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ABSTRACT

Data from seismic station networks in southern
California have been collated to relocate 423 earthquakes
occurring between January 1, 1973 and December 31, 1976,
within the Los Angeles basin, the Santa Monica basin, and
the Santa Monica Mountains. From this data set, the
seismicity pattern, fault-plane solutions, and compressional
stress vectors have been derived and are compared with the
most recent known fault displacements in order to determine
the casuative fault for some of these earthquakes, the
preferred orientation of fault planes and probable focal
mechanisms.

The Los Angeles basin region is presently responding
to a regional northeast-southwest-oriented compressional
stress regime. Earthquakes on the northwest-trending
faults of the Newport-Inglewood, Whittier, and Palos Verdes
Hills fault zones describe fault-plane solutions dominated
by reverse-slip mechanisms. Right-lateral strike-slip is
often a secondary component of motion. Focal mechanisms
support the concept of convergent right-lateral wrench

faulting occurring in the Los Angeles basin. X



Seismic activity is concentrated in the Los Angeles
and Santa Monica basins rather than within the Santa Monica
Mountain block. Most activity appears to terminate at
the Santa Monica fault system rather than continue to
the north, along the projected trend of the northwest-
trending Newport-Inglewood and Palos Verdes Hills fault
zones. The western portion of the east-northeast-trending
Santa Monica fault system was probably the causative fault
for the magnitude 5.9 Point Mugu earthquake of February 21,
1973. Besides reverse faulting, normal faulting appears
to be associated with the western portion of the Santa
Monica fault system. The eastern portion of the Santa
Monica fault, between Hollywood and Glendale has also been
the locus for a cluster of microseismicity. Reverse
faulting has dominated this eastern cluster. A minor
component of left-lateral strike-slip displacement is
possible in several fault—piane solutions along the Santa

Monica fault system.

xi



INTRODUCTION

General Statement

A seismicity study has been conducted for portions
of the Los Angeles basin, the Santa Monica basin, and
the Santa Monica Mountains (Figure 1). Bathymetric
features for the offshore portion of the study area are
shown in Figure 2. The Los Angeles basin, Santa Monica
basin, and Santa Monica Mountains are tectonically active
structures that have formed at the juxtaposition of three
physiographic provinces--the Transverse Ranges, Peninsular
Ranges, and California Continental Borderland (Figure 1).
These three provinces have a common point at the inter-
section of the Newport-Inglewood uplift and the Santa
Monica fault. The east-west-trending Transverse Ranges,
represented at its southern boundary by the Santa Monica
Mountains, transects the northwest-trending structural
grain associated with the Peninsular Ranges to the south,
the Coast Ranges to the north and the San Andreas fault

system. Consequently, a complex system of faults has



Figure 1.

Physiographic provinces of southern
California. Rectangle outlines study
areg. Geograph%cal boundaries are

113 00'wWw to 1%9 15'W longitude and
33745'N to 34°15'N latitude. The
intersection of the Santa Monica fault
and the Newport-Inglewood fault (dashed
line) is shown. After Yerkes and others
(1965) and Junger and Wagner (1977).
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Figure 2. Bathymetric map of the Santa Monica
basin and San Pedro basin. After
Junger and Wagner (1977).
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been activated within the wedge of continental landmass
lying west of the San Andreas fault in response to a
regional NNE-SSW compressional stress regime.

All recorded earthquakes occurring from 1973 through
1976 have been compiled from data received at seismic
stations from all seismograph networks operating in
southern California and have been located using Lee's
and Lahr's (1975) computer program. Epicentral patterns,
fault-plane solutions, and compressional stress vectors
have been derived from the microearthquake data to deter-
mine the causative faults for some earthquakes, the pre-
ferred orientations of fault planes, and probably focal
mechanisms. These results are discussed in terms of
fault displacements and fault geometries.

The objective of this study is to add to the under-
standing of the contemporary tectonic environment within
the Los Angeles basin region by combining known geologic
and geomorphic data with recently derived seismic data
for this same region. If seismic activity can be asso-
ciated with a fault or fault zone, then it confirms
the active status of that fault. From this relationship,
the seismic record can be studied to understand the
present tectonic regime. Future earthquake rupture is
assumed to occur along pre-existing faults, with the
greatest probability of renewed movement on active and
potentially active faults, as defined below (Ziony and

others, 1973).



Just as the seismic record represents the active
tectonic regime, the geologic record represents the
past tectonic environment. Fault displacements, measured
in the field from geologic relationships, assist in iden-
tifying recency of movement along faults. This informa-
tion can be used to extend the historic and instrumental
seismicity records. Since surface rupture can be roughly
correlated with a magnitude 6 or greater earthquake
(Allen and others, 1965), the youngest preserved strati-
graphic or geomorphic evidence for faulting can be used
to demonstrate and bracket the time of the latest signi-
ficant seismic activity. This study compares known Qua-
ternary faulting in the Los Angeles basin region with the
1973-1976 earthquake data set to access similarities and
dissimilarities bewteen the present seismic record and
the Quaternary geologic record. Geologic and geomorphic
evidence, gathered from various published field studies,
has been used to document the most recent displacements
on known faults in the Los Angeles basin region.

Figure 3 is a fault map for the study area displaying
only known or inferred fault displacement of Quaternary to
present age. The map was compiled from several sources;
onland faults have been adopted from Ziony and others'
(1974) comprehensive compilation of recency of fault move-
ments along the southern California coastal area; off-

shore faults have been compiled from recently interpreted



Figure 3. Fault map showing all faults displaced
since at least Quaternary time.

Legend
solid line (or star) - Holocene displacement
(<11,000 vy.)

long dashed line - Late Quaternary displacement
(11,000 - 500,000 y.)

short dashed line - Quaternary displacement
(500,000 - 2,000,000 y.)

dotted line (P) - Pliocene (>2,000,000)

star - historic earthquake
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sub-bottom acoustic-reflection profiles by Vedder and

others (1974), Green and others (1975), Junger and

Wagner (1977), and Nardin and Henyey (1978).

Following Ziony and others (1974), faults demon-

strating displacement during the Holocene time (approxi-

mately 11,000 y. B.P. to present) have been classified as

"active" faults; faults demonstrating displacement since

at least Quaternary time (approximately 2-3 m.y. B.P.

to present) have been classified as "potentially active"

(Figure 4). These criteria have been followed in con-

structing the active fault map for the study area (Figure

3). The fault classification (Figure 4), used to compose

Figure 3, includes four time subdivisions:

(1)

(2)

(3)

(4)

Historic - to approximately 200 years before
present;

Holocene - to approximately 11,000 years before
present;

Late Quaternary - to approximately 500,000
years before present;

Quaternary - to approximately 2-3,00,000 years

before present.

Subdivisions (1) and (2) represent active faults while

subdivisions (3) and (4) represent potentially active

faults (Figure 3).

The important Point Mugu earthquake of February

21, 1973 and its aftershock sequence have not been analyzed

10



Figure 4.

Geologic time scale used to classify
fault activity, adopted from Ziony and
others, 1974. After Byer (1975).

11



Geclogic Age
Yezrs tefore present
Zra Feriod Zpoch (estimated)
i
"Historic" {
= 20C =
P HOLOCENE
QUATERNARY 11,000 —
3] PLEISTOCENE

i
O
N
=
=

8 2,000,000 -

3,000,000
PLIOCENE
TZRTIARY 7,000,000 .
10,000,000
rre-PLIOCENE
€5,000,000 "
pre-CENOZOIC time

"*TBezinning of geologic )"*(-&,600,000,0QO >—

Faults defined as

active

Faults defined as ~J
potentially active



but are included here to complete a comprehensive

earthquake catalog for the study area from 1973-1976.

The Study Area: Major Faults

The study area is delineated by deep-seated, steeply-
dipping, and seismically-active faults. Figure 3 shows
the portions of these fault traces which have moved during
Quaternary time, based on geologic and geomorphic evi-
dence, discussed later.

The Los Angeles physiographic basin is 80 kilometers
long and 32 kilometers wide, located along the coast and
bounded to the north by the Santa Monica fault system
(Figure 3) and to the northeast and east by the Whittier
fault zone (Figure 1). The basin's southern and south-
eastern boundaries are marked by the San Joaquin Hills
and the Santa Ana Mountains.

The Santa Monica fault zone is an active north-
dipping high-angle reverse fault across which the Santa
Monica Mountain structural block has been thrust south-
ward over the alluvial fill of the Los Angeles basin since
Pliocene time (Yerkes and others, 1965). This fault
continues to the east as the Raymond Hill fault and to
the west as the Malibu Coast fault and the offshore Dume

fault (Figure 3). Geologic evidence for latest movements

13



across these fault extensions is north-over-south high-
angle reverse displacement.

The only disruption along the east-northeast trend-
ing Santa Monica fault zone exists in the Elysian Park-
Puente Hills area where sgemented faults comprising the
northwestward extension of the Whittier fault zone break

the continuity between the Santa Monica fault and the

Raymond Hill fault (Figure 5). Since the Los Angeles River

flood plain and alluvial deposits have obscured the fault

traces at the surface, the crosscutting relationship be-
tween these two fault systems is presently subject to
debate (Lamar, 1970; 1975).

The north-northwest-trending Whittier fault zone

defines the eastern boundary of the Los Angeles basin and

is most significantly represented in this study area by
its northwesterly extension which intersects the Santa
Monica fault zone. It is a continuous fault trace along
the southwestern front of the Puente Hills where it has
offset Miocene strata up to 4250 meters along a reverse
fault dipping 65° to 75° NE (Yerkes and others, 1965).
The Newport-Inglewood fault zone interrupts the
otherwise slight seaward grade of the Los Angeles basin
and is expressed as a series of low hills extending from
Beverly Hills southeast to Huntington Beach. The low
hills and mesas within the otherwise expressionless

alluviated lowlands are a series of en echelon compres-

14



Figure 5.

Geologic map detailing proposed connec-
tions between the Hollywood fault (Santa
Monica fault) and the Raymond Hill fault.
Generalized from Woodford and others
(1954) and Lamar (1970). After Lamar
(1975) .

Q: alluvium; Tf: Fernando Formation
Tp: Puente Formation; Tt: Topanga
Formation; Tv: Volcanic rock; Kp: Plu-
tonic + metamorphic rock.

trace 2: Ziony and others (1974)
trace 3: Woodford and others (1954)

15
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sional anticlines which are the result of a deep-seated
right-lateral wrench fault process (Wilcox and others,
1973; Harding, 1973).

The Palos Verdes Hills fault (Figure 3) subparallels
the Newport-Inglewood fault zone, is seismically active,
and displays a deformational mechanism of high-angle
reverse faulting. On the Palos Verdes peninsula and to
the south, in the San Pedro Bay, the fault dips steeply
to the southwest (Woodring and others, 1946; Fischer and
others, 1977). The northwesterly trace of the Palos
Verdes Hills fault within the Santa Monica Bay, inter-
preted from subbottom acoustic seismic profiles, terminates
against the east-trending Dume faﬁlt (Figure 3), where only
insignificant amounts of strike-slip displacment are
apparent (Greene and others, 1976; Junger and Wagner, 1977;
Nardin and Henyey, 1978). Vertical separation appears to
terminate at the top of the lower Pliocene strata (Junger,

1976; Nardin and Henyey, 1978).

Southern California Seismic Network

In 46 years, since its inception in 1932, the Southern
California Seismic Network has grown to approximately
120 short-period and long-period seismometers. Offshore
seismic coverage has been aided by the placement of

seismometers on the Channel Islands. Figure 6 shows the

17



Figure 6.

Seismic stations monitored and maintained
by the CIT and USGS, as of January 1,
1977. The USGS maintains the stations
outlined in the southeastern corner

of California.

18
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spatial distribution of seismic stations presently moni-
tored by the seismological laboratories at the California
Institute of Technology (CIT) and the United States
Geological Survey (USGS).

This regional coverage has been augmented, beginning
in 1971, by specialty networks set up in the Los Angeles
basin by the University of Southern California (USC).

In addition, a temporary network to locate and study the
aftershocks of the 1973 Point Mugu earthquake was jointly
deployed by the USGS and CIT at the western edge of this
study area during the months of February, March, and April,
following the main shock of February 21, 1973.

Since 1972, USC has established two local seismic
networks along the Newport-Inglewood fault zone in the
western Los Angeles basin. Stations within the Baldwin
Hills Seismic Network (BHSN) and the Long Beach Seismic
Network (LBSN) are located in Figure 7 and are listed
in Table 1. Both networks serve to study the micro-
earthquake activity associated with the tectonically
active Newport-Inglewood fault zone, which is currently
subject to substantial oil removal and fluid injection
programs. Also shown in Figure 7 and Table 1 are stations
located along the periphery of the Los Angeles basin,
telemetered to both USC and CIT. This recording overlap
provides a cross check on the timing and location of

events occurring within the Los Angeles basin. Common
20



Figure 7.

Location map for the Baldwin Hills
Seismic Network and the Long Beach
Seismic Network. See Table 1 for
station coordinates. After Teng and
Henyey (1973).

21
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TABLE 1.

Seismic Network in the Los Angeles basin area.

SEISMIC NETWORK IN THE LOS ANGZILES BASIN AREA

tation Latitude, Longitude Remarks

Code N W

BER 34%00.51' 118921.72"

BCM 33°59.64' 118922.98"

IPC 33°58.24' = 118920.07"

TPR 34°905.33' 118°35.20' Began July, 1975
JBF 33%59.58' 118°20.68' Term. July, 1975
GFP 34907.76' 118918.59' Began 4pr., 1975
LCM 34901.07' 118°17.22°

DHS 34°01.05" 118°23.13' Three Components
DHT 33°45.06' 118°13.25°

DRP 33946.72' 118°12.27'

LCL 33°50.00' 118°11.55'

FMA 33942.75' 118°917.12°

LNA 33947.35' 118°903.27'

RCP 33%46.66' 118°908.00'

scr? 34006.37' 118927.25'

SJR®  33937.20' 117950.70°

VPD2  33948.90' 117945.70°

TCNZ 33°959.67' 118900.77'

c1s® 33024.40' 118924.40°

MWC 34°13.40' 118°903.03"'-

DAS 34908.90' 118910.30'

After Teng and others (1975).

Superscript a designates stations monitored at
both USC and CIT.



seismic records from these overlapping networks permit
identification and elimination of nearly all errors
involved in the reading, measuring, and recording of

daily local seismic events from 1973 to 1976. The cross-
over of seismic data between the networks in the Los
Angeles basin permits a double check on station polari-
ties, as they are determined from nearby controlled quarry
blasts originating in the Mojave Desert.

The BHSN and the LBSN are small-aperture seismic-
station clusters employing short-period vertical seis-
mometers (T = 1.0 sec), specifically designed to monitor
local microearthquake activity. By combining these local
clusters with the peripheral Los Angeles basin seismic
stations and the regional CIT-USGS seismic stations, out
to a 120 kilometer radius from the Los Angeles basin,
every event in the study area with a magnitude, ML%Z.O
has been recorded and relocated with improved precision.

Appendix A includes all the stations used in this
study. Station installation dates have been variable
and many stations have become operable only recently.
Enough changes have occurred locally and regionally since
1973 to warrant revising the master list of stations for
the 1976 earthquake data set. Table 6 (Appendix A)
is a list of stations from which data has been taken to

relocate the events océurring from 1973 through 1975;
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Table 7 (Appendix A) is a revised master list of stations

used to relocate only 1976 events.

Crustal Velocity Model

Since the development of a specific crustal velocity
model for the study area is beyond the scope of this
project, Healy's (1963) model has been chosen to appro-
ximate the crustal velocity structure for the general
western Los Angeles basin and the Santa Monica Mountain

region (Table 2).

Table 2

Crustal Velocity Structure

Layer Depth (Km) P Velocity (Km/sec)
1 0.0 to 2.6 3.0
2 2.6 to 16.7 6.1
3 17.6 to 26.1 7.0
4 below 26.1 8.2

S-wave velocity is assumed to be 0.56 times the P-wave
velocity.

Six studies have proposed different crustal velocity
structures for southern California. Four models are
applicable to travel paths within this study area; the

other two velocity structures have been derived for
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the Mojave Desert region to the east. Figure 8 shows
the basis for the six crustal velocity models for southern
California.

The models are compared in Figure 9. All consider
the crust to be composed of three layers overlying a
uniform half-space (upper mantle). All distinguish a
low-velocity surface layer which varies from 3.0 km/sec
along the southern California coast to 5.5 km/sec within
the Transverse Ranges and Mojave Desert. Each study has
established a distinct upper crustal layer, with a
velocity of approximately 6.2 km/sec and an intermediate
crustal-velocity layer of 6.8-7.0 km/sec, with a low
of 6.2 km/sec in the Los Angeles basin (Teng and Henyey;
1973) and a high of 7.66 in the Mojave Desert (Press;
1960). The Pn velocity is typically 8.1 to 8.2 km/sec,
at a depth of approximately 30 to 35 km. Hadley and
Kanamori (1977) have discovered an anomalously high velo-
city of 8.3 km/sec for the upper mantle, underlying the
Transverse Ranges.

The Los Angeles basin crustal velocity model pro-
posed by Teng and Henyey (1973; Figure 9) is a deriviative
of Healy's model for a portion of the Los Angeles basin
and thus should not necessarily be extrapolated to a
more regional seismic station data base.

Stierman's and Ellsworth's (1976) velocity model,
derived from artificial explosion travel-time data for
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Figure 8. Plan view of areal extent for each

crustal velocity survey conducted in
southern California. Shaded area
represents study area. Base map after
Hileman and others (1973).

Healy (1963); R-H = Roller and Healy (1963)
= Transverse Ranges (Hadley and Kanamori, 1977)

Mojave Desert (Kanamori and Hadley, 1975)

Mojave Desert (Press, 1960)
Point Mugu (Stierman and Ellsworth, 1976)

Los Angeles Basin (Teng and Henyey, 1973)
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Figure 9.

Cross section of the six
city models proposed for
of southern California.

interval thicknesses are

crustal velo-
various portions
Depths and

in kilometers.
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the 1973 Point Mugu earthquake study, should also be
discounted as a regional crustal structure due to its
localized nature. However, their travel-time plot for
the upper crustal region along the coastline supports
Healy's model (Figure 9).

Kanamori and Hadley's (1975) Mojave Desert region
crustal velocity model is presently used to relocate
events within the CIT seismic network. This model
assigns a 7.8 km/sec value to the upper mantle. This
low value is typical of the Basin and Range structure to
the east (Herrin and Taggart, 1962; Cleary and Hales,
1966; Archambeau and others 1969). The existence of such
a low Pn velocity for coastal California has not been
substantiated elsewhere in the literature. Healy's
value of 8.2 km/sec is in closer accordance with Press'
(1960) value of 8.1 km/sec and Hadley and Kanamori's
(1977) Pn velocity of 8.3 km/sec for the Transverse
Ranges. Since both Mojave models (Press, 1960; Kanamori
and Hadley, 1975) do not include data within this study
area, neither can be as dependable as local models for the
Los Angeles basin.

Hadley and Kanamori's (1977) crustal velocity model
for the Transverse Ranges describes a locally anomalous
velocity pehnomenon occurring strictly beneath this

east-west trending structure. Its regional applicability
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is doubtful and also should be discounted in terms of a
local model.

For a crustal model to be useful it must remain
sensitive to the velocity structure within the earthquake
focal region while closely approximating travel times at
distant seismic stations. Healy's model meets these
criteria. Independent crustal velocity studies in coastal
southern California, by Teng and Henyey (1973) and Stier-
man and Ellsworth (1976), have corroborated Healy's choice
of surface layer (3.0 km/sec) and upper crustal (6.1 km/
sec) velocities as representative of the study area.

Healy assigns velocities of 7.0 km/sec to the intermediate
crustal layer and 8.2 km/sec to the upper mantle. 1In
light of all six models proposed for southern California

(Figure 8), Healy's velocities represent regional averages.

Station Delays

Healy's model has been generalized herein to represent
the local velocity structure for the study area as well
as the regional velocity structure for southern California.
In addition, station delays have been computed and assigﬁed
to individual seismic stations. These station delays
adjust the arrival time at each seismic station to account
for travel paths which are affected by azimuth-dependent

and localized velocity variations. The assignments of
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individual station delays have been computed using a sub-
routine from Lee and Lahr's (1975) computer program,
HYPO71(REVISED), as outlined below.

Each station correction constant accounts for velo-
city variations due to: (1) the juxtaposition of differ-
ing geologic structures and lithologies resulting from
Cenozoic tectonism and recent fault movements, such as
the contrasting crystalline basement complexes juxta-
posed northeast and southwest of the Newport-Inglewood
fault zone in the Los Angeles basin (Woodford, 1924;
Bailey and others, 1964; Yerkes and others, 1965); (2) tra-
vel-time delays, ranging from 0.3 to 0.7 seconds (Kana-
mori and Hadley, 1975), for seismic stations in the Los
Angeles and Ventura basins, where the sediment pile is
estimated to reach 9150 meters (Yerkes and others,

1965; Vedder and others, 1974), (3) P-wave travel-time
advances, ranging from 0.1 to 0.3 seconds, as a result

of travel paths partly within an anomalously high-velocity
upper mantle of 8.3 km/sec which exists beneath the
Transverse Ranges (Hadley and Kanamori, 1977); and

(4) a minor, yet necessary, elevation correction.

Hadley and Kanamori (1977) assume a range of near-surface
velocities of 3.0 to 5.0 km/sec to calculate elevation
corrections for individual stations within the CIT

seismic network. Assuming a maximum travel-time of 3.0
km/sec, the maximum effect of elevation variations between
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Table 3.

Explanation of earthquake relocation
quality rating and data output summary
lists found in Appendices C and D.
After Lee and Lahr (1975).
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Approximate accuracy

Solution Quality Epicenter Focal Depth
(km) (km)

A (excellent) 1 2

B (good) . 2.5 5

C (fair) 5 >5

D (poor) >5 >S5

The following data are given for each event:

(1) Origin time in Greenwich Civil Time: date, hour (HR), minute (MN), and second (SEC). If **
precedes the date, it indicates that this event also appeared in the Caltech catalog.

(2) Epicenter in degrees and minutes of north latitude (LAT N) and west longitude (LONG W).

(3) DEPTH, depth of focus in kilometers.

(4) MAG, Richter magnitude of the earthquake.

(5) NO, number of siations used in locating earthquake.

(6) GAP, largest azimuthal separation in degrees between stations.

(7) DMIN, epicentral distance in kilometers to the nearest station.

(8) RMS, root-mean-square error of the time residuals: RAMS = [Z(R,*/No)l* where R, is the
observed seismic-wave arrival time minus the computed time at the ith station.

(9) ERH, standard error of the epicenter in kilometers: ERH = [SDX?-SDY?)* SDX and SDY
are the standard errors in latitude and longitude, respectively, of the epicenter. When NO £ 4,
ERH cannot be computed and is left blank.

(10) ERZ, standard error of the focal depth in kilometers. When NO £ 4, ERZ cannot be computed
and is left blank. If ERZ 2 20 km, it is also left blank.
(11) Q, solution quality of the hypocenter. This measure is intended to indicate the general reliability

of each solution.
Q Epicenter Focal Depth
A excellent good
B good fair
C fair poor
D poor poor

Q is based on both the nature of the station distribution with respect to the earthquake and the
statistical measure of the soluiion. These two factors are each rated independently according to

the following schemes:

Station Distribution
Q NO GAP DMIN
A 26 s 9%0° < Depth or 5 km
B 26 = 135 =< 2x Depth or 10 km
C 26 s 180° = 50 km

Statistical Measures
Q RMS (sec) ERH (km) ERZ (km)
A < 0.15 <10 <20
B < 0.30 <25 <50
C < 0.50 <50
D Others

Q is taken as the average of the ratings from the two schemes, i.e., an A and a C yield a B, and
two Bs yicld a B. When the two ratings are only one level apart the lower one is used, i.e., an A
and a Byielda B.
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stations can only account for 0.3 seconds in travel time.
The station elevation correction, upper-mantle P-wave
advance, basin-alluvial P-wave delay, and lateral velocity
variations across faults and structural blocks are statis-
tically combined and smoothed by the calculated station
delays, listed in Appendix A.

During the 1970's, southern California's seismic
network has increased to over 120 recording sites. This
comprehensive coverage, lacking only in the offshore
region, affords a statistical advantage for improving
the relocation of earthquakes. The scheme utilized here
is a least-squares reduction of the travel-time residuals
using only good to excellent quality earthquake reloca-
tions. For every earthquake, the P and S arrivals from
each station list are first routinely edited and weighted,
as described in the procedure, using no station delays.
From the statistical measures and station distribution,
determined from the HYPO71(REVISED) output, each earthquake
is quality rated for its hypocentral relocation and placed
in a category, "A" through "D," as explained in Table 3.
All "A" and "B" quality relocations have an epicentral
uncertainty of +2.5 kilometers and a hypocentral uncer-
tainty of +5 kilometers. Only "A" and "B" quality loca-
tions have then been fitted to the least-squares routine.
The least-squares process places each earthquake at the
appropriate hypocenter‘which minimizes the difference
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(root-mean-square for all stations) between the

actually observed seismic-wave travel time at each

station and the travel time calculated for the same travel
path using Healy's layered crustal-velocity model. The
assigned station delay becomes the average root-mean-
square (Table 3) of the residual time difference between
the observed and calculated travel times. Appendix B
displays the improved quality of hypocentral locations
resulting from three iterations of this least squares

routine.
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PROCEDURE

Data Collection

For every earthquake located within the study area,
data from individual seismic stations have been gathered,
collated, and merged from all seismic networks in southern
California. Station data consist of the P-wave arrival
time (+ .02 sec), its first motion, the S-wave arrival
time with its sense of first motion, and the duration of
the event (+ 5 sec). This information from each station
has been read directly from records from which a computer-
card phase list has been generated.

Initially, USC, CIT, and the USGS had each created
a set of preliminary earthquake relocations by only in-
corporating the station data from their respective seismic
networks. From these preliminary earthquake data sets,
all earthquakes located within or at the periphery of the
study area were considered for subsequent refinement in
relocation. These three data sets (USC, CIT, and USCS)
were next collated, merged, and then processed by Lee
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and Lahr's (1975) computer program, HYPO71(REVISED),
to determine the hypocenter, magnitude, and first-motion
pattern for these local earthquakes.

Often, seismic records from stations had to be
reread to complete the data catalogue for each earthquake.
For events through 1975, station data from the USGS
Santa Barbara Channel Network had only been catalogued
for locations west of longitude 118° 30'w (approximately
of fshore of Santa Monica). Consequently, station records
had to be read for all possible events occurring in the
Los Angeles basin, lying to the east of 118° 30'w.

Under the direction of W.H.K. Lee of the USGS
National Center for Earthquake Research, I initially
assisted in relocating 1972-1975 events for the area
bounded by 33° 45'N to 34° 45'N latitude and 118° 30'w
to 120° 30'W longitude. The eastern boundary of the
above data set overlaps into this study area as outlined
in Figure 10. These earthquake relocations are based on
station data from the USGS Santa Barbara Channel Network
supplemented by data supplied by peripheral USC and CIT
seismic stations. Therefore, the 1973-1975 earthquake
relocations for the westernmost portions of this study
area--to longitude 118° 30'W--are discussed by Lee and
others (1979) and are only presented here. This data
subset includes the Point Mugu earthquake of February 21,
1973. East of Point Dume, 1973-1976 earthquake relocations
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Figure 10.

Shaded region represents overlap of
1973-1975 station data between this
study and USGS study by Lee and others
(1979) . Approximate locations for
eight-station network installed in the
Santa Barbara Channel by USC in August,
1978. ‘

Sm Is. = San Miguel Island

SR Is. = Santa Rosa Island
SC Is. = Santa Cruz Island
A Is. - Anacapa Island
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are more dependent on the USC and CIT networks, while the
USGS Santa Barbara Channel Network assumes a peripheral
importance. CIT has assumed operation of the USGS Santa
Barbara Channel Network since the beginning of 1976.
Consequently, all earthquakes occurring in 1976 near the
western boundary of the study area (119° 15'W) are relocated

and discussed here.

Data Processing

Seismic station data obtained in this study have been
processed by HYPO71 (REVISED), a computer program by Lee
and Lahr (1975) which produces an output for each earth-
quake consisting of its origin time, hypocenter location,
magnitude, and plot of the first-motion pattern. Addi-
tional statistics, included in the output, described the
precision of each earthquake relocation. HYPO71
(REVISED) has been adapted from an earlier version for
worldwide data (Lee and Lahr, 1972).

Three forms of input data are required by HYPO71
(REVISED) . These are: (1) the geographic coordinates
for each seismic station (+ 0.1 km, whenever possible);
(2) a layered, crustal velocity model, preferably con-
trolled by explosion experiments; and (3) precise P-wave

(+ .02 sec) and S-wave (+ .05 sec) arrival times.
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Data Editing and P Residuals

In order to reach its final refined form, the data
output from HYPO71 (REVISED) has been subjected to editing
and computer processing for five iterations, as outlined
by the flow diagram in Figure 11. This editing process,
in almost every case, has improved the accuracy of the
earthquake epicenters. The computer output for three
typical earthquakes, in final form, is shown in Appendix
C. An abbreviated explanation of the output, pertinent to
this discussion, is included in the appendix.

For every earthquake, each phase list card has been
considered ind<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>