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PETROLEUM EXPLORATION PLAYS
AND RESOURCE ESTIMATES, 1989,
ONSHORE UNITED STATES—REGION 1, ALASKA;
REGION 2, PACIFIC COAST

Richard B. Powers, Editor

INTRODUCTION

By Richard B. Powers

This study provides brief discussions of the petroleum
geology, play descriptions, and resource estimates of 220
individually assessed exploration plays in all 80 onshore
geologic provinces within nine assessment regions of the
continental United States in 1989; these 80 onshore prov-
inces were assessed in connection with the determination
of the Nation’s estimated undiscovered resources of oil
and gas. The present report covers the 25 provinces that
make up Region 1, Alaska, and Region 2, Pacific Coast.
It is our intention to issue Region 3, Colorado Plateau and
Basin and Range, and Region 4, Rocky Mountains and
Northern Great Plains, in book form as well. Regions 5
through 9 (West Texas and Eastern New Mexico, Gulf
Coast, Midcontinent, Eastern Interior and Atlantic Coast)
will be released individually, as Open-File Reports.

The report is an outgrowth of, and is based on, stud-
ies that led to the publication of “Estimates of undiscov-
ered conventional oil and gas resources in the United
States—A part of the Nation’s energy endowment” (Mast
and others, 1989). That report, a cooperative effort by the
USGS (U.S. Geological Survey) and MMS (Minerals
Management Service), presented estimates of undiscovered
conventionally recoverable oil and gas for both the
onshore and offshore geologic provinces of the Nation.
The data sources, assumptions, and methodologies used in
the development of these estimates are summarized in
Mast and others (1989) and described in more detail in a
joint USGS-MMS Working Paper, U.S. Geological Survey
Open-File Report 88-373 (1988). The plays discussed in
this present report are those that are located exclusively
within the onshore United States and adjoining State off-
shore areas, as assessed by the USGS. All estimates of
undiscovered oil and gas resources are as of January 1,

Al

1987; additional data received after that date were not
incorporated into the assessment.

In the 1989 National appraisal of undiscovered oil
and gas resources, plays were the basic unit for quantita-
tive estimates; this report presents not only the play
estimates, but also the framework and petroleum geology
for each of these basic units. Play discussions here
summarize the open-file reports which were prepared by
the geologists assigned to each assessment area. We are
presenting the resource estimates and narrative descrip-
tions at this basic play level because of the great interest
shown by the public, State Geological Surveys, the oil and
gas industry, and workers involved in oil and gas
appraisal.

Sources of information for province studies included
published and purchased data, data from USGS studies in
progress, data from previous resource assessments, data
from State Geological Surveys, and analysis of geological,
geochemical, and geophysical data from various sources
utilized in developing and defining plays. Computerized
drilling and well completion data from oil and gas explor-
atory and development wells came from PI WHCS (Petro-
leum Information Corporation’s Well History Control
System). In addition, data on oil and gas fields were
obtained from the “Significant oil and gas fields of the
United States” file of NRG Associates, Inc., of 1986, and
from the PI PDS (Petroleum Data System) computerized
file of 1986. Additional statistical information on field
production and reserves was obtained from yearly publica-
tions of various State oil and gas commissions, or their
equivalents.

Uncertainties are inherent in estimating undiscovered
quantities of oil and gas. Play estimates presented here
are judgmental and are based upon a variety of geologic
data, records of exploration successes and failures, produc-
tion histories, assumptions of economic and technical con-
ditions, and appraisal methods. Methodologies were
developed to aid in making decisions under conditions of
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Figure 1. Diagrammatic representation of petroleum resource
classification (from Mast and others, 1989) representing conven-
tional oil and gas resources. Area within heavy frame on upper
right represents the undiscovered recoverable resources estimated
in this study.

uncertainty, and the results are presented as ranges of val-
ues with associated probabilities of occurrence. The esti-
mates should be viewed as indicators, not absolutes, of the
petroleum potential of the plays. The plays range from
those in mature, established producing basins, to highly
speculative, frontier-type plays in provinces that have
experienced scant exploration or wildcat drilling.

COMMODITIES ASSESSED

Commodities assessed in this study are crude oil, nat-
ural gas, and natural gas liquids that exist in conventional
reservoirs. Terms defined here are standard usage of the
oil and natural gas industry and of resource estimation.

Undiscovered recoverable resources—Resources in
undiscovered accumulations analogous to those in existing
fields which are producible with current recovery technol-
ogy and efficiency, but without reference to economic via-
bility. These accumulations are considered to be of
sufficient size and quality to be amenable to conventional
recovery technology. These resources occupy the area of
the heavily framed box in figure 1.

Conventional resources—Resources included in this
category are crude oil, natural gas, and natural gas liquids
that exist in reservoirs or in a fluid state amenable to
extraction techniques employed in traditional development
practices. They occur as discrete accumulations. They do
not include oil occurring within extremely viscous and
intractable heavy oil deposits, tar deposits, or oil shales, or
gas from low-permeability “tight” sandstone and fractured
shale reservoirs having in situ permeabilities to gas of less
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Figure 2. Index map showing petroleum regions assessed in this
study. Heavy lines are region boundaries; short-dashed lines are
State boundaries.

than 0.1 millidarcy, coal bed methane, gas in geopressured
shales and brines, or gas hydrates.

AREAS OF STUDY

The primary organization of this report is by region
(fig. 2); the nine regions described correspond to those in
Mast and others (1989). Discussion of each region begins
with description of its geologic framework, modified from
Mast and others (1989). Discussion of provinces in the
region follows; the format for each province includes an
introduction covering the geologic setting, exploration his-
tory, age of sediments, and a generalized stratigraphic
chart. (No stratigraphic chart is provided for a province
where no individual plays were assessed; a map of the
province is substituted, because no specific stratigraphy is
given in that province.) Following each province intro-
duction is systematic discussion of its individual plays.
The play format includes the play name, narrative discus-
sion, and two illustrations, (1) a province map with the
area of the particular play emphasized, and (2) a tabular
form showing the original input data for the play
appraisal.

Areas of State but not Federal waters are included in
the assessment of adjacent onshore regions and provinces.
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The boundaries of State waters are 3 nautical miles offshore
for the Pacific and Atlantic coasts and for the Alabama
coast of the Gulf of Mexico. Louisiana and Mississippi
have decreed State water boundaries that vary slightly from
3 nautical miles. For the Texas and Florida coasts of the
Gulf of Mexico, the boundaries of State waters are 3 marine
leagues (10.36 statute miles) offshore. In addition, all mar-
itime boundaries and limits depicted on maps in the report
are for initial planning purposes only, and do not prejudice
or affect United States jurisdiction in any way.

Regions are basically geographic in character; how-
ever, their outlines reflect an attempt to group individual
provinces along broad geologic lines. Provinces are con-
structed around natural geologic entities and may include a
single dominant structural element, or a number of contig-
uous elements; they are named for structural or geographic
features within their boundaries. These boundaries, fol-
lowing State and county lines wherever possible, facilitate
the use of production, reserve, and other reported data. A
play is named after the most dominant feature or charac-
teristic of a structural, stratigraphic, or geographic nature
that best identifies it. Its name can also apply to a con-
cept. Many plays described herein are recognized from
their titles by the petroleum industry, but play titles are in
no way formal geologic or stratigraphic names.

PLAY DISCUSSION FORMAT

Individual plays described and assessed in this report
include only those that were estimated to have undiscov-
ered accumulations greater than 1 MMBO (million barrels
of oil) or 6 BCFG (billion cubic feet of gas). Plays
judged to have undiscovered accumulations that fell below
that threshold were assessed separately for the provinces
as a whole, and are not described in the report. A play is
defined as a group of geologically related known or undis-
covered accumulations and (or) prospects having similar
characteristics of hydrocarbon source, reservoir, trap, and
geologic history.

In order to achieve some degree of consistency in
narrative discussions of a great number and variety of
plays, a topical outline based on the definition of an
exploration play has been used. Each play discussion
notes the play characteristics, followed by descriptions of
(1) reservoirs, (2) source rocks and related geochemistry,
(3) timing of generation and migration of hydrocarbons,
(4) traps (types, sizes, seals, and drilling depths),
(5) exploration status (history, discovered volumes, field
sizes, and hydrocarbon types), and (6) qualitative future
hydrocarbon potential and factors limiting that potential.
Although the discussions adhere to the order of the topi-
cal outline, it will be apparent that some inconsistency
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occurs in the amount of detail and coverage of each topic
from one play to another. This is due to the relative
abundance or lack of data pertinent to each play and is
unavoidable in a report of this scope.

Play discussions here are, of necessity, brief summa-
ries. More detailed play information can be found in the
province open-file reports, which are listed in the refer-
ences at the close of each region. The number of individ-
ually assessed plays in each province ranges from 1 to as
many as 13; however, most provinces contain 3-5 plays.
Each play title is followed by a sequence number (for
example, Topset Play (020)), and these also appear on
the table of resource estimates at the close of each
region. Table 1 (Region 1) is on page A68; table 2
(Region 2) is on page A137.

ASSESSMENT PROCEDURES
AND METHODS

Assessments of undiscovered recoverable oil and gas
in the individual plays in each province, and resources in
small (<1 MMBO or <6 BCFG) accumulations were based
upon review and analysis of the petroleum geology and
exploration history of each province that incorporated the
most recent geologic and geophysical information avail-
able as of January 1, 1987. In the National assessment,
220 plays covering the onshore and State offshore areas
were identified, and for each individually assessed play,
undiscovered oil and gas resources were estimated. Plays
judged to contain more than 1 MMBO or 6 BCFG were
individually assessed; plays judged to contain less than
those amounts were treated differently, as described fol-
lowing. See Mast and others (1989) and USGS-MMS
(1988) for a detailed discussion of this assessment, its
assumptions, methods, and results.

In the play analysis method, geologic settings of oil
and gas occurrence are modeled. The play is treated as a
collection of accumulations (pools, fields) of similar geo-
logic risk sharing common geologic characteristics that
include reservoir and source rocks and known or sus-
pected trapping conditions. A team of geoscientists made
judgments as to the probability of the occurrence of those
geologic factors necessary for the formation of hydrocar-
bon accumulations, and quantitatively assessed each factor
as a geologic attribute of the play; the team then estimated
the numbers and sizes of accumulations as probability dis-
tributions, conditional on favorable play attributes. All of
this information was entered on the play data input form,
which is included in each play discussion in this report. A
computer program then performed the resource calcula-
tions on the basis of the assessment information in the
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input form, employing an analytical method based on
probability theory. Final, undiscovered oil and gas esti-
mates for each play, based on this method, are shown on a
table of estimates at the end of the discussion for each
region.

Probabilistic estimates of recoverable oil and gas in
accumulations smaller than the established size cut-off
(1MMBO, 6 BCFG) were made separately. These
estimates of small accumulations were based primarily
on log-geometric extrapolations of numbers of fields into
field-size classes smaller than the cut-offs. Estimates of
undiscovered resources for these small fields were made
for the province as a whole, rather than for the
individual plays. These are shown in the tables of esti-
mates as: Oil <1 MMB and Gas <6BCF. In addition,
minor plays and very mature, or nearly depleted plays
not assessed individually are included in the tables of
estimates as: Other Occurrences >1 MMBO and Other
Occurrences >6 BCFG. Ratios of associated-dissolved
gas to oil, and NGL (natural gas liquids) to gas, were
estimated from historical production data and used for
calculation of these components.
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GLOSSARY

Play. A group of geologically related known or undiscovered accumulations and (or)
prospects having similar characteristics of hydrocarbon source, reservoir, trap and
geologic history.

Field. A single pool or multiple pools of hydrocarbons grouped on, or related to, a single
structural or stratigraphic feature.

Prospect. A geologic feature having the potential for trapping and accumulating hydro-
carbons.

Crude oil. A mixture of hydrocarbons present in underground reservoir rocks in a liquid
state that remains in a liquid state as it is produced from wells.

Associated gas. Free natural gas, occurring as a gas cap, in contact with and above an oil
accumulation within a reservoir.

Dissolved gas. Natural gas dissolved in crude oil within a reservoir.

Nonassociated gas (NA). Natural gas that is neither associated with nor in contact with
crude oil within a reservoir.

Natural gas liquids (NGL). Those portions of reservoir gas that are liquified at the
surface in lease separators, field facilities, or gas processing plants. NGL is reported
only in the tables of estimates in this report.

MMBO. Millions (109) of barrels of oil (standard stock tank barrels of crude oil, 42 gal-
lons per barrel).

BBO. Billions (10°) of barrels of oil.

BOPD. Barrels of oil per day.

BCFG. Billions (10%) of cubic feet of gas (standard cubic feet of gas at 14.73 pounds per
in.2 and 60 °F). Hydrocarbon gases only.

TCFG. Trillions (1012) of cubic feet of gas.

MMBOE. Millions of barrels of oil equivalent (conversion factor utilized is 6,000 ft3 of
gas=1 BOE).
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GEOLOGIC FRAMEWORK

By Richard B. Powers

Region 1 is subdivided into 14 provinces (numbers 058-071) (fig. 3), which con-
tain a total of 19 individually assessed plays; however, 1 play was common to 4 prov-
inces, the Tertiary Basins play, and was treated collectively. In this particular case, the
play was included and described in the Alaska Interior Province (062) discussion.

The geology of Region 1 is varied and complex. Much of the region is composed
of a mosaic of crustal terranes that have accreted to the ancestral North American cra-
tonic margin. Associated with this mosaic are sedimentary basins, some of which have
been strongly deformed and contain altered rocks of little petroleum potential. However,
many younger, less deformed basins contain significant potential. The most significant
in terms of petroleum are the composite basins, such as the North Slope basin, which
encompasses the northern part of the Brooks Range, the Foothills, and the Arctic
Coastal Plain, including parts of State offshore waters. Large quantities of oil and gas
are present in Triassic reservoirs at Prudhoe Bay field (the largest oil field in North
America), Mississippian reservoirs at the Lisburne and Endicott fields, and Cretaceous
reservoirs at Kuparuk River field. Significant additional potential is estimated in Paleo-
zoic, Mesozoic, and Tertiary reservoirs in this basin, including the folded and faulted
rocks of the northern Brooks Range.

Basins containing nonmarine Cenozoic rocks constitute the most numerous of the
Alaskan basins but are poorly known because of extensive alluvial cover. In general,
they occupy the interior parts of Alaska. The Cook Inlet basin (067), the best known
example, contains large accumulations of oil and gas onshore and in State waters.
These basins are characterized by nonmarine fill and are often associated with major
faulting. Reservoirs are primarily sandstone units. Most of these basins are considered
to be gas prone, and undiscovered resources are estimated to be small.

Basins containing Cenozoic marine rocks are most commonly found on the Ber-
ing Shelf and Pacific margins of Alaska. They include the Bristol (064) and Gulf of
Alaska (069) basins. Basins of the Pacific margin generally lie in a forearc setting and
have accumulated thick sequences of Tertiary marine sediments, and include trans-
ported terranes. Significant hydrocarbon accumulations have not yet been discovered in
these areas, and the potential appears limited by poor reservoir and source-rock
characteristics.

The considerable petroleumn potential of onshore Alaska is localized in the North
Slope area, concentrated mainly in the Arctic Coastal Plain (058), but also in the Foot-
hills provinces (059, 060). Development of future discoveries on the North Slope and
elsewhere in onshore Alaska will be dependent on their proximity to the existing
pipeline system.
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OIL AND GAS PLAY DATA

PLAY TERTIARY BASINS
PROVINCE ALASKA INTERIOR CODE  01-062-020
Play attributes
Probability of attribute being
favorable or present

Hydrocarbon source (S) 1.00

Timing (T) 1.00

Migration (M) 1.00

Potential reservoir-rock facies (R) 1.00

Marginal play probability (MP) 1.00

(§xTxMxR = MP)

Accumulation attribute, conditional on favorable play attributes

6 9
Minimum size assessed: oil, 1 x 10 BBL; gas, 6 x 10 CFG
bility of I
At least one undiscovered accumulation of at 1.00
least minimum size assessed ’

Character of undiscovered accumulations, conditional on at least one

undiscovered present
Reservoir lithology ‘obability of occurrenc:
Sandstone
Carbonate rocks
Other
Hydrocarbon type
Qil 0
Gas 1
Fractiles * (estimated amounts)
Fractile percentages * ----_ 100 95 75 50 25 5 [/]
Accumulation ssize
0Oil (x 10 BBL) 0 ()} 0 0 0 0 0
9
Gas (x 10 CFG) 100 300 700 1000 1600 2400 4000
3
Reservoir depth (x10 ft)
Oil 0 []
Gas (non-associated) 0 0 0
Number of accumulations 1 1 1 1 1 i 1
Average ratio of associated-dissolved gas to oil (GOR) 0 CFG/BB%.
Average ratio of NGL to non-associated gas 006 BBL/10 CFG
6
Average ratio of NGL to associated-dissolved gas 0 BBL /10 CFG

* For example, fractile percentage 95 represents a 19 in 20 chance of the occurrence of at least
the fractile tabulated.
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BRISTOL BASIN PROVINCE (064)
By Leslie B. Magoon

INTRODUCTION

The Bristol Basin province is elongate in configuration and fringes Bristol Bay,
covering about 25,000 mi2 in area. The province extends 500 mi from Unimak Island
on the southwest to Illiamna Lake in the northeast. Part of it borders the Alaska Penin-
sula province (068) and Pacific Ocean on the southwest, the Cook Inlet province (067)
on the east, and the Alaska Interior province (062) on the north (fig. 3).

The province includes part of the Alaska Peninsula fold belt—a broadly folded
sequence of mostly Mesozoic sedimentary and volcanic rocks (fig. 23) more than
20,000 ft thick—and the onshore part of the Tertiary Bristol basin. The Bristol basin
and contiguous North Aleutian basin are back-arc basins that began to form in early
Tertiary time and were filled with more than 12,000 ft of mostly marine siliciclastic
sediment. Basin fill was probably derived from the Aleutian volcanic arc to the south
and from the complex of igneous, metamorphic, and sedimentary rocks that make up
the southwest part of Alaska, located to the north and northeast of the basin. The lower
Tertiary section consists of coal-bearing sandstone and mudstone, the Eocene part of
which is volcaniclastic. The upper Tertiary part of the section consists of shallow
marine to nonmarine coal-bearing sandstone and mudstone grading upward to nonma-
rine sand and gravel.

Sporadic exploration has been conducted in the province since 1959 with the drill-
ing of 11 wells, 9 of which are located in the Bristol basin (fig. 24). The most recent
well was drilled in 1985. Indications of gas are reported in some wells with minor oil
indications in early Tertiary and pre-Tertiary rocks. No hydrocarbon accumulations
have been found. One play, the Tertiary play, was individually assessed.
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TERTIARY PLAY (020)

The Tertiary play involves structural (mainly domal) traps for gas in sandstone
reservoirs of Tertiary age. The Beluga-Sterling play in the Cook Inlet province (067) is
an analog for the play, because the expected gas is primarily microbial in origin with
only minor amounts of thermal gas. The play includes only those areas that are covered
by Tertiary sediments. Expected source rocks for the play are sediments containing
coal or humic kerogen (Type III). Adequate seals are shale and siltstone that overlie
the sandstone reservoirs.

Reservoirs may include nonmarine sandstone units similar to those in the Beluga
and Sterling Formations as well as some shallow marine sandstone. The analog reser-
voirs have water saturations of 35-50 percent, porosities of 10-37 percent, and perme-
abilities of 3.5-4,400 millidarcies. Net pay thickness ranges from 20 to 200 ft.

Because overburden is not required to create microbial gas from source rocks,
undiscovered gas accumulations may be found wherever thin but adequate seal rock
exists in association with reservoirs in a trapping condition. In addition, thermogenic
gas is from humic or coaly source rocks, the anticipated type of sediments in the play,
at depths greater than 10,000 ft. The future gas potential is estimated to be fair.
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Table1. Region 1, Alaska—Estimates of undiscovered recoverable conventional oil, gas, and natural gas liquids (NGL) in onshore
provinces and adjacent State waters, by play.

[Province and region totals are given except for the North Slope provinces 058, 059, and 060, which are totaled as a unit, because of play apportionment among them.
Mean value totals may not be equal to the sums of the component means because numbers have been independently rounded. Fractile values (Fgs, F5) are not additive
and represent estimates with a 19 in 20 chance and a 1 in 20 chance, respectively, of at least these tabulated estimates. Gas includes both nonassociated and associated-
dissolved gas. Negl., negligible quantity; -, no estimate]

Crude oil Total gas NGL
(Millions of barrels) (Billions of cubic feet) (Miltions of barrels)
Fos Fs Mean Fos Fs Mean Fos Fs Mean
058 Arctic Coastal Plain
020  Topset 533.6 6,7159  2,542.1 43.2 2,2742 647.6 0.0 0.0 0.0
030 Western Turbidite 18.0 2319 90.3 642.8 3,761.7 1,796.2 12.9 75.2 359
040  Eastern Turbidite 386.0 2,750.7 1,230.3 1,303.6 9,656.8  4,270.1 52.1 386.3 1708
050 Barrow Arch 5754 4,599.0 1,984.1 892.7 10,3700  4,016.9 35.7 4148 160.7
060  Ellesmerian Clastics? 9.8 251.7 83.0 1,229.1 14,380.0  5,562.0 184 215.8 834
070 Lisburne 0.0 0.0 0.0 599.5 10,726.0  3,724.1 9.0 160.9 559
080  Lisburne Unconformity 0.0 138.0 30.1 0.0 5,685.8 1,585.2 0.0 142.1 39.6
090  Endicott 0.0 0.0 0.0 0.0 614.5 216.6 0.0 92 32
320 Oil <t MMB 215 69.9 414 108 35.0 20.7 0.2 0.7 04
330 Gas <6 BCF 0.0 0.0 0.0 150.4 459 2735 3.0 89 5.5
059 Northern Foothills
020  Fold Belt West? 209.0 2,0384 8300 3,346.9 18,7420  9,083.7 50.2 281.1 1363
030  Fold Belt East® 4442 2,995.0 1,363.6 598.0 5,081.7  2,153.8 17.9 152.5 64.6
320  Oil <1 MMBY 214 86.1 470 214 86.1 470 04 1.7 0.9
330 Gas <6 BCFd 0.0 0.0 0.0 94.0 3759 205.4 1.9 7.5 4.1
060 Southern Foothills-Brooks Range
020  Thrust Belt West 00 1,052.9 240.7 0.0 10,6720 2,773.8 0.0 106.7 27.9
030  Thrust Belt East® 5934 11,8750 4,021.3 2,7219 50,7670 17,466.1 40.9 761.5  262.0
320 0il <1 MMBY 352 159.2 83.1 352 159.2 83.1 0.5 24 1.2
330  Gas <6 BCFY 0.0 0.0 0.0 74.2 305.8 165.3 1.1 4.6 2.5
*Total for North Slope provinces 2,502 33,838 12,587 10,545 146,400 54,091 224 2,769 1,055
058, 059, 060
061 Kandik
040  Cordilleran Thrust 0.0 486.8 109.5 0.0 486.8 109.5 0.0 0.0 0.0
320 Oil<1 MMB 0.0 28 04 0.0 2.8 0.4 0.0 0.0 0.0
Province total 0.0 4889 109.9 0.0 488.9 109.9 0.0 0.0 0.0
062 Alaska Interior
020  Tertiary Basins 0.0 0.0 0.0 408.7 2,600.3 1,207.5 Negl. 0.2 0.1
330 Gas <6 BCF 0.0 0.0 0.0 42.7 248.9 119.0 0.0 0.0 0.0
Province total 0.0 0.0 0.0 451.3 2,849.3 1,326.5 Negl. 0.2 0.1
063 Interior Lowlands (Incl. in 062)
064 Bristol Basin
020  Tertiary 0.0 0.0 0.0 75.5 518.1 234.8 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 40.7 145.7 83.0 0.0 0.0 0.0
Province total 0.0 0.0 0.0 1139 665.0 317.8 0.0 0.0 0.0
065 Hope Basin - - - - - - - - -
066 Copper River Basin (Incl. in 062)
067 Cook Inlet
020  Beluga-Sterling 0.0 0.0 0.0 2237 3,097.0 1,145.1 Negl. 0.2 0.1
030  Hemlock Conglomerate 76.9 579.8 2549 51.7 434.8 1912 0.0 0.0 0.0
320 Oil <1 MMB 154 60.6 333 115 45.5 25.0 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 829 299.4 170.0 Negl. Negl.  Negl
Province total 91.2 641.2 288.2 350.6 3,908.5 1,531.3 Negl. 0.2 0.1
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Table 1. Region 1, Alaska—Estimates of undiscovered recoverable conventional oil, gas, and natural gas liquids (NGL) in onshore
provinces and adjacent State waters, by play—Continued.

Crude oil Total gas NGL
(Millions of barrels) (Billions of cubic feet) (Millions of barrels)
Fos Fs Mean Fos Fs Mean Fos Fs Mean
068 Alaska Peninsula - - - - - - - - -
069 Gulf of Alaska
020 Tertiary Gas 0.0 0.0 0.0 0.0 1,645.8 288.5 0.0 6.6 1.2
030  Tertiary Oil 0.0 571.5 180.2 0.0 571.5 180.2 0.0 0.0 0.0
320 Oil <1 MMB 4.6 25.7 125 4.6 257 12.5 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 238 176.6 78.0 0.1 0.7 03
Province total 26.9 5784 192.7 327 2,001.5 559.2 0.1 5.5 1.5
070 Kodiak - - - - - - - - -
071 Southeastern Alaska - - - - - - - - -
REGION TOTAL 3,605 31,289 13,177 15,562 138,640 57,935 296 2,481 1,056

2 Play estimate shown has been apportioned to the Coastal Plain province (80 percent) and the Northern Foothills province (20 percent).
b Play estimate shown has been apportioned to the Northern Foothills province (98 percent) and the Southern Foothills-Brooks Range province (2 percent).

€ Play estimate shown has been apportioned to the Coastal Plain province (73 percent), the Northern Foothills province (25 percent), and the Southern
Foothills—Brooks Range province (2 percent).

d Estimates shown have been apportioned to the Coastal Plain, Northern Foothills, and Southern Foothills-Brooks Range provinces.

€ Play estimate shown has been apportioned to the Coastal Plain province (66 percent), the Northern Foothills province (30 percent), and the Southern Foothills-
Brooks Range province (4 percent).

*Estimates for North Slope provinces are not totalled individually because several plays are apportioned among the provinces, as indicated in the lettered footnotes.
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REGION 2, PACIFIC COAST

GEOLOGIC FRAMEWORK

By Richard B. Powers

Region 2, encompassing all of California, Oregon, and Washington, is subdivided
into 11 provinces (numbered 072-081A) (fig. 34). The total number of individually
assessed plays in these provinces is 21. The San Joaquin Basin province alone contains
one-third of the assessed plays in the region, and several provinces have no plays at all.

Because of the active tectonic history of Region 2, during which older basins were
destroyed and new ones created, rocks prospective for petroleum are limited mainly to
basins that formed during Cenozoic time.

Most of western Oregon and Washington is the site of a forearc basin composed of
great thicknesses of sedimentary and volcanic rocks of Tertiary age. The area is strati-
graphically complex but only moderately folded and faulted; only small occurrences of
gas and scattered shows of oil have been reported to 1987. Most of eastern Oregon and
Washington and part of northeastern California comprise a high plateau with a thick
volcanic cover. Because of this cover, basins in the province are poorly defined and the
distribution of prevolcanic rocks not well understood; however, thick sequences of
lower Tertiary and Upper Cretaceous sedimentary rocks are known to be present locally
beneath the volcanics and are considered to have potential for gas resources.

The Great Valley of California, composed of the San Joaquin and Sacramento
basins, is a forearc basin that has a thick sequence of marine and nonmarine rocks
which range in age from Late Jurassic to Holocene. The Great Valley is highly produc-
tive of gas in the north and of oil in the south. The area has a long history of explora-
tion, but future potential appears rather limited. Undiscovered resources are thought to
be in deeper parts of the basins, in subtle traps, in complex traps within producing
trends, and in a few relatively unexplored areas.

The California coastal basins are located south and west of the Great Valley. They
are small but typically contain very thick Neogene sedimentary rock fill. Several of
these basins have been exceedingly rich in discovered petroleum, particularly the Los
Angeles, Ventura, and Santa Maria basins. Principal producing zones are in Miocene
and Pliocene reservoir rocks, primarily sandstone units and fractured siliceous rocks.
Because of the extent of exploration, the potential for undiscovered resources in these
provinces is considered modest; most of the undiscovered oil is believed to be in deep
parts of the basins, in subtle traps, in complex traps in producing trends, and in other
areas of the basins that have been incompletely explored.
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Figure 34. Index map of lower 48 States, showing provinces assessed in Region 2 (front-shifted block). Names of provinces are listed

by number in the table of estimates (table 2, p. A137).
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WESTERN OREGON-WASHINGTON PROVINCE (072)

By Richard G. Stanley

INTRODUCTION

Province 072 includes western Oregon and Washington from the Cascade Range
westward to the 3-mile limit offshore, and from the Straits of Juan de Fuca southward
to the Klamath Mountains (location, fig. 34). The province is about 440 mi long and
50-140 mi wide. Most of this area lies within a forearc basin that is floored by Pale-
ocene and lower Eocene oceanic basaltic crust and contains as much as 25,000 ft of
Eocene and younger sedimentary and volcanic rocks (fig. 35).

More than 500 wells have been drilled in the province since 1900. A wildcat well
drilled near Ocean City, Wash., in 1957 produced about 12,000 barrels of 39° API
gravity paraffin-base oil; however, the well experienced rapid pressure decline and was
abandoned in 1962. Not until 1979 was the first commercial production in the province
established at the Mist gas field, northwest of Portland, Oreg. Only one play, the
Tertiary Gas play, was individually assessed in this province.

A72



REGION 1, ALASKA; REGION 2, PACIFIC COAST

UNIT
AGE West coast of g?ergg’r‘:ecsgg SouthernROregon
Washington Range Coast Range
. Quinault Troutdale
Pliocene Formation Formation J
P W N AN
o E; Il“l&l Empire Formation
® i i : g\ % Ve VeV
— 1R8] Pomona Member,
1133 Saddle Mountains
(— § j Basalt
]
o | o § { Frenchman
S| 1 Springs Member,
] ’7 i Wanapum Basalt
2|z : Grande Ronde Basalt
E — NAANANNNNNSNNY NSN N o Vg Vol
Unnamed
- Astoria Formation sandstone
= Hoh melange SNV DO TN
8 and broken .
formation
A% V]
2 \{ Mudstone of
[ 2 Oswald West
> & i
[r s = i
<| © |
= 3 W Ve WaWale W Wa by /a\ Ve AN o W ¥ N
i § Pittsburg Bluff Fm.| Tunnel Point Fm.
= 3
i .
i Keasey Formation | Bastendorff Shale
% il ?\f'“\’\’(\/\/\/\/\/\/\/\/
- Cowlitz Formation | Coaledo Formation
Ozette melange } I§: f
and broken Tillamook|: i
formation _ SVolcanics |: i
ol Yambill E
sls Formation i E
3|2 ? i
2|5 i E {HIREERE i
§ i| Tyee Formation
. Umpqgua Formation
z Siletz River
w exposed
? Siletz River
Volcanics
Paleo- Base not ‘
cene exposed Base not
exposed

Figure 35. Generalized stratigraphic column, Western
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TERTIARY GAS PLAY (020)

The Tertiary Gas play is characterized by gas accumulations in complexly faulted
structural and stratigraphic traps in quartzofeldspathic sandstone reservoirs (fig. 35).
The play is based on the assumption that the Mist gas field, the only field of commer-
cial size in the province, is an analog for additional undiscovered gas accumulations of
similar or larger size. The province and play boundaries are the same; the play includes
nearly all Tertiary sedimentary strata in western Oregon and Washington. Certain parts
of the province can be rejected outright as having no petroleum potential; these include
surface exposures of Paleocene and Eocene volcanic rocks, and an area of low-grade
Tertiary metamorphic rocks in the core of the Olympic Peninsula (fig. 36).

Known reservoirs are quartzofeldspathic sandstone units of shallow-marine origin
in the Eocene Cowlitz Formation (fig. 35). The main productive sandstone reservoir in
the Mist field is about 350-700 ft thick; its porosities average about 25 percent and
permeabilities average about 200 millidarcies. Outside the Mist field, reservoir-quality
sandstone has been reported from several units, including the Eocene Cowlitz and
Coaledo Formations, and the Miocene Astoria Formation (fig. 35). However, most
sandstone units in western Oregon and Washington lack potential as hydrocarbon reser-
voirs because they are rich in unstable volcanic-lithic and feldspar grains that alter dur-
ing diagenesis to clays, zeolites, and other minerals that clog pore spaces. During the
1950’s and 1960’s, subcommercial production of oil was obtained from fractured silt-
stone reservoirs in the Oligocene and Miocene Hoh melange and broken formation (fig.
35) near Ocean City, Wash. (fig. 36). However, fractured reservoirs in the Hoh are
small, have low permeability, and are considered unlikely to contain hydrocarbon accu-
mulations as large as 6 BCFG or 1 MMBO.

Potential source rocks in the play include marine and nonmarine shale, and nonma-
rine and deltaic coal. Organic geochemical studies show that most of the shale is organ-
ically lean and that both shale and coal are generally gas prone with predominantly
Type III and Type IV kerogen of terrestrial derivation. Shows of dry gas are abundant,
but shows of oil are few and generally small; therefore, the area is considered prospec-
tive mainly for nonassociated gas. Vitrinite reflectance studies show that most potential
source rocks are thermally immature with respect to the hydrocarbon generation win-
dow. However, Lopatin diagrams suggest that petroleum generation may have occurred
in depocenters where potential source rocks have been buried to depths of 10,000 ft or
more (fig. 36). Additional hydrocarbons may have been generated in areas of elevated
heat flow, such as near igneous intrusions or along faults. Lopatin diagrams also indi-
cate that petroleum generation and migration in the Mist field area may have begun
during the Oligocene or earlier, and may be continuing today.

Gas at the Mist field is found in more than a dozen small pools at depths of
1,300-2,700 ft. Trapping conditions at Mist are complex; numerous fault traps and at
least one stratigraphic trap lie on a large, northwest-trending anticline. Tuffaceous deep-
water shale beds in the upper Cowlitz and Keasey Formations serve as seals (fig. 35).
Traps elsewhere are expected to be comparable to Mist in size and geologic complexity.

The Mist field, discovered in 1979, produced about 38 BCFG through 1986. The
play is considered an exploration frontier because drilling density is low, few deep tests
have been attempted, and the geologic framework is only dimly understood. Future
potential for gas is considered to be good.
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REGION 1, ALASKA; REGION 2, PACIFIC COAST

Table 2. Region 2, Pacific Coast—Estimates of undiscovered recoverable conventional oil, gas, and natural gas liquids (NGL) in
onshore provinces and adjacent State waters, by play.

[Province and Region totals are given. Mean value totals may not be equal to the sums of the component means because numbers have been independently rounded. Fractile
values (Fgs, Fs) are not additive and represent estimates with a 19 in 20 chance and a 1 in 20 chance, respectively, of at least these tabulated estimates. Gas includes both
nonassociated and associated-dissolved gas. Negl., negligible quantity; -, no estimate]

Crude oil Total gas NGL
(Millions of barrels) (Billions of cubic feet) (Millions of barrels)
Fos Fs Mean Fgs Fs Mean Fgs Fs Mean
072 Western Oregon—Washington
020 Tertiary Gas 0.0 0.0 0.0 793.5 3979.5 2,003.8 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 74.9 3114 167.8 0.0 0.0 0.0
Province total 0.0 0.0 0.0 867.9 4,291.1 2,171.6 0.0 0.0 0.0
073 Sacramento Basin
020 Paleocene-Eocene 0.0 0.0 0.0 158.1 735.7 380.4 0.2 0.7 04
030 Starkey-Winters 0.0 0.0 0.0 292.4 984.7 574.4 0.3 1.0 0.6
040  Guinda-Kione-Forbes 0.0 0.0 0.0 1749 1,244.0 557.3 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 162.3 400.5 264.8 0.2 0.4 03
Province total 0.0 0.0 0.0 763.0 33736 1,776.8 0.6 2.1 1.2
074 San Joaquin Basin
020  Southern Post-Miocene 22.5 100.3 52.6 304 161.6 79.8 0.8 34 1.8
030  Southwest Upper Miocene \ 60.8 460.0 202.1 97.3 736.0 3233 39 294 129
040 Miocene Fractured *
Diatomaceous 1434 631.3 3330 215.1 946.9 499.5 4.1 18.0 9.5
050  Southeast Eocene-Pleistocene 41.5 230.7 112.1 20.8 1154 56.1 0.3 1.7 0.8
060 East Pre-Pliocene 97.5 500.3 249.7 441.1 1,841.1 990.3 449 295.7 1357
070  West Pre-Upper Miocene 172.6 1,224.7 549.0 3624 2,571.8 1,1528 246 174.9 784
080 Northern Pre-Pliocene 0.8 214 79 319 171.9 844  Negl 0.9 03
320 Oil<l1 MMB 16.3 41.5 27.1 293 748 48.7 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 222 60.6 384 1.1 3.0 19
Province total 547.7 3,214.7 1,5334 1,227.0 6,693.2 3,273.2 794 527.2 2414
075 Los Angeles Basin
020 Northwest Shelf 34 49.1 179 24 353 129 0.1 1.8 0.7
030 North Flank 55.2 336.5 158.5 99.4 605.7 285.4 33 20.0 94
040  Central and Northeast 171.2 984.9 473.0 171.2 984.9 473.0 12.0 68.9 33.1
320 0Oil<l MMB 13.8 494 28.2 16.6 59.3 338 0.0 0.0 0.0
Province total 241.7 1,421.7 671.7 2879 1,686.7 805.1 15.3 90.8 432
076 Ventura Basin
020 Neogene 122.0 1,048.7 4429 2195 1,887.7 797.2 10.5 90.6 383
030 Paleogene 704 546.3 2379 1538 941.6 4429 4.0 24.6 11.6
320 Oil<l MMB 12.1 345 21.5 20.5 58.6 36.5 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 113 38.0 222 0.0 0.0 0.0
Province total 2024 1,630.0 7023 398.2 29313 1,298.8 14.5 115.3 499
077 Santa Maria Basin
020 Neogene 1154 452.5 249.1 103.8 407.3 224.2 6.2 244 135
320 Oil<l MMB 11.3 38.0 222 10.2 34.2 20.0 0.0 0.0 0.0
Province total 126.6 490.6 2713 114.0 441.5 2442 6.2 24.4 135
078 Central Coastal Basins
020 Neogene 48.1 703.4 256.5 385 562.7 205.2 1.2 16.9 6.2
320 Oil<t MMB 5.0 13.1 84 4.0 10.5 6.8 0.0 0.0 0.0
Province total 514 718.6 265.0 41.1 574.8 212.0 1.2 16.9 6.2
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Table 2. Region 2, Pacific Coast—Estimates of undiscovered recoverable conventional oil, gas, and natural gas liquids (NGL) in
onshore provinces and adjacent State waters, by play—Continued.

Crude oil Total gas NGL
(Millions of barrels) (Billions of cubic feet) (Millions of barrels)
Fogs Fs Mean Fys Fs Mean Fos Fs Mean
079 Sonoma-Livermore Basins
020 Livermore Structure 0.0 11.3 4.5 0.0 11.3 45 0.0 0.0 0.0
320 Oil<1 MMB 0.0 0.0 Negl. 0.0 0.0 0.0 0.0 0.0 0.0
Province total 0.0 11.3 4.5 0.0 113 4.5 0.0 0.0 0.0
080 Humboldt Basin
020 Neogene Structure 0.0 0.0 0.0 0.0 97.3 26.8 0.0 0.0 0.0
330 Gas <6 BCF 0.0 0.0 0.0 44 12.8 8.0 0.0 0.0 0.0
Province total 0.0 0.0 0.0 5.1 102.8 34.7 0.0 0.0 0.0
081 Eastern Oregon—-Washington
020 Northwestern Columbia Plateau 0.0 0.0 0.0 392.1 2,261.3 1,085.2 04 23 1.1
330 Gas <6 BCF 0.0 0.0 0.0 35.5 130.9 73.8 0.0 0.0 0.0
Province total 0.0 0.0 0.0 4264 23929 1,159.0 04 23 1.1
081A Eastern California - - - - - - - - -
REGION TOTAL 1,499.4 6,609.5 34849 5,462.7 19,182.0 11,0105 1384 7219 358.5
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