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INTRODUCTION

During 1987 the Geological Survey conducted an assessment of the undis-
covered recoverable petroleum resources of the Los Angeles basin province,
California, as part of a national assessment (Mast and others, 1988). This
report describes the petroleum plays designed to assist in this assessment,
and briefly summarizes the geology and petroleum development of the Los
Angeles basin province. For purposes of this assessment, the Los Angeles
basin province includes the area (1) south of a line that connects exposures
of basement rocks in the Santa Monica Mountains, San Rafael Hills and San
Gabriel Mountains and (2) west of a north-south line that extends from the
eastern San Gabriel Mountains southward through Corona and thence southeast-
ward around the western edge of exposures of basement rocks in the western
Santa Ana Mountains to the coast at San Mateo Point (fig. 1). The southwest
limit of the province is the boundary between state and federal jurisdiction
three nautical miles from shore on the inner continental shelf in the Pacific
Ocean (fig. 1). As defined above, the Los Angeles basin province covers about
4,900 km® (1,900 mi%), and contains about 16,000 km> (3,900 mi3) of sedimen-
tary rock (Varnes and Dolton, 1982).

The more restricted Los Angeles basin, as distinct from the Los Angeles
basin province, is estimated_to cover about 3,860 km?2 (1,490 mi“), and contain
about 15,400 km3 (3,695 mi?) of sedimentary rock (T. H. McCulloh, personal
communication, 1975; McCulloh and others, 1978). Barbat (1958) estimated a
volume of 6,670 km> (1,600 mi3), which Wright (1987b) revised to 8,335 kmd
(2,000 mi3), "for the drainage area of the basin o0il fields", taken to be
between the Whittier and Palos Verdes Hill fault zones (fig. 1). This area is
too restricted for the Neogene Los Angeles basin, even if outlying areas are
excluded, although most of the petroleum generation probably came from this
volume of rocks.

GEOLOGICAL SUMMARY
Previous Work

The Los Angeles basin is one of the more thoroughly studied basins in the
UsS., and many important studies of the region and its tectonic setting have
been publisheds A selection of important papers through 1962 is given by
Yerkes and others (1965). Some of the more important studies of broad scope
since 1962 include Durham and Yerkes (1964), Yerkes and others (1965), Yerkes
and Campbell (1971), Gardett (1971), Hill (1971), Yerkes (1972), Harding
(1973), Yeats (1973), Crowell (1974), Campbell and Yerkes (1976), Nardin and
Henyey (1978), and Schoellhamer and others (1981). Recent summary papers are
by Schwartz and Colburn (1987) and Wright (1987b). A very large effort also
has been devoted to study of the seismicity and earthquake hazards of southern
California (e.g., Zioney, 1985). Many more areally or topically restricted
studies have been published, and some of these are given in the reference
section, including some not cited in this paper. The following geological
summary is taken mostly from Yerkes and others (1965), Campbell and Yerkes
(1976), Crowell (1987), Wright (1987a,b), Mayer (1987), and Schwartz and -
Colburn (1987).
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Sansinena, Whittier and minor Esperanza fields), (5) the Chino fault and basin
(minor Prado-Corona, Mahala and Chino Soquel fields), (6) the Puente Hills
north of the Whittier fault zone (minor Rowland, Walnut, Turnbull, North
Whittier Heights and Lapworth fields), and (7) the eastern part of the
northern shelf (Montebello and minor East Los Angeles and Bandini fields)
(figs. 1 and 19). -

0il reservoirs are mostly sandstones of Upper Miocene and lower Pliocene
age. Several minor o0il reservoirs have been discovered A in Pleistocene
sandstones (Yorba Linda field), upper Pliocene sandstones (Anaheim and Santa
Fe Springs fields) and middle Miocene sandstones (Brea-0Olinda field).
Reservoir traps consist mostly of faulted anticlines, faulted noses, various
stratigraphic traps, faults, and several domes. Principal fields of this play
and average reservoir depths and net thicknesses are given in Table 2.

Reservoir rocks include a variety of marine facies that range from distal
turbidite sandstones to proximal conglomeritic sandstones. Conrey (1967) and
Gourley (1975) have studied lithofacies of these Upper Miocene and lower
Pliocene rocks in parts of the play area and concluded that submarine fans
prograded southward and westward through the play area starting in Late
Miocene time. Similar conclusions were reached from unpublished proprietary
studies (Redin, 1984; Wright, 1987b).

Upper Miocene and younger rocks have been thoroughly explored in much of
this part of Play III except for (1) possible deeper pools and deep pool
extensions of some discovered fields, (2) some down-dip areas along the north-
ern flank and east end of the central syncline, (3) some down-dip areas and
pre-upper Miocene sections on the Anaheim nose, (4) northwestward extensions
of major fault zones such as the Pelican Hill and Shady Canyon faults, and (5)
the eastern part of the northern shelf including the embayment between the
East Los Angeles, Santa Fe Springs and Montebello fields (figs. 1, 4 and 19.
Only five exploratory wells in the central syncline area have reached depths
of 15,000 ft (4,572 m) or more.) Also, the San Gabriel Valley, West and East
Puente Hills, Chino Hills, Chino basin and basin margin west of the Santa Ana
Mountains have not been thoroughly drilled and offer possible likelihoods for
discovery of mostly small reservoirs (Yerkes and others, 1965; Stark, 1972;
Green and Castro, 1973).

Very small, subcommercial o0il accumulations have been discovered in the
now—-abandoned San Clemente and Cristianitos fields, east of Dana Point
(fig. 19)« The o0il reservoirs are Upper Cretaceous sands near the Cristian-
itos fault zone. It is possible that other Upper Cretaceous through lower
Miocene sandstones in the extreme southeast part of the Los Angeles province
could reservoir small amounts of oil if suitable pathways from Middle Miocene
source rocks have existed (Wright, 1987b). The timing of maturation of
petroleum fluids and Neogene crustal kinematics (especially translational
motions) seem crucial to the determination of o0il accumulations at locations
presently so remote from known source rocks. Probabilities for significant
petroleum resources in this extreme southeast part of the Los Angeles province
and farther south toward San Diego presently are very low to negligible.
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PETROLEUM DEVELOPMENT

The history of commercial petroleum exploration and production in the Los
Angeles basin dates back at least to the 1880's and has been summarized in
numerous publications (e.g., Wright, 1987c). Discovery dates, descriptions of
0il and gas reservoirs and production data are available from various sources,
but especially from publications and annual reports of the California Division
of 0il and Gas, and the Conservation Committee of California 0il Producers.
Only a brief summary of the petroleum development of the Los Angeles basin is
presented here. ] '

Cumulative production and estimated reserves of o0il, condensate and
natural gas totaled slightly more than 10 billion barrels at the end of 1986
after gas is converted to energy-equivalent barrels of oil (BOE) (Table 3).
About seven—eighths of the estimated recoverable oil and condensate, and most
of the estimated recoverable natural gas had been produced at the end of 1986
(Table 3).

During the ten-year period from 1977 through 1986, no new fields were
discovered and less than 35 MMbbls of recoverable oil was discovered in new
field areas and new pools in the Los Angeles basin (Department of Energy,
1978-1987). However, during this same period, estimated oil reserves (prior
to subtraction of production) increased by 715 MMbbls (California Division of
0il and Gas, 1977-1987) due to upward revision of estimated reserves of large
fields in response to reservoir extensions and production increases brought
about mostly by improved and expanded recovery techniques. Reserve increases
during this period came mostly from the Wilmington (385 MMbbls), Inglewood
(70 MMbbls), Huntington Beach (54 MMbbls), Brea-Olinda (52 MMbbls), Beverly
Hills (36 MMbbls), Torrance (34 MMbbls), Richfield (23 MMbbls), Seal Beach
(14 MMbbls), and Coyote East (11 MMbbls) fields. During this period
834 MMbbls of o0il was produced, yet estimated reserves at the end of 1986 were
only 119 MMbbls (California Division of 0il and Gas, 1977-1987) less than at
the end of 1976. Further increases in estimated reserves are expected if
improved and expanded recovery techniques continue to be applied to the larger
fields of the basin (e.g., Wallace (1979), Shuler and others, 1985; Katz,
1987, Morrissey and others, 1988).

DISCUSSION

This report supported the 1987 petroleum assessment of the Los Angeles
basin by providing (1) a geological summary of the basin, (2) brief summaries
of the thermal regime, source rocks, reservoir diagenesis and porosity, and
petroleum development, and (3) definitions and descriptions of three petroleum
plays used in the assessment procedure. Many excellent papers are published
that provide more detail of the subjects summarized here (see References).

Petroleum play definition is a subjective process, and different workers
may define, with equal validity, different plays based on different
criteria. The criteria used here to define plays is given at the beginning of
the PETROLEUM " PLAYS section (p. 32). After play definition, the Nehring -
(1986) data base of estimated recoverable oil and gas from discovered oil and
gas fields of the basin was allocated by play. Play names and estimated
recoverable o0il and gas from known accumulations are given in Table 4. Later
steps in the petroleum assessment procedures are beyond the purview of the
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Table 3. Cumulative production and estimated reserves of 0il and condensate,
and associated plus nonassociated gas in the Los Angeles basin at the end
of 1986, expressed in billions of barrels of oil (BBO) and trillions of
cubic feet (Tcf). Cumulative production and estimated reserves expressed

as percent in right column. Figures are rounded off from California

Division of 0il and Gas (1987)

0il and condensate

cumul ative production . 7.79

estimated reserves 1.06

total 8.85
Associated and nonassociated natural gas

cumul ative production 7.27

production estimated reserves 0.32

total 7.59
Total oil, condensate, natural gas1

cumulative production 9.00

estimated reserves 1.11

total 10.11

BBO

BBO
BBO

Tct
Tef
Tct

BBO
BBO
BBO

887%
12
100

967%
4
100

897
11
100

lNatural gas is converted to energy-equivalent barrels of
1 bbl.
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Table 4. Estimated recoverable oil (including condensate) and natural gas
by petroleum play expressed as percent of estimated recoverable oil and
natural gas in Los Angeles basin. Cumulative production and estimated
reserves as of the end of 1986 (California Division of 0il and Gas, 1987)

Petroleum Play

I: Northwest basin flank
including adjacent off-
shore state lands

I1: Playa del Rey platform
and adjacent offshore
state lands

I1I: Main Los Angeles basin
and areas to the north,
east and south

A. Area south of central
syncline axis includ-
ing adjacent offshore
state lands

B. Area north of central
syncline axis includ-
ing San Gabriel Val-
ley, Chino basin and
eastern shelf

Cumulative production plus estimated reserves
expressed as a percent of basin total

. associated and
0il and condensate nonassociated natural gas

9% 5%
1% 1%
607% 707
30% 24%
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author, and the reader is referred to Houghton (1987), Crovelli (1988), and
Mast and others (1988).

The seemingly insignificant area of the Los Angeles basin compared to
other U.S. petroleum provinces belies the fact that it has been one of the
most important oil-producing regions of the country. If categorized as a
state, the Los Angeles basin produced in 1986 as much oil as Montana and more
than Illinois or Michigan (California Division of 0il and Gas, 1987; 0il and
Gas Journal, 1987). Los Angeles basin ranks behind only Texas, Louisiana,
Oklahoma, and Califormia in cumulative o0il production through 1986, and behind
only Alaska, Texas, Louisiana, and California in estimated reserves at the end
of 1986 (Department of Energy, 1987; California Division of 0il and Gas, 1987;
0il and Gas Journal, 1987). From 1977 through 1986 the increase in estimated
recoverable o0il of the Los Angeles basin (due primarily to field revisions and
extensions) was about 715 MMbbls--greater than the increase in estimated
recoverable oil over the same period of New Mexico, North Dakota, Montana, or
Colorado (California Division of 0il and Gas, 1987; Department of Energy,
1978-1987). As stated previously, the Los Angeles basin ranks first in the
world in terms of total discovered oil-in-place per wunit basin volume
(McFarland and Greutert, 1971; Perrodon, 1972).

In spite of the impressive position of the Los Angeles basin among oil-
producing states of the U.S., discovery of new oil fields in the basin has not
been an important contributor to increases in recoverable o0il for more than
two decades. However, sizeable increases in recoverable o0il over the next
several decades should occur, as estimated reserves of large, known fields
continue to be revised upward in response to production increases generated by
pool extension and improved and expanded recovery techniques.

The Los Angeles basin province is by far the most heavily urbanized oil-
producing region in the U.S. This urbanization has progressively perturbed
the exploration and discovery rates for at least three to four decades.
Although some notable cooperation has occurred (e.g., Wright, 1987c¢; Wright
and Heck, 1987; Jacobsen and Lindblom, 1987), pressures against petroleum
exploration and development are great (e.g., 0il and Gas Journal, 1985;
Wright, 1987c). Inaccessibility and(or) high evaluation of land in the Los
Angeles basin province will continue to adversely affect exploration for new
petroleum resources, enhanced recovery operations and oil property abandonment
decisions for the foreseeable future.
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