North Slope of Alaska are shown in tables 1 and 2.
The fully risked, estimated mean total resources for the central
North Slope include 3,591 million barrels of oil (MMBO), or
3.6 billion barrels of oil, and 8,942 billion cubic feet of natural
gas (BCFG, including both associated and nonassociated), or
8.9 trillion cubic feet of natural gas, and 67 million barrels of
natural gas liquids in conventional reservoirs.

The largest undiscovered oil resources are assessed in the
two Brookian AUs. The Brookian Topset AU is estimated to
hold between 443 and 3,502 MMBO (F95-F5) with a mean of

Table 1.

1,573 MMBO. The Brookian Foreset-Bottomset AU is estimated
to hold between 239 and 2,443 MMBO (F95-F5) with a mean of
975 MMBO. These estimates include large ranges of uncertainty,
which reflect the immature stage of exploration for stratigraphic
traps in Brookian strata. Assessed oil resources are smaller in

the Beaufortian Strata North (ranging from 161 to 1,401 MMBO
with a mean of 577 MMBO) and Ellesmerian Strata North (rang-
ing from 91 to 869 MMBO with a mean of 356 MMBO) AUs, a
reflection of the mature stage of exploration and relatively small
size of remaining untested targets in those strata. Assessed oil
resources are significantly smaller in the Beaufortian Strata South
(ranging from 0 to 174 MMBO with a mean of 45 MMBO) and
Ellesmerian Strata South (ranging from 16 to 216 MMBO with

a mean of 65 MMBO) AUs because most accumulations are
expected to be nonassociated gas rather than oil.

The largest undiscovered gas resources are assessed in the
Ellesmerian Strata South (total mean of 2,673 BCFG, including
nonassociated and associated gas) and Beaufortian Strata
South (total mean of 1,874 BCFG, including nonassociated and
associated gas) AUs, mainly a reflection of the high thermal
maturity of the southern parts of the central North Slope. These
estimates are characterized by large ranges of uncertainty
owing to exploration evidence that the southern area is gas-
prone and to the lack of historical drilling in the absence of a
market for North Slope gas.

Key input data for six conventional assessment units in the central North Slope of Alaska.

[AU, assessment unit; MMBO, million barrels of oil; BCFG, billion cubic feet of gas. Shading indicates not applicable]

_ Ellesmerian Strata North AU Ellesmerian Strata South AU

Number of oil fields 1 13 50 14.3 1 3 5 3.0
Number of gas fields 1 2 12 2.3 1 22 80 24.0
Size of oil fields (MMBO) 5 10 1,000 24.9 5 7 1,500 214
Size of gas fields (BCFG) 30 60 8,000 168.2 30 42 6,000 107.8
AU probability 1.0 1.0

Beaufortian Strata North AU

Beaufortian Strata South AU

Number of oil fields 1 22 70 23.6 1 3 20 3.6
Number of gas fields 1 3 21 3.6 1 22 80 24.0
Size of oil fields (MMBO) 5 8 1,500 245 5 7 1,000 18.0
Size of gas fields (BCFG) 30 48 6,000 123.3 30 42 6,000 107.8
AU probability 1.0 0.7
Brookian Topset AU Brookian Foreset-Bottomset AU

Number of oil fields 1 32 115 34.8 1 24 83 26.0
Number of gas fields 1 3 34 4.0 1 6 9 6.0
Size of oil fields (MMBO) 5 13 2,500 45.1 5 10 2,500 37.5
Size of gas fields (BCFG) 30 70 10,000 208.3 30 60 11,000 193.9
AU probability 1.0 1.0




Table 2. Results for six conventional assessment units in the central North Slope of Alaska.

[MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids. Results shown are fully
risked estimates. F95 represents a 95-percent chance of at least the amount tabulated; other fractiles are defined similarly. Shading indicates not applicable]

Total undiscovered resources

Arctic Alaska Composite Total Petroleum System
0Oil 91 284 869 356 63 199 612 249 1 2 6 2
Ellesmerian Strata North AU 1.0
Gas 40 185 1,392 393 0 1 10 3
Oil 16 32 216 65 23 48 324 98 0 0 3 1
Ellesmerian Strata South AU 1.0
Gas 742 2,098 6,124 | 2,575 5 15 43 18
Oil 161 463 | 1,401 577 113 324 985 404 1 3 9 4
Beaufortian Strata North AU 1.0
Gas 69 244 1,495 448 1 11 3
0Oil 0 21 174 45 0 32 262 68 0 0 2 1
Beaufortian Strata South AU 0.7
Gas 0 1,462 5,480 | 1,806 0 10 38 13
. Oil 443 1,332 | 3,502 | 1,573 87 265 711 315 1 2 6 3
Brookian Topset AU 1.0
Gas 76 405 3,036 824 1 3 21 6
. Oil 239 776 | 2,443 975 143 466 1,468 585 1 4 13 5
Brookian Foreset—Bottomset AU 1.0
Gas 280 745 3,584 | 1,177 2 5 25 8
Total undiscovered conventional
resources 950 2,908 | 8605 | 3591 | 1,636 6,473 | 25473 | 8,942 13 47 187 67
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For More Information

Assessment results are also available at the USGS Energy Resources Program website at https://energy.usgs.gov.
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