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An Evaluation of the Subsurface Structure of the Playa Vista Project
Site and Adjacent Area

1.0 Introduction
1.1 Problem:
Davis and Namson Consulting Geologists were retained by Playa Vista to
evaluate the possibility of subsurface faulting at the Playa Vista project site
(Figure 1). Specifically Davis and Namson were requested to evaluate the
possibility of a Lincoln Boulevard faull as proposed in the Aprit 2000 report

Subsurface Geochemical Assessment of Methane Gas Occurrences, Playa Vista

Development First Phase Project, Los Angeles, California, prepared for the City

of Los Angeles, Department of Building and Safety, by Exploration Technologies,
Inc (ETI, 2000), and to evaluate the possibility of subsurface faulting in other
portions of the project site and surrounding area. This would include any
previously undiscovered faults under or near the Playa Vista site (Figure 1),
evaluation of the postulated Chamock fault (Poland et al., 1959), and evaluation
of faults within the De! Rey Hills Area of the Playa Vista oil field interpreted in the
California Division of Gil and Gas Summary Operation reports (Metzner,1935;
Hodges, 1944, and Riegle, 1953).

1.2 Approach and status of work:

Evaluation of the postulated Lincoln Boulevard fault and other faulling issues at
the Playa Vista site has taken two approaches because of the thick Holocene
deposits and the shallow water table at the site. These conditions prevented
shallow trenching at the site to evaluate active faulting. Earth Consultants
international, Inc. (ECINTL) has completed a fault evaluation of the surface and
shaltow geologic setting at the site (< 50 feet) by reviewing geologic and

geotechnical reports and completing a subsurface survey using borings and a



CPT survey* (ECINTL, 2000) across the shallow location of the postulated
Lincoln Boulevard fault. Davis and Namson have completed a study of the *
deeper conditions at the site (50 feet below the surface to the lop of crystalline
basement)} and surrounding area. The study used existing geologic literature and
unpubiished geotechnical reports, constructed new geologic maps and cross
sections of the subsurface based on data from oil and gas welis drilled in the
area, purchased previously acquired geophysical data, and acquired and
Interpreted new geophysical data from the Playa Vista site and surrounding area
(Figure 1, Plate I}. The geophysical data purchased and acquired for this study
consist only of seismic reflection data. A good number of maps, cross sections,
and seismic lines displayed as large plates are included in this study (8.0 Plates).
Most of the plales have been generalized and reduced to page size figures for

the ease of reading and copying the report (Figures 7.0).

In order to understand the subsurface structure under the Playa Vista site and its
relationship to the nearby oil fields and known geologic structures, two sets of
cross sections were constructed for the study (Figure 2, Plate If): 1) Davis and
Namson constructed four well to weli cross sections across the site, and 2) Mr.
Jack West, Petroleum Geologist, was directed to construct two regional cross
seclions across the site and to nearby oil fields. The maps and cross sections
provide a general image of the subsurface structure and stratigraphic framework

under and near the Playa Vista sits.

Playa Vista purchased the license to an east-west trending Chevron seismic line
located south of the site, and the line has been interpreted and integrated with
the geologic data set. The Chevron line was oriented in a manner favorable to
intersecting the southward projection of the postulated Lincoln Boulevard fault
(Plate 1}.

' *CPT (core penetrometer technology) surveying, & geologic method of imaging the subsurface.



The new geophysical data consist of one 2D high-resolution seismic line, a 3D
seismic survey over the entire site, and an offshore geophysical survey (Figure 2,
Plate Il}. The 2D line has an northeast-southwest direction and runs along the
south side of Jefferson Boulevard crossing the northwest trending postulated
Lincoln Boulevard fault (ET1, 2000) and the northwest trending postulated
Charnock fault (Poland et al., 1959). The 2D high-resolution line has been
Processed, interpreted, and integrated with the geologic data set and the 3D

seismic survey.

The 3D seismic survey was acquired over the entire Playa Vista site (Plate Il), a
portion of Centinela Creek, along Ballona Creek, the portion of Dockweiter Beach
State Park just south of Baliona Creek, and the outer portion of Marina Del Rey
Harbor (bay cable). The 3D seismic survey has been processed, interpreted, and
integrated with the geologic data set and the 2D seismic survey.

An offshore geophysical survey was conducted to investigate the possibility of
faulting along the base of the biuffs that lie along the south side of the Playa
Vista site (Ballona escarpment). The offshore survey is located just offshore of
the Dockweiler Beach State Park and west and southwest of the Flaya Vista site
(Figure 2, Plate I1}. The offshore seismic was acquired, processed, and
interpreted by Dr. Dan Francis, California State University Long Beach, and Dr.
Mark Legg, Legg Geophysical, and their report is inserted near the end of this
report (section 4.0 Offshore Geophysical Susvey).

2.0 Subsurface Geology of the Playa Vista Site
2.1 Setting and previous work:

The Playa Vista site lies within the western shelf portion of the Los Angeles basin
(Figure 1, Plate I). The western shelf is a northwest trending structural block
between the Newport-Inglewood fault zone and the offshore Santa Monica basin
(Wright, 1991). The western shelf terminates to the north against the Santa

Monica fault zone and the Santa Monica Mountains. To the south, the western



shelt terminates against the Palos Verdes Hills fault and the Palos Verdes Hills.
Within the western shelf marine sedimentary rocks of middle Miocene 1o
Quaternary age unconformably overlie a basement complex of Catalina Schist.
The western shelf is deformed into several northwest trending anticiines but no
major faults traverse the block. The western shelf is only moderately deformed by
folds and faults compared to other portions of the Los Angeles basin. The
contrast can be appreciated on a regional cross section across the basin (Figure
3, Plate Ii1). In this cross section, note how gently folded and little faulted the
western shelf area is in contrast to the highly deformed north side of the Los
Angeles basin that is under downtown Los Angeles. The north side of the basin
is characterized by abundant steep bedding dips, complex folding, large uplifted
basement biocks, and abundant faults some of which are seismically active
(Davis, et al., 1989). The earthquake history of the Playa Vista portion of the Los
Angeles Basin is described in the ECINTL (2000} report.

The Playa Vista site lies along the Ballona Creek drainage just inland from the
Pacific Ocean (Figure 2, Plate I}. The surface of the site is nearly leve! and only
a few feel above sea-level. To the south of the site are east-trending bluffs that
form the north edge of the Del Rey Hills. Poland et al (1959) refers to the hills as
the El Segundo sand hills and the bluffs as the Ballona escarpment, The
subsurface stratigraphy and structure of the site and surrounding area is
reasonably well understood from numerous oil and gas wells that have been
drilied in the area, some water well drilling (Poland et al, 1959: DWR, 1961), and

oil-industry seismic reflection data.

Beneath the west end of the Playa Vista site is the eastern edge of the Del Rey
Hilis Area of the old Playa Del Rey Oil Field. The Playa Del Rey Qil Field is
divided into two producing areas: the Venice Area and the Del Rey Hills Area.
The Venice Area was discovered in 1929 with oll production from the Schist
Conglomerate zone (Figure 4, Plate IV) and oil and gas production from the
shallower Upper Zone of the middle and upper Repetto Formation (Barton,



1931). The Del Rey Hills Area was discovered in May, 1931 with oil production
from the Schist Conglomerate zone that is just above the Catalina Schist
basement (Metzner, 1935). Presently the Southern California Gas Company
uses the Del Rey Hills Area as a natural gas storage facility (Riegle, 1953;
Hester, 1986).

Both productive areas of the Playa Del Rey Oil Field lie along the Playa Del Rey
anticline and the Playa Vista site lies above the east limb of the anticline. The
Playa Del Rey anticline is a long, northwest trending basement-cored fold that
trends offshore at Venice Beach. The Playa Del Rey anticline is not expressed at
the surface and is known from oil and gas wells and geophysical surveys. Well
data show the basement core (Catalina Schist) of the anticline is overiain by a
thick section of marine strata consisting of sandstone and shale of Miocene,
Pliocene and early Quaternary age (Figure 4, Plate IV}. Under the Playa Vista
site a thick section of Pleistocene and Holocene strata unconformably overlie the
older marine rocks and mask the Playa Del Rey anticline (Plate iVB). A detailed
description of the geomorphology and Quaternary stratigraphy of the Playa Vista
site is presented in the ECINTL (2000) report.

During the initial stages of this study the existing geologic literature and
unpublished consultant reports on the area were obtained and studied. There is a
fair amount of published and unpublished geologic literature on the Playa Vista
site and surrounding area. Of particular interest to this subsurface study are a
series of State of California, Division of Oif and Gas Summary of Qperations
(DOG”) reports on the Playa Del Rey Oil Field. These reports have useful maps,
cross sections, and descriptions that provide a good understanding of the
subsurface struclure and stratigraphy of the oil field. These maps and cross
sections were integrated with the Davis and Namson maps and cross sections

presented later in this report.
2

1 2DOG (now DOGGR-Department of Oil & Gas and Geothermal Resources }



Barton (1931) was the first to report on the Playa Del Rey Ol f-ield, and the
report describes drilling activities in the area going back to 1921. Included in the
Barton report are a map on top of the Nodular Shale and two cross sections
covering the Venice Area of the oil field. Metzner (1935) provides a structure map
on tbp of the Catalina Schist, an tsopach map of the Schist Conglomerate
producing zone, and three generalized cross sections over the entire Playa Del
Rey Qil Field. The Metzner report also includes a detailed topographic map that
becomes the basis for several surface fault interpretations by that author. The
Metzner fault interpretations and the mislocation of these interpretations by ETI
(2000) are discussed in section 2.3 of this report (The postulated Lincoln
Boulevard fault). Hodges (1944) provides a further update of drilling activities
mainly in the Del Rey Hills Area, and a description of the beginning of the gas
storage activities in the Del Rey Hills that started in 1942. The Hodges report
provides strticture maps on top of the Catalina Schist and the Upper Bentonite
marker in the Repetto Formation, and an isopach map of the Schist
Conglomerate producing zone. Riegle (1953} provides a further update of the
gas storage operations at the Del Rey Hills Area and presents several small
maps and an hysteresis loops of injection and withdrawal cycles of gas.
Summaries of the Playa Del Rey Oil field can be found in Metzner (1943} and
DOG (1974). Hester (1986_) produced a series of subsurface maps and cross
sections over the Playa Del Rey Storage Field (ofd Del Rey Hills Area) for the
Southern California Gas Company, and these maps and cross sections were
integrated with the Davis and Namson maps and cross sections presented later
in this report.

Other studies that were of importance to the Davis and Namson subsurface
evaluation of the Playa Vista site are Poland et al (1959), DWR (1961), and
Wright (1991). Poland et al (1959) and DWR (1961) are regional ground water
studies that provide useful water well data, and maps and cross sections of the
Quaternary section in and around the site. These reports are especially important

because they provide data on the Quaternary portion of the subsurface that
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typically is not well recorded in oil and gas well records. Besides the recent
ECINTL {2000) repont, other recent geolechnical reports on the Playa Vista site
were reviewed by Davis and Namson (Converse, et al., 1979;
Law/Crandell,1987a,b). Wright (1991) provides a broad tectonic and historical
analysis of the Los Angeles basin and the western shelf area that was helpful to
this study.

2.2 Stratigraphy of the Playa Vista Site:

Oil and gas diilling within and near the Playa Vista site has penetrated the entire
sedimentary column beneath the Playa Visia site (Figure 4, Plate IVA) with a
great number of wells having reached the top of the Catalina Schist {crystalline
basement complex). On the basis of lithologic similarities the Catalina Schist is
generally considered the southemn equivalent of the Franciscan Complex of
central and northern California. Suppe and Armstrong (1972) obtained some
early Cretaceous K-Ar (potassium-argon) ages on the Catalina Schist that are
consistent with the fate Jurassic to Eocene age of the Franciscan Formation.

Unconformably above the Catalina Schist is a thick section {5,500 to >10,000
feet) of mostly marine sedimentary rocks thal range in age from the middle
Miocene to the Quatemary (Figure 4, Plate IVA). This marine sedimentary
section thins westward onte the crest of the Playa Del Rey anticline. Deposited
directly above the Catalina Schist is the Schist Conglomerate zone that is the
principal oil reservoir of the old Playa Del Rey Oil Field. This reservoir is now
used for gas storage in the Del Rey Hills Area of the oil field. The Schist
Conglomerate zone consists of angular clasts to rounded pebbles of Catalina
schist set within a Catalina Schist derived sand matrix. The zone varies in
thickness from a few feet to nearly 300 feet near the project site as a result of
onlap onto the Catalina Schist basement (Hodges, 1944). Pinch-out of the zone
across the Playa Del Rey anlicline and below a thick section of overlying shale
provides the trap for accumulation and storage of hydrocarbons at the Def Rey

Hills Area. The Schist Conglomerate zone is mosl likely equivalent to the upper



member of the Topanga Formation (Blake, 1991) that is carly to middle Miocens
I age, i.e. 17-14 million years old.

Above the Schist Conglomerate is a dark brown shale known as the Nodular
shale that here is the basal member of the Puente Formation (Figure 4). The
Nodular shale varies in thickness from 50 to 300 feet and the unit contains
distinctive tan nodules. The Nodular shale belongs to foraminiferal division E of
Wissler (1943, 1958) making the unit early to late Mohnian (fate Miocene) in age
or about 14-9 million old.

Overlying the Nodular shale is a dark brown to black shale within the Puente
Formation that is consistently about 50 feet thick in the Playa Del Rey Qil Field
(Hodges, 1944} and provides an excellent subsurface marker for correlation of
well data. The remaining Puente Formation consists of dark brown to biack shale
and thin sandstone beds. The Puente Formation is a Los Angeles basin facies of
the upper Miocene portion of the Monterey Formation (Blake, 1991). The lotal
thickness of the Puente Formation ranges from 650 feet on the crest of the Playa
Del Rey anticline to over 1600 feet in the synclina lrough east of the anticline.
The black shale marker bed and remaining Puente Formation belong to Wissler's
division A-B that is Delmontian in age (latest Miocene) or from 6.5 to 5.0 million
years old.

Qverlying the Puente Formation is a very thick section of interbedded shale,
siltstone and sandstone of the lower Repetto Formation. The Fiepe.tto Formation
represents the continuation of the deep marine conditions started in the Miocone.
The Pliocene age Repetto Formation ranges in thickness from about 2250 feet
on the crest of the Playa Vista anticline to about 4400 feet in the synclinal trough
east of the anticline. The Repetto ranges in age from 5.0 to 2.5 million years old.
The Repetto Formation is divided into three members: a lower member from 5.0
to 4.0 million years old, a middle member from 4.0 to 3.0 million years old, and

an upper member from 3.0 to 2.5 million years old. The Repetto Formation



contains the “upper zone” of the Venice Area of the Playa Del Rey Qil Field. The
“Upper zone” is an oil and gas producing zone that was not commercially
productive in the Del Rey Hills Area (Figure 4, Plate IVA).

Above the Repetto Formation is the upper Pliocene to lower Quaternary Pico
Formation. The Pico Formation consists of interbedded sandstone, silistone and
shale that were deposited as the Los Angeles basin shoaled. The Pico Formation
ranges in thickness from about 2150 feet on the crest of the Playa Vista anticline
1o about 4150 feet in the synclinal trough east of the anticline. The Pico
Formation is estimated to from 2.5 to 0.8 million years old (Dr. Dan Ponti, USGS,
personal communication). In the Playa Vista area the Pico Formation can be
divided into three members: 1) a lower member whose top is equivalent to the
Venturian/ Wheelerian stage boundary that is about 2.0 million years old (Blake,
1991}, 2) a middle member whose top is poorly constrained but must be from
about 1.5 16 1.0 million years (Dr, Dan Ponti, USGS, personal communication),
and 3} an upper member whose top is about 0.8 million years old {Dr. Dan Pointj,
USGS, personal communication).

The Pico Formation is unconformably overlain by unconsolidated upper
Quaternary age strala of the San Pedro Formation, Lakewood Formation and
unnamed upper Pleistocene and Holocene strata that include the Ballona aquifer
or "50 fool” gravel (Figure 4, Plate 1VB). The Quaternary deposits consist of
interbedded sandstone, gravel, silt and clay of mostly alluvial, iagoonal, and
shallow-marine origin. As a result of the deep down-cutting of Ballona Creek
(ancestral Los Angeles River) during the last sea level low stand the Quaternary
units at the site are not arranged in a simple layer-cake sequence. Regionally the
San Pedro Formation rests above the Pico Formation along an angular
unconformity (Poland et al., 1959). The top of the San Pedro Formation in the
Playa Det Rey area s estimated to be about 0.3 million years old years (Dr. Dan
Ponti, USGS, personal communication). Under the Del Rey Hills, south of the

Playa Vista site, the San Pedro Formation is unconformably overiain by the



Lakewood Formation that is exposed in the biuffs (Rallona escarpment}. North of
the hilis and under the Playa Vista site most, if not all, of the Lakewood
Formation has been removed by the down-cutting of Ballona Creek. Here the
uppermost Pleistocene and Holocene section rests unconformably on lower
portions of the San Pedro Formation, or possibly Pico Formation. A more
detailed discussion of the upper Pleistocene and Holocene stratigraphy and the
results of the CPT survey down to the top of the Ballona aquifer are presented in
the ECINTL (2000) report.

2.3 The postulated Lincoln Boulevard fauit:

The ETI (2000) report Proposes a newly discovered fault with a shallow subsurface
location just east of Lincoln Boulevard (Figure 2). A shailow oval-shaped methane
anomaly was detecled by a four foot soil gas survey and wells monitoring the
uppermost Pleistocene and Holocene section above the Ballona aquifer (“50 foot”
gravel). The anomaly was mapped by ET just east of Lincoln Boulevard. In atternpting
to explain the presence of this anomaly ETl interpreted the anomaly to be the resuit of
a previously unrecognized fault (the Lincoln Boulevard fault). Cross sections in the ETi
(2000} report show the postulated Lincoln Boulevard fauit dipping westward at 58
degrees and intersecting the top of the Catalina Schist under the eastern part of the
Del Rey Hills Area of the Playa De! Rey Oii Field (Figure 5, Plate V). Building on thsir
interpretation ETI states the fault should be considered potentially active. ETI further
postulates that the fauit could cause large volumes of methane gas to be released to
the surface during an earthquake.

It is stated on pg. 1 and 7 of the ETI {2000) report that the position and attitude of the
proposed Lincoln Boulevard fault is based on a combination of subsurface geologic
data, surface topographic lineations, and a north-south trend of anomalous
geochemical data. However, the literature research and well data review of the Playa
Vista area conducted by Davis and Namson did not discover-any geologic evidence to
support the location, geometry and activity of the proposed Lincoln Boulevard fault as

will be discussed.
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In section 3.1, pg. 7 of the ETI (2000} repont, work by Metzner (1935, pg. 7-9}) is
cited to support the existence of the postulated Lincoln Boulevard fault. Metzner
(1935}, on the basis of changes in topographic expression, infers several faults in
the Del Rey Hills southwest of the Playa Vista project site (Figure 6, Plate V).
However, Metzner never claims there is a fault between his topographic
provinces 3 and 4 (this is the only topographic boundary of Metzner's that would
lie close to the postuiated Lincaln Boulevard fault). Metzner does interpret faulis
along the western boundary of province 1 (coastline), between provinces 1 and
2, and between provinces 2 and 3. The faults postulated by Metzner have
projected surface locations through the far west end of the project site and further
west, and not near Lincoln Boulevard or the methane anomaly. The closest of
these postulated surface faults are at least 4,000 feet west of the shallow location
of the postulated Lincoln Boulevard. Furthermore, Metzner does not show theée
faults in his subsurface map (top of Catalina Schist/Schist Conglomerate
isopach), indicating that Metzner may not have believed these postulated surface
faults extended north of the Del Rey Hills.

The results of oil exploration drilling and geophysical work subsequent to
Metzner's work casts doubt on the validity of any of these postulated surface
fauits. None of the subsurface maps within the DOG Summary of Operations
Reports completed subsequent to Metzner (1935) show Metzner's postulated
surface faults. The maps made by Hester (1986) do not show subsurface
evidence for the postulated surface faults of Metzner. The licensed Chevron
seismic line (Figure 17, Plate XVII, and section 3.1 of this report).does not show
any of the surface faults postulated by Metzner extending into the subsurface. |
Interestingly Metzner (1935) interpreted the straight coast line from Ballona
Creek south to Redondo Beach to be controlled by a nine mile long fault along
the western boundary of his province 1 (Figure 6, Plate VI). There is an

enormous body of data and literature (Wright, 1991) to refute such a claim, and



this underscores the problem of making fault interpretations basad solely on

geomorphic features.

The ETI (2000, pg. 8) report also cites Riegle (1953) and Wright (1991) as
providing subsurface evidence for the postulated Lincoin Boulevard fault in the
Del Rey Hills Area. A small fault is shown cutting the top of the Catalina Schist in
the southeast corner of section 27, T2S-R15W in Riegie (1953}, Hodges (1 944),
and Metzner (1935). An examination of the various DOG reports show that the
fault shown by Riegle ( 1953) and Hodges (1944) comes from subsuiface
mapping by Metzner {1935). The subject fault is northwest trending and about
2800 feet long. Metzner (1935) discusses the fact that he can find no clear
evidence for displacement along the fault, but he infers the fault from changes in
the amounits of oil and water production between wells. The fact that these types
of production variations indicate permeability barriers or changes in the elevation
of the oil/waler contact and can resull from geologic conditions other than faulting
Is not considered by Metzner (1935). The trace of the postulated fault is shown
on Metzner’s (1935) map on top of the Catalina Schist, but he does not show the
fault offsetting the top of the Catalina Schist or the isopach contours of the Schist
Conglomerate zone. Hodges (1944) work shows the postulated fault offsetting
contours on his top of the Catalina Schist map with a maximum displacement of
about 150 feet and down to the east, However, he offers no additional evidence
for the fault and he does not explain how the amount and sense of displacement
were determined. Hodges (1944, pg. 6} states that the subject fault and a
number of other smaller faults in Playa Del Rey oil field die-out before reaching

the “upper zone” in the middle and upper Repette Formation.

Hester (1986) states in his report that he could find no evidence for the northwest
trending fault in the southeast comner of section 27, and his top of Catalina Schist,
top of Schist Conglomerate, and BM-X Point (equivalent to the top of the Nodular
Shale) maps show no such fault. Severai of Hester's cross sections provide a

detailed view of well to well correlation across the postulated fault. Cross section



HI-1I" and Q-Q' show no evidence for faulting where the lines cross the postulated
fault (just west of the Joyce #1 well). In addition, Hester (1986) noted that the
similarity between well dip data and map data did not suggest a fault. Hester
(1986) also cites previous Union Oil Company (original operator) work done in
the 1960’s that states that the fault postulated by Metzner (1935) in the southeast
corner of section 27 is nonexistent.

Davis and Namson could find no evidence for the postulated fault in the
southeast comner of section 27 and this is reflected in our subsurface maps
(Figures 9-11, Plates IX-Xl) . Metzner's ( 1935} fauit interpratation is a non-unique
explanation for variations in oil and water production that could resuit from a
variety of geologic factors other than faulting. The postulated fault occurs in an
area characterized by complex basement relief and changes in the occurrence
and thickness of the overlying Schist Conglomerate zone. The changes in the
basement and Schist Conglomerate are occur over a large area and are not
aligned in a manner suggestive of faulting. Metzner (1935) recognized that most
of the complexity was the result of middle Miocene uplift and erosion and the
subsequent in-filling of channels with ercsional debris. Such a complex
depositional setting could easily provide the permeability and stratigraphic
changes that would give the oil and water production variations noted by Metzner
(1935).

Wright's (1891) summary paper of the entire Los Angeles basin is based on an
extensive amount of previously published data on the basin. Cross section A-A'
in Wright (1991, pg. 50) shows two small faults 1o either side of the Playa Del
Rey Qi Field. These faults do not extend above the Repetto Formation and it is
clear that they are based on the prior DOG reports described above and

represent no new data on these faulis.

Converse, et al. (1979) and LeRoy Crandell and Associates (1987a,b) completed
geologic studies along the bluffs just south of the Playa Vista site. Southward

13



projection of the shallow trace of the postulated Lincoln Boulevard fault would
intersect the bluffs and the fault should be exposed in the upper Pleistocene
Lakewood Formation outcropping along the bluffs. Converse et al (1979) and
LeRoy Crandell and Associates (1987a,b) found no evidence of faulting during

course of their studies.

During the summer of 2000, Earlh Consultants International (ECINTL) completed
a fault evaluation of the surface and shallow geologic setting at the Playa Vista
site for Playa Vista. This was done by reviewing geologic and geotechnical
reports, and completing a subsurface survey using berings and a CPT survey.
The CPT study was completed across the shallow location of the postulated
Lincoln Boulevard fault just east of Lincoln Boulevard (ECINTL, 2000). The top of
the Ballona aquifer (50-foot gravel) and a sequence of finer-grained deposits
directly above the aquifer were mapped. From their subsurface survey and
geologic literature review, ECINTL (2000, p. 24) concludes that there is no fauit
cutting the top of the Ballona aquifer (“50 foot” gravel).

In summary, the ETI (2000) report offers no new evidence for the existence of the
Lincoln Boulevard fault, and the preexisting geologic evidence cited by ETI does not
support the presence of the Lincoln Boulevard fault. ETI has proposed the Lincoln
Boulevard fauit to explain the presence of the shallow methane anomaly, but ETI fails
to consider that methane anomalies and seepages are not uniquely the result of
faulting. it is well known that methane anomalies and seepages can result from a
variely of subsurface conditions, not all of them requiring faulting (Thrasher, et al.,
1996; Matthews, 1996). Therefore the postulated Lincoln Boulevard fault is a possible
but not unique interpretation of the methane anomaly, but the fault interpretation is

inconsistent with the existing geologic data from the Playa Vista area.
ETt's earthquake scenario of large volumes of methane gas released along the

Lincoln Boulevard fault during an earthquake is exaggerated and certainly

unprecedented in the seismic history of Califomia where numerous large and
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moderate carthquakes have occurred under or adjacent to existing oil and gas fields

with no catastrophic releases of gas.

2.4 Geology of the Playa Vista site determined from ail and gqas wells:

Davis and Namson were requested by Playa Vista to do their own subsurface
geologic evaluation of the possibility of the Lincoln Boulevard fauit as proposed
by ETI (2000), and to evaluate the possibility of subsurface faulting in other
portions of the project site and surrounding area. This new subsurface work is
based on the correlation and mapping of the geologic formations and markers
determined from oil and gas well data. The result is a series of maps and cross
sections that yield a good approximation of the subsurface structure of the Playa

Vista site and surrounding area.

Well data has two important drawbacks to doing fault evaluations that need to be
considered. First, most oil and gas wells are not logged shallower than 1,000 to
1,500 feet and this portion of the geologic record is often very important to fault
studies, as is the case at Playa Vista. Second, well data does not provide a
continuous image of the subsurface, and it is impossible to use well data to
eliminate the possibility of small displacement faults existing between wells. For
these reasons Playa Vista decided to add to the subsurface study by purchasing
existing oil industry seismic reflection data (section 3.1 Licensed Chevron
seismic line) and by completing their own seismic surveys of the area {section
3.2 2D High resolution seismic line: section 3.3 3D seismic survey; and section

4.0 Oftshore Geophysical Survey)

Two regional cross sections using subsurface well data were constructed by Mr.
Jack West, Petroleum Geologist, to better the faulting, subsurface structure, and
stratigraphic framework within and surrounding the Playa Vista site {Figure 7,
Plate VIi). The westemmost part of the Playa Vista site overlies the northwest-
southeast cross section from the Venice oil field to the Lawndale oil field near

Southern California Gas Company Vidor #18. This cross section follows the crest



of the Playa Del Rey anticiine and shows a number of small faults cutting the top
of the Catalina Schist, Schist Conglomerate, Nodular shale member and younger
portions of the Modelo Formation (Modelo Formation is equivalent to the Puente
Formation used in this report). These faults do no cut the lower Repetto
Formation and thus ceased activity at the end of the Miocene (about 5.0 million
years ago). The closest of these faults to the Playa Vista site is the down-to-the-
south normal fauit shown along the crest of the Playa Del Rey anticline between
County of Los Angeles DOW R.G.C. #11 well and the Southern California Gas
Company Del Rey #10. This fault occurs under the Venice Area of the Playa Del
Rey Oil Field and thus north of the Playa Vista site.

The second regional cross section constructed by Jack West is northeast-
southwest directed and goes from the Del Rey Hills Area of the Playa Del Rey Qil
Field to the Inglewood Qil Field (Figure 7, Plate VII). The cross section foliows
the southern boundary of the Playa Vista site. The cross section shows that the
Playa Vista site lies along the crest and east limb of the Playa De! Rey anticline
that is separaled by a broad syncline from the Inglewood Oil Field. In the cross
section the Inglewood Oil Field lies along the Newport Inglewood fauit zone and
that oil field is characterized by steep dips and numerous faults. In contrast the
Del Rey Hills Area of the Playa Del Rey Oil Field, not adjacent to a major fault

zone, is structurally simple with gentle to moderate dips and a lack of faulting.

The cross section also shows the thickening of the entire sedimentary column
towards the east and provides some control over the age of the Playa Del Rey
anticline. As previously discussed, the Los Angeles basin subsided during the
Miocene and early Pliocene and the eastward thickening of the Schist
Conglomerate through the middle Repetto Formation is a result of thickening
lowards the area of maximum subsidence in the central Los Angeles basin
(Figure 3, Plate Iii). Basinwide compression and fold growth started during the
late Pliocene (Davis, et al., 1989) and the eastward thickening of the upper

Repetto through upper Pico Formations is the result of syntectonic depositional



patterns. The Playa Del Rey anticline probably started 1o grow in the late Repetto
and continued to deform to at least the end of Pico Formation deposition. The
overlying San Pedro Formation does not appear involved in the growth of the
anticline. From these relationships it appears that the anticline grew belween
about 3 million and 500,000 years ago. This geomelry of the east limb of the
Playa Del Rey anticline and the eastward thickening of depositional units is also
observed in the Davis and Namson cross sections and seismic reflection surveys
(section 3.1 Licensed Chevron seismic line; section 3.2 2D High resolution

seismic line; and section 3.3 3D seismic survey).

Davis and Namson constructed a series of subsurface structure contour maps
and cross sections (Figures 8-15; Plales VIII-XV) by well to well correlation of the
spontaneous potential and resistivity curves of electric logs, and the visual
descriptions of rocks encountered while drilling (Figure 4, Plate IVA). These
maps also integrate previously discussed subsurface mapping done in the area
by the State of California, Division of Qil and Gas (DOG), and the Southern
California Gas Gompany (Hester, 1986).

The deepest map is on the top of the Catalina Schist (Figure 9, Plate I1X). The
map shows the crest and east limb of the Playa Del Rey anticline, and the
projected intersection of the postulated Lincoln Boulevard fault with the top of the
crystalline basement. As can be seen from the contouring there is no abrupt
change in the top of the Catalina Schist that would be expected if the surface
was offset by the postulated Lincoln Boulevard fault as depicted by ETI (2000)
and shown here as Figure 5 and Plate V. It is worth noting that there are a good
number of wells penetrating the Catalina Schist near the projected fault -
intersection, thus significantly reducing the possibility that small displacement
faults exist. Given the number of wells, only a very small discontinuous fault, if

any, could be interpreted between wells.
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The near surface location of the postulated Charnock fault (Poland, et al., 1959)
is shown on the eastern end of the map. The projected subsurface intersection of
the Chamock and the top of the Catalina Schist would lie directly below the
shallow surface location because Poland et al (1959) interprets the fault as
having a vertical surface. The wells adjacent to the Charnock fault are too widely

spaced to assist in the determination of the existence of this fault.

The next higher map is on top of the Schist Conglomerate zone (Figure 10, Plate
X). The map shows the projected intersection of the postulated Lincoln Boulevard
fault with the top of the Schist Conglomerate in an area of rather dense well
control. As with the Catalina Schist map there is no change in the top of the
Schist Conglomerate zone surface that would suggest the postulated Lincoln
Boulevard fault as depicted in the ETI (2000) report.

The stratigraphically highesl map is on top of the upper Bentonite marker of the
upper part of the Repetto Formation (Figure 11, Plate XI). The map does not
extend far enough east to intersect the projected fault plane of the postulated
Lincoln Boulevard fault as detailed weli control is lacking this far east. The map
shows the Playa Del Rey anticline and as discussed by Hodges (1944) the
regular shape of the fold indicates no faulting is present above -3700 feet subsea
depth in the western portion of the Playa Vista site.

The subsurface mapping was supplemented with four cross sections that give a
vertical slice view of the subsurface structure under the Playa Vista site. The
locations and the cross section lines are shown in Figure 8 and Plate VIII. The
locations of the cross section lines were selected to provide a representativa
view of the subsurface of the Playa Vista site and to avoid well projections into
the lines. The postulated Lincoln Boulevard fault has been placed on the cross
seclions with the position and geometry shown in Figure 5 and Piate V of this
report (Plate 1 of the ET) Report).
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Cross section #1 (Figure 12, Plate X! is a northeast directed line along the
southern boundary of the Playa Vista site. Section #1 shows the gentle east dip
of the Playa Del Rey anticline and the eastward thickening of sedimentary units.
There is nothing in the well dala or geometry of the subsurface 1o suggest the
postulated Lincoln Boulevard fault. Cross section #1 passes through the
University City Syndicate #1 well that had a gas blow-out of about 3.1 MMCF/day
at 1821 feetin August 1930. ETI (2000) believe the blow out was due to the well
bore intersecting the proposed Lincoln Boulevard fault as depicted in Figure 5
and Plate V of this report. Examination of the well records show the biowout died
on its own after twelve hours. A gas blowout is not unique evidence for a fauit.
Shallow blowouls were a common occurrence in welis drilled in the Los Angeles
basin during the early part of 1900's usually as a result of drilling through an
isolated sand body and/or poor drilling procedures. The 2D high resolution
seismic line (section 3.2) provides an image that suggests the gas blow out was
the result of the well drilling into a small pocket of gas trapped by a stratigraphic
pinchout within the upper Pico Formation (Figure 20, Plate XX).

Cross section #2 (Figure 13, Plate Xlil) is a northerly line across the Playa Vista
site and goes from the Del Rey Hills Area to the small Kidson pool. The cross
seclion crosses the east limb of the Playa Del Rey anticline at a high angle and
the low dips shown are apparent. Cross section #2 also passes through the
University City Syndicate #1 well. In cross section #2 there is nothing in the well
data or geometry of the subsurface to suggest the existence of the postulated
tincoln Boulevard fault.

Cross-section #3 (Figure 14, Plate X1V} is a northeast trending cross section
across the northern portion of the Playa Vista site. Section #3 is nearly
perpendicular fo the trend of the Playa Del Rey anticline and shows a steeper
limb dip (true dip) to the Playa Vista anticline, but there is nothing in the well data

or geometry of the subsurface to suggest the postulated Lincoln Boulevard faukk.
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Cross-section #4 (Figure 15) is a northeast line along the southern boundary of
the Playa Vista site. Cross-section #4 follows the cross-section #1 line, except
that the University Gity Syndicate #1 is replaced by the Co-Operative
Development, Community #1 well to make a straighter cross-section line. Within
the Del Rey Hills Area the west end of the cross-section #4 goes northwest along
the crest of Playa Del Rey anticline. Cross-section #4 shows the crest and gentle
east dip of the Playa Del Rey anticline, and there is nothing in the well data or

geometry of the subsurface fo suggest the postulated Lincoln Boulevard fault.

In the two regional cross-sections constructed by Jack West and the three
subsurface maps and four cross-sections constructed by Davis and Namson
there is nothing in the geometry of the subsurface or well data to suggest the
presence of the Lincoln Boulevard fault under the Playa Vista site. The maps and
cross-seclions show the general structure under the Playa Vista site and show
no significant fault is possible under the entire site. East of the Del Rey Hilis Area
of the Playa Del Rey oil field (central and eastern portions of the Playa Vista site)
the density of wells is fow and it would be possible for one to interpret a small
fault under the site if some other evidence for a fault became available. For
instance, the density of well data adjacent to the Charnock fault is too low to
eliminate its existence. Under the western part of the Playa Vista site (Del Rey
Hills Area) the density of wells is high and it is very difficult to interpret even a
small of fault between the wells as shown by Hester (1986}. As previously
discussed, the small fault interpreted by Metzner (1 935} to offset the top of the
Catalina Schist in southeast corner of section 27 probably does not exisi based
on subsequent more detailed subsurface work (Hester, 1886). This fault was
cited by ETI (2000) as evidence for extension of the postulated Lincoln Boulevard
fault into the Southern Califomia Gas Company’s Gas Storage reservoir in the
Schist Conglomerate zone of the Del Rey Hills Area (Figure 5, Plate V). If small
faults are present in the western Part of the Playa Vista site they are confined 1o
the deeper sedimentary units and do cut through the upper Bentonite marker of

the Repetto Formation as shown by the subsurface mapping of Hodges (1944)
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and Jack West cross-sections (Figure 7, Plate VII). This indicates no faulting has
occurred in the western part of the Playa Vista during the last 2.5 to 3.0 million

years

3.0 Onshore Geophysical Survey

3.1 Licensed Chevron seismic line:

Playa Vista purchased a licensed seismic reflection line from Chevron. Line LAB
85-4 is located about 9,000 to 12,000 feet south of the Playa Vista site and i
oriented in an east-west direction (Figure 16, Plate XVI). The Chevron seismic
line is licensed data and the wiggle trace presentation cannot be reproduced for
this report. Figure 16 and Plate XVI are grayscale plots of the migrated seismic
data with a line interpretation of the structure and stratigraphy. Seismic line LAB
85-4 is oriented so that it should intersect the southem projection of the
postulated Lincoln Boulevard fault at about shot points 248-254. This portion of
the seismic line is characterized by unbroken reflectors through the entire
sedimentary section to the top of the crystalfine basement -a depth of about 6700
feet. The seismic reflectors are the result of lithologic [density] changes in the
rock column with depth and the reflectors provide a continuous subsurface image
of sedimentary bedding and contacts. Faults are visible in seismic data because
they disrupt and offset the bedding and may produce diffractions at the
terminations of reflectors. The unbroken reflectors in the Chevron seismic line
and lack of diffractions indicale either the postutated Lincoln Boulevard fault is

nonexistent or it dies out before reaching the line.

Line LAB 85-4 is of very high imaging quality for the Los Angeles basin showing
a seismic image of the entire sedimentary section to the top of the crystalline
basement along the entire seismic line. Above 1.4 sec {(approximately 5,000 #
depth) the seismic line shows a number of reflectors that are continuous across
the entire line and indicate no faulting has occurred since these layers were

deposited. A check shot survey from the nearby Chevron (Sheill Qil Co.) Six
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Companies #1 well (section 2, T3S-R15W, Plate l) was used to constrain the
stratigraphy and age of the reflectors. The continuous reflectors belong to the
upper Repetto Formation and younger units. Therefore no faulting has occurred
along Chevron line LAB 85-4 during the last 3.0 million years (the age of the
base of the upper Repetto Formation).

Below 1.4 sec on LAB 85-4 and at about shot point 200 there is evidence fora
small fault cutting the top of the Catalina Schist, Topanga Formation, and Puente
Formation. This indicates the fault was active during the late Miocene (5-14 ma).
The fauit dies out within the middle F{epellb Formation and therefore the fault has
not moved during the last 3.0 million years. This is not the postulated Lincoin
Boulevard fault (ETI, 2000) for three reasons: 1)}the location of the small fault is
much further east than the on-strike projection of the postulated Lincoin
Boulevard fault (as discussed above); 2} the small fault does not cut strata
younger than middle Repetto (conversely the postulated Lincoln Boulevard fault,
if it exists, must cut upper Quaternary deposits to produce the shallow methane
anomaily at the Playa Vista site); and 3) most importantly, and discussed later,
the new 3D seismic dala collected by Playa Vista show no evidence for the
postulated Lincoln Boulevard fault or the small Miocene age fault observed in
Chevron seismic line LAB 85-4. The small Miocene fault either dies out before
reaching the Playa Vista site or trends east of the Playa Vista site and the new
seismic data.

3.2 2D High resolution seismic line:

A 2D high-resolution seismic line was acquired for Playa Vista along the south
side of Jefferson Boulevard during the last week of July 2000 (Figure 18, Plate
XVII). Seismic acquisition was performed by Subsurface Exploration Company,
and during August and September 2000 Tricon Geophysical did the processing
of the 2D seismic data set.
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Figure 19 and Plate XIX are the uninterpreted migrated 2D high-resolution
seismic line, and Figure 20 and Plate XX are the same data set interpreted. The
2D line transects most of the Playa Vista site in an east-west direction from the
eastern edge of Southern Califomia Gas Company’s gas storage field to the
eastern end of the Playa Vista property. Interpretation and integration of the 2D
line with the oil well data was completed by Davis and Namson during
September 2000. The 2D seismic data was integrated with the weli data and
interpreted using SeisX software (Paradigm Geophysical) on a Unix workstation.
A check shot survey from the nearby Chevron (Shell Oil Co.) Six Companies #1
well (section 2, T3S-R15W, Plate 1) was used for converting the Universal City
Syndicate 31 well to time. The Pico Formation stratigraphy shown on the
interpreted line was brought in from the 3D seismic interpretation that had the
benefit of more well ties. Included in the plates (8.0 Plates) are interpreted the
uninterpreted 2D line (Plate XiX), and the interpreted 2D line (Plate XX) that are
plotted at 1"=600 feet to be consistent with the subsurface geologic maps. The
interpreted lines were plotted from Seis X by Davis & Namson and the

uninterpreted lines were plotted by Tricon Geophysical.

Overall the 2D high-resolution line is of good quality with the eastern two thirds
having the best quality {from about shot point 600 eastward). Integration of the
3D seismic interpretation shows the 2D line mostly images the middle and upper
Pico Formation in the time interval from about 200 to 800 milliseconds
(approximately 600 to 2500 feet depth). Deeper than 800 milliseconds there is
little useable data as would be expected from a high resolution line. The 3D
seismic survey, described next, images the remaining sedimentary section down

to the top of the Catalina Schist and the entire Playa Vista site.

The 2D fine shows the detailed structural geometry and stratigraphic framework
of the east limb of the Playa Del Rey anticline under the Playa Vista site. The 2D
line is of sufficient data quality to show the delails of westward stratigraphic

thinning along the anticlinal limb. The Playa Vista anticline was growing during
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deposition of the middle and upper Pico Formation and the westward thinning of
beds is a result of the interaction of tectonisrn and deposition. Of greatest
importance to the faulting issues at the Playa Vista site are the set of reflectors
from about 400 to 700 milliseconds that are continuous along the entire 2D line.
These refleciors belong to the upper portion of the middle Pico Formation.

The seismic reflectors are the result of lithologic [density] changes in the rock
column with depth and the reflectors provide a continuous subsurface image of
sedimentary bedding and contacts. Faults are visible in seismic data because
they disrupt and offset the bedding and may produce diffractions at the
terminations of reflectors. Consequently the continuous reflectors in the 20
seismic line show that no faulting has occurred under the Playa Vista site east of
the eastern edge of the gas slorage field (Del Rey Hills Area) duri ng at least the
last 1.0 million years (top of middie Pico Formation is estimated to be from 1.5 to
1.0 million years old). As previously discussed, the area west of the 2D line has
subsurface mapping and cross section work based on a high density of weil data
that show it is unlikely that any faults cut the upper Repetto Formation (Figure 7,
Plate VII, and Hodges, 1944). This indicates no faulting in the western part of the
Playa Vista site during the last 3.0 to 2.5 million years.

The 2D line crosses the shallow location of the postulated Lincoln Boulevard fault
just east of Lincoln Boulevard and about shot point 450 {Figure 20, Plate XX).
The middle Pico Formation reflectors cross the subsurface projection of the
postulated Lincoin Boulevard fault, and show the fauit is nonexistent on the 2D
line. The eastern half of the 2D line shows a continual set of reflectors from about
200 to 600 milliseconds (Figure 19, Plate XIX) that cross the mapped position of
the postulated Charnock fault of Poland, et al. (1959). The intersection of the
postulated Charnock fault and the 2D lines is about shot point 1120, and the
continuous reflectors and lack of diffractions show that the Charnock fault is
nonexistent in the upper Pico Formation. Deeper reflectors belonging to the
upper part of the middle Pico Formation also cross the postulated Charnock fault
unbroken. The Playa Vista site is near the southem end of where Poland et at.
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(1959) postulated the fault and it is possible the fault has died out, tumed east of
the site, or, being a fault inferred from variations in the ground water table does

not exist.

The 2D line images other subsurface relationships that are important to the Playa
Vista project site. The 2D line shows that the westward-thinning wedge of Pico
Formation strata on to the east limb of the Playa Del Rey anticline as presented
in the cross sections (Figures 7, Plate VI: and Figures 12-15, Plates XII-XV) is
valid. The westward thinning is accomplished by stratal thinning, pinchouts and
onlap of younger beds on to older beds (Figure 20, Plate XX}. Within the upper
Pice Formation is an angular unconformity that is imaged across the entire line,
and the upper Pico strata above this unconformity are onlapping westward onto
the clder Pico strata below the unconformity. This relationship is particularly
evident where the Universal City Syndicate #1 well crosses the unconformity
(Figure 20, Plate XX). Itis noteworthy that the location of the unconformity is just
below the depth of where the Universal well had a gas blow out in 1931, The
stratigraphic relationships shown on the 2D high-resolution line provide a very
likely explanation for the blow out. Gas migrating updip became trapped within

the ontapping sands just above the unconformity.

Between shot points 300 and 600 and above 400 milliseconds the 2D jine is
characterized by discontinuous reflectors and overapping reflectors that are
interpreted here to be nesled channel deposits possibly related to the
downcutting and subsequent filling of the ancestral Baliona Creek during the
Pleistocene. As discussed in section 2.2 (Stratigraphy of the Playa Vista Site)
extreme down cutting of Ballona Creek and subsidence during the late
Pleistocene may have produced nearly 400 feet of local relief on the base of the
ancestral Ballona channel (Figure 4, Plate IVB). This area is also characterized
by a poor signal to noise ratio and low fold that is probably a result of the high

degree of surface modification of the Playa Vista site east of Lincoln Boulevard.
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In summary the 2D high-resolution seismic line displays unfaulted reflectors
along the entire line. The 2D line covers much of the Playa Vista site as it
extends from the join of Jefferson and Culver Boulevards eastward to the end of
the Playa Vista site. The continuous reflectors belong to the upper portion of the
middle Pico Formation and show there been no faulting of any kind since at least
the last 1.0 million years. Subsurface mapping based on well data indicate that
no faulting has occurred in the Playa Vista site area west of the 2D line during
the last 2.5 to 3.0 million years. In addition the 2D seismic line shows no
evidence for either the postulated Lincoln Boulevard fault or the postulated

Charnock faults below the upper middle Pico Earmation reflectors.

3.3 3D seismic survey:

A 3D seismic line was acquired for Playa Vista over the enlire Flaya Vista project
site, and over additional areas along Centinela and Ballona Creeks, Dockweiler
State Beach south of Ballona Creek, and in the entrance to Marina Del Rey
Harbor (bay cable) during the latter part of July 2000 (Figure 21, Plate XX, and
Figure 22, Plate XXIl). Acquisition was performed by Subsurface Exploration
Company, and Tricon Geophysical processed the 3D data set du ring September
and October 2000.

The 3D seismic data was integrated with the well data and interpreted by Davis &
Namson during October, 2000 using SeisX software (Paradigm Geophysical) on
a SGI Unix workstation. The 3D seismic survey is over an area with abundant
well data. Wells adjacent to the inlines and Crosslines are shown on the lines.
Integration of well data into the lines allows for a better understanding of the
deeper less definitive seismic data, and for stratigraphic and age determination of
seismic reflectors. Depending on the well location with respect to the Playa Del
Rey anticline, check shot surveys from either the Chevron (Shell Qil Co.) Six
Companies #1 well (section 2, T3S-R15W), or the Shell Oil Company, Baldwin
Hilis Community #1 (section 9, T2S-R14W) were used for converting the geologic
well data to time (Plate 1).



The 3D seismic data are processed and displayed as Inlines and Crosslines. The
Inlines are roughly parallel to Jefferson Boulevard while the Crosslines are
roughly parallel to Lincoln Boulevard (Figures 21 and 22, Plates XX| and XX,
Included in the plates (8.0 Plates) are interpreted and uninterpreted Inlines 15,
20, 25, and 30 (Plates XXIlA-H), and Crosslines 20, 30, 40, 50, 60, and 70
(Plates XXIVA-L). The interpreted and uninterpreted lines are plotted at 1"=600
feet to be consistent with the subsurface geologic maps. The interpreted lines
were plotted from Seis X by Davis & Namson and the uninterpreted lines were
plotted by Tricon Geophysical.

Figures 23 and 24 are examples of Inlines of the 3D seismic data set that provide
northeast-southwest slices of the subsurface under the Playa Vista site. These
lines also cross the crest of the Playa Del Rey anticline, the postulated Lincoln
Boulevard fault, and the postulated Charnock fault. The shallow data gaps
(above 1000 milliseconds) on the left-hand-side of the lines are the result of the
3D seismic survey being unable to access the wetland areas of the Playa Vista
project site and some residential areas in the western portion of the study area
which resulted in decreased data recovery (fold). In general the 3D survey has
better image quality in the central and eastem portions of the Playa Vista site.
Undoubtedly this is due to the lack of source lines in the west compared to areas
in the central and eastern parts of the site (Figure 22, Plate XXIIy.

The 3D Inlines (Figures 23 and 24, Plates XXIIt and XIV) show the detailed
structural geometry and stratigraphic framework of the east limb of the Playa Del
Rey anticline under the Playa Vista site. The Inlines shows that the westward-
thinning wedge of Pico Formation strata on to the east limb of the Playa Del Rey
anticline as shown in the cross-sections (Figures 7, Plate VI; and Figures 12-15,
Plates XII-XV) and in the 2D high-resolution lines (Figures 19 and 20, Plates XIX
and XX). Of greatest importance to the faulling issues at the Playa Vista site are

the set of reflectors from about 400 to 1000 milliseconds and continuous along
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the entire 3D seismic survey from about Crossline 20 eastward. Crosslines 20
intersects Inlines 20 and 25 about 1300 feet west of the join of Culver and
Jefferson Boulevards (Plates XX] and XX1l) indicating the unfaulted reflectors
underlie most of the Playa Vista site. The seismic reflectors are the resuit of
lithologic [density] changes in the rock column with depth and the reflectors
provide a continuous subsurface image of sedimentary bedding and contacts.
Faults are visible in seismic data because they disrupt and offset the bedding
and may produce diffractions at the terminations of reflectors. The continuous
reflectors imaged in the Crosslines belong to the middie Pico Formation
indicating that no faulting has occurred under most of Playa Vista site during the
last 2.0 million years. This conclusion is consistent with the results of the 2D

high-resolution seismic line and the subsurface mapping based on well data.

The 3D seismic survey provides additional information of the faulting issues at
the Playa Vista site. The Inlines cross the postulated Lincoln Boulevard fault in
the central portion of the survey (from about Crosslines 30 to 50), and the
postulated Charnock fault in the eastern portion of the survey (from about
Crosslines 50 to 90). In the central area of the 3D seismic survey all stratigraphic
tops and subsurface survey data have been converted to two-way travel time
using velocity data from the Chevron (Shell Qi Co.) Six Companies #1, as this
well has a similar depth and stratigraphy to the east limb of the Playa Del Rey

anticline,

The Iniines cross the shallow location of the postulated Lincoln Boulevard fault _
just east of Lincoln Boulevard and about their intersections with Crosslines 44 1o
45 (Figure 23 and 24, and Plates XXUIA-H, Plates XXIVA-L). in this central area
the Inlines show sets of continuous reflectors from about 400 to 1400
milliseconds, eliminating the possibility of a Lincoln Boulevard fault, and any
other faulting, from this portion of the survey above 1400 mi fliseconds.
Integration of the well data indicates that the continuous reflectors are from the

middie and upper Repetto Formation, and the lower and middle Pico Formation,
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Therefore no faulting has occurred in the central portion of the 3D seismic survey
during the last 4.0 million years.

In the central portion of the 3D seismic survey and below 1400 milliseconds to the top
of Catalina Schist the seismic image is less definitive as would be expected from the
decreasing penetration and retum of seismic energy. There, the image is _
characterized by discontinuous reflectors and somewhat noisy data. Well data indicate
that the section imaged consists of the top of the Catalina Schist, Schist
Conglomerate, Nodular Shale, Puente Formation and lower Repetto Formation. No
evidence for faulting is observed in the seismic record below 1400 milliseconds and
portions of the top of the Catalina Schist are obvious on the Inlines and Crosslines.
Extrapalation of the top of Catalina Schist from portion to portion argues against any

significant faulting below 1400 milliseconds under the Playa Vista site.

The eastern portion of the 3D seismic survey {from Crossiines 50 1o 90) nearly
reaches the synclinal trough that bounds the east limb of the Playa Del Rey
anticline. This syncline is shown on Jack West's Playa Del Rey oil field to
Inglewood oil field cross section (Figure 7, Plate Vil). The eastern portion of the
3D seismic survey shows the Playa Vista site down to the Catalina Schist
(Figures 23 and 24). Well tops and subsurface survey data have been converted
to two-way travel time using velocity data from the Shell Oil Company, Baldwin
Hills Community #1 as this well has a similar depth and stratigraphy to eastern
part of the 3D seismic survey.

The Inlines cross the shallow location of the postulated Charnock fault (Poland,
et al., 1959) just east of their intersections with Crossline 83 {Figure 23 and 24,
and Plates XXNIA-H, Plates XXiVA-L). Between about Crosslines 50 and 90 the
Inlines show sets of continuous reflectors from about 400 to 1400 milliseconds
eliminating the possibility of a Charnock fault, or any other faulting, above 1400
milliseconds. Integration of the well data indicates that the continuous reflectors

are from the upper Repetto Formation, and the lower and middle Pico Formation.
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Therefore there has been no faulling in the eastern portion of the 3D seismic

survey during the last 3.0 million years.

In the eastern portion of the 3D seismic survey and below 1400 milliseconds to the top
of Catalina Schist the seismic image is less definitive. As with the central portion of
survey, the eastern portion is characterized by discontinuous reflectors and somewhat
noisy data. Well data indicate that the section imaged consists of the top of the
Catalina Schist, Schist Conglomerate, Nodular Shale, Puente Formation, and lower
middie Repetto Formation. No evidence for faulting is observed in the 3D seismic
survey below 1400 milliseconds.

The western portions of the Inlines provide northeast-southwest subsurface
images across the crest of the Playa Del Rey anticiine west of the intersections
of Crossline 30 (Figure 23 and 24, and Plates XXIIA-H, Plates XXIVA-1),
Crosslines 20 and 30 provide northwest-southeast subsurface images of the
crest of the anticline. The Del Rey Hills Area of the old Playa Del Rey oil field is
located where the Inlines cross the crest of the anticline. This is an area with
abundant well data, and wells adjacent to the Inlines and Crosslines are shown
on the lines. Well tops and subsurface survey data have been converted to two-
way travel time using velocity data from the Chevron (Sheil Oil Co.) Six
Companies #1 well that has a similar depth and stratigraphy to the crest and
limbs of the Playa Del Rey anticline.

The western portions of the Inlines (Figure 23 and 24, and Plates XXIIIA-H,
Plates XXIVA-L) provide good quality images consisting of well defined and
continuous reflectors fram about 700 to 400 milliseconds that oil well data
indicate are from the middle Pico Formation. As a result of the previously
mentioned shallow data gaps along the western portion of the 3D seismic survey
these well defined reflectors are broken by areas of no data west of Crossline 20
(about 1300 feet west of the join of Culver and Jefferson Boulevards). Where

these reflectors are imaged they show no evidence for faulting, however, it was
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impossible to obtain a complete image of the shallowest portions of the crest of

Playa Del Rey anticline west of Crossline 20.

In the western portion of the Inlines and the adjacent Crosslines, moderate
quality images of the subsurface were obtained from a zone from 700 to 1400
milliseconds (about 4500 feet) across the crest of the Playa De! Hey anticline,
This zone consists of a stack of discontinuous reflectors that show no evidence
for faulting. Imaging is less definitive in this zone than in the shailower section, as
would be expected from the decreasing penetration and retumn of acoustic
energy. Integration of well data with the lines also does show any indication of
faulting within this zone. The well data also indicate that these discontinuous
reflectors are from the middle and upper Repetto Formation and lower Pico
Formation. The area of the Playa Vista site west of Crossline 20 has geologic
data that assist with the fault evaluation. As previously discussed, subsurface
mapping and crass section work based on abundant well data in the Del Rey
Hills Area show it is unlikely that any faults cut the upper Repetto Formation
(Figure 7, Plate VI, and Hodges, 1944). This indicales no faulting in the

westernmost part of the Playa Vista site during the last 3.0 to 2.5 million years.

In the western portion of the 3D seismic survey below 1400 milliseconds (about 4500
feet) a zone of moderate to poor image quality was obtained across the crest of the
Playa Del Rey anticline. There the images consist of a stack of discontinuous
reflectors and rather noisy data. The data from this zone show no evidence for
faulting, however the data is poor enough that one cannot eliminate the possibility of
minor faulting. The well data indicate that the seismic image beiow 1400 milliseconds
is from the lower Repetto formation to the top of the Catalina Schist. The westemn
portion of the survey is in an area of abundant well control and correlation of that data
by Hester (1986) and this study (section 2.0, Subsurface Geology of the Playa Vista
Site) show no evidence for faulting. Integration of well data with the 3D seismic data

also supports this conclusion.
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In summary the 3D seismic survey shows that nearly the entire Playa Vista site is
underlain by continuous reflectors belonging to the middle Pico Formation. The
3D dala coverage begins to die out in the westernmost part of the Playa Vista
site {about 1300 feet west of the join of Culver and Jefferson Boulevards) and
this is the only area of the site where the continuous reflectors were not imaged.
The continuous reflectors indicate that no faulting has occurred under the Playa
Vista site during the last 2.0 million years with the exception of the small
unimaged area at the western end of the project site. Abundant well data show it
is unlikely that any faults cut the upper Repetto Formation in the weslernmost
part of the site and thus that no faulting occurred there during the fast 3.0t0 2.5

million years.

The 3D seismic survey revealed no evidence for either the postulated Lincoln
Boulevard or the postulated Chamock faults in the data shallower than 1400
milliseconds or about 4500 feet. Above 1400 milliseconds the 3D survey is
characterized by sets of continuous reflectors where these postulated faults
intersect the 3D survey. Integration of oil well data with the 3D seismic data show
these continuous reflectors are from the middle and upper Repetto Formation
and the overlying Pico Formation. Thus one can conclude there has been no
fault activity under the central and eastemn portions of the Playa Vista site during
the last 4.0 million years. Below that 1400 milliseconds the seismic image is not
clear. The conclusion that there is no Lincoln Boulevard fault is consistent with
the results of the 2D High Resolution Survey (section 3.2 2D High Resolution
seismic line}, and the Earth Consultants International study of the shallow
geclogy of the site (ECINTL, 2000). The conclusion that there is no Chamock
fault or other faulting above 1400 milliseconds in the eastern part of the 3D
seismic survey area is also consistent with the results of the 2D High Resolution
seismic line. The fact that the postulated Lincoln Boulevard is not observed in
either the 2D or 3D seismic surveys argues against its presence below the depth
of good seismic imaging. The only reason for interpreting the fault is to explain

the shallow methane anomaly at the Playa Vista site (ETI, 2000). The postulated
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fault would have to cut through the upper Pliocene and Quaternary deposits in
order to be a conduit for methane. {f the seismic surveys show there is no fauit
above 4500 feet then the methane anomaty must have some other cause and

there is no basis for suggesting the presence of the Lincoln Boulevard fault.

4.0 Offshore Geophysical Survey
The offshare geophysical survey (Figure 25) was acquired, processed, and
interpreted by Dr. Dan Francis of California State University Long Beach and Dr.
Marc Legg of Legg Geophysical. Their report was written separately from the
main report and has been inserted here with only editing modifications.

4.1 Introduction: .

An offshore survey was carried out to determine the existence of through going
faults that may be of concern to the Playa Vista site (Figure 25). The survey area
(Figure 26) was chosen to detect faults that extend from the vicinity of the Playa
Vista property to the immediate offshore area. Of particular concern are faults
that might connect with the onshore gas storage facility, or hypothetical faults
that define or control the bluffs along the north edge of Westchester and Playa
Del Rey (Figure 2). The survey area is adjacent to, and compliments, the
onshore 2-D and 3-D survey area. in addition to the survey area indicated in
Figure 26, two multi-channe! seismic profiles were acquired in the Ballona Creek
channel, from near the mouth to within 500 feet of the Culver overpass (Figure
27). These profiles parallel one of the geophone spreads in the 3-D land survey,
and also parallel a high resolution profile acquired along Jefferson Blvd.

4.2 Methods:
Four acouslic instruments were deployed to provide overlapping data sets that

would image the seafloor itself, and subbottom features at various depths and

resolutions:
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1. Side scan sonar provides information on seafloor characteristics such as
topography, bottom type (sandy, rocky), and presence of man-made
objects. High frequency (150 kHz) sound waves emanate from both sides
of a towed instrument; an image of a swath of seafloor 400 m (about 1200
feet} wide is built up as the sound reflects from seafioor features. We have
100% areal coverage of the seafloor in the survey area shown in Figure
26.

2. 3.5 kHz echo sounding provides high-resolution vertical profiles of sub-
bottorn characteristics to a depth of up to 50 feet. Vertically incident sound
waves penetrate the seafloor because of their lower frequency (relative to
side scan sonar), and reflect from strata and other subsurface geologic
features. 3.5 kHz echo soundings were carried out on all of the boat track

lines shown in Figure 26.

3. Single-channel digital uniboom seismic reflection uses still lower
frequency (400-1,200 Hz) but higher energy (300 joules) sound waves to
image geological features as deep as 300 feet below the seafloor. Data
are digitized and stored in a computer for later processing, which reduces
noise and allows plotting of profiles at any desired scale. Uniboom dala
were collecled on every other trackline shown in Figure 26.

4. Single channel digital sparker seismic reflection uses a low frequency (70-
200 Hz) high energy (1,000 joules) sound source to image, at lower
resolution than the uniboom, features as deep as 2,000 feet below the
seafloor. Sparker profiles were collected on lines on which uniboom data

were not collected.
Because of its lower resolution, the sparker does not provide good images of the

upper 50-100 feet, and the uniboom does not adequately image the upper 10-20

feet. This is why three methods, 3.5 kHz, uniboom, and sparker, are needed to
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provide the most complete overlapping imaging required to detect faulting and
determine recency of fault movement. Examples of such imaging in areas other
than the Piaya Vista survey are depicted in Figures 28, 29 and 30. With the
addition of side scan sonar, a three-dimensional imaging (vertical and horizontal)

is made possible.

The same sparker sound source was used in Ballona Creek with a 24-channel
receiver cable; data from these distributed channels were “stacked” to provide
clearer, deeper images. This more costly technique was used in this critical

location as a fink to the multichannel land seismic survey.

4.3 Besults:

The offshore seismic/sonar survey revealed no evidence of faulting related to the
bluffs (Baliona escarpment) just south side of the Playa Vista site (Figure 31).
Some minor, low-offset faults were found to the north, but none in the location or

alignment required for a fault to be associated with the bluffs. The faults

A reflective sedimentary contact {(boundary between two layers) 11 to 13 msec
below the seafloor was imaged in the uniboom data; this corresponds to a depth
of about 40 to 50 feet (Figure 30). The refiector is flat, with only about 5 feet of
vertical relief, and extends from south to north across any reasonable extension
of the blulfs. The reflector is shown in some uniboom records to be an angular
unconformity. The reflector correlates to an unconformable contact in nearby well
records; this contact separates 15,000 year old sediments below it from
sediments 6,000 years old or younger above. The reflector is offset by a small
east-west trending fault just west of the breakwater, well north of any fault that
would be related to the bluffs (Figure 31). The vertical separation of this fault is
about 4 msec (about 12 feet). This fault is not observed in lines 11, 15, and 17
and the fault is assumed to die out west of the breakwater in the offhsore. A

second fault was observed further north with an unknown, but probably small,
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vertical separation (Figure 31). As with the first fauit this fault dies out eastward
beiore reaching lines 15 and 17.

A reflector at about 375 msec (about 1,200-1,400 feet) is imaged in parts of the
sparker profiles (Figure 32). This reflector is probably an angular unconformity,
as an anticline and other possible structural features are imaged below it. A
possible small fault exists well to the south of the bluffs, but it is imaged in only
one profile, so its orientation cannot be determined. The refiector is only weakly
imaged in the area of the bluffs and farther north (Figure 33). The reason for poor
imaging of this reflector in some areas may be due to attenuation or scattering of
acoustic energy in seafloor surface sediments: this scattering may be in part

controlled by the locations of ancient river channels on the seafloor.

Numerous river channels, formed when sea level was lower, were revealed by
side san sonar data (Figure 34). Most of the channels in the northern part of the
survey area trend in a southeast direction {bearing approximately 135 degrees).
They are crosscut by a younger channel that begins just south of the southem
entrance to Marina del Rey, and trends south-southeast (bearing approximately
165 degrees). This younger channel may have been eroded by the Los Angeles
River when it flowed out of the present Ballona Greek channel. The channels are
evidenced in side scan sonar records by dark (high reflectivity) linear features
that may represent rough {for example, gravelly} seafloor. There is no evidence
of ridges or other topographic features: any such features more than about 1 foct
high would appear in 3.5 kHz profiles (detection of seafloor topography is
complicated by sea surface swell of about 3-4 feet at the time of the survey).
Thus the high reflectivity is probably from numerous small rocks or other objects
on the seafloor that mark the edge of a channel.

The channels show no direct evidence of horizontal (strike-slip) offset that would

be due to faulting. The size and sharpness of the imaged linear features in the
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side scan records limits the maximum horizontal separation of any faults that

may exist o no more than about 15 feet.

The younger channel is clearly imaged in two 3.5 kHz profiles (Figure 36); the
edges of the channel correlate approximately with the linear features in the side
scan sonar records. The channel is only about 10 feet deep in the center, and is
backfilled with sediments less than 11,000 year old. This raises the possibility
that seafloor sediments in the area of the younger channel are different from

those in other pants of the survey area.

The exient of the reflector at 375 msec is almost entirely contained within the
confines of the younger channel (Figure 37), suggesting that poor imaging
outside the channel is due to loss of energy within shallow sediments. A possible
fault is imaged in one profile within the channel (Figure 33), but the extension of
the bluffs is north of the channel. This means that the 375 msec reflector
provides no direct evidence for or against faulting associated with the bluffs. On
the other hand, a stratigraphic horizon seen in numerous wells in the area, at
depths ranging from 800 to 1,200 feet (top of the Pico formation), is the most
likely correlation with the 375 msec reflector, and with a reflector at 250 msec in
the Ballona Creek 24-channel line (Figure 38). If so, a fault with vertical
separation necessary to account for the bluffs is unlikely.

The Baliona Creek 24-channel line shows two areas of poor seismic imaging,
one near the river mouth and the other east of the point where the Marina del
Rey channel turns north away from Ballona Creek {Figure 38). These two
“‘wipeout” zones could be due to methane gas in the pore spaces of the
sediments, or to scatlering or energy loss due the character of the Baliona Creek

riverbed.



4.4 Conclusions of offshore geophysical survey:

The offshore survey area is a region of relatively flat stratigraphy, with shailow
marine and river-deposited (from lower stands of sea level) sediments. At least
two unconformities have been imaged in the seismic data. Channels are
abundant in the upper 50 feet of the sediments. Seismic imaging in such
sediments is often incomplete because of scattering or loss of acoustic energy,
especially in sediments at the seafloor. This phenomenon may also have
affected the 24-channel seismic profile in Bailona Creek.

The offshore data do not image a fault along the offshore projection of the bluffs
just south of the Playa Vista site (Ballona escarpment). The continuous nature of
offshore reflectors, as far as they are imaged, provides no evidence for such a
fault. The existence of 6,000 year old sediments in the Ballona wetlands and
offshore (in the younger river channel. cross cutting any reasonable extension of
the bluffs), and 100,000-300,000 (?) year old sediments on top of the bluffs in
Westchester, argues for erosion as the causative agent for the bluffs, Any bluff-
controlling fault would have to terminate at or near the shoreline, an unlikely
structural feature. Furthermore, no prominent shoreline-paralle! structural feature
is observed in the offshore or Baliona Greek data that could terminate a west-

trending bluff-related structure.

Two east-west trending faults, with vertical separation of 12 feet or less, were
imaged further south near the entrance of Marina Del Rey. Near shore north-

south lines indicate these fault do not project onshore.

The Ballona Creek 24-channel lines shows two area of poor seismic imaging,
one near the river mouth and the other east of the point where the Marina Del
Rey Harbor turns north away from Ballona Creek (Figures 27 and 38). These two
“wipeoul" zones could be due to scattering or energy loss due to the character of
the Ballona Greek riverbed, or less possibly to methane gas in the pore spaces of

the sediments. Dredging and compaction prior to development of Marina Del Rey
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Harbor and flood control efforts at Baliona Creek may have created a shallow
zone of dense material that reflects seismic energy. Alternatively, there may be a
zone of river-deposited gravels, cobbles and boulders that scatter seismic
energy. A possible insight into the cause of these wipeout zones is provided by
an old (1901 version, 1912 printing) topographic map of the area (Figure 39). The
original shape of the Ballona lagoon overlaps the present Ballona Creek channel
in the area where seismic imaging is good. At that time Ballona Creek emptied
into the lagoon farther to the north. Silty or clayey lagoonal sediments would be
more transparent to seismic energy than sandy or gravelly river deposits; the
fatter may be respons'ible for the wipeout zones in the seismic data. #f the cause
of the wipeout zone is shallow gas, then the gas would be localized near Ballona
Creek, because gas wipeout zones do not appear in the onshore seismic data

acquired by Playa Vista.

5.0 Summary and Conclusions
In May 2000 Davis and Namson Consulting Geologists started a sludy of the
subsurface of the Playa Vista site to determine the possibility of a Lincoln Boulevard
fault as proposed in the ETI Report (2000), and to evaluate the possibility of other
faults at the site. The Davis and Namson study took a multiphase approach to the
problem. First, the existing geologic literature and unpublished consullant reports on
the area were obtained and reviewed. No mention of a Lincoln Boulevard fault exists
in the literature before the ETI (2000) report, and the report offers no new geologic or
geophysical evidence for the existence of the Lincoln Boulevard fault. The preexisting
geclogic evidence cited by ETI (2000), i.e. Metzner (1935), does not support the
presence of the Lincoln Boulevard fault. ET| has proposed the Lincoln Boulevard fault
to explain the presence of the shallow methane anomaly, but ETI fails to consider 1hat
methane anomalies and seepages are not uniquely the result of faulting. Itis well
known that methane anomalies and seepages can result from a variety of subsurface
conditions, not all of them requiring faulting (Thrasher, et al., 1996; Matthews, 1998).
Therefore the postulated Lincoln Boulevard fault is a possible but not unique

interpretation of the methane anomaly, but the fauit interpretation is unsupported by
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the existing geologic literature from the Playa Vista area. ETl's earthquake scenario of
large volumes of methane gas released along the Lincoin Boulevard fauit during a
future earthquake is unprecedented in the seismic history of California where
numerous large and moderate earthquakes have occurred under or adjacent to
existing oil and gas fields with no catastrophic releases of gas.

Davis and Namson collected an extensive well database, and subsurface maps
and cross sections were constructed using these data and previous subsurface
work. Mr. Jack West, Petroleum Geologist, constructed two regional cross
sections of the Playa Vista area. The maps and cross sections show the general
structure under the Playa Vista site and show no significant fault is possible
under the entire site. East of the Del Rey Hills Area of the Playa Del Rey Oil Field
(central and eastern portions of the Playa Vista site) the density of wells is low
and it would be possible for one to interpret a small fault under the site if some
other evidence for a fault became available. For instance, the density of well data
adjacent to the Chamock fault is too low to support or eliminate its existence.
Under the western part of the Playa Vista site {Del Rey Hiils Area) the density of
wells is high and it is very difficult to interpret even a small fault between the
wells as shown by Hester (1986). As previously discussed, the smail fault
interpreted by Metzner (1935) to offset the top of the Catalina Schist in the
southeast corner of section 27 probably does not exist based on subsequent
more detailed subsurface work (Hester, 1986). This fault was cited by ETI (2000)
as evidence for extension of the postulated Lincoln Boulevard fault into the
Southemn California Gas Company’s Gas Storage reservoir in the Schist
Conglomerate zons of the Del Rey Hills Area (Figure 5, Plate V). If small fauits
are present in the western part of the Playa Vista site they are confined to the
deeper sedimentary units and do not cut through the upper Bentonite marker of
the Repetto Formation as shown Dy the subsurface mapping of Hodges (1944),
Hodges (1986), and Jack West cross sections (Figure 7, Plate Vil). This indicates
no faulting has occurred in the western pari of the Playa Vista during the last 2.5 -

-10 3.0 million years
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During May and June 2000 a search and review was done for existing seismic
reflection data near the Playa Vista area. Playa Vista purchased a seismic data
license from Pacific Seismic Cormpany for Chevron Line LAB 85-4. This lineis
east-west trending and located south of the Playa Vista site and in a orientation
that would be intersected by the postulated Lincoln Boulevard fault. The
postulated Lincoln Boulevard fault is not imaged on the line, and either the
postulated Lincoln Boulevard fault is nonexistent or it dies out before reaching
the line. Line LAB 85-4 is of very high imaging quality for the Los Angeles basin
showing a seismic image of the entire sedimentary section to the top of the
crystalline basement along the entire seismic line. Above 1.4 sec (approximately
3,000 ft depth) the seismic line shows a number of reflectors that are continuous
across the entire line and indicate no faulting has occurred since these layers
were deposited. The continuous reflectors belong to the upper Repetto
Formation and younger units. Therefore no faulting has occurred along Chevron
line LAB 85-4 during the last 3.0 million years (the age of the base of the upper
Repetto Formation).

An extensive seismic reflection study was initiated and completed under the
direction of Davis and Namson during July 2000 to better image the subsurface
structure between wells, to evaluate the postulated Lincoln Boulevard fault, and
to evaluate other faulting questions such as the postulated Charnock fault at the
Playa Vista site. New onshore and offshore geophysical data, mostly seismic
reflection, was acquired in a pattern that would image any faulting questions at
the Playa Vista site. The onshore seismic surveys consist of a 2D high-resolution
line and a 3D survey. The onshore data was processed by Tricon Geophysical
during August, September, and the first half of October 2000. Interpretation of the
seismic data by Davis and Namson began in early September and was finished
at the end of October 2000.
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The 2D high-resolution seismic line acquired by Playa Vista is located along
Jetferson Boulevard. The 2D line displays unbroken reflectors along the entire
ine. The 2D line covers much of the Playa Vista site as it extends from the foin of
Jefferson and Culver Boulevards eastward to the end of the Playa Vista site. The
continuous reflectors belong to the upper portion of the middle Pico Formation
and show that there has been no faulting of any kind along the 2D line during at
least the last 1.0 miliion years. The 2D seismic line shows no evidence for either
the postulated Lincoln Boulevard fault of ETi (2000) or the postulated Charnock
fault (Poland et al., 1959).

A 3D seismic line was acquired by Playa Vista over the entire Playa Vista project
site, and over additional areas along Centinela and Ballona Creeks, Dockweiler
State Beach south of Ballona Creek, and in the entrance to Marina Del Rey
Harbor (bay cable). The 3D survey had the same imaging objectives as the 2D
high resolution line but the 3D survey covered more of the Playa Vista site and
was able to image deeper than the 2D line. The 3D seismic survey shows that
nearly the entire Playa Vista site is underlain by continuous reflectors belonging
to the middle Pico Formation. The 3D data coverage begins to die out in the
westernmost part of the Playa Vista site (about 1300 feet west of the join of
Culver and Jefferson Boulevards) and this is the only area of the site where the
continuous middle Pico Formation reflectors were not imaged. The continuous
reflectors indicate that no faulting has occurred under the Playa Vista site during
the last 2.0 miltion years with the exception of the small unimaged area at the
western end of the project site. At the western end of the Playa Vista site
abundant well data show it is unlikely that any faults cut the upper Repelto
Formation indicating no faulting there during the last 3.0 to 2.5 million years
{Hodges, 1944; Hester, 1886). The continuous middle Pico Formation reflectors
also show that the postulated Lincoln Boulevard and Charnock faults are not

present at that or younger stratigraphic levels.
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The 3D seismic survey revealed no evidence for either the postulated Lincoln
Boulevard or the postulated Chamock faults being present at deeper levels below the
middle Pico Formation. Where these postulated faults cross the 3D survey there are
continuous seismic reflectors to about 1400 milliseconds or about 4500 feet depth. Qit
well data show these continuous reflectors are from the middle and upper Repetto
Formation and the overlying Pico Formation. Thus one can conclude there is no
evidence for the postulated Lincoln Boulevard or Charnock fauits in strata depaosited
during the last 4.0 million years. The conclusion of no Lincoln Boulevard fault in much
of the sedimentary section under the Playa Vista site is consistent with the results of
the 2D high resolution seismic fine {section 3.2 of this study), and the Earth
Consultants international study of the shallow geclogy of site (ECINTL, 2000). The
éonclusion of no Charnock fault present in strata younger than 4.0 million years
seismic is also consistent with the results of the 2D high-resolution seismic line. The
fact that the postulated Lincoln Boulevard is not observed in either the 2D or 3D
seismic surveys down to about 4500 feet depth argues against the very existence of
the fault at deeper levels. The only reason for interpreting the fault at the Playa Vista
site is to explain the shallow methane anomaly at the Playa Vista site (ETI, 2000). The
postulated fault would have to cut through upper Pliocene and Quaternary deposits in
order to be a conduit for the shallow methane anomaly. As the seismic surveys show,
there is no fault above 4500 feet. Consequently, the methane anomaly must have
some cause other than a fault and therefore there is no need for a Lincoln Boulevard
fault. It is well known that methane anomalies and seepages can result from a variety
of subsurface conditions, not all of them requiring fautting (Thrasher, et al., 1996;
Matthews, 1996). Therefore the postulated Lincoln Boulevard fault is a possible but
not unique interpretation of the methane anomaly, but the Lincoln Boulevard fault
interpretation is inconsistent with the existing geophysical and geologic data from the

Playa Vista area.
During July 2000 an extensive offshore geophysical survey was conducted

southwest of the Playa Vista Project site under the direction of Dr. Dan Francis of

California State University at Long Beach and Dr. Marc Legy of Legg
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Geophysical. Drs. Francis and Legq processed and interpreted the offhsore data
during August and September 2000. Their report was written separately from the
geologic and onshore geophysical study by Davis and Namson and the offshore
report has been inserted here into the main study with only editing modifications.
The purpose of the survey was to better understand the origin of the bluffs
(Ballona escarpment) just south of the Playa Vista site. The offshore geophysical
data do not image a fault along the offshore projection of the bluffs, The
continuous nature of offshore reflectors, as far as they are imaged, provides no
evidencs for such a fault. The existence of 6,000 year old sediments in the
Baliona wetlands and offshore (in the younger river channel, cross cutting any
reasonable extension of the bluffs), and 100,000-300,000 (7) year old sediments
on top of the bluffs in Westchester, argues for erosion as the causative agent for
the bluffs. Any bluff-controlling fault would have to terminate at or near the
shoreline, an unlikely structural feature. The results of the offshore survey show
that the bluffs are the resuit of erosion by the ancestral Ballona Creek and not
faulting and uplift.
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7.0 Figures
-Figure 1, Structure contour and oil field map of the Los Angeles

Figure 2, Playa Vista Project Area showing location of offshore and onshore
seismic surveys and cross-seciion lines.

Figure 3, Regional north-south cross section of the Los Angeles Basin and
restoration

Figure 4, Type log and generalized stratigraphy of the Playa Vista Project Area

H

and diagrammatic cross section showing Quaternary stratigraphic framework

Figure 5, ETI (2000) east-west cross section showing postulated Lincoin Bivd,
Fauit and postulated Charnock Fauit

Figure 6, Geographic provinces as defined by Metzner (1935), relative to the
Playa Vista site and the postulated Lincoln Blvd. Fault

Figure 7, Structural cross section from the Playa Del Rey oil field to the
Inglewood vil field.

Figure 8, Playa Vista Project Area showing locations of cross sections by Davis &
Namson and Jack West.

Figure 9, Subsurface map of the Playa Vista Area showing contours on the top of
the Catalina Schist.

Figure 10, Subsurface map of the Playa Vista Area showing contours on the top
of the Schist Conglomerate of the Topanga Formation

Figure 11, Subsurface map of the Playa Vista Area showing contours on the top
of the upper Bentonite Marker within the upper Repetto Formation

Figure 12, Davis & Namson cross section #1
Figure 13, Davis & Namson cross section #2
- Figure 14, Davis & Namson cross section #3
Figure 15, Davis & Namson cross section #4

Figure 16, Map showing location of Chevron seismic line LAB 85-4 relative to the
Playa Vista site.
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Figure 17, Interpretation of grayscale Chevron Seismic Line LAB 85-4.

Figure 18, Playa Vista Project Area showing location of high resclution 2D
seismic line

"Figure 19, Uninterpreted high resolution 2D seismic line
-Figure 20, Interpreted high resolution 2D seismic line

. Figure 21, Playa Vista Project Area showing location of 3D seismic receiver lines
and 3D seismic grid

Figure 22, Playa Vista Project Area showing locations of source points (vibrater
points) and 3D seismic grid

Figure 23, Umnterpreted and interpreted Inling 20 from the Playa Vista 3D
seismic survey

Figure 24, Uninterpreted and interpreted Inline 25 from Playa Vista 3D seismic
survey

Figure 25, Playa Vista Project Area showing locations of offshore seismic survey
and bay cable

Figure 26, Offshore survey area showing tracklines, navigated by, d:fferentlal
GPS (Global positioning system).

Figure 27, Ballona Creek track lines

Figure 28, Example of offshore southern California faults imaged by uniboom
Figure 29, Example of offshore southern California fautts imaged by sparker
Figure 30, Reflective layer imaged in a typical uniboom profile

Figure 31, Contour map showing thickness Iof sediments above the reflector
Figure 32, Reflector at 375 msec in a typical sparker profile

Figure 33, Map showing parts of tracklines where strong 375 msee reflector is
imaged

Figure 34, Side scan sonar record showing what are interpreted to be channels
on the sea floor
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Figure 35, Map of channels from side scan data.
Figure 36, Channel profiles imaged in two 3.5 kHz profiles, line 12 and line 14

Figure 37, Correlation of 375 msec reflector with river
Figure 38, Ballona Creek 24-channel migrated seismic profile

Figure 39, Topographic map (1901) showing the natural extent of tagoon
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Figure Captions

Figure 1, Structure contour and oil field map of the Los Angeles Basin
(modified from DOG, 1974; Davis, et al., 1989, 1996; Wright, 1991). Contours
on base of Repetto Formation (approx. 4.0 Ma) or Top of Puente Formation
(Monterey Formation Equivalent). CF=Compton fault, LCF=Las Cienegas
fault, NF=Norwalk fault, NIFZ=Newport-Ingiewood fauilt zone, PVHF=Palos
Verdes Hills fault, SMF=Santa Monica fault, THBF=Thums-Huntington
Beach faulit.

Figure 2, Playa Vista Project Area showing location of offshore and
onshore seismic surveys and cross-section lines.

Figure 3, Regional north-south cross section of the Los Angeles Basin and
restoration (Davis, et al., 1989).

Figure 4, Type log and generalized stratigraphy of the Playa Vista Project
Are, and diagrammatic cross section showing Quaternary stratigraphic
framework.

Figure 5, ETI (2000) east-west cross section showing postulated Lincoin
Blvd. fault and postulated Charnock fault (Poland, et al., 1959).

Figure 6, Geographic provinces as defined by Metzner (1935), relative to the
Playa Vista site and the postulated Lincoln Bivd. fault.

Figure 7, Structural cross section from the Playa Del Rey oil field to the
Inglewood oil field.

Figure 8, Playa Vista Project Area showing locations of cross sections by
Davis & Namson and Jack West.

Figure 9, Subsurface map of the Playa Vista Area showing confours on the
top of the Catalina Schist. .

Figure 10, Subsurface map of the Playa Vista Area showing contours on
the top of the Schist Conglomerate zone of the Topanga Formation.

Figure 11, Subsurface map of the Playa Vista Area showing confours on
the top of the upper Bentonite Marker within the Repetto Formation.

Figure 12, Davis & Namson cross section #1

Figure 13, Davis & Namson cross section #2
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Figure 14, Davis & Namson cross section #3
Figure 15, Davis & Namson cross section #4

Figure 16, Map showing location of Chevron seismic line LAB 85-4 relative
to the Playa Vista site.

Figure 17, Interpretation of grayscale Chevron Seismic Line LAB 85-4,

Figure 18, Playa Vista Project Area showing location of high resolution 2D
seismic line,

Figure 19, Uninterpreted high resolution 2D seismic line.
Figure 20, interpreted high resolution 2D seismic line.

Figure 21, Playa Vista Project Area sho wing locations of 3D seismic
receiver lines and 3D seismic grid.

Figure 22, Playa Vista Project Area showing locations of source points
(vibrator points) for 3D seismic surve y and 3D seismic grid,

Figure 23, Uninterpreted (top) and interpreted (bottom) Inline 20 from the
Playa Vista 3D seismic survey.

Figure 24, Uninterpreted (top) and interpreted (bottom) Inline 25 from the
Playa Vista 3D seismic survey.

Figure 25, Playa Vista Project Area showing locations of offshore seismic
survey and bay cable.

Figure 26, Offshore survey area, sho wing tracklines, navigated by
differential GPS (Global Positioning System). Accuracy of navigated points
s within 5 m.

Figure 27, Ballona Creek track lines. Two profiles were acquired, one west-
east, and the other east-west. Two wipeout zones (described in text) are
indicated.

Figure 28, Example of offshore southern California faults imaged by
uniboom (Cabrillo fault zone off Point Fermin, with three faults within the
zone shown by arrows),

Figure 29, Example of offshore southern California faults imaged by

sparker (Palos Verdes fault, shown by arrow, 10 km south of Los Angeles
Harbor).

32



Figure 30, Reflective layer imaged in uniboom profile, with arrows
indicating reflector.

Figure 31, Contour map showing thickness of sediments above the
reflector. Thickness is mapped in two-way travel time; 1 msec is equivalent
to about 3 feet. Fauit with about 12 ft of vertical separation is marked F1.
Another fault farther to the north with unknown separation is marked F2.

Figure 32, Reflector at 375 msec in a typical sparker profile, with arrows
indicating the reflector

Figure 33, Map showing parts of tracklines where strong 375 msec reflector
is imaged. A possible fault, imaged in one profile, is located at the point
labeled "F."

Figure 34, Side scan sonar record showing what are interpreted to be
channels on the sea fioor.

Figure 35, Map of channels from side scan data, Channels imaged in 3.5
kHz data (lines 12 and 14) are indicated. Box indicates location of Figure
34.

Figure 36, Channel profiles imaged in two 3.5 kHz profiles, line 12 and line
14. Arrows indicate edges of channels. Locations of these images are
shown in Figure 34.

Figure 37, Correlation of 375 msec reflector with river channel (combination
of Figures 33 and 35).

Figure 38, Ballona Creek 24-channel migrated seismic profile.
Figure 39, Topographic map (1901) showing the natural extent of fagoon.
The lagoon crosses the present Ballona Creek channel, where the seismic

line is located (indicated by a line on the map). This is shown as Centinela
Creek on this old map.
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8.0 Plates
Plate |: Regional Structure and Data Location Map.

Plate ll: Playa Vista Project Area Map Showing Location of Cross Sections and
Offshore and Onshore Seismic Surveys.

Plate Ill: Regional Cross Section of the Los Angeles Basin and Restoration.

Plate IVA: Type Log and Stratigraphy of the Playa Vista Project Area.
Plate IVB: Quaternary Stratigraphy of the Playa Vista Project Area.
Plate V: Cross Section Showing Postulated Lincoln Blvd. Fault, Plate 1 ETI (2000)

Plate VI: Topographic Map of the Del Rey Hills, Plate Il Metzner (1935
Plate Vii: Jack West Regional Cross Sections of the Playa Vista Project Area.

Plate VIII: Playa Vista Project Area Map Showing Locations of Cross Sections by
Davis & Namson and Jack West.

Plate X: Structure Map Top of Catalina Schist

Plate X: Structure Map Top of Schist Conglomerate Zone

Plate XI: Structure Map Top of Bentonite Marker

Plate XII: Davis & Namson cross section #1

Plate XlIl: Davis & Namsoﬁ cross section #2

Plate XIV: Davis & Namson cross section #3

Plate XV: Davis & Namson cross section #4

Plate XVI: Map showing location of Chevron seismic line LAB 85-4
Plate XVII: Interpretation of grayscale Chevron Seismic Line LAB 85-4.

Plate XVHI: Playa Vista Project Area Showing Location of High Resolution 2D
Seismic Line.

Plate XIX: Uninterpreted High Resolution 2D Seismic Line

Plate XX: Interpreted High Resolution 2D Seismic Line

54



Plate XXI: Playa Vista Project Area showing location of 3D seismic receiver lines

and 3D seismic grid

Plate XXiI: Playa Vista Project Area showing locations of 3D seismic source
points {vibrator points) and 3D seismic grid

Plate XXIHA: Playa Vista 3D Seismic Survey Interpreted Inline 15
Plate XXIHB; Playa Vista 3D Seismic Survey Interpreted Inline 20
Plate XXIIIC: Playa Vista 3D Seismic Survey Interpreted Inline 25
Piate XXIIID: Playa Vista 3D Seismic Survey Interpreted Inline 30
Plate XXIIIE: Playa Vista 3D Seismic Survey Uninterpreted inline 15
Plate XXHIF: Playa Vista 3D Seismic Survey Uninterpreted Inline 20
Plate XXIlIG: Playa Vista 3D Seismic Survey Uninterpreted Inline 25
Plate XXIIIH: Playa Vista 3D Seismic Survey Uninterpreted Inline 30

Plate XXIVA: Playa Vista 3D Seismic Survey Interpreted Crossline 20

Plate XXIVB: Playa Vista 3D Seismic Survey Interpreted Crossline 30
Plate XXIVC: Playa Vista 3D Seismic Survey Interpreted Crossline 40
Plate XXIVD: Playa Vista 30 Seismic Survey Interpreted Crossline 50
Plate XXIVE: Playa Vista 3D Seismic Survey Interpreted Crossline 60
Plate XXIVF. Playa Vista 3D Seismic Survey Interpreted Crossline 70
Plate XXIVG: Playa Vista 3D Seismic Survey Uninterpreted Crossline 20
Plate XXIVH: Playa Vista 3D Seismic Survey Uninterpreted Crossline 30
Plate XXIVI: Playa Vista 3D Seismic Survey Uninterpreted Crossline 40
Piate XXIVJ: Playa Vista 3D Seismic Survey Uninterpreted Crossline 50
Plate XXIVK: Playa Vista 3D Seismic Survey Uninterpreted Crossling 60
Plate XXIVL: Playa Vista 3D Seismic Survey Uninterpreted Crossline 70
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8.0 Appendix I-Acquisition Comments, Playa Vista High Resolution 2D, by
Dan Hollis, Subsurface Exploration Company (SECO), Pasadena,CA

The purpose of the high resolution, 2D seismic line was to image from a depth of
about 2000-ft to the surface. A spread configuration of 2000'-0-2000' was
chosen: the 2000-ft far offset allows for sufficient offsets to image to a 2000-ft
depth and a near offset of O-ft (no gap) aliows imaging as close to the surface as
muting of the first arrival energy allows, A 10-ft group interval was chosen to
provide high spatial resolution and to minimize spatial aliasing of dipping events.
Six potted geophones were used for each receiver station. A sand bag was
placed over the geophones to improve ground coupling and to reduce noise.
One stationary vibrator was used for each source location. A 20-ft source
interval was used for the line, except in the area of high noise near Lincoln
Boulevard were a 10-ft source interval was used. Sweep testing indicated that
the optimal frequency range is between 15 and 120 Hz. A Varisweep of 15-120
Hz bandwidth was used to acquire the data.
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9.0 Appendix li-Notes regarding processing of Playa Vista High Resolution
2D survey, by Dan Davidson, Tricon Geophysical, Denver, CO
The data were received in SEG Y format from the field acquisition company on
two Bmm magnetic tapes. The data were reformatted to DISCO internal format
for further processing. The data were then displayed and the traces were edited
to remove "dead" traces and review the data for completeness and overall
quality. To process the seismic reflection data from raw field format
(shot domain) to a stacked common depth point (CDP) profile requires
that the spatial relationship between shots and receivers be described. This
description is called the geometry. The geometry of the line was finalized afier
thoroughly consulting with the surveyor conceming anomalous group locations,
and with the seismic crew observer concerning the cable layout, especially in the
area of Lincoin Blvd., and the locations of noisy areas from road Crossings,
pipeline crossing, and construction crew activity. After finalizing the geometry, it
is used by almost all of the following processing steps. Gain tests were
performed on selected shot records. Based on these tests a spherical divergence
correction was designed and applied to balance the amplitude spectrum of the
data. Spectral analyses were performed on selected shot records with and
without deconvolution filter operators applied. It was determined that the data
had usable frequency content up to approximately 80 Hertz (Hz). A surface
consistent spiking deconvolution operator was selected because it balanced the
frequency spectrum and improved resolution of the data at frequencies greater
than 60 Hz. Datum static corrections were applied to correct for variations in the
surface topography. Refraction statics were not applied because the quality of
the first break of the refraction event was of insufficient quality to pick reliably.
The data were then sorted to CDP order and interactive velocity analyses were
performed across the line at intervals of 50 CDPs. Normal moveout (NMO) and
surface consistent residual statics were applied and then the seismic data were
stacked preliminarily. A second pass of velocities and residual statics were
applied and the data were stacked again. The area from station 400-700

approximately was then analyzed a third time as this area of the line had the
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more serious noise problems in the vicinity of Lincoln Blvd. After an acceptable
velocity and statics models were determined, a CDP consistent statics correction
model was calculated and applied to the data to further define the static model
and produce a stacked section having higher resolution.

Automatic gain control (AGC) with a small window (250 milliseconds in

length) was then applied to the data before stack to better image the shallow
data by balancing the trace amplitude. The data were then stacked.

After final stack the data were migrated with a finite difference migration to
correct for raypath curvature. A Tau-P spectral enhancement was applied to the
data to increase the signal to noise ratio. Finally, a 12-80 Hz bandpass filter and

a post-stack trace balance was applied to improve the final display.
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Figure 7. Structural cross section from the Playa Del Rey oil field to the Inglewood oil field (Jack West, 2000)
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Figure 17. Interpretation of grayscale Chevron Seismic Line LAB 85-4 Deparmaeat - 221 N. Figueroa 8., #900 (et
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Figure 18. Playa Vista Project Area showing location of high resolution 2D seismic line
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Figure 19. Uninterpreted high resolution 2D seismic line
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Figure 20. Interpreted high resolution 2D seismic line
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Figure 21. Playa Vista project area showing locations of 3D seismic receiver lines and 3D seismic grid




0 600 1200 1800 2400 3000 feet

\ .
o = ‘ ENICE AREA / Y

v
i
«
o P~
~J 'd
N
ERas / A
=] I EPP 0 3
Q 3.2 i~ G . / S
fos] S 2 —
. *;,’ ~~ 7/ g” .
Wi el B N DR / Q
m 1% . ite B > s
ZEELT WS "~y O ;&
O 4~ ll|nzi ks ~ / /
oo iy /
=
A0 N KIDSON AREA
iy D /
' =
i Py (abd) /
= /
™%~ v
T

I BT S e S
INLINE 20 i iy gt S R /8-
i N I A%
: 7 < 0 .o ~ 2 / b4
5 . : . . :
INLINE 1 ;’ s . :
i 0 .
| T
_ 3
BULLHE qopT
L ____-"’--‘ ///
£y I N A
I - / > I ; -
i Source Ppints for , P
F ismic/Li - | b
' 3D Seisnjic/Lines ; 7y
. { v ~o « i S ' i/
g | s t [ Postulatpd Lincoln Blvd. Fault . — PR
i + S / - : SR
e o o o - I i ) Postulated Charnock:Fault BN
. Sc——— A /7 S™. o To—/l-  _(Polandetal., 1959) | N
o AL N 8 Sl A S e Py A4 S A .
;5, i N e’ ApproX=Playa Del Rey Oil Field rl’pol Ov@ws O N x // m —- @) oy, ~o
o @ o D o 0o A = =5
fe - = - 2 4 eF X
o o =z = C - »n v W
HE i m Z P-4 = — - i
. ey N m m % b E L
© © z
o pd £ o m m =
[en] b4 o ~ i1
S =) <

This Graphic Was Originally In Color And Been
Converted To Black And White For Reproduction
Purposes. Color Originals Are Available For Review At
The Los Angeles City Planning Department - 221 N.
Figueroa St., #900 (Until 7/20/01); and 200 N. Spring
St., #720 (After 7/20/01); Los Angeles, CA 90012

Figure 22. Playa Vista project area showing locations of source points (vibrator points) for 3D seismic survey and 3D seismic grid
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Figure 23. Uninterpreted (top) and interpreted (bottom) Inline 20 from the Playa Vista 3D se

ismic survey.
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Figure 25. Playa Vista Project Area showing location of offshore seismic survey and bay cable
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Figure 33. Map showing parts of tracklines where strong 375 msec reflector is imaged. A possible fault,
imaged in one profile, is located at the point labeled "F".
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Line 12 - Complete Channel

Line 14 - Complete Channel

Figure 36. Channel profiles imaged in two 3.5 khz profiles, line 12 and line 14. Arrows indicate
edges of channels. Locations of these images are shown in Figure 34.

This Graphic Was Originally In Color And Been
Converted To Black And White For Reproduction
Purposes.  Color Originals Arc Available For Review At
The Los Angcles City Planning Department - 221 N.
Figucroa St., #900 (Until 7/20/01); and 200 N. Spring
St., #720 (After 7/20/01); Los Angeles, CA 90012



'(S¢ pue g¢ sainbiy Jo uolRUIqWIOD) [SUURYD JOALL UM J0}O3[Ja1 D9SW G/ JO UOIR[aLI0D) *LE 9inbi4

~ / —
/////bm. )..\ /
4
/ .o /
/ S~
/
/

(

\ e\

/
\\ b ///

DOCKWEILER STATE

Line 19
Line 17
Line 15

Line 21

20 8ur

s 0 our]
/// |

1 90 eur
\WA
Lo\ go eur
.@IL;WWMJ 0L aur

wu/iwl Z} eury

j

egz a4nbi4

Pl aunr

/
/ 31avo/vsg

ansid o
A3d T

—POCKWEILE]
BEAC

ICE BEACH

N

?
B e - LD :
o e ]

A
4
/

91 auy
/r —o g} 8uI
o 0Zour
\
\ I
\
2|
ol
=74 funt
T pzeury

—— o
—— o _ - . "
1984 000€ [T 44 008k oezL 009 [

T1006 VD ‘s3[a3uy $0T (10/0T/L 19UV) 0TL# IS
Sulds "N 00T Pue (10/07/L IUN) 006# ‘IS eoIONSLY
‘N 12¢ - wounredaq Sumwelgy L) soppSuy sor L
IV MIIAY 104 J[qe[IeAY 21V S[euISLIQ 10[0) ‘sesoding
uononpoxdoy 104 SWYM puy Yoerg o PaLIoAU0))
U3 puy I0[0) ul AqeuiSuQ sep omydern S L




This Graphic Was Originally In Color And Been
Converted To Black And White For Reproduction
Purposes. Color Originals Are Available For Review At
The Los Angeles City Planning Department - 221 N.
Figueroa St., #900 (Until 7/20/01); and 200 N. Spring
St., #720 (After 7/20/01); Los Angeles, CA 90012

2440 2460 2480 2500 2520 '
- : . ;: 2580 2560 20 2600 2626 2840 2660 2630 2700 2720 2740 2760 2730 2800 2820 2840 2860 2880 2300 2960
e Tt $RE R Ty o i GRATTHTL T e IR STUATUTTE o W0 THRRI,
-y v “

IS, l???“'.'..\v—.-..__ .

A2 v P e

. -»"‘u»ﬁuu»‘ﬂl’ '"’-.-‘-.

) s gt B X
A s
RS

[
proany

e e sy

b 1 20t A - W ! p— M-... - * oo YOOI
N ,.,..,,_,_'y{::...u»—‘

..»m.u,u'. s s

RERYR

N <1 v A0 iyt ..-" '» . 2 ). »"’
""-.»... ,..' ,,,,,.,....,,.-- » o : : ler i IR AR IO
ot » pe
..».""l.—» !
[RCTARERATE ve [ e
o e+ 1% e [yt r-"" s
' " ",
» w-\m et g R T

" “'r... +hy

. .n"-v-.,
<l

e D

MR
.y
SRR TANT

X

1y -,

AR L

e »-w—vnm » "‘: I

‘V' o 2o, | W o o
iy ww" e

u'w-'nv PN \ Vi X

LT ',m.x ..,u
.

: AN
. . ’ » 4 i . e N
R . - T R " Lo » . et g RO
o - . n A : B S, ", YW
s s [ b A g e e DL - o L. ol . : A
taat RN . ""' ; Iyt X ) S . o b e Uen BN
Comth ! ) XY 4 ¥ AT e n Hy iy b T -'H: .'hmu l'.’.m.,.'
+ |27 ! " *, - .
" B ¥

..‘.,..,‘,',‘,', . IR
» T ':H
. j > b,

'..

-
Bosnes
[T

LR T l'l |-
N '.‘ Tht o

St -v., spmisve
. .

e m. W.u.r

et .
it a9

ot bl

.»,hwl“ e D e
e i - ; . . s . YESEETLAN . : """"»u"""
ek 1“"' - i et - i G s g ey i

* {1 ‘s Vg s " -
et T .' .
B + et

D L LT ICPU

oipap s e .
b o e RIRPRE

,.lm».w-""“

Siaat L PRt

! ragpen .m-uhw""""h A
; et ,4. - » e v . ¢ QUANSIEL LIt 8
st e A . ) CORES 2 50t 0, S A ; Y i
. o . » s . Y 441k , ' ., . R R ML i .Y K : o SRS by Fr ot o
i rsssssni v - o A St stes . : . mw» oy . . ROET RN
» ok o o Kot T,
(LT v , ""u,p G
o ey .

e
o MNATINS
e w..‘- \
ol o

3
9 * il
R ,..»»--»..mn"t"‘
vt Vi e

Dtidrs, S R bt e, "‘ """"'mn-
i

i BALAR e et - s e, e e
" . Van P \' . (AN . ";

e R i . 8 - - g : hty A o, X
G ot . H . ARy r' (AN 3 ’-'m-..'
net e ’ g 8 . .

. 0 e § Py 8t
0

N
e,
‘ RURR L AR LA

Figure 38. Ballona Creek 24-channel migrated seismic profile.
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Figure 39. Topographic map (1901) showing the natural extent of lagoon. The lagoon crosses the

present Ballona Creek ch

annel, where the seismic

line

is located (indicated by a line on

the map}. This is shown as Centinela Creek on this old map.
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Plate XIX. Uninterpreted high resolution 2D seismic line
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